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PREFACE 

This manual is for readers who understand the basic concepts of 
computers and system programming. I ntroductory information 
that describes data formats, instruction formats, status switching, 
and program interrupts is in IBM System/360 Principles of 
Operation, GA22-6821; and IBM System/370 Principles of 

Operation, GA22-7000. 
I ntegrated graphic techniques are used where practical to 

provide standalone diagrams and modular units of information. 
The information ranges from basic system concepts, contained 

in Chapter 1, to the detailed operations of a functional unit or 
area contained in Chapters 2-13. Each chapter contains a modular 
segment of information about a major functional area of the 
system, such as CPU, storage and console. 

This manual also contains information to be used in maintaining 
or repairing the 3145. It also includes CPU reference data; 
channel reference data; maintenance techniques; checks, adjust
ments, and removal procedures, power and cooling maintenance 
procedures; physical locations; description of panel indicators. 

The 370 Microprogram Listing contains the microinstruction 
sequences required to execute any program instruction. There
fore, the execution of only some of the program instructions is 
described in this manual. I nstead, certain representative 
examples are described, using flow charts and example operands. 
The examples show microprogram sequences and data paths 
required to execute the instruction. 

The 3145 Theory-Maintenance manual shipped as part of the 
maintenance package for the system is contained in four volumes 

Second Edition (October 1971) 

This edition (SY24-3581-1) is a major revision of, and obsoletes SY24-3581-0. 
This publication has been revised completely with major additions, deletions, and 
reformatting of existing material. For this reason, the reader should review this 
edition in its entirety. 

(30 through 33). The contents of each volume is identified on 
the accompanying red MOM tab. 

Because this manual is split into four parts, the index is in the 
front of the manual. The index,which effectively points to 
the places where information exists, follows the chart showing 
the major areas of each chapter. Each chapter contains its own 
contents. This makes it unnecessary to refer back to Volume 30 
whenever you are looking for specific information within a 
particular chapter. 

This manual references diagrams in the 3145 Processing Unit, 
Maintenance Diagrams, SY24-3580. 

Other related manuals are: 
IBM System/370 Model 145 Functional Characteristics, 

GA24-3557 
IBM System/370 Model 145 Operating Procedures, C38-0015 
IBM System/370 Model 145 Channel Characteristics, 

GA24-3573 
IBM System/370 Model 145 Installation Information-Physical 

Planning, GA22-6976 
IBM System/370 System Summary, GA22-7001 
IBM FE Theory of Operation, Component Circuits, SLT, 

SLD, ASL T, MST, SY22-2798 

IBM FE Theory of Operation, Power Supplies, SL T, SLD, 
ASLT, MST, SY22-2799 

IBM FE Theory of Operation, Monolithic System Technology, 
Packaging Tools, Wiring Change Procedures, SY22-6739 

Significant changes and additions to the information contained in this publication arc 
continually being made: any such changes will be in subsequent revisions or Technical 
Newsletters. 

Request for copies of IBM publications should be made to your IBM representative 
or to the IBM branch office serving your locality. 

This manual has been prepared by the IBM Systems Development Division, Product 
Publications, Dept. KIO, P.O. Box 6, Endicott, N.Y. 13760. To help us evaluate 
this manual, you arc encouraged to use the Reader's Comment Form in the back of 
this manual. Your comments will help to provide better documentation in both this 
manual and future manuals. If the form has been removed, comments may be sent 
to the above address. Comments become the property of IBM. 

© Copyright International Business Machines Corporation 1971 
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REMEMBER 

Each chapter has its own 
table of contents. 
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ABBREVIATIONS 

m 
A 

AAR 
ABRTY 
AC 
ACB 

ACBR 
ACR 

ADDR 
adj 

Adr-I 

Adr-O 

adv 

ALD 

ALS 

alt 

ALU 

AM 
amp 

ANUM 
appndg 

APR 

ASCII 
ASCP 

asm 
. AT 

ATTN 

avl 

II 
BAL 

BAR 

BBE 

BC 

BCA 

BCA 
BCAI 

BCD 

BCE 

BOIL 
bfr 

BI FLAG 

B LS 

BMF 

BR 

BR 
-brd 

BS 

BSM 
bwd 
BWF 

BYTDST 

and 
A-address register 

A and B retry register 
alternating current 

address check boundary 

address check boundary register 

automatic carrieI'" return 
address 

adjust 

address-in 

address-out 

advance 

automated logic diagram 

A-local storage 

alter 

arithmetic logic unit 

address mark 
amplifier, ampere 

add numeric 
appendage 

alternate path retry 
american standard code II 
automatic system control program 

assembler 

attention (file) 

attention 

available 

branch and link 

B-address register 

branch on bit equal 

basic control 

bit count appendage 

basic channel adapter 

basic channel adapter interface 

binary coded decimal 

branch on character equal 
branch and do interpretive loop 

buffer 

branch on invalid flag 

B-Iocal storage 

block multiplexer feature 
bit ring 

branch 
board 
byte source 
basic storage module 

backward 
branch if wordmark or zone equal 
byte destination 

8 
C 
CA 

CAR 

CAW 

CB 

CC 

CCC 

CCH 

CCW 

CD 

CDC 
CE 

CF 

CFC 

CFDA 

CFDR 
chan 

char 

chk 

chng 

chnl 

CKD 

clk 

CM 

cmd 

Cmd-O 

cmnd 

cncl 

cnd 

cnsl 

cnt 

cntr 

coax 
comp 

con-con 
cond 

corr 

CP 

cpmt 

CPU 

CPURTY 

CR 
C-Reg 

CS 

CSW 
CTCA 

CTCAX 

CTCAY 
Ctrl 
CU 

CUA 

count 

control address 

cyl inder address register 

channel address word 

circuit breaker 

condition code, chain command, 

cyclic code 

channel control check 

channel check handler 

channel command word 

chain data time of day clock 

channel data check 

channel end 

console file 

console file checking 

console file disk address 

console file data register 
channel 
character 

check 

change 

channel 
count, key, and data 

clock 

current module 

command 

command out 

command 

cancel 

condition 

console 
count 

counter 

coaxial cable 

compare 

contingent connection 

condition 
correction 

circuit protector 

complement 

central processing unit 

central processing unit retry register 

control register 
control register 

control storage 

channel stCltus word 

channel to channel adapter 
channel to channel adapter X system 

channel to channel adapter Y system 
control 
control unit 

control unit address 

CUB 
CUE 
cyc 

cyl 

m 
o 
DA 

DASD 

dbl 

DC 

DC 

DCBI 

DCBO 

DCC 

DCHI 
DDR 

DE 

dec 

OED 

dest 

det 
OF 

diag 
diff 

OIL 
Dir-In 
Dir-Out 
Disc-I 

dist 
DL 

dly 

D-Mod 

Doc 

DOS 
dply 

dsbld 
dup 

I) 
EBCDIC 

EBI 

EBO 
EC 

ECC 

ECCL 

ECM 

ECNT 

ECSW 

control unit busy 

control unit end 
cycle 

cylinder 

data 
data address 

direct access storage device 

double 

direct control 

direct current 

direct control bus-in 
direct control bus-out 
disconnect command chaining 

direct control hold-in 
dynamic device reconfiguration 

device end 

decode, decimal, decrement 

double error detect 

destination 

detect 

disk file 

diagnostic 

difference 
do interpretive loop 
direct control bus-in 

direct control bus-out 
disconnect in 

distribution 
data length 

delay 

D-modifier 

documentary console 

disk operating system 
display 

disabled 

duplicate 

extended binary coded decimal 

interchange code 

external.bus- in 

external bus-out 
external control 

error checking and correction 

error checking and correction logic 

extended control mode 

error count register 

extended channel status word 

ED 

EDBI 

EDBO 
EM 

env 

EOF 

EPO 
eq 

EROS 
EREP 

external damage 

external data bus-in 

external data bus-out 
external damage report mask 

envelope 

end of file 
emergency power off 

equal 
environmental recording data set 

environment recording edit and 

print program 

ERP error recovery procedure 

err error 
EXCA external control assembler 

EXE CPL T execute complete 

exp 

EXPLS 

ext 

ext asm 

ext dst 

extint 

II 
FBAK 

FBO 

FCH 

FCL 
FCND 

fdbck 
FOR 
FERR 

FM 

FOP 

F Stat 
FTAG 

FTC 

fwd 

m 
GBS 

GBUF 

gen 

GM 

gnd 
grp 

GSTAT 

expanded 

expanded local storage 

external 
external assembler 

external register destination 

external interrupt 

file backup external word 

file bus-out 

file count register high 

file count register low 

file conditions external word 

feed back 

file data register 
file error external word 

file mask 
file operation register 

file status external word 

file tags external word 
flush through checking 

forward 

selector channel buffer status external 

word 

selector channel buffer external 
word 

generate 
group mark 

. ground 
group 

selector channel status external word 
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m 
HA 
HDV 
hdwr 
hi 
HIO 
HMRTY 
HS 
hz 

o 
IAR 
IB 
IBU 
IC 
ICC 
icplt 
I-cy 
id 
IFA 
IFCC 
IFCU 
IL 
ILC 
1M 
IMPL 
inc 
ind 
inh 
inst 
intf 
intlk 
intr 
intv 
intvn 
invld 
I/O 
10CA 
10EL 
IPL 
IPM 
ISK 

II 
JCL 

m 
K 

KD 
KL 

home address 
halt device 
hardware 
high 
halt input/output 
Hand M retry registers 
hard stop 
hertz 

instruction address register 
interrupt buffer 
I-reg ister back u p 
instruction counter 
interface control check 
incomplete 
instruction cycle 
identifier 
integrated file attachment 
interface control check 
integrated file control unit 
incorrect length 
instruction length code 
input/output extended logout mask 
initial microprogram program loading 
increment 
indicator 
inhibit 
instruction 
interface 
interlock 
interrupt 
interval 
intervention 
invalid 
input or output 
input/output communications area 
input/output extended logout 
initial program load 
in process register 
insert storage key 

job control language 

key 
key and data 
key length 

II 
L 
LC 
LD 
LEX 
LO 
Logi 
LH 
LHM 
LL 
LR 
LRU 
LS 
LSCA 
LSCS 
LSDST 
Ith 

m 
mach 
MB 
MBO 
MC 
MCAR 
MCEL 
MCH 
MCIC 
MCKA 
MCPU 
MCRR 
MFT 
MG 
Mid-Pac 
MIO 
misc 
MLC 
MLS 
mod 
mono 
MOP 
MPF 
MPX 
MRTY 
ms 
us. 
MS 
MSF 
MST 
MTO 
MTI 
MUA 
MVT 

length 
lower case 
line driver 
local execute mode 
low 
logical 
L.: register high half 
left hand margin 
l..: register low 
line receiver 
least recently used 
local storage 
local storage control assembler 
local storage control storage 
local store destination 
latch 

machine 
M-register back up 
multiplexer bus-out 
machine check 
machine.check analysis and recording 
machine-check extended logout 
mach i ne-check hand ler 
machine.check interruption code 
machine·check A register 
move data in CPU 
mach i ne- check recovery recorder 
multiple fixed tasks 
motor generator 
middle power package regulator 
move data for I/O 
miscellaneous 
machine level control 
micro listings 
module 
monolithic 
mini operation register 
main power frame 
multiplexer 
M retry register 
millisecond 
microsecond 
main storage 
main-storage frame 
monolithic systems technology 
multiplexer tags-out 
multiplexer tags-in 
multiple unit address 
multiple variable task 

m 
NA 
NOP 
norm 
NPL 
ns 

m 
OBR 
oc 
OE 
OP 
OP-I 
OPL 
OP-O 
OS 
osc 
OV 

Ii) 
PAA 
PCI 
PD 
PDAR 
PE 
PF 
PGA 
PGB 
PI DEC 
PIR 
PIRM 
POH 
pos 
PR-KB 
proc 
prog 
prot 
PSW 

PLY 
pwr 

Ii] 
RO 
Rl 
RAC 
RAS 
RCNT 
RCS 
RD 
RDK 

next address 
no operation 
normal 
new product language 
nanoseconds 

outboard recorder 
overcurrent 
exclusive OR 
operation 
operational in 
operational 
operational-out 
operating system 
oscillator 
over voltage 

pre-address assembler 
program-controlled interrupt 
instruction processing damage 
program damage assessment and repair 
print emitter 
power frame 
power gate A 
power gate B 
priority interrupt extended control 
priority interrupt register 
priority interrupt register mask 
power on hours 
position 
printer keyboard 
process 
program 
protect 
program status word 
parity 
power 

record zero 
record 1 
remote analysis center 
reliability and serviceability 
retry count register 
reloadable control storage 
read 
reset diagnostic key 

rdy 
recal 
ref 
reg 
req 
reqd 
Req-I 
rev 
RHM 
RM 
RM 
RMS 
RR 
Rst 
rtn 
rty 
rty fig 

fa 
SAR 
sch 
SCR 
SD 
SDBI 
SDBO 
SDC 
SDK 
SDR 
SDR 
sec 
sect 
sel 
seld 
Sel-I 
Sel-O 
selr 
seq 
ser des 
SEREP 
Serv-I 
Serv-O 
SI 
SIO 
SIOF 
SLI 
SM 
sng 
SPTL 
SPTLB 

SR 

ready 
recalibrate 
reference 
regulator, register 
request 
required 
request-in 
reverse 
right-hand margin 
record mark 
recovery report 
recovery management system 
record ready 
reset, restart 
return 
retry 
retry flag 

storage address register 
search 
silicon controlled rectifier 
system damage 
storage data bus-in 
storage data bus-out 
suppress data check 
set diagnostic key 
storage data register 
statistical data recorder 
secondary 
sector 
select 
selected 
select-in 
select-out 
selector 
sequence 
serial izer/deserial izer 
system error recording edited printout 
service-in 
service-out 
system incidents 
start input/output 
start I/O fast release 
suppress length indication 
synchronous mask 
single 
S, P, T and L registers 
SPTL back-up word for SPTL 
registers 

system recovery 
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SIR 
SS 
SSK 
Stat-I 
std 
stg 
STI 

STIOC 
STIOP 

stkd 

star 
stp 

SUA 
supp 

Sup-O 

SUT 

SVC 
SVI 
sw 

SX 
sync 

sys 

D 
TB 
TCH 

TO 
tfrm 

TH 

therm 
thld 
thru 
TIC 
TIO 
TOO 
TODH 
TOOL 

T/R 
tgr 

TSBO 

m 

set or reset 

singleshot 
set storage key 
status-in 
standard 
storage 

status-in 
store identification channel 
store identification processor 

stacked 

storage 
stop 

single unit address 
suppress 

su p press-out 

system unavailable time 
supervisor call 
service-in 

switch 

selector/block multiplexer channel 
synchronize 
system 

terminal block 
test channel 

timer damage 

transformer 
T-register high 

thermal 
threshold 
through 
transfer in channel 

test input/output 
time of day 
time of day high word 
time of day low word 
tilt or rotate, transformer/rectifier 

trigger 
timing signal bus-out 

UCW unit control word 

m 
vac volts alternating current 

val validate 
vdc volts direct current 

VFO variable f req uency osci lIator 

VOM volt/ohm meter 

Ii 
wd word 
WLR wrong length record 
WM word mark 
Wr write 
WS word separator, word source 

Et 
XFer transfer 
X-Late translate 
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Register Name 
1 ' 2 

36 

1 
Set Register 

Name 

I P 

3 
0 

}--36 36--; 

2 

7 
P Clear 

(Reset) 
3 

7 

Clear ALD Page 

(Reset) 

Advance Advance 

Input ----i 8 7 

7/7 
7 

6/6 

5/5 

4/4 
Output 

Input: 

3/3 

2/2 

1 ~1 0 
0 

EOR t--- EOR 
Reset ~ 

Reset 

I 
I 

7 P 

Displayable 

-3 
7 

2 7 

(set)TI 
FL 

(Reset) 8 
AC 123 

(On/l ) 

(Off/O) 

Flip Latch 

Input side is denoted by heavy line. 
Circuit multiples shown by numerals in 
lower right corner. A LD reference page 
may be shown_beneath. 

Flio-Flop 

I 
6 

(Set) rI(on/1) 
FF 

(Complement) I nput side is denoted by heavy line. 
Sh iftsigna I is shown by a P or N. 

-L 

Register, Counter 

I nput side is denoted by heavy line. 
Data flow lines are heavy weight; 
control lines are light weight. 

+1** 

I 0 

~ Ctr 

2 

3 

Clear Carr~ 

(Reset) -
+1** 

T*use+ for up 
for down 

Shift Registers 

The Shift Registers are commonly 
used to serialize and deserialize 
data information. Input side is 

8 
7 ........... 7 

denoted by the thick line. A partial 

6 .......... 6 
transfer of contents is shown by 

5'-5 

numbered input/output lines. 

4'-4 

3'3 
2'-2 

''-1 '-. t- Output Decode 

(Reset) (Off /0) 

(Dala) [J (Output) Polarity Hold 
PH 

(Contra/) Input side is denoted by heavy line. 

(Clear) 

Parity Check on 
Data Flow Li ne 

Displayable Bus 

And 

Or 

Even 

Exclusive 0 R 

Negator (I nverter) 

Parity Generate on 
Data Flow Line 

~ 

(Time) 

Sh;!t Input ~p& 
(Time) 

JSsL 
~ 

!.Frequency) 

~ 
(Time) 

~ 

-

Singleshot 

Oscillator 

Time Delay 

Indicator Lamp 

Identifies indicatable bus,register, latch, etc. such as: 

~8-r 

G ~ 
Indicatable bus with number of bus lines indicated. 

Wired Pluggable 
or 

Switchable 

I fARl I 

~ 

Indicatable Flip Latch 

Amplifier 

XX Abbreviations 
CD = Core Driver 
OF = Differential 
HD = Head Driver 

10 = I ndicator Driver 
lD = Line Driver 
LT = Line Terminator 
MD= Magnet Driver 

V = Voltage 

~=1 M 1'1 . T 
k~ u "p' Lon' "n"" 

(Gate)~ 00.00 

Gate 

Numerals against gate symbol give page or diagram 
number of gating circuit. 
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TIMING CHARTS 

3 ____ ~ 

Flowcharts 

-

El 

No 

-c 

Active State 

Numerals at beginning and end of the bar identify the 
signal(s) on the same chart that activate and deactivate 
this line. "(Not)" with the number indicates that lock 
of the signal conditions the line. 

Process 

Major Functions or Events 

Function or Process Detailed Elsewhere 

I ndicate in block where the detailed. flow chart of the process 
is located. 

Flow chart block where action is indicatable. 
(Use and placement of indicator is optional) 

Flow chart block where condition branched on is indicatable. 
(Use and placement of indicator is optional) 

Terminal 

Indicates beginning or end of flow path. 

Annotation, comment block. 

Gives descriptive comment or explanatory note. 

GENERAL 

(2) 
A3 

Diag 1·2 

Decision 

I ndicates a point in a flow chart where a branch to alternate 
paths is possible. 

On-Page Connector 

I ndicates connection between two parts of the same 
diagram. Arrow leaving symbol points (line-of-sight) 
to correspondingly numbered symbol. 

On-Page Connector 

I ndicates connection between two parts of the same 
diagram. Alphameric grid coordinate of complementary 
connector shown beneath. 

Off-Page Connector 

Indicates connection between diagrams located on separate 
pages. Location of correspondingly. lettered symbol shown 
adjacent. Alphameric grid coordinate may be included. 
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INDEX 

m 
A-and B-registers 1-9, 1-12 
A byte assembler 2-93 
A-local storage, data flow 2-12 
A-register and A byte assembler 2-93 
A-register, B-register and ALU 2-92 
A-register display, data flow 5-14, 5-15 
AB backup 12-10 
AB retry 12-10 
ABRTY 12-10 
AC (automatic configuration) 12-18 
AC cable, IF A/2319 10-98 
AC power distribution 11-10 
AC to DC conversion and distribu tion 11-12 - 11-15 
ACB control ckts 2-37 
ACB examples 2-36 
ACB-register 2-35 
ACB settings 2-35 
accelerate latch 7-45 
ac/dc module, removal and replacement 11-38 
active-cap adjustment 11-35 
addr X-late mode, indicator 5-6 
address adjust (see OS DOS comaptibility) 
address adjust, introduction 1-13 
address adjust (see OS DOS compatibility) 
address 1 check boundary (ACB) 2-35 
address 2 compare control switch 5-26 
address compare switch, logic diagram 5-18 
address formation, next control word 4-16 
address mark 

AM bytes 10-17 
detect logic 10-17 
detect timing 10-17 
detection 10-16 
restart 10-1 7 
sync byte 10-17 

addresses, trap (retry) 12-15 
addressing, local storage, scoping procedure 2-17 
adjustments 

data separator, IFA 10-15 
delay line, IF A 10-15 
error detector, IFA 10-15 
gate generator, IF A 10-15 
IF A power supplies 10-97 
ramp generator 10-15 
singleshot, IFA VFO 10-15 
zero detector, IFA 10-15 

adr comp match, indicator 5-6 
adr X-late LRU inval, indicator 5-5 
adr X-late mult match, indicator 5-5 
adr X-late no match, indicator 5-5 
advance head trap 10-77 
advanced checkpoint/restart 12-26 
A-H, rotary switch functions 5-25 
alarm (audible) 7 -61 
allow CE mode switch, IF A 10-86 
alter/display operations 7-54 
ALU gating (A/B) 2-95 
ALU K assembler 2-96 

ALU shift gating 2-96 
AM (asynchronous machine check logout mask) 12-17 
AM bytes, IFA 10-17 
analysis, machine check 12-24 
arithmetic and logic unit (ALU) 1-12,2-97 
arithmetic control word 

fullword (bit definition) 4-70 
type 10 byte (bit definition) 4-70 
type 11 (bit definition) 4-72 

arithmetic indirect byte 
control word example 4-75 
type 10 or 11 (bit definition) 4-73 

arithmetic word 4-68 
arithmetic word example 

byte operation 4-76, 4-77 
fullword operation 4-80,4-81 
indirect-byte operation 4-78, 4-79 
shift operation 4-82, 4-83 

assembler instructions 4-10, 4-11 
attachment 

3210 PR-KB 7-14 
3215 PR-KB 7-33 

attention (status bit 0) 7-61 

B (backup) 12-18 
B-byte assembler 2-94 
B-Iocal storage, data flow 
B-L/S source direct address 
backup and retry registers 

2-14 
2-15 

1-12 
backu p registers 12-10 
backward seek test, IFA 10-94 
basic ctrl cmd execution, IF A 10-40 
basic data cmd execution, IF A 10-41 
basic IF A operations 10-35 
BCA indicator byte, IFA 10-24 
bit assignments, IF A externals 10-11 
bit count appendage, IFA 10-24 
bit count, IF A BCA 10-24 
bit definition charts, control words 4-85,4-86,4-87 
bit ring, IF A 10-19 
bit ring logic, IFA 10-19 
bit ring timing, IF A 10-19 
block-multiplexer channels 

charts, objectives 8-91 
operations 8-83 
semidynamic UCW address assignment 8-86 
shared UCW assignment 8-85 
store/load UCW traps 8-89 
UCW address pointer tables 8-86 
UCW assignment 8-85 
UCW assignment registers 8-86 
UCW pool 8-87 
block mUltiplexer selector channel 1-17 
bit definition 4-32 
operation 4-30,4-31 

block multiplexer selector channel 
blowers, removal and replacement 
branch and link control word 

example 4-34, 4-35 
branch and link or return word 

bit definition 4-19 
operation 4-30,4-31 

branch and module switch 
bit definition 4-19 
control-word operation 4-18 
example 4-20 

branch control word 
bit definition 4-24, 
example 4-26 
operation 4-22 

1-17 
11-38,11-39 

branch symbols, control word 4-89 
branching ckts (microprogram) 2-108 
BSM board layout 3-7 
BSM configurations 3-4 
BSM sizes 3-5 
buffer register (MB) 2-107 
bus-out check 7-62 
busy (status bit 3) 7-61 
BYTDST 12-10 
byte assembler, A 2-93 
byte assembler, B 2-94 
byte cntr, indicator 5-7 
byte count logic, IF A 10-22 
byte counter, IFA 10-22 
byte mark register, storage 3-30 
byte-multiplexer channel 

catalog numbers 8-35 
channel-control check 8-32 
command chaining 8-41 
CSW store 8-30 
da ta chaining 8 -41 
ending procedure 8-27 
ending status and interruption handling 8-26 
error handling and logout 8-35 
error logout 8-36 
external facilities 8-15 
functional units 8-14 
initial selection routine 8-22 
interface control check 8-22 
interru ptions 

conditions 8-32 
normal primary ending status 8-28 
normal secondary ending status 8-29 
program-controlled interruption (PCI) 8-31 

IPL (initial program load) 8-43 
local storage 8-18 
MBI (multiplexer bus-in) 8-15 
MBO (mUltiplexer bus-out) 8-15 
MTI (multiplexer tags-in) 8-15 
MTO (multiplexer tags-out) 8-15 
operations 8-19 
second level diagram 8-16 
share trap-data handling 8-24 

byte-multiplexer channel (continued) 
start I/O 8-20 
status interpret 8-27 
stop after log 8-34 
store and load PSW 8-42 
test channel 8-40 
test I/O-halt, I/O-halt device 8-38 
unit control word format 8-14 

byte selection (SDBO) 2-8 

C-register 1-11 , 2-102 
C-register force, IFA 10-30 
CCW entry and decode, IFA 10-45 
CD (time of day clock damage) 12-18 
CE error light, IF A 10-86 
CE mode light, IF A 10-86 
CE panel, IF A/2319 10-86 
CE power panel 11-16,11-18 
CF pwr on, indicator 5-6 
CFDAR register 2-34 
chaining check 7-61 
channel 

address word (CAW) 8-4 
available interruption 8-83 
burst mode, defined 8-3 
burst mode, operation 8-9 
bus-in 8-5 
bus-out 8-5 
byte-mode operation 8·9 
byte-multiplexer data flow 8-10 
check handler 12-23, 12-24 
command word (CCW), defined 8-4 
commands for PR-KB 7 ·60 
commands,IFA 10-8 
configurations 8-2 
control check 7·61 
control words 8-4 
data check 7-61 
data rates 1-16 
dependent logout 12-20 
end (status bit 4) 7-6 
general description 

byte multiplexer 1-16 
block multiplexer feature 1-17 
data rates 1-16 
integrated file adapter 1-17 
selector 1-16 

ID 8·34 
ID,IFA 10-4 
identification 12-19 
initial selection sequence 8-8 
instructions 8-3 
interruption, available 8-83 
introduction 8-2 
logout 8-34 
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channel (continued) 

mark 0 in 8-5 
metering controls 8-7 
multiplexer mode 8-3 
retry 1-14, 12-9 
selection controls 8-6 
sequence codes 8-34,8-69 
short CSW 8-22 
status byte for PR-KB 7-61 
status bytes, IFA 10-74 
status word (CSW), defined 84 
tags-in 8-5 
tags-out 8-5 

channel-to-channel adapter feature 
address compare and data flow X 9-32 
control command 9-24 
data flow 9-24 
description 9-24 
disability and compatibility 9-33 
functional units 9-32 
halt I/O 9-28 
I/O interface isolation 9-30 
no operation 9-27 
on-line off-line modes 9-29 
operational characteristics 9-24 
programming notes 9-31 
read or read backward 9-26 
select priority, mode selection and bypass 9-33 
selection and reset X 9-32 
sense adapter status 9-26 
sense command byte 9-26 
sequence and control X 9-32 
status, sense, and input B bus-in X 9-33 
system or selective reset 9-28 
test I/O 9-27 
write 9-27 
write end of file 9-27 

check 
chaining 7 -61 
channel control 7-61 
channel data 7-61 
control, rotary switch 5-21 
data parity 7-43 
interface control 7-61 
print emitter sync 7-43 
program 7-61 
protection 7-61 
reset, key 5-27 

checkpoint/restart 12-26 
checks, machine 12-8 
chopped forward or reverse singleshot 7-45 
clock 

CPU (see CPU clock) 
damage 12-18 
IFA 10-18 

logic 10-16 
share cycle logic 10-31 
timing 10-18 

logic diagram, storage 3-19 
stop indicator 5-6 
storage 3-23 
sync, indicator 5-5 

clock (con'tinued) 
time of day (see to TOO clock) 

CM (configuration report mask) 12-17 
cmnd reg. indicator 5-7 
cntr match, indicator 5-7 
codes 

printer tile/rotate 7-8 
T/R and keyboard, table 7-9 
translation, 3210 PR-KB 7-10 
3210 keyboard 7-7 
3210 transmission 7-9 

colon 
printing the punctuation character, 3210 7-11 
printing the punctuation character, 3215 7-31 

command chart, console file 6-10 
command execution 

IF A control cmd 10-40 
IF A data cmd 10-41 

command reject 7-62 
command retry 

I/O interface sequence 8-72 
introduction 1-14 
operation 12-9 

common region, 1400 compatibility 9-4 
compare circuits, IF A 10-26 
compatibility exceptions 1-14 
compatibility feature, 1400/1410 

ANUM instruction 9-12 
BIFLAG instruction 9-15 
common region 9-4 
COMP instruction 9-12 
control byte chart 9-11 
control storage assignment 9-3 
OIL and BOIL instruction 9-10 
instruction 'EA' 9-10 
local storage assignment 9-3 
main storage assignment 9-2 
MCPU instruction 9-13 
MIO instruction 9-14 
op code chart, 1401/1460 9-9 
op code chart, 1410/7010 9-8 
op codes, 1440 9-9 
program debugging information 9-16 

compatibility feature, 1401/1440/1460 9-2 
compatibility feature, 1410/7010 9-2 
condensed data flow, 3215 7-33 
condition code validity 12-18 
configurations, PR-KB 7-3 
console file 

byte control 6-5 
byte counter 6-5, 6-13 
byte format 6-3 
CF data register (CFDR) 6-5 
CFDA register 6-5 
CFDA track/sector table 6-3 
clock 6-6 
command 6-9 
command byte 6-3 
command chart 6-10 
command register 6-5, 6-13 
compare circuits 6-5 
con trol commands 6-9 

console file (continued) 
CPU clock start 6-13 
data and clock bit timing 6-3 
data byte 6-3 
data checks 6-12 
data flow 6-4 
disk-address register 6-13 
disk format 6-3 
error checks 6-12 
even-odd check 6-12 
extra bit check 6-12 
head control and track accessing 6-5 
IMPL example 6-15 
introduction 6-2 
operation commands 6-9 
out of sync/missing bit check 6-12 
pause 6-13 
removal and replacement 6-17 
sector format 6-3 
sector ready latch 6-8 
shift register 6-5,6-7 
shift register parity error 6-12 
timing chart, shift register 6-7 
voltages 11-33 

console-file adapter 6-2 
console-file disk address (CFDA) byte 6-3 
console-file indicators 5~7 

console-file register display switch 5-26 
console-file registers, indicators 5-7 
console layout 5-2 
continuing scan commands, IF A 10-70 
control address set, key 5-27 
control and data flow 

3210 7-15 
3215 7-34 

control commands, IFA 10-50 
control Cmd execution, IF A 10-40 
control, data-transfer 7-49 
control keys (switches) PR-KB 7-6 
control, new line, 3210 7-23 
control, read/write cycle, 3210 7-22 
control register 

decode, I-cycles 2-64 
machine check 12-17 
valid 12-18 
14 12-17 
1512-17 
3210 7-15 
3215 7-33 

control, stepper motor 7-44 
control storage assign, IF A 10-12 
control storage map 4-13 
control trap, IFA 10-74 
control-unit end (status bit 2) 7-61 
control word 

access 4-4 
arithmetic 4-68,4-69 
bit definition 

arithmetic indirect byte type 10 or 11 4-73 
arithmetic type 10 byte 4-70 
arithmetic type 10 fullword 4-71 
arithmetic type 11 4-72 

control word (coritinued) 
branch and link or return word 4-32 
branch and module switch 4-19 
branch word 4-24,4-25 
storage word (K addressable) 4-50 
storage word (non K addressable) 4-48,4-49 
word-move word 4-40 

branch 4-22, 4-23 
branch and link or return word 4-30, 4-31 
branch and module switch 4-18 
branch symbols 4-12,4-84 
examples 

arithmetic, byte operation 4-76,4-77 
arithmetic fullword 4-80, 4-81 
arithmetic indirect byte 4-75 
arithmetic, indirect-byte operation 4-78 
arithmetic, shift operation 4-82,4-83 
branch and link 4-34,4-35 
branch and module switch 4-20,4-21 
branch words 4-26,4-27,4-28,4-29 
return word 4-36 
storage read halfword 4-52 
storage word, direct control 4-60 
storage word, store under mask and decrement 

count 4-64, 4-65, 4-66, 4-67 
storage word, TB function 4-56 
word-move word 4-42,4-43 

functions 1-7 
next address generation 4-12 
stat set symbols 4-84 
storage word 4-44, 4-45 
storage word forms 4-46,4-47 
types 4-15 
word-move word 4-38,4-39 

conversion, emitter pulse 7-40 
corr cycle, indica tor 5-6 
'count controls, IF A 10-22 
count externals, IF A 10-22 
count field, IF A 10-6 
counter decode, IF A 10-22 
counter logic, IF A 10-22 
counts 

PE timing pulse 7-41 
print emitter timing 7-41 
retry 12-11 

CPU 
configuration 1-3 
cycle times (see CPU clock) 
dependent logout 12-19 
external word 2-34 
frame, electrical components 11-8 
high priority 2-43 
identication 12-19 
independent logout 12-18 
indicator 5-5 
status, indicators 5-6 

CPU clock 
card locations 2-104 
checks and adjustments 2-104 
delay card plugging 2-105 
start, indicator 5-7 

CPURTY 12-10 
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CR(control registers valid) 12-18 
CS adr, indicator 5-6 
cycle control, 3210 read/write 7 -22 
cyclic check, IF A 10-25 

controls 10-24 
logic 10-24 

cyclic-code hardware register 10-25 
cyclic-code register, IF A 10-24 
cylinder addr reg test, IF A 10-29 
cylinder concept 10-4 
cylinder select switch, IF A 10-86 

Ii] 
D-register 1-12, 2-99 
damage 

external 12-18 
instruction processing 12-18 
interval timer 12-16 
report 12-8 
report mask 12-17 
system 12-16, 12-18 
time of day clock 12-16, 12-18 
timer 12-18 

data and control registers, 3210 7 -15 
data command execution, IFA 10-41 
data field, IF A 10-6 
data flow, IF A 10-4 

condensed, 3215, 7-33 
3145 1-8 

data flow and control 
3210 7-15 
3215 7-34 

data-in (interface line) 1-15 
data, indicator 5-7 
data, late 7-47 
data length (DL), IFA 10-6 
data-out (interface line) 1-15 
data parity check 7-43 
data parity control, IFA 10-23 
data rates channels 1-16 
data records, IF A 10-7 
data registers, 3215 7-33 
data request controls, IF A 10-28 
data storage 10-4 
data transfer clock, IF A 10-26 
data-transfer control 7-49 
data transfer controls, IF A 10-23 
DC distribution 11-12- 11-15 
decode CCW entry, IF A 10-45 
delta 200 ns index, IF A 10-32 
dependent logout 12-19 
destination addressing (L/S) 2-11 
destination control diagram EXPLS 2-28 
destination look ahead (L/S) 2-11 
device end (status bit 5) 7-62 
diag, external word 2-34 
diag stop, indicator 5-5 
diag 0 register 13-1 2 
diag 1 register 13-16 
diagnostic control SAR 13-24 

diagnostic/console file controls rotary switch 5-23, 5-24 
diagnostic hardware 

ABRTY group 1 13-17 
ABRTY group 2 13-26 
ABRTY group 3 13-32 
diagnostic parity 13-20 
diagnostic ripple 13-21 
early delay function 13-32 
general informa tion 13-1, 13-10 
MPX diagnostic control 13-20 

diagnostic indicators, IF A 10-11 
diagnostic key 13-12 
diagnostic local storage assignment 13-43 
diagnostic registers 13-12 
dIagnostic service signal - GA, A-, KOD 13-39 
diagnostic strobe 7-17 
diagnostic tests 

BAB5 13-4 
BEA6 13-6 
EDA9 13-35 
EGE7 13-9 
EJD5 13-40 

diagnostics, IF A inline 
indications 10-87 
test decode 10-88 
trap 10-74 
unsafe condition test 10-91 

diagram legend, IF A 10-34 
direct control feature 

data flow and controls 9-21 
flow chart, write & read direct 9-22 
general inf orma tion 9-18 
interface lines 9-19 
read direct instruction 9-18 
signals originating outside the CPU 9-20 
signals originating within the CPU 9-19 
timings 9-22 
write direct instruction 9-18 

disconnect in (interface line) 1-15 
disk adr reg, indicator 5-7 
disk drive, 23FD 6-2 
disk pack, IFA/2319 10-4 
disk speed diag test 10-90 
disk storage select logic 10-33 
display assembler out data flow 5-10 
display, key 5-27 
display operations 7-54 
DK-register (expls-7C) 2-22 
DOS 

error-recovery procedures 12-25 
recovery management support 12-24 
restart facilities 12-26 
RMS 12-24 

DOS-checkpoint/restart 12-26 
DOS-emulator (ref to OS DOS compatibility) 
downshift, (stepper) motor 7-46 

II 
EBCDIC 

for 3210 graphics 7-10 
matrix code translation 7-29 
tilt/rotate location table 7-11 

ECC 
board to CPU timing diagram 3-22 
busy, indicator 5-5 
DBL bit, indicator 5-5 
decode chart 3-34 
description 3-32 
hdw, indicator 5-5 
logic 12-6 
logic diagram 3-33 

ECCL 
board layout 3-17 
delay line clock 3-23 

ED (external damage) 12-18 
EM (external damage report mask) 12-17 
emergency power off 11-24 
emitter pulse conversion 7-40 
enable system clear, key 5-27 
ending an alter/display operation 7-54-
ending operation; IFA 10-74 
ending sequence, IFA 10-76 
environment recording edit and print program 12-26 

EPO 11-24 
EPSWA external 2-34 
equipment check 7-62 
erase command, IFA 10-57 
erase gate, IFA 10-27 

EREP 12-26 
error check and correction 12-6 
error checking and correction (ECC) 

introduction 1-14 
storage 3-32 

error detector, IFA VFO 10-14 
error disable switch, IFA 10-86 
error display, IF A/2319 10-86 
error handling 

channel retry 1-14 
command retry 1-14 
error checking and correction (ECC) 1-14 
introduction 12-2 
microprogram instruction retry 1-14 

error indications, IFA/2319 10-87 
error messages '1-54 
error-recovery procedures 12-25 
error retry 12-8, 12-15 
error trap sequence, IFA 10-78 
error trap test, IF A 10-96 
exe cpIt, indicator 5-6 
expanded external assembler diagram 2-31 
expanded local storage 

destination control diagram 2-28 
destinations 2-27 
gating· 2-20 
general information 1-13,2-19 
map 2-21 
source gating 2-23 
source gating diagram 2-24 
source gating examples 2-25, 2-26 

EXPLS 2-19 
EXTDST 12-10 
extended interruption information 12-19 

extended logout 
IFA 10-75 
length 12-18 
mask 12-17 
pointer 12-17 

external assembler diagram 2-30 
external facilities 

assignment and index 2-32,2-33 
general information 1-13 
description 2-29 

external words 
ACB 2-35 
CPU 2-34 
diag 2-34 
IN (interrupt) 2-34 
misc 2-34 
NOREG 2-34 
PSWCTL 2-34 
SW 2-34 
SYS (system register) 2-38 

externals,IFA 10-11 
externals, map 2-32,2-33 

II 
FA (failing storage address valid) 12-18 
FCH-register, IF A 10-22 
FCL-register, IF A 10-22 
FDR-register, IF A 10-23 
features 1-4 
field-count controls, IF A 10-22 
file data coax, IFA 10-33 
file-data register, IFA 10-23 
file-mask algorithm, IF A 10-50 
file-mask bit assignment, IFA 10-12 
Filters--location, removal and replacement 11-38, 11-39 
firing circuits, 3215 print magnet 7-42 
floating-point registers valid 12-18 
flow charts, IF A 

CCW entry 10-45 
cylinder addr reg test 10-89 
diag error trap 10-96 
diag test decode 10-88 
diag unsafe test 10-91 
disk speed test 10-90 
ending sequence 10-76 
error trap 10-78 
halt I/O 10-84 
index trap 10-77 
initial selection 10-42 
interrupt 10-80 
load IPL 10-66 
read data 1 0-65 
read HA 10-64 
read/write diagnostic 10-92 
recalibrate 10-54 
scan 10-73 
search ID 10-71 
search KD 10-73 
search key 10-72 
seek commands 10-52 
seek tests 10-94 
sense 10-48 
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flow charts, IFA (continued) 

set file mask 10-51 
space count 10-55 
test I/O 10-82 
write CKD 10-60 
write data 10-59 
write HA 10-58 

flush-through check 1-12 
FM (asynchronous fixed logout mask) 12-17 
FMOD register, IF A 10-33 
FOP-register, IF A 10-21 
force count (odd) register L/S 2-15 
forward operation, mUltiple characters 7-52 
forward operation, single character 7-51 
forward seek test, IF A 10-94 
FP (floating point registers valid) 12-18 
FTC register 2-100 
functional units 

m 

A- and B-registers 2-92 
arithmetic and logic unit 2-92 
backup and retry register~ 2-107 
C-register 2-102 
console file (see chapter 6) 
console printer keyboard (see chapter 7) 
D-Register 2-99 
expanded local storage 2-19 
external facilities 2-29 
H register 2-41 
I-cycle hardware 2-47 
IF A (see chapter 10) 
introduction 1-9, 1-12 
local storage 2-10 
M-register 2-106 
MB-register 2-107 
N -register 2-107 
SDBO asmbler 2-8 
SPTL-registers 2-4 
storage (see chapter 3) 
Z-register 2-98 

GA functions, branch word 4-25 
GA set/reset functions, IF A 10-13 
gap sensor, IFA VFO 10-14 
gate generator, IFA VFO 10-14 
gated attention trap, IFA 10-74 
gating, Tl register input, 3215 7-35 

10-4 
GDRL-(expls) 2-22 
general description, IF A 
general description, 3145 
general information, storage 
general registers (GR) valid 

m 

1-2 
3-3 

12-18 

H-register 
bit functions 2-41,2-42,2-43 
detailed description 2=38 
general information 1-12 

H-register (continued) 

halt device, IF A 10-84 
halt I/O operation, IF A 10-84 
halt word selection (SDBO) 2-8 

hand machine checks 12-23,12-16 
hardware functions, I-cycle 2-49 
hardware recovery logic 12-3 
head-select switch, IF A 10-86 
high trap, IFA 10-74 
HM backup 12-10 
HM retry 12-10 
HMRTY 12-10 
home-address field, IF A 10-6 
HS (hard sto p) 1 2-17 

o 
I-buffers, introduction 1-13 
I-cycles 

adder 2-62 
adder carry logic 2-62 
address generation 2-63 
address generation and control 2-65 
ALD references 2-56 
align routine entry 2-75 
align routine exit 2-77 
alignment 2-54,2-55 
alignment (purpose) 2-76 
branch loop timing chart 2-82 
calculate operand addresses 2-54,2-55 
control-word DFOC (hardware functions) 2-80,2-81 
control-word forced functions 2-64 
control register bits 2-64 
control register decodes 2-64 
CPU low request (during I-cycles) 2-66 
data flow chart 2-58 
entry 2-53 
error conditions 2-66 
fetch sequence 2-70 
functions 2-48 
further fetch (example) 2-69 
further fetch sequence 2-70 
general description 2-68 

hardware 
control line generation 2-64 
description 2-57 
functions 2-49 
indicator 5-5 
locations 2-56 

I-buffers 2-59 
IBU-register 2-62 
IMM byte register 2-60 
indicator 5-6 
initial addresses 2-53 
instruction 

RR-ADD instruction 2-83 
RX-add with double indexing and alignment 2-86 
RX-execute instruction 2-90 
SS-MVC instruction 2-88 

introduction 2-47 
I-phase/E-phase objectives 2-52 
I-register 2-62 

I-cycles (continued) 

key register 2-61 
microcode 

control hardware loading of I-buffers 2-53 
flow charts 2-53, 2-54, 2-55 
hardware functions 2-50,2-51 
micro module assignment 2-52 
op-register 2-60 
perform prefetches 2-54,2-55 
prefetching (example) 2-69 
program modification 2-78 
RR instruction sequence 2-71 
RX instruction sequence 2-72 
RX, RS, SI instruction sequence 2-73 
share cycle (during I-cycles) 2-66 
SS instruction sequence 2-74 
storage correction cycle (during I-cycles) 2-66 
storage fetch operations (examples) 2-69 
timing chart (I, IBU, TR, updating) 2-62 
timings 2-67 
TR-register 2-62 
U-register 2-60 
V-register 2-61 
W-register 2-61 

I-register (expls 50) 2-21,2-62 
IA (instruction address validity) 12-18 
IBM-register (expls-54) 2-21,2-62 
ICS-register (expls-S6) 2-21 
IFA 

ILC 

abbreviation list 10-3 
basic operations 10-35 
CE panel 10-86 
channel ID 10-4 
clock and bit ring 10-18 
commands 10-8 
configurations 10-2 
control-storage assignments 10-12 
data flow 10-4 
data-flow index 10-10 
description 10-4 
diagnostic indications 10-11 
extended log 12-21 
externals 10-11 
GA set/reset functions 10-13 
halt I/O operation 10-84 
high priority 2-43 
interface, 2319 10-98 
interrupt routine 10-80 
local-storage assignments 10-12 
low trap 2-43 
power supplies 10-97 
share-cycle controls 10-30 
start I/O operation 10-42 
status indications 10-9 
test I/O operation 10-82 
voltages 11-33 

1M (input/output extended logout mask) 12-17 
IMM byte register 2-60 
IMPL reqd, indicator 5-6 
IN (interrupt) external word 2-34 

incorrect length (IL) 7-61 
independent logout 12-18 
index control logic, IF A 10-32 
index controls, IF A 10-32 
index trap, IFA 10-77,10-74 
indicator byte, IF A 10-24 
indicators 

adr comp match 5-6 
adr X-late LRU inval 5-5 
adr-X-Iate mult match 5-5 
adr X-late no match 5-5 
addr X-late mode 5-6 
byte cntr 5-7 
CF pwr on 5-6 
clock stop 5-6 
clock sync 5-5 
cmnd reg 5~7 

cntr match 5-7 
console file 5-7 
console-file registers 5-7 
corr cycle 5-6 
CPU 5-5 
CPU clock start 5-7 
CS adr 5-6 
data 5-7 
diagn stop 5-5 
disk adr reg 5-7 
ECC 

busy 5-5 
DBL bit 5-5 
hdw 5-5 

exe cplt 5-6 
I-cycle 5-6 
I-cycle hdw 5-5 
IMPL reqd 5-6 
load 5-5 
log pres 5-6 
logic page charts 5-4,5-8,5-9,5-12,5-13 
man (manual) 5-5 
M-reg comp 5-5 
pause 5-7 
power check 5-5 
power on 5-5 
PR-KB 

alarm 7-6 
alter/display mode 7-6 
intvn req'd (intervention required) 7-6 
power on 7-6 
proceed 7-6 
request pending· 7-6 

retry 5-5 
SAR parity check 5-5 
SDBI parity check 5-5 
SDBO parity check 5-5 
sel chan 5-5 
share cycle 5-6 
sng ECC 5-6 
sng ECC thld 5-6 
stor-l cycle 5-6 
stor byte marks parity check 5-5 
stor ctkllines parity check 5-5 
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indicators (continued) 

stor prot parity check 5-5 
sys (system) 5-5 
test 5-5 
therm 5-5 
TOD clock invld 5-6 
trap-l cycle 5-6 
trap-2 cycle 5-6 
wait 5-5 

indirect addressing (L/S) 2-13 
initial microprogram program load (impl) 6-2 
initial selection, IF A 10-42 
inline diagnostics, IF A 10-87 
inline test sequence, IF A 10-87 
input/output 

logout mask 12-17 
RMS 12-26 

instruction 
address validity 12-18 
cycles (see I-cycles) 
instruction formats 2-47 
instruction length codes 2-47 
processing damage 12-16 
store channel ID 12-19 
store CPU ID 12-19 

instructions 
load control 12-17 
retry, microprogram 12-8 
store control 12-17 

INT A-register 2-34 
INTB-register 2-34 
interface 

control check 7-61 
IF A/2319 10-98 
operation summary 8-8 
std 1-15 

integrated file adapter 1-17,10-1 
interlocking (cycle) 7-49 
interrupt, key 

key 5-28 
routine, IF A 10-80 

interruptions 
cause 12-16 
code 12-18,12-22 
machine check 12-16 
occurrence 12-18 

interval timer 
damage 1 2-16 
description 2-116 
interrupt 2-116 
switch 2-116,5-26 

invalid address 7-54 
invalid character 7-54 
I/O 

communications area 8-34 
device and UCW addressing 8-12 
extended logout mask 12-17 
extended logout pointer 8-34, 8-69 
recovery management support 12-26 
RMS 12-26 

II 
1-K latch operation 7-48 

m 
K assembler, ALU 2-96 
KE (key in storage error uncorrected 12-18 
key field, IF A 10-6 
key in storage error uncorre cte d 12-18 
key length (KL) 10-6 
key register 2-61 
keyboard 

3210 7-7 
3215 7-27 
EBCDIC location table 7-11 
read operation, 3215 7-38 
test (T) mode 7-54 

keys, lights, and switches, diagram 7-21 

II 
L-register 2-7 
lamp test, switch 5-26 
lamp tests switch, IF A 10-86 
latch 

accelerate 7-45 

1-K operation 7-48 
shift 7-45 
stop 7-46 
stop latch buffered 7-46 

late data 7-47 
legend, IF A diagrams 10-34 
LG (logout valid) 12-18 
lights, IF A/2329 10-86 
limited channel logout 8-34, 8-69 
line generation, PE 1-7 7-41 
load 

control instruction 12-17 
indicator 5-5 
IPL operation, IF A 10-66 
key 5-28 

local storage 1-9, 1-13 
data checking 2-10 
destination addressing 2-11 
destination look ahead 2-11 
maps 2-16 
operation 2-10 
scoping procedure 2-17, 2-18 
timing chart 2-11 

local-storage A 
A-addressing from console 2-13 
dataflow 2-12 
indirect addressing 2-13 
LSCS mode (addressing) 2-13 
source direct address 2-13 

local-storage and external address formation chart 4-17 
local-storage assignments, IF A 10-12 
local-storage B 

addressing from console 2-15 
addressing from console file 2-15 
data flow 2-14 

local-storage B (continued) 

force count address 2-15 
indirect addressing 2-15 
source direct address 2-15 

local storage/external address formation 4-16 
local storage/expanded L/S source 

gating diagram 2-24 
location 

character, F9XX translate 7-30 
CPU electrical components 11-8, 11-9 
current PSW 2-16 
I-cycle hardware 2-56 
power frame 11-5, 11-6 

log pres, indicator 5-6 
logout 

areas 12-18 
channel dependent 12-20 
CPU dependent 12-19 
CPU independent 12-18 
IF A extended 10-75 
length 12-18 
machine check 12-17 
mask 12-17 
pointer 12-17 
valid 12-18 

low trap 
IFA 10-74 
request 10-40 

lower roller, A-register display 5-12, 5-13 
LRTY 12-10 
LSCS mode (addressing) 2-13 
LSDST 12-10 

II 
M-register 

comp, indicator 5-5 
description 1-11,2-106 
gating (traps) 2-45,2-46 

machine check 
analysis and recording 12-24 
code validity bits 12-18 
control registers 12-17 
extended interruption information 12-19 
extended logout 

length 1 2-18 
mask 12-17 
pointer 12-17 

handier 12-23 
handling 12-22 
interruption code 12-18 
interruption codes (old PSW) 12-22 
interruptions 12-16 
logout 12-17 
logout mask 12-17 
priority 2-42 
registers 12-8 
trap 2-42 

machine checks 
descriptions 12-8 
hard 12-16.12-23 

machine checks (continued) 
soft 12-16,12-23 

main storage 
access 4-5 
sizes 1-9, 1-10 

maintenance aids 
blocking prefetch 5-16 
console file byte counter 5-24 
control word address trap 5-17 
data compare trap 5~16 

I-cycle branch loop 2-82 
motor generator 11-41,11-42 
power troubleshooting chart 11-43 

man (manual), indicator 5-5 
maps 

control storage 4-13 
expanded local storage 2-21 
externals 2-32, 2-33 
local storage 2-16 

mark O-in (interface line) 1-15 
MAS assembler instructions 4-10,4-11 
mask 

asynchronous fixed logout 12-17 
asyn'chronous machine-check logou t 12-17 
configura tion report 12-17 
damage report 12-17 
ex ternal damage report 1 2-1 7 
I/O logout 12-17 
input/output extended logout 12-17 
recovery report 12-17 
synchronous machine-check extended logout 12-17 
warning 12-17 

masks and key validity 12-18 
MB-registers 1-11 , 2-107 
MCKA 12-8 
MCKB 12-8 
meter, usage 5-29 
microcode-hardware functions (I-cycles) 2-50,2-51 
microdiagnostics 13-2 
micromonitor control 13-43 
microprogram 

assembler 
instructions 4-10,4-11 
output 4-7 

branching circuits 2-108 
concepts 1-6, 4-2 
control-word fUllctions 1-7 
listing 4-6 
listing definitions 4-8, 4-9 
instruction retry 12-9 
operation 7-57 
patch procedure 4-88 
retry 12-12 

retry intro 1-14 
370 4-3 

mini-ops, IFA 10-9 
codes 10-21 
control 10-9 
modifiers 10-21 
no-op 10-36 
read data 10-37 
trap 10-74 
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mini-ops, IFA (continued) 

write data 10-38 
write gap 10-39 

mixer board cable, IF A/2319 
mnemonics 7-54 
mode 

quiet 12-5 
recording 12-5 
register 2-34, 12-5 
threshold 12-5 

module selection, IF A 10-33 
module switch, IF A 10-33 
MOP-register, IF A 10-21 
motor control logic 7-45 
motor downshift 7-46 
motor generator 

description 11-4 
output voltage adjustment 11-34 
over voltage adjustment 11-34 
preventive maintenance 11-40 
removal and replacement 11-38 
troubleshooting guide 11-41, 11-42 

MPX 
channel log 12-20 
channel machine dependent log 12-20 

MRTY 12-10 
MS (PSW masks and key validity) 12-18 
MSKA external 2-34 
MSKB external 2-34 
multi-track operations, IF A 

read 10-63 
search 10-69 

mul ti-unit addressing 8-12 
multiplex cable, IF A/2319 10-98 
mUltiplex trap 2-43 
mul tiplcxcr channel 1-16 

II 
N register 1-11,2-107 
new line control, 3210 7-23 
next control word address formation 4-16 
no-op 

command, IF A 10-50 
mini-op, IF A 10-36 
(no operation) 7-60 

NOREG,external word 2-34 
NP-register (EXPLS-7B) 2-22 

m 
OBR 12-25 
op-register 2-60 
op-register logic, IF A 10-21 
operation registers, IF A 10-21 
operations 

basic IF A 10-35 
priority ~Al, 2-42, 2-93 

operator'S console, PR-KB description 7-5 
optimized character arrangement, 3210 print element 7-8 
optional features 1-4 
as 

checkpoint/restart 12-26 
error-recovery procedures 12-25 
I/O recovery management support 12-26 
recovery management support 12-23 
restart facilities 12-26 
RMS 12-23 
warm start 12-26 

as DOS COmpatlDlllty 
address adjustment example 2-123 
adjust CCW instruction 2-124 

example 2-126 
adjust CCW list 2-125 
execute local instruction example 2-122 
functional units 2-118 
general description 2-117 
instruction, execute local (exl) 2-120 
interrupt handling 2-128,2-129 
local list (lex list) 2-121 
LRU 

(least recently used) 2-118 
operational example 2-119 

microprogram flow chart (LEX, ACCW instructions) 2-127 
SIO example 2-131 
SVC interrupt example 2-130 
table buffer registers 2-118 

outboard recorder 12-25 
overall data flow 1-8 
overvoltage adjustment, motor generator 11-34 
overvoltage, overcurrent detection 11-27, 11-28 

P-register 2-6 
parity control, data IFA 10-23 
patch procedure, microprogram 4-88 
pause, indicator 5-7 
PD (instruction processing damage) 12-18 
PE timing counter 7-41 
PE 1-7 line generation 7-41 
physical configuration 1-3 
PM (program mask and condition code validity) 12-18 
PN-register 2-22 
pointer, machine-check extended logout 12-17 
power 

active-cap adjustment 11-35, 11-36 
check, indicator 5-5 
console file voltages 11-33 
control switches (CE panel) 11-16 
control switches (CPU console) 11-17 
distribution, AC 11-10,11-11 
frame locations 11-5, 11-6 
general information 11-3 
IF A voltages 11-33 
motor genenitor description 11-4 
motor generator voltage adjustment 
overvoltage, overcurrent detection 
printer/keyboard voltages 11-22 
regulator removal and replacement 

11-34 
11-27,11-28 

11-35, 11-36, 11-37 

power (continued) 
thermal sensing and locations 11-29, 11-30 
troubleshooting chart 11-43 
undervoltage sensing 11-25 
voltage, measurement and adjustment 11-31,11-32,11-33 

power-off 
key 5-28 
sequence 11-24 

power-on 
key 5-28 
indicator 5-5 
sequence 11-20 

power panel, CE 11-16,11-18 
power, sequence control circuitry 11-22 
power supplies, IF A 10-97 
preventive maintenance motor generator 11-40 
previous op algorithm, IFA 10-12 
primary power box, components 11-7 
print element (type head) character layout 7-8 
print emitter 

sync check 7-43 
timing counter 7-41 

print magnet firing circuits, 3215 7-42 
print operation, 3215 7-27 
printer 

3210 7-8 
3215 7-27 

printer/keyboard voltages 11-33 
printer tilt/rotate codes 7-8 
printing the punctuation character, colon (:) 

3210 7-11 
3215 7-31 

priority 
controls diagram 2-44 
operation cycles 2-40 
operations 2-41,2-42,2-43 
operations (H-register) 2-39 

probe light, IFA 10-86 
processing damage 12-18 
program 

check 7-61 
controlled interrupt (PCI) 7-61 
mask validity 12-18 
status word (PSW), defined 8-4 

programming information 7-60 
protection check 7-61 
PSW location 2-16 
PSWCTL, external word 2-34 

m 
quiet mode 12-5 

iii 
rate, rotary switch 5-21 
RC (region code valid) 12-18 
read 

IFA 
commands 10-63 
data command 10-65 
data delay, VFO 10-14 
data mini-op 10-37 

read, IFA (continued) 

diagnostic tests 10-92 
full cylinder test 10-92 
gate 10-27 
HA command 10-64 
IPL command 10·66 
share request 10·29 
single track test 10-29 

keyboard, operation, 3210 7-25 
keyboard, operation, 3215 7-38 
main storage operation 3-44 

readout 
control word 4-4 
main storage 4-5 

read/write 
controls,IFA 10-27 
gate logic, IFA 10-27 
cycle control, 3210 7-22 

recalibrate command, IFA 10-54 
record fields, IF A/2319 

count 10-6 
key 10·6 
data 10-7 
home address 10-6 
identifier, IFA 10-69 
mode 12-5 
zero (RO) 10-6 

recording 
machine check 12-24 
modes 12-5 

recovery 
hardware logic 12-3 
management support 12-23, 12-24 
procedures 12-25 
report 12-8 
software 12-2, 12-23 
system 12-18 

region code 12-19 
region code valid 12-18 
register 

backup 12-10 
mode 12-5, 12-34 
op 2-60 
save area 12-19 
TA 

3210 7-16 
3215 7-33 

TE 
3210 7·17 
3215 7-33 

TI,321O 7-18 
TT,3215 7-33 
word 1 7-33 
word 1 and word 2 7-33 

registers 
A 2-92,2-93 
ACB 2-35 
B 2-92,2-94 
C 2-102 
CFDAR 2-34 
D 2-99 
DK (EXPLS-7C) 2-22 
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registers (continued) 
EPSWA (external) 2-34 
EPSWB (external) 2-34 
FTC 2-100 
GORL (EXPLS) 2-22 
H (priority) 2-38 
I 2-62 
IBU (EXPLS-54) 2-21,2-62 
ICS (EXPLS-56) 2-21 
I-EXPLS-50 2-21 
IMM byte 2-60 
INTA (interrupt A) 2-34 
INTB (interrupt B) 2-34 
key 2-61 
L 2-7 
M 2-106 
MB 2-107 
MSKA (external) 2-34 
MSKB (external) 2-34 
N 2-107 
NP (EXPLS-7B) 2-22 
P 2-6 
PN (EXPLS-79) 2-22 
S 2-4 
SN (EXPLS-7B) 2-22 
SPTL 2-59 
storage byte mark 3-30 
sys (systems register) 2-38 
T 2-6 
table buffer registers 2-118 
TODH 2-11 f 
TODL 2 -111 
TR (EXPLS-55) 2-21,2-62 
U EXPLS-53 2-21,2-60 
V EXPLS-51) 2-21,2-61 
W EXPLS-52 2-21,2-61 
WK EXPLS-7A 2-22 
Z 2-98 

regulator removal and replacement 
removal and replacement 

ac/dc modules 11-38, 11-39 
blowers 11-38, 11-39 
console file 6-17 
filters 11-38, 11-39 
motor generator 11-38 

restart 
address mark 10-17 
key 5-28 
procedures for PR-KB 
restore command, IF A 
restore seek test, IF A 

retry 
channel 12-9 
command 12-9 
counter 12-11 
error 12-8 
errors 12-15 
hardware 12-10 
indicator 5-5 
instruction 12-9 
introduction 

channel 
command 

1-14 
1-14 

7-62 
10-50 

10-94 

11-35 - 11-37 

retry, introd uct~~n (continued) 

error checking and correction (ECC) 
microprogram instruction 1-14 

microprogram 12-9 
microroutine 12-12 
operation 12-9 
priority 2-42 
registers 12-10 
timings 12-14 
traps 12-15 

return word example 4-36,4-37 
reverse operation, multiple characters 7-53 
RM (recovery report mask) 12-17 
RMS 12-23,12-24 
RTYFLG 12-10 
R/W coax cable, IF A/2319 10-98 

S-register bit description 2-4 
SAR parity check, indicator 5-5 
save area 12-19 
SC (storage error corrected) 12-18 
scan commands, IFA 10-70 
scan compare, IFA 10-26 
scan equal command, IF A 10-73 
SO (system damage) 12-18 
SOBI parity check, indicator 5-5 
SOBO 

assembler 1-11 
data flow 2-9 
parity check, indicator 5-5 
pre asm 2-8 

SDR 12-25 
SE (storage error uncorrected) 12-18 
search,IFA 

commands 10-69 
10-71 
10-72 
10-73 

10-28 

ID command 
key command 
KD command 
share request 

second levels, IF A 
address-mark detection 10-17 
bit ring 10-19 
byte counter and decode 1 Q-22 
C-register force 10-30 
clock 10-16 
compare circuits 10-26 
cyclic check 10-24 
data request 10-28 
data transfer clock 10-28 
index 10-32 
module select 10-33 
op register and decode 10-21 
read/write gates 10-27 
SERDES and write data 10-23 
share cycle 10-30 
share cycle clock 10-31 
share request gates 10-29 
variable frequency osc 10-14 
write data 10-20 
zero detection 10-16 

1-14 

seek address, IF A 10-50 
seek commands, IF A 10-52 
seek diagnostic tests, IF A 10-94 

selector channel 
buffer forward/backward assembler 8-79 
buffer share request generation 8-80 
dependent log 12-21 
diagnostic controls 13-38 
'GA' diagnostic functions 13-38 
general information 1-16 
indicator 5-5 
log 12-21 
selector/blk mps trop 2-43 
selector/block-multiplexer channel IPL 8-76 
selector/block-multiplexer error logout 8-70 
word buffer 8-77 

selector channels 
address miscompare latch 8-52 
address-out latch 8-52 
addressing principles 8-47 
basic data flow 8-44 
branch word GA function 8-46 
buffer byte counter 8-79 
buffer shift controls 8-78 
catalog numbers 8-70 
channel 10 8-69 
channel-loaded latch 8-51 
channel logout 8-69 
channel-primed latch 8-52 
check facilities 8-63 
command-out latch 8-52, 8-54 
control storage map 8-45 
count-ready latch 8-53 
device-initiated polling controls 8-54 
error routine 8-71 
exceptional status trap 8-65 
external word address and bit assignments 8-49 
functional units 8-46 
GCL register 8-82 
GDRL register 8-82 
halt I/O, halt device 8-73 
hold-go-for-compare latch 8-52 
I/O communications area 8-69 
initial selection polling controls 8-51 
initialization 8-60 
interruption handling 8-67 
local-storage assignmen ts 8-48 
locations 8-45 
memory flag register 8-82 
microdiagnostic test example 8-96 
operational overview 8-59 
operations 8-58 
poll-control latch 8-51 
polling clock 8-51 
recirculate latch 8-52 
retry-holdup latch 8-52 
select-out latch 8-52, 8-59 
service-out latch 8-53 
share cycle 

clock 8-57 
controls 8-55 
input operation with buffer 8-81 

selector channels (continued) 
with buffer 8-80 

share request priority controls 8-56 
start I/O 8-59 
status handling 8-64 

status latch 8-53 
status store 8-68 
test I/O 8-75 
typical buffer position 8-78 

sense bit error cond, IFA 10-47 
sense byte for PR-KB 7-62 
sense bytes, IFA 10-46 
sense command, IF A 10-46 
sense indications, IF A 10-9 
sense operation, IF A 10-48 
separated clock/data, IFA VFO 10-14 
sequential seek test, IF A 10-94 
SEROES logic, IFA 10-23 
SERDES output timing, IFA 10-23 
SEROES register, IFA 10-23 
serial/deserial register, IFA 10-23 
service aid 

blocking prefetch 5-26 
console file byte counter 5-24 
control word address trap 5-17 
data compare traps 5-16 
I-cycle branch loop 2-82 
local storage addressing scope procedure 2-17, 2-18 
motor generator 11-41, 11-42 
power troubleshooting chart 11-43 

set clock (SCK) 2-113 
set file mask command, IF A 10-51 
set IC key 5-27 
set/reset controls, IF A 10-13 
setting the word registers 7-43 
share cycle, IF A 

clock logic 10-31 
gate logic 10-30 
timings 10-31 

share cycle 
indicator 5-6 
priority 2-42 

share request controls, IF A 10-28 
share request gate logic, IF A 10-29 
shift cycle operation, 3210 7-26 
shift gating, ALU 2-96 
shift latch 7-45 
simplex cables, IF A/2319 10-98 
singleshot 

chopped forward or reverse 7-45 
SS2 adjustment 7-46 

single unit addressing 8-12 
SM (synchronous machine-check extended logout mask) 
SN-register (expls-78) 2-22 
SNGECC 

CHK indicator 5-6 
thld, indicator 5-6 

soft machine checks 12-16,12-23 
software recovery 12-2, 12-23 
source gating (expls) 2-23 
space count command, IFA 10-55 
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--"'SPTL 
backup 12-10 
registers 1-9,1-12,2-3,2-59 

SPTLB 12-10 
SR (system recovery) 12-18 
SRTY 12-10 
ST (storage logic validi ty) 12-18 
standard features 1-4 
standard index, IFA 10-32 
standard interface 1-15, 8-5 
start console file, key 5-27 
start I/O operation, IFA 10-42 
start, key 5-28 
stat bits S-register 2-4 
stat set symbols 4-84 
statistical data recorder 12-25 
status byte for PR-KB 7-61 
status bytes, IF A 10-74 
status indicators, IFA 10-87 
status CE indications, IF A 10-87 
status modifier (status bit 1) 7-61 
stepper motor control 7-44 
stop after log 8-69, 12-22 
stop, key 5-28 
stop latch 7-46' 
stop latch buffered 7-46 
stop latch set conditions 7-47 
stopping (3215) 7-46 
storage 

address interface 3-16 
addressing 3-15 
allocations, compatibility features 9-2 
array card breakdown 3-6 
array, module and chip selection 3-9, 3-10, 3-18 
BSM address and control interface connections 3-18 
BSM data flow 3-28 
BSM interface timing diagram 3-24 
BSM internal timing diagrams 3-25 
BSM to ECCL interface 3-11 
board selection 3-15 
byte mark register 3-30 
byte marks parity checks, indicator 5-5 
cabling, data and check bits 3-28 
clock logic diagram 3-19 
controls 3-8 
control line generation (PGA, PGB, chip, add 12, CTRL) 3-21 
control word 

description 4-44, 4-45 
K addressable (bit definition) 4-50 
non~K addressable (bit definition) 4-48,4-49 

CPU to ECCL interface lines 3-11 
ctrllines parity check, indicator 5-5 
data bit location chart 3-29 
data-bus-out pre assembler 2-8 
data flow 

fetch 3-30 
store 3-30 

data interface 3-16 
data register (SDR) 3-30 
delay line clock 3-23 
ECC 3-32 
ECC board to CPU timing diagram 3-22 

storage (continued) 

ECC decode chart 3-34 
ECC logic diagram 3-33 
ECCL board layout 3-17 
ECCL to BSM interface lines 3-11 
error corrected 12-18 
error detection and correction 3-36 
error handling 3-13 
error type 12-18 
error type decode logic diagram 3-37 
functional units 3-12,3-13,3-14 
gate layout (by addresses) 3-4 
general information 3-3 
hardware check logic diagram 3-39 
introduction ]-9, ]-]0 
main/control selection 3-8 
module configurations 3-4 
MST board layout 3-7 
operations read control operation 3-45 
PGA, PGB, chip and control bits selection 3-21 
prot parity check, indicator 5-5 
protect 

description 1-11, 3-41 
functional units 3-42 
logic diagram 3-43 

read half word example 4-52 to 4-55 
read main storage 3-44 

store 

SAR (storage address register) 3-15 
SDR 3-30 
select, rotary switch 5-19 
syndrome decoder chart 3-35 
timing adjustments 3-26 
word example 

direct control 4-60 - 4-63 
store under mask and decrement count 4-64 

word 'forms" 4-46, 4-47 ' 
word, TB function 4-56 
write/store operation 3-46 
24K BSM configuration 3-5 
48K BSM configuration 3-5 

channel ID instruction 12-19 
clock (STCK) 2-113 
control instruction 12-17 
CPU ID instruction 12-19 
key 5-27 

strobe 
diagnostic 7 -17 
keyboard 7-7,7-15 

sub channels 8-4 
subclass 12-18 
SW, external word 2-34 
switches 

CE power panel 11-16 
IF Aj2319 10-86 
keys 

check reset 5-27 
control address set 5-27 
display 5-27 
enable system clear 5-27 
interrupt 5-28 
load 5-28 

switches, keys (continued) 

power off 5-28 
power on 5-28 
restart 5-28 
set IC 5-27 
start 5-28 
start console file 5-27 
stop 5-28 
store 5-27 
system reset 5-28 

rotary 
A-H functions 5-25 
address compare 5-16 
check control 5-21 
diagnostic/console file control 5-23,5-24 
rate 5-21 
storage select 5-19 

toggle 
address compare control 5-26 
console file register display 5-26 
interval timer 5-26 
lamp test 5-26 
TOD clock 5-26 

symbolic microprogram 4-6 
sync byte, IF A 10-17 
sync jack, IF A 10-86 
syndrome decoder chart 3-35 
system 

indicator 5-5 
check, indicators 5-5 
control panel 5-2 
damage 12-16 
indicators 5-5 
recovery 12-16 
reset, key 5-28 

system/360, system/370 compatibility exceptions 1-14 

II 
T-mode (keyboard test) 7-54 
T-register 2-6 
TA-register 

-
3210 7-16 
3215 7-33 

table 
EBCDIC for 3210 graphics 7-10 
EBCDIC-tilt/rotate locations 7-11 
EBCDIC to tile/rotate locations 7-11 
F9XX 7-30 
F9XX character locations 7-30 
keyboard-tilt/rotate codes 7-8 
keyboard to EBCDIC storage locations 7-11 
3215 7x7 matrix codes 7-28 

TD (timer damage) 12-18 
TE-register 

3210 7-17 
3215 7-33 

temporary fix, microprogram 4-88 
test I/O operation, IFA 10-82 
test, indicator 5-5 
test select switch, IF A 10-86 

testing 
basic tests 13-2 
dataflow 13-3 
e~tended tests 13-2 
philosophy 13-2 

thermals 
indicator 5-5 
sensing and locations 11-29, 11-30 

threshold mode 12-5 
TI-register 

input gating, 3215 7-35 
3210 7-18 

tilt/rotate codes 7-8 
time of day clock (see TOD clock) 
time of interruption occurrence 12-18 
timeout circuit 7-20 
timing 

charts, IF A 
address-mark detection 10-17 
bit ring 10-19 
clock 10-18 
index 10-32 
read share 10-28 
search share 10-28 
share cycle 10-31 
variable frequency osc 10-14 
write share 10-28 
zeros clocking 

counter, PE pulse 7-41 
CPU clock (see CPU clock) 
I-cycle 2-67 
I-cycle branch loop 2-28 
retry 12-14 

TOO clock 
ALD references 2-115 
card locations 2-115 
clock damage 12-16 
clock setting, sequence 2-112 
clock update sequence 2-112 
enable switch 2-111 
error detection 2-112 
H-register 2-111 
instructions 2-112 
inval-indicator 2-111 
L-register 2-111 
operation 2-111 
output assembler 2-114 
physical description 2-111 
security switch 2-111 
set clock instruction 2-113 
store clock instruction 2-113 
switch 5-26 
validity indicator 2-111 

TR-register (EXPLS-55) 2-21, 2-62 
track format, IF A 10-6 
transfer in channel (TIC) 7-60 
transfer in channel, IF A 10-8 
translating from EBCDIC to matrix code 7-29 
transla tion 

3210 PR-KB code 7-10 
3215 PR-KB code 7-28 
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trap 
address descriptions 2-41 
address list 2-41 
addresses (retry) 12-15 
controls diagram 2-44 
CPU high 2-43 
CPU low 2-43 
cycles 2-40 
IF A high 2-43 
IFA low 2-43 
machine check 2-42 
operation 2-39 
retry 2-42 
routines,IFA 10-74 
scan/ clear 2-43 
store display 2-43 
I-cycle, indicator 5-6 
2-cycle, indicator 5-6 

traps 
M-register gating diagram 2-45, 2-46 
retry 12-15 

TRTY 12-10 
TT-register 

3210 7-20 
3215 7-33 

I!I 
U-register (EXPLS-53) 2-21, 2-60 
undervol tage sensing 11-25 
unit check (status bit 6) . 7-62 
unit control words (UCWs) 8-4 
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3145 PROCESSING UNIT--GENERAL DESCRIPTION 

The System/370 Model 145 (3145) is a high-availability general
purpose data processing system that provides reliability, 
availability, performance, and convenience demanded by both 
business and scientific users. 

This is achieved by: 

• Using monolithic system technology (MST) circuitry and 
monolithic storage. 

• Providing logout information. Hard copy is available under 
console switch control. Programming determines whether 
the logout information is to be written on some I/O device 
(disk, tape, etc). 

The 2319 DISK STORAGE FACI LlTY attached via the 
INTEGRATED FI LE ATTACHMENT (lFA) is an optional 
feature. When installed, a portion of the control logic is 
contained within the CPU and is addressed as channell. 
Selector channels 1 and 4 cannot be ordered when the 2319 
is attached via the IFA. Details of the IFAare in Chapter 10. 

The POWER FRAME for the 3145 contains a motor generator 

/

set that converts the 50-Hz or 60-Hz input supply to 400-Hz 
output for use in the logic and storage. Details are in Chapter 11. 

Introduction 1·2 

• Providing microprogram retry. Certain kinds of machine 
errors cause a portion of the microprogram to repeat the 
same function. The IBM 3345 MAIN STORAGE FRAME Modell or Model 2 

/ 

is required for systems that exceed 256K bytes of main storage. 
Also, a 3046 Power Unit (not shown) is required with the 3345. • Providing Error Checking and Correction (ECC). Correction 

circuitry for both main and control storage automatically 
corrects single-bit failures. Detects double-bit failures. 

• Using extensive internal checking. 

SYSTEM CONSOLE contains the operator panels, the li9hts,~ 
and the switches used during check-out and maintenance of -............. 
the system. This console contains roll bars so that you can 
check the status of different conditions using the same lights. 
Details concerning the console and its use are in Chapter 5. 

ALTER/DISPLAY functions are manually initiated at the 
console printer-keyboard through an integrated attachment. The------... 
printer provides hard copy (printed copy) of the altered and 
displayed data. Details concerning this integrated attachment 
are in Chapter 7. 

CONSOLE FI LE (23FD) through an integrated attachment is 
used to load control storage with either the 3145 microprogram 
for customer operations or with the microdiagnostic you use to 
check out the CPU. The customer may use both sets if he is 
engaged with Customer I nvolvement of failures. Details con
cerning this integrated attachment are covered in Chapter 6. 

II II 

The CENTRAL PROCESSING UNIT (CPU) contains from 112K 
to 256K bytes of main storage, plus 32K for corttrol storage. 

The CPU contains all the elements necessary to decode and 
execute the System/370 instruction set and, optionally those 
in the hardware compatibility features required by the 1401/ 
1440/1460 and 1410/7010 emulator programs, 

All CPU and channel operations are controlled by the 
microprogram contained in control storage loaded from the 
console file. 

The CPU and channel operations are controlled by the 
microprogram contained in control storage loaded from the 
console file. 

The CPU has several cycle times: 202.5, 247.5, 292.5, and 
315 nanoseconds. Instruction times are composed from 
combinations of all of them. 

The 3145 is known as a word machine because four bytes 
(one word) are selected to be operated on each time storage is 
read out. However, the data path varies in size up to eight 
bytes wide (doubleword). 



CPU CONFIGURATION 

2319 Power Frame Main-Storage Frame 
L-_________ ---!. ____ ----, -- - - - -- i---------------' 

3210 CONSOLE PRINTER-KEYBOARD MODEL 1 uses the 
Selectric I/O II printing unit. The print element contains 88 
characters. The characters are arranged in an optimized pattern 
to provide faster response. The printing speed is about 15.5 
char:acters per second. 

Either Console Printer-Keyboard can be used_ Information on 
integrated attachment for these Console Printer Keyboards is 
in Chapter 7. 

IFA 
MPX and Sel 
Channels 

~--------~ Main 
Standard Interface and Control 

.... --------~ Storage 
CPU 

3215 CONSOLE PRINTER-KEYBOARD is a wire-matrix printer 
and prints approximately 85 characters per second. 

~~i 
Disk Cartridge 

Centering Cone 

Loading Slot 

CONSOLE FI LE (23FD) is the unit that does the Initial Micro
program Load (I M P L). Removable disks are provided for each 
microprogram to be loaded into control storage. 

An IMPL occurs automatically when system power is applied. 
Also, after power is up, an IMPL can be initiated by using the 
console-file start key on the console. When the microprogram is 
loaded, the power to the console file is turned off. 

The removable disks shipped with each CPU are: 

o 370 Microprogram (two identical disks) 

e BAS Basic diagnostic 

o EX 1 Extended diagnostic 

o EX2 Extended diagnostic 

o STF System Test File (ASCP) 
,. 

o SAO I FA Feature Test 

o CE Disk 
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FEATURES 

Standard Features 

3145 Processing Unit (with main power frame) 

112K Bytes minimum main-storage configuration with Error 
Checking and Correction (ECC) 

Optional main-storage sizes available are: 160K, 208K, 256K, 

384K,512K 
32K Bytes of control storage (with ECC) 

Audible alarm 
Byte-multiplexer channel 

Byte-oriented operand ~; _______ ................... _ 
Channel retry information 
Command retry 

Console file 
Extended channel logout 
Extended external masking 
Extended I/O masking 
Interval timer 
Limited channel logout 
Machine-check handling 
Microprogram instruction retry 
OS/DOS Compatibility 
Selector channel 1 if the integrated file adapter (IFA) is not 

installed or selector channel 2 if I FA is installed 
Storage protection (store and fetch) 
System/370 commercial instruction set 

Time-of-day clock ~ 

----------
I System/370 commercial instruction set, which includes the I System/360 commercial instruction set, modified instruction 

I formats for start I/O and halt I/O, and these enhancement 

I instructions: 

I Compare logical characters under mask 

I Compare logical long 

I 
I nsert characters under mask 
Load control I Move long 

I Set clock· I Shift and round decimal 

I Start I/O fast release (executed as start I/O on the Model 145) 

I Store channel I D 
Store characters under mask 

I Store clock I Store CPU ID 

I Store control I see Appendix A 

I 
For details of the instructions refer to the System/370 

I Principle of Operations (GA22-7000)_ ----------

Automatic correction of all single-bit main-storage errors, and 
detection of double-bit errors. This is done through the use of a 

new internal storage code instead of byte parity. 

ECC minimizes the effect of the majority of intermittent 
memory failures that could cause a machine check. It also 
allows maintenance to be deferred on solid single-bit errors. 

Intermittent double-bit errors may also be corrected by ECC. 
The error-correction hardware reads out the offending storage 
position multiple times. Thus, if an intermittent error exists, 
the chances are that during one of the retries one of the bits in 

error will correct itself. The other bit in error then can be 
corrected as a single-bit error. 

This feature makes it unnecessary to align operands of non
privileged operations on halfword or doubleword boundaries as 
with current System/360. It affects storage references made by 
the CPU using RX and RS formats and applies to fixed-point, 
floating-point, and logical operations. 

It does not apply to the following: 

I nstruction addresses 
Branch addresses 
Subject of an execute instruction 
Any privileged instruction such as: 

Load PSW 
Set and insert storage key 

Channel operations 

Significant performance degradation is possible when this 
feature is used. To assure optimum performance, storage 
operands should be aligned on integral boundaries, and use of 
this feature should be reserved for exceptional cases. 

Optional Features 

Additional byte-multiplexer-channel subchannels (Note 1) 
Block-multiplexer channels (up to four) (Note 2) 
Channel-to-channel adapter (same as System/360) 
Direct control (with external interrupt) same as S/360 
Extended precision floating-point feature 
Integrated file adapter (IFA) (Note 3) 

Selector channels 2, 3, and 4 (without I FA) or selector 
channel 3 (with I FA) (Note 3) 

Word buffer (Note 4) 
1401/1460,1440 Emulation (Note 5) 
1401/1460,1440 and 1410/7010 Emulation (Note 5) 
3210 Console Printer-Keyboard Model 1 (Note 6) 
3210 Console Printer-Keyboard Model 2 (Note 6) 
3215 Console Printer-Keyboard Model 1 (Note 6) 

3345 Main Storage Frame Modell (Note 7) 

3346 Main Storage Frame Model 1 (Note 7) 

Note 1: The byte-multiplexer channel has 16 subchannels 
that address up to 136 I/O devices (eight shared UCWs can 
address up to 16 devices each; eight unshared UCWs can 

address one device each). Up to eight control units can be 
attached. Configurations with 32, 64, 128, or 256 subchannels 
are available. 

Note 2: A block-multiplexer channel can be ordered to modify 
any selector channel. Block-multiplexer channels cannot be 
ordered for selector channels 1 and 4 when the integrated file 
adapter is installed. 

Note 3: The integrated file adapter, and selector channels 1 and 
4, are mutually exclusive. When I FA is attached, selector 
channel 2 becomes standard. Selector channel 3 is optional. 
Each selector channel address up to 256 I/O devices. Up to 
eight control units can be attached. 

Note 4: The word buffer feature is installed on all selector- or 
block-multiplexer channels, or none. The work buffer feature 
is not available for the integrated file adapter feature. 

Note 5: This is a microprogram-controlled feature that allows 
1401/1440/1460 or 1410/7010 object programs to be run on 
the Model 145 without change. 

Emulators will run under DOS or OS. These emulators will 
run in a multiprogramming environment and allow integrated and 
System/370 data sets to coexist. 

The emulators do not require dedicated devices. 

Note 6: The 3210 Model 1 and the 3215 are mutually exclusive: 
one is required. The 3210 Model 2 can be used as an auxiliary 
printer-keyboard (except for alter/display functions). 

Note 7: Main storage above 256K bytes is contained in the 3345 
Main Storage Frame Model 1 (128K additional bytes of 384K 
bytes total) or the 3346 Main Storage Frame Model 1 (256K 
additional bytes for 512K total). When either of these units 

is included, it contains the low-order storage addresses. The 3046 
Power Unit is required for the 3345 or 3346 Main Storage Frame. 
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MICROPROGRAMS 

Details concerning the control word are in Chapter 4. 

• All functions performed by the 3145 are controlled by a 
microprogram. 

• Before any processing may begin, the microprogram must be 
loaded into the control·storage area. II 

• The microprogram is loaded into control storage from a disk 
that is read by the console file. 

• This loading process is called Initial Microprogram Program 
Load (IMPL). 

• The microprogram is composed of microroutines of varying 
sizes, each having a specific task to perform. 

• The microprogram handles the processing of the instructions 
and data that are read into the main-storage area. 

• Channel operations and the operations of the integrated 
devices are also handled by the microprogram. 

• Each microroutine is composed of bit-significant control 
words that handle particular functions that result in the 

execution of the specified task of the microroutine. 

CONTROL WORD READOUT 

Before a control word can perform any of its functions, it 
must be set into the four-byte control register (C-Reg). iii The 
outputs of the C-Reg activate circuitry that causes the execution 
of specified data-flow functions. 

Control words are normally read from control storage and 
set into the C-Reg. However, control words can be set into the 
C-Reg directly from the console file, and certain control-word 
bit combinations may be forced into the C-Reg by circuitry. 

Assume that control and main storage have been loaded and 
that processing has begun; 
1. Control words are read out of control storage and gated out 

on the Storage Data Bus Out (SDBO).[3 

2. Portions of the control words are gated from the SDBO to 
either the local storage control assembler m or the external 
control assembler m. This is done to set up source addresses 
for these facilities early in the cycle. 

3. The control words are gated into the control register 
(C-Reg)m, where they are decoded. Decoding the control 
words brings up control and addressing lines that access 
and execute the programs located in main storage. 

INSTRUCTION/DATA READOUT 

When a control word performs a read operation on main 
storage, either instructions or data is accessed. All read 
operations, for control or main storage, result in a double
word's being accessed from storage. 

Assume that a control word is performing a read operation 
on main storage; 

1. The doubleword from main storage is gated out on the 
SDBO 13 to the SDBO pre-assembly latchesm. 

2. The odd or even address word, of the doubleword, is 

selected and gated to the SDBO assembler. 

3. If the word selected is a data word, it is gated to local 
storage m or some external facilityO. 

4. If the word is an instruction, it is gated to the I-buffersm, 
expanded local storageD, and in some cases to the address 
adjustment circuitsCl. 
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CONTROL WORD FUNCTIONS 

The control words and their high-level functions are: 

Branch and Module Switch 
Functions: 

• Branch 

• Module switch 

• Destine data to the S, T, or L registers. 

Branch Word 

Functions: 

• Branch 

• Module switch (special function) 

• Set/reset bits in local storage or external registers 

Branch and Link or Return 

Functions: Branch and link 

• Store 5, P, N2, N3 into a link register 

• Set P with a value, or, module switch 

• Branch 

Functions: Return 

• Restore S, P, N2, N3 

• Reset H-register bits 

• Alter the link address in some cases 

Word Move 

• Move a full word or selected bytes from one local 
storage/external location to another. 

• Branch 

Storage Word 

Functions: 

• Read data from or store data into: 
Local storage 
Main storage 
Control storage 
External registers 
Storage protect stack 

• Branch 

Details concerning control words are in Chapter 4. 

Arithmetic Word 

Functions: Type 10: 

• Perform a variety of arithmetic and logical operations. 

• Operate on fullwords for arithmetic or shifting operations. 

Function: Type 11 

• Operates on bytes only 

• Exclusive OR, or, true ADD only 

• A-register input crossing provided 

Word-Type Definition 

Byte 0 

Byte 1 

Byte 2 

Byte 3 

o g} 
I:! 0 
>- 1 
OJ 0 

o 
o - o 
o 
1 

~ 1 
>- 1 
OJ 0 

o 
1 
~ 

1 
1 

N 0 
w 
I- 0 
~ 1 

1 
1 
o - o 
o 

M 0 
~ 0 
>- 1 
OJ 0 

o 
1 

C-REG 

The first hex digit of the 
control word is found on the 
microprogram listing 
and in the C-register 

0, bits 0-3. 

Word Example 08 39 CE 09 

ftfNg 

Firs'. 
Digit 

o 
1 
2 
3 

4-7 
8-B 
C-F 

Control-Word 
Type 

Branch and module switch 
Branch 
Branch and link or return 
Word move 
Storage word 
Arithmetic type 10 
Arithmetic type 11 
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3145 DATA FLOW 

The facing page illustrates the overall data flow for the 3145 CPU. 
Th is section provides you with a brief description of the 3145 

functional units illustrated in the data flow. 
The number of bits entering or leaving a function or register 

are identified either by the weight (thickness) of the line (see 
the legend block at the lower center of the overall data flow) 
or by placing the number of bits in the flow line. 

This is a high-level data flow of the 3145 CPU. The general 
layout is such that you can easily reference from any area of 
this high-level data flow to the same area of the overall data flow. 

LS 

~ Ctrl 
Asm 

f--

B-LS 
- Addr 

Decode 

A-LS 
- Addr 

Decode 

B-Local 
Storage 

A-Local 
Storage 

-+'--1 

Local Storage 

(Chapter 2) 

Main and Control Storage 

(Chapter 3) 
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• Local storage A and B are identical monolithic stacks of 64 
words each. 

• Contains the main-storage area and the control-storage area. 

• Control storage is located in the high-address range. 

• Both stacks contain the same information at the corresponding 
address. 

• Monolithic circuitry provides nondestructive readout. 

• Contains the ECC feature, which detects double-bit errors 
and corrects single-bit errors. • The microprogram uses the local storage as a buffer between 

main storage and the CPU hardware. 

A and B-Registers, ALUs 

(Chapter 2) 

• A and B registers provide the primary data input to the ALUs_ 

lA-Register J , 
I A-Byte Asm I 

I 
r t 

• Two l-byte ALUs provide the following operations: 

B-Register J 

Binary addition of two l-byte operands, or two fullword 
operands (one cycle~ 
Logical operations on byte operands, 
Decimal addition of two l.-byte operands. M1 

~----------------------~~.M2 , I 

I B-Byte Asml 

M3 

't' 

~ Mainand 
Control Storage 

Ext 
Ctrl 
Asm 

External 
t-------.~ Assembler I ALU 2 I I ALU 3 I (Chapter 2) 

.. --IIII"tj SDBO ~ Select ~ SDBO _ 
, Pre-Asm Asm 

Control Lines 
.. ... __ •• C-Reg , 
____ -' (Chapter 2) 

External Assembler 

(Chapter 2) 

• Provides for the communications link 
between the microprogram and: 

Channels 
Console File 
Printer Keyboard 
CPU status conditions 
Checking circuits 
Retry circu its 
Integrated File Adapter 
Features 

I 

l Z-R egister 

I D-Register I 

• SDBO (Storage Data Bus Out) 

SPTL I 

SPTL 

(Chapter 2) 

• Special external register. 

• Composed of four byte registers: S, P, T, and L. 

• S-register holds the status of arithmetic and logical results; 
controls some hardware functions. 

• P-register is the base address register for local storage and 
external address formation. 

• T-register is used with special branch functions, shifting, 
storing, and indirect byte addressing of local storage. 

• L-register is used with P high bits to form indirect local-storage 
word addresses • 

• S, T, and L can be used as general registers. 



OVERALL DATA FLOW 
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STORAGE Details concerning storage are in Chapter 3. 

Storage for the Model 145 is implemented by monolithic 
technology. It is based on bipolar, semiconductor storage 
cells with nondestructive read capabilities. Unlike magnetic 
core storage, the content of storage is lost when power is 
turned off. 

The main advantages of semiconductor storage are: 
• price/performance 

• reliability and serviceability (a storage card can easily 
be replaced). 

STORAGE STRUCTURE 

Monolithic: All 145 storage (local, control, and main) is 

implemented using monolithic technology. 

MAIN STORAGE 

There are four models of the 145 processor with six storage· 
size options. 

Model 

FED 
Main Store 

112K 
160K 
208K 
256K 

GE 
GFD 
H 
H with 3345 Model 1 384K 

H with 3345 Model 2 512K 

Data-Transfer Times 

Storage data path width is eight bytes. The CPU will fetch a 
doubleword in 540 nanoseconds. It stores one word in 607.5 
nanoseconds. (This involves fetching eight bytes, updating 
four of them, resetting the ECC, and storing back). 

CONTROL STORAGE (CS) 

The amount of control storage required is dependent upon 
features in the system. 

Basic system microcode contains: 

Standard instructions 
Standard features 
Patch area and routine 

and requires 26,000 bytes of CS. 

Additional storage required for: 

Byte and block MPX UCWs 
Selector-channel support 
Block MPX feature 
Console support 
Integrated fi Ie adapter 
14XX/7010/DOS emulators 

Floating-point arithmetic 
Direct control 

Sample requirements 

CS is ass~ned in the high-order range of available storage. 

For example: 112K Model 145 

Main Storage 
CS 

Amount Address Range 

112K 
32K 

0-112K 
112-144K 

Instructions accessing control storage cause address checks; 
attempting to access a control word from main storage causes a 
machine check. This is checked by comparing the address to 
setting of the address check boundary register. The ACB 
register is part of the external facility. 

Reloadable Control Storage (RCS)-Advantages 

• Amount of control storage needed to minimized by recording 
a console-file cartridge for each customer according to the 

features he orders. 

• Engineering changes can be easily effected. 

• One storage system (single addressing design, circuits, data 
flow) allow greater serviceability. 

• Functions implemented through RCS can be easily extended. 

Speed 

Fetch cycle: 540 ns, 8 bytes 
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Res Size 

32K bytes is the minimum. RCS may be expanded in increments 
of up to 64K at the expense of main storage. 

The location of the RCS/main storage boundary is established 
by microcode at IMPL time. 



M-REGISTER II Details concerning the items on this page are in Chapter 2 
except for Storage Protection, which is in Chapter 3. 

• Addresses main and control storages. 

• Composed of M 1, M2, and M3, which provides a 20-bit 
(plus three parity bits) storage address. 

• M 1, M2, and M3 address both main and control storages. 
Storage is read out on a doubleword boundary and stored 
on a word boundary. 

N-REGISTER m 
• Composed of N2 and N3. 

• Backup register for control-storage addressing 

• N2 is set with the same information as M2 and is changed 
only when the control word being executed performs a 
module·switch functions. 

• N3 is set with the same information as M3. 

• N is not changed when a trap occurs. 

• When a trap occurs, the M-register is set to the trap address. 
The trap routine stores the contents of N (the N-Reg 
contai ns the next address that wou Id have been used had 
the trap not occurred). At the end of the trap routine, M ' 
and N are restored to their original value so that the control· 
word sequence may continue as if there had not been any 
trap. 

MB-REGISTER [i 
• Composed of MB2, MB3. 

• Set with the control-word address in M2, and M3 from M2 
BFR and M3 BFR. 

• When the CPU clock is stopped, MB contains the address of 
the last word executed. 

• Its output is available to the retry and backup circuits as 
well as the external assembler. 

Details concerning the preceding registers are covered in 
Chapter two. 

Details concerning the items on this page are in Chapter 2 
except for Storage Protection, which is in Chapter 3. 

STORAGE PROTECTION m 
The storage-protect unit has a 64 x 8 protection stack that 
applies to main storage locations (in sequential block of 
2,048 bytes) zero through 131,072. Additional stacks are 
provided in the CPU when main-storage capacity exceeds 
131,072 bytes. 

Storage-protect circuits prevent the accessing of protected 
areas during either store or fetch operations. To protect 
specific areas of storage, key bits are first stored in the array of 

the storage-protect circuit by a write-key operation. During a 
subsequent store or fetch operation, one of the prestored keys 
is accessed and compared with the key provided by the user. 
If the keys match, access to data storage is granted; if not, 
access is denied. 

C-REGISTER Ii) 
The purpose of the C-register is to decode the control of CPU 
functions. Once the control word has been read out of control 
storage and gated to the C-register, it is decoded to determine: 

• Word type 

• CPU function 

• CPU clock cycle and length 

The C'register is set through the secondary control assembler 
during certain operations; for example, manually setting a 
control word from the switches on the console. 

UOENO~ __ ---
STORAGE DATA BUS-OUT ASSEMBLER m 
• The Storage Data Bus-Out (SDBO) preassembler receives a 

doubleword of data from main storage. 

• The output of the SDBO preassembler is gated to provide 

word, halfword, or byte selection. 

• The SDBO assembler receives inputs from the SDBO pre
assembler, the storage-protect stack and the D-register. It 
provides an output that is used as data for external bus-in 
(EBI) and local storage. 
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A- AND B-REGISTERS m Details concerning the items on this page are in Chapter 2. 

The A- and B-registers, each with fu IIword capacity, provide the 
primary data inputs to the ALUs. 

The B-register also feeds the M-register during address setup: 

• In the first cycle of a storage word, or 

• During a return function in which the return address is 
taken from local storage or an external facility. 

ARITHMETIC AND LOGIC UNITS (ALUs) m 
Two one-byte ALUs are provided: ALU2 and ALU3. The 
following operations can be performed by the ALUs in one CPU 

cycle. 

• Binary addition, true or complement, of up to two fullword 
operands. Two halfword additions are performed to achieve 
the fullword add. Binary halfword addition is achieved by 
inputing the two low-order operand bytes of each halfword 
into ALU3, and two high-order operand bytes of each half
word into ALU2. 

• Logical operation on two 1-byte operands. The operation 
can be AND, OR, or Exclusive OR. 

• One-byte packed-decimal addition (true or complement). 

• Operations and microprogram symbols are: 

Symbol Operation 

,A, AND 
,OR, OR 
,DE, Exclusive OR 
+ True ADD 

Complement ADD 
,0+·, Decimal ADD 
+- Binary ADD 
,A-, Complement AND 

Z-REGISTER m 
ALU results are set into the four-byte Z·register. The ALU 
result data can then be routed from Z to: 

• The 0 register (normal gating). 

• The S, P, T, or L registers. 

• The A- or B-registers. 

Also, Z-register data (that is, ALU result) is tested, if so 

specified in the control word being executed, to set/reset 

S-register bits. 

D-REGISTER I:l 
The D-register is used as an interim destination for data to be 
routed to external facilities or local storage. The data leaves 
the O-register on the following control-word cycle. 

SPTL--SPECIAL EXTERNAL WORD D 
• Addressed directly by control-word bits. 

• Has special data patch to A- and B-register inputs. 

• Only external that can be used as a B-source. 

• Only facility that is destined in the same cycle. 

• Composed of four one-byte registers: S, P, T, and L. 

S-Register: holds the status of arithmetic and logical results; 
controls some arithmetic functions. 

P-Register: base address register for local storage and external 
addressing. 

T-Register: used in conjunction with special branch functions, 
shifting, storing, and indirect-byte addressing. 

L-Register: used in conjunction with P-high bits to form indirect 
local-storage addresses. 

H-REGISTER lit 
The setting of the latches in the H-register are used to determine 
the priority of traps. The bits are set during trap 2 cycle and 
prevent traps of lower priority from occurring. Detailed 
information is in Chapter 12. 

BACKUP AND RETRY EXTERNAL REGISTER m 
To allow recovery from certain kinds of errors, hardware 
registers (externals) are provided. The backup registers are set 
to the current cycle setting of the prime register; the retry 
registers are set to the cycle prior to the one currently being 
executed. 
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FLUSH-THROUGH CHECK m 
Data routed to local storage, as the result of some control-word 
operation, other than a storage word read, is gated from the D
register through the SDBO assembler D to local storage. The data 
that is stored in local storage A is set into the ~Iush-Through 
Check (FTC) latches and is matched to the data routed from the 
D-register. If the match is unequal, an error condition is set. The 
same check is made on information routed to the external 
facilities from the D-register. 



LOCAL STORAGE m Detail concerning the items on this page are found in Chapter 2. 

• Local storage A and B are identical monolithic stacks of 64 
words each. 

• Both stacks contain the same information at the corresponding 
address. This enables checking to ensure that data being 
operated on is correct. 

• The microprogram uses the local·storage area as a buffer 
between main storage and ~he CPU hardware. 

• Addresses are formed with combinations of bits from the 
control word, P-register, L-register, T-register, forced, and 
console file command register. 

o Access time is 24 nanoseconds. 

EXTERNAL FACI LlTI ES m 
• External facilities are composed of registers, buses, status lines, 

and other circuitry that form the communications line 
between the microprogram and: 

Channels 
Console file 
Documentary console 
Checking facilities 
Retry circuits 
Integrated file adapter 
Features 

o Addresses are formed from: control words, console-file data, 
selector-channel circuits, console switches, retry information, 
and local-storage address data. 

o Data from the externals enters the data flow through the 
external assembler to the A-Reg. 

o Data to the externals is gated through the SO BO assembler on 
the external bus in (EBI). 

EXPANDED LOCAL STORAGE Ii 
The expanded local storage (EXPLS) registers are hardware 
registers addressed as though they are local-storage (LS) 
registers. EXPLS operates similar to the external facilities; 
however, the output is routed to the A- and B-registers similar 
to LS. 

I-CYCLE CONTROLS m 
Hardware used to improve the CPU performance for System/360 
and System/370 instructions by reducing the time during '-Phase 
of instruction processing. 

I-BUFFERS II 
The I-buffers consist of three 1-word registers and are used to 

hold the present instru'ction plus the next doubleword of the 

instruction stream in most cases. 

ADDRESS ADJUST Ii 
The address·adjust logic is used by the as/DOS compatibility 
feature. This feature provides the necessary logic for execution 
of a DOS supervisor and DOS programs under control of the as 
supervisor in any main-storage location. 

A- AND B-LOCAL STORE COMPARE m 
Data stored in local storage is located at the correspond ing 
address in both local-storage stacks. The data is read from both 
stacks and compared. I f the data does not compare, an error 
condition is set. Note that the output of expanded local storage 
is routed along the same path but is not compared. 
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ERROR HANDLING 

If application-program errors occur (such as illogical action 
requests), the operating system attempts to handle the exception 
and provide any necessary operator messages_ 

If a failure occurs within the CPU or an I/O unit, provisions are 
made to retry the failing operation. Error-logout facilities are 
incorporated into the system to record any such failures. (This 
is in addition to any provisions made by the operating system 
for error retry and error logging.) 

Microprogram instruction retry, limited and extended channel 
logout, storage validation (Error Checking and Correction--ECC) 
for program and control storage, and other error-detection and 
error-handling provisions are standard. 

MICROPROGRAM INSTRUCTION RETRY 

The ability to recover from most intermittent failures is provided 
by retry techniques. CPU retry is done by microprogram routines 
that save the source data before it is altered by the operation. 

When an error is detected, a microprogram routine returns the 
CPU to the beginning of the operation (or to a point during the 
operation that was executed correctly), and the operation is 
repeated. For a detailed description of microprogram instruction 
retry, refer to "Chapter 12, Error Handling". 

ERROR CHECKING AND CORRECTION (ECC) 

Error checking and correction circuitry for program and control 
storage automatically corrects single-bit errors. Automatic 
detection of double-bit errors is also provided. For a detailed 
description of ECC circuits, refer to "Chapter 3, Main and 
Control Storages". For a description of handling ECC errors, 

refer to "Chapter 12, Error Handling". 

COMPATIBILITY BETWEEN THE 3145, OTHER 

SVSTEM/370 MODELS, AND SVSTEM/360 

Within the storage capacity, internal and input/output channel 
processing rates, and type of input/output devices that can be 
attached, compatibility is maintained with other System/370 
and System/360 models, with the following exceptions; 

Programs using machine-dependent data (for example, 
machine logouts). 

Programs using the ASCII bit (pSW bit 12). 
Programs that depend upon features or I/O devices that are 

not implemented on this system (such as special instructions 
for the System/360 Model 44). 

Programs that depend upon validity of data after the 
system power has been turned off and restored. 

Programs written for other System/370 or System/360 models 
that contain the following conditions or requirements should 
be evaluated on an individual basis to ensure proper operation. 

Time-dependent programs. 
Programs written to cause deliberate program checks. 
Programs that use storage locations between address 128 

(decimal) and 704 (decimal) after a diagnostic logout into 
program storage. However, such programs may be 
executed: 

a. if the check-control switch is set to STOP AFTER LOG 
position. I n this case, processing stops after the 
diagnostic logout into main storage takes place. 

b. if main-storage locations that are overlaid by the 
diagnostic logout are restored with the program require
ments before an IPL and program restart. 

Any attempt to continue processing after a diagnostic logout 
to main storage without restoring the program information to 

CHANNEL RETRY 

This feature has been implemented to ensure that most failing 
channel operations can be retried by error-handling routines. 
Both a limited and an extended channel logout are implemented. 
When a channel error or a CPU error associated with a channel 
operation occurs, the channel status word (CSW) and an extended 
channel status word (ECSW) are stored in the fixed lower storage 
area during the I/O interrupt. The ECSW or limited channel log
out data provides additional, more exacting status information 
about the channel failure. This data is formatted by the channel 
check handler routine and passed to a device-dependent error-

the logout area will have unpredictable results. 
The 705-byte extent (the permanently assigned main-storage 

locations) can be reduced to 512 bytes by moving the 192 bytes 
(between locations 512 and 704) into another main-storage area. 

CONTROL REGISTERS 

The control registers may be thought of as extensions to the 
program status word (PSW). These control registers are part of 
some of the additional or expanded functions. 

Masking of the timer interrupt and external interrupt in 
control register O. 

Machine-check subclasses masked through bits set in control 
register 14. 
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recove~y routine to be used in the retry of the failing I/O 
operatIon. The ECSW contains information as to": 

Which unit detected the error 
Which unit caused the error 
Successful retries 
Channel retries 
Validity flags 

. Retry code--how far has the instruction progressed in 
execution 

COMMAND RETRY 

Command retry is a control-unit-initiated procedure between the 
channel and the control unit. (Not all control units have this 
capability.) No I/O interruption is required. The number of 
retries is device-dependent. 

The pointer to an extended CPU logout area in control 
register 15. 

Details of the control register used by the 3145 are in Chapter 
12. 

PROGRAM STATUS WORD CHANGES 

Bit 7: External Mask bit is now a summary bit with control 
register one containing the individual mask bits. 

Bit 12: is now reserved and must be zero. ASCII code is 
removed. 

Bit 6: is the mask bit for channels 6 and over. 

Bit 13 Hard Stop Bit: is now a summary bit. Control register 
14 contains mask bits for subclasses of machine checks. 



STANDARD INTERFACE 

The standard interface for System/370 has all the lines used 
on the System/360 standard interface, plus several additional 
lines. The additional lines used by the 3145 are identified 
on this page. Detail explanations of how these lines are used 

are in Chapter 8. 

DATA-IN 

During read and sense operations, Data-I n rises when data is 
available on Bus-I n. During write and control operations, Data-I n 
indicates that the control unit is ready to receive data. 

Data-In indicates to the channel that data on Bus-Out was 
accepted by the control unit or that the control unit provided 
the requested data on Bus-I n. 

Data-In is effective with selector/block-multiplexer channels 

only. 

DISCONNECT-IN 

Disconnect-I n provides control units with the ability to alert 
the system of a malfunction that is preventing the control 
unit from signaling properly over the I/O interface. An 
example of this condition may be a microcoded control 
unit communicating with. the channel at the time a read-only 
storage (ROS) error is detected_ Such a control unit may be 
unable to complete an interface sequence properly_ 

'Disconnect in' can be raised by a control unit, only when 
it is connected to the channel (that is, it has 'operational 
in' up). When 'disconnect in' is used during a polling 
sequence, it has progressed at least to the point where 
'address in' has been raised with the unit address on 'bus in' 
before raising 'disconnect in'. 

The channel in response to 'disconnect in' performs a 

selective reset. 
This line allows the I/O error alert feature to operate. 

...J 
w 
Z 
Z 
c::( 
:c 
u 

BUS OUT 

9 Lines 
Bits P, 0-7 

BUSIN 

9 Lines 
Bits P, 0-7 

MARl< Mark 0 in 

TAGS OUT 

Address Out 
Command Out 
Service Out 
Data Out 

Address In 
Status In 
Service In 
Data In 
Disconnect In 

SELECTION CONTROLS 

SeleetOut 0 
Hold Out 
Operational Out 
Suppress Out 

Cseleet In 
Request In 
Operational In 

METERING CONTROLS 

Clock Out => Metering Out 

Metering In 

I-
2 
:::J 

MARK O-IN 

When the command being executed encounters a condition 
requiring retry, the control unit indicates it by raising 
'mark 0 in' and 'status in' while presenting 'unit check' and 
'status modifier' ('retry status') together with 'channel end' 
(meaning that the control unit or the device is not yet ready 
to retry the command), or with 'channel end' and 'device 
end' (meaning that the control unit and device are prepared 
for immediate retry of the command). 'Device end', if not 
presented with 'channel end', is presented later, when the 
control unit is ready to retry the command. 

The channel acknowledges the occurrence of command 
retry by accepting the status byte containing retry status 
and indicating chaining. If 'device end' accompanies 
'channel end', 'mark 0 in', and retry status, the channel 
immediately initiates a normal, chained initial-selection 
sequence, reissuing the previous command. If only 'channel 
end' and 'mark 0 in' accompany the retry status, the retry 

is not immediately performed. 
Rather, when the 'device end' or 'device end' with 'status 

modifier' is presented to the channel, it is accepted with 
chaining indicated and a normal reselection occurs to reissue 
the previous command; or, in the case of 'device end' with 
'status modifier', the CCW following the previous command. 

A channel indicates refusal to perform a command retry 
by accepting the status byte containing retry status without 
indicating chaining or by stacking the status byte. The 
stacked byte is treated as any stacked status. 

DATA-OUT 

Data-out is the response to data-in_ 
Data-out indicates to a control unit that data on bus-in 

was accepted by the channel or that the channel provided 
the requested data on bus-out. 

Data-out is effective with selector/block-multiplexer 

channels only. 
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3145 CHANNELS--GENERAL DESCRIPTION 

Detail information is found in Chapter 8. 

The Model 145 has two types of channels available: 

• Byte Multiplexer 

• Selector 
The selector channel optionally may have the block-
multiplexer feature attached. 

Channels on the Model 145 are integrated in the CPU and 
share CPU cycles for I/O operations. 

STANDARD FEATURES 

• Byte multiplexer channel 

• Selector channell (2 if the IF A is present) 

• Channel retry 

OPTIONAL FEATURES 

o Selector channels 2-4 (selector channel 3 if I FA is present). 

o Block-multiplexer feature (no charge). 

• Integrated File Adapter for 2319 DSF. (Displaces Channels 1 
and 4.) 

• Channel-to-Channel Adapter. 

BYTE-MULTIPLEXER CHANNEL 

Functionally equivalent to the System/360 multiplexer channel. 

Data transfer is on a byte basis only. 

UCWs (Unit Control Words) are provided for subchannels 
in control storage. Each UCW is contained in four words 
(16 bytes). 

• UCWs provide a place to store channel register data between 
data transfers, thus allowing multiplexing of data. 

• A maximum of 256 subchannels is available on the Model 145. 

• 16 UCWs are standard on the Model 145. 
A shared UCW can be shared by up to 16 devices, of which 
only one can operate at a time. 

A non-shared UCW can be used by one device only. 

Thus, with 16 UCWs, if 8 are shared and 8 non-shared, a 
total of 136 I/O devices can be attached. 

Up to eight control units can be attached per channel. 

• Configurations of 32, 64, 128, or 256 subchannels are 
available. The number of subchannels must be specified so 
that the proper amount of control storage may be allocated 
and written on the console file. 

Data Rates 
• Aggregate data rate in byte mode is 50 kb. Note that the 

selector channels and IFA (Integrated File Adapter) can 
interfere with the byte multiplexer channel. 

• Burst mode data rate is 180 kb. 

SELECTOR CHANNELS 

The 3145 has one selector channel as standard. Up to three 
more may be attached as an optional feature. DASD devices 
without command retry feature should not be attached to 
channel 4. 

• Functionally equivalent to the System/360 selector channel. 

• If the IFA (Integrated File Adapter) is installed, only 
channels 2 and 3 may be installed. 

Data Transfer 

Data is transferred one byte at a time unless the optional word' 
buffer feature is installed on the channel. 

• A four-byte buffer is provided for each channel if the 
feature is installed. 

• The word buffer feature allows fewer accesses to main 
storage to be made while transferring data from the 
selector channels and increases channel data rates. 

• A one-byte operation requires 585 nanoseconds; a one
byte fetch operation requires 517.5 nanoseconds. The 
word buffer feature allows four bytes to be transferred 
rather than one. 

• The word buffer is required if the 2305 is to be attached. 
It is recommended if the 3330 is to be attached. 
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Data Rates 

" Single Channel 
without word buffer .9 mb 
with word buffer 1.5 mb 

• Aggregate data rate 
without word buffer 1.9 mb 
with word buffer 5.3mb 



BLOCK MULTIPLEXER FEATURE 

The block multiplexer feature may be installed on the selector 
channels as an optional feature at no charge. 

It is required if the 3330 and 2305 are to be attached. 
The selector channel operates as a block-multiplexer channel 

when the mode bit in the control register is set ON. 
A maximum of 512 UCWs is provided when the block

multiplexer feature is installed. These provide a pool that may 
be assigned to devices. Each UCW is contained in two words. 

• UCWs may be shared or non-shared 

• UCWs are contained in control storage 

• Shared UCWs must be determined and assisgned device 
addresses. 

• Non-shared UCWs are dynamically assigned to devices at 
start I/O time in blocks of eight. I f no UCWs are avai lable, 

a not-operational-condition code is returned. 

• UCWs are provided in control storage in increments of 

16 UCWs, each increment containing two groups of 8 UCWs. 

INTEGRATED FILE ADAPTER 

• The Integrated File Adapter (IFA) feature connects from 
three to eight IBM 2314-tvpe disk drives to the System/370 
Model 145. 

• The I FA feature is assigned exclusive use of the channel-l 
address and functions as both channel and control unit for 

the files. 

• Data transfer takes place one byte at a time on a share-cycle 
basis the same as with selector channels. 

• The initiation of operations and the initiation of each step 
of the file sequence requires the use of the CPU controls and 

microprogramming .. 

The primary control for the IFA is contained in the CPU, 
where it can make use of the CPU hardware and microprogram 

for operation. The I FA adds hardware for control during 
periods of reading and writing the file records and for other 
periods of control when the microprogram is most required. 

The 2319-A 1 contains the read clocking circuits and the storage 

module switching for up to eight files. The disk storage drives 

operate in the same manner as the 2314 system connected to a 
selector channel. The record format is identical and the 
operation requ ires the same programming systems. 

Upon receipt of a signal from the previously disconnected 

device indicating that it is ready to use the channel data 
path again, the channel restarts the appropriate channel 

program. 

The process is repeated for all active devices until each 

one is completely serviced. 

If a channel is busy when a device reconnection is 
requested, the device must wait until the channel becomes 

available. 

To facilitate channel scheduling, a new channel available 
interrupt has been defined for the block-multiplexer 

channel. 

At disconnect time for a channel program, the channel is 

available for the resumption of an uncompleted channel 
program or the initiation of a new one. A channel available 
interrupt occurs at disconnect time if any I/O command was 
issued previously while the channel was busy. 

The I FA control-unit operation is initiated as a channel 
operation using the I/O instructions and channel commands. 
Primary control information for the file operation is stored 

in the CPU. Operating commands are processed by micro
programs stored in the CPU. The microprogram starts the 
operation by developing the appropriate information for a 
portion of the sequence and issues a mini-op to the control-unit 
hardware. While the hardware is performing the m ini-op, the 
microprogram stores a link address and returns to CPU operation. 
When the hardware finishes that portion of the sequence, it 
requests a trap to return to the microprogram link address to 
continue the operation. An operation may require several of 
these transfers between the microprogram and hardware to 
complete a command. 

Data movement during the hardware control period is per
formed by requesting a selector-channel share cycle for each byte. 

The CPU or other channel operations have use of the CPU hard
ware and microprogram for other operations when time is not 

required by the I FA controls either for setup or data transfer. 
The file operation should never overrun during normal operation 

because of the assigned priorities. 
Details on the IFA are in Chapter 10. 

Block Multiplexing 

Block multiplexing allows the channel to disconnect a device at 

channel-end time. During the interval between channel end and 
device end, another device on the channel could be started or 
could complete data transfer for a previously started operation. 

Thus, a block-multiplexer channel can multiplex blocks of data 

from different devices giving a much greater effective data rate 

than a selector channel. 
Block multiplexing occurs only if a control unit presents 

channel end and not device end during command chaining, 

and the channel is in block MPX mode. 
The block-mu Itiplexer channel can operate as regu lar selector 

channel so that existing System/360 channel programs can 

run unchanged. 

Block-Multiplexer Operation 

Because the channel is busy only during the time when data is 

actually being transferred, several channel programs can be 

executed concurrently by sharing the channel hardware. This 
could be called "Channel Multiprogramming." 

The sequence of events in channel multiprogramming is: 

A channel program controlling a device is started by the 

channel and remains active until the device signals that it 
has no need for the channel path at that stage of its 
operation. 

The channel disconnects the channel program and stores 
all information needed to restart the program in UCWs 
that are in control storage. 

The channel can start another channel program at this 
point if one is ready. 
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SPTL 

The SPTL word is a special external register that has a word 
address of 04. 

• Addressed directly by control-word bits. 

• Has special data path to A- and B-register inputs. 

• Only external that can be used as a B·source. 

e Only facility (other than the H-Reg) that is destined in the 
same cycle. 

• Composed of four byte registers: S, P, T, and L. 

s p T L 

~ ~ 

\ 
5-Register: holds the status of 
arithmetic and logical results; 
controls some arithmetic 
functions. 

Base address registers for 
local-storage and external 
addressing. 

\ 
Used with P-hl!Jh bits to 
form indirect local-storage 
addresses. 

Used with special branch 
functions, shifting, storing, 
and indirect-byte addressing. 

NOTE: For details concerning how SPTL affects control-word 
operations and addressing, see Chapter 4. 

3145 TM 2-3 



S-REGISTER 

2 3 4 5 6 7 

/ 
Used to indicate 
true or complement 
add. 

\ \"d " g.n.,,'·p",Po,. "ot", 
, \ ;nd;oalocdo, b"nch;ng. 

Status set for 

Status set for 
arithmetic words. 

arithmetic and storage words. 

Status set for storage 
and arithmetic words. 

Normally set to the value of 
the high-order carry during 
an arithmetic operation. 

• May be used as a working register 

S-register bits are used primarily to indicate the results of ALU 
operations or to specify how certain ALU operations are to be 
performed. 

Branch fields in the control words can be set to specify branch 
testing of S-register bits. The results of the branch testing are used 
to determine a portion of the next control-word address. There
fore, a control-word sequence can be modified according to ALU 
results. For example, the following is frequently used in micro
program routines. 

1. A control word specifying an ALU operation calls out set/ 
reset of specific S-register bits, depending upon the ALU 
result. 

2. A subsequent control word specifies branching on the same 
S-register bits. 

Note: If the S-register is set with a control word and this same 
control word is branching on S-bits, the branch test is made on a 
previous S-register setting and not on the result of the current 
control-word operation. 
3. The control word branched-to continues the microprogram 

sequence required by the ALU result. 

The S-register can also be used as a general-purpose data 
register. For example, a control word can cause the S-register 
to be loaded with a byte for use in operations with subsequent 
control-word operations such that none of the following descrip
tions apply. Such use of the S-register is determined by the 
microprogrammer. The following listed S-register bit functions 
are not automatically performed_ Any function must be 
explicitly specified in the control word for which the function 
is desired. 
Note: There are duplicate S-registers designated S-register 
A- and B- respectively. The data from S-register B is displayable, 
and is gated to the A-register and B-register. 

so 
The setting of SO determines whether a true or complement add 
is to be performed in the ALU(s) when either a binary or decimal 
add is specified by the control word. 

SO Value 

a 
Specifies 

True add 
Complement add 

The true/complement circuitry affects only the B-input (from 
the B-register or the K-assembler) to the ALU(s). The A-register 
input is always presented to the ALU(s) in true form, regardless 
of the value of SO. 

I n arithmetic word (type 10) shift operations, the value of SO is 
shifted into the four high bits of the result word (shifted right) 
when the shift field of the arithmetic word specifies (SR4, SO). 
The bits (4-7) shifted out of the source-word byte 3 are set into 
T-register bits a through 3 respectively. 

S1 

1. I n decimal operations, S1 is set to 1 if an invalid decimal digit 
is detected in the A or B inputs to the ALU. Sl is not changed 
if the decimal digits are all valid_ An invalid decimal digit is 
greater than 1001 (binary). The test on the inputs is made 
before the original decimal data is binarily added in ALU3; 
no such test is made on decimal data when it is being sent to 
ALU3 on a ±6 correction cycle. 

In order for Sl to function in this manner, the arithmetic 
control word (type 10) must specify both decimal addition 
(C, 0+-, C), and the S12 status set. 

2. I n binary operations, S 1 is set to the value of the carry-out 
of: 
a. Bit 1 in single-type ALU operations, 
b. Bit 1 of byte a in fullword ALU operations. 

The control word must specify the S12 status set, along with 
the appropriate binary ALU operation, in order for Sl to 
function in either of these two ways_ 

SPTL 2-4 

82 

1. I n byte operations, S2 is set to 1 if the Z-bus (ALU result 
byte 3) is not zero. (ZO) If the Z-bus is zero, S2 is not 
changed from its prior setting. The arithmetic control word 
calling 



for the byte operation must specify the 512 status set in order 
for the 52 bit to function in this manner. 

2. I n full word binary operations, 52 is set to 1 if the entire 32-
bit result is nonzero. 52 is not changed if the 32-bit result is 
zero. A status set of S12 must be specified in the arithmetic 
control word (calling for the fullword operation) in order for 

S2 to function in this manner. 
3. In fullword binary operation, S2 is set to 1 if: 

a. A Z24 status set is specified, and 
b. the low-order 24 bits (ALU result bytes 1, 2, ansi 3) are 

nonzero. If the low-order 24 bits are all zero, S2 is not 

changed. 
4. When an 52 status set is specified in a storage word, S2 is set 

to 1 if the count field is not zero after the count is decremented; 
52 is set to a if the count field is zero after decrementing. The 
decrement-count function is specified in the storage word to 
effect the following actions: 
a. The 24-bit address, in bytes 1, 2, and 3 of the even word (of 

an even/odd pair of local-storage words), is updated. 
b. The count field (low-order 16 bits of the odd word of the 

pair) is updated. 
c. 52 is set according to the result of Step b. 

Note that the count value is updated by circuitry and that S2 is 
set/reset if the 52 status set is specified even if decrement count is 
not specified. In this case, however, the updated count value is not 
stored back into the count location. 

S3 

S3 is set to the value of the carry-out of bit-O of the ALU operat
ion. This function is used in both byte and word operations. The 
arithmetic operation field must contain a bit configuration 

designated by a statement that contains a C at the left, in order 
for 53 to function in this manner. For example, in the statement: 

SO = a 
C+O 

the C specifies that 53 is to be set/reset. 
In fullword arithmetic operations, S3 is set to the carry-out of: 
a. Bit a of byte a if an 512 or no status set is specified. 
b. Bit a of byte 1 if a Z24 status set is specified. 

53 is not set/reset in storage-word address and count updates. 

S4 and S5 

In arithmetic words (types 10 and 11) that specify a status set of 
545, S4 and S5 are set/reset according to the bit values of the ALU 

result byte as follows: 

Bit Value Indicates Result Byte Bits 
S4 a 0-3 not equal to 0000 
S4 0-3 = 0000 
S5 
S5 

a 4-7 not equal to 0000 
4-7 = 0000 

If a Z6 status set is specified: 

Bit Value Indicates Result Byte Bits 

S4 a 0-5 not equal to 000000 
S4 1 0-5 = 000000 

S5 a 4-7 not equal to 0000 

S5 4-7 = 0000 

The 545 and Z6 status sets can be specified in an arithmetic word, 
only if a single-byte ALU operation is called for; 545 and Z6 do 
not pertain to fullword arithmetic operations. 

In storage-word operations, S4 and 55 functions are the same as 
in the arithmetic words and are specified in the same manner (S45 
and Z6). 54 and S5 are set according to the value of the low-order 
byte of the count field after the count has been decremented. 
The count is in bytes 2 and 3 of the odd word of an even-odd pair 
of local-storage words. The address is in bytes 1, 2, and 3 of the 
even-word location. 

In an arithmetic word (type 10) that specifies an ABCK byte 
operation: 54 is set to 1 if a parity-check error is detected on 
the A input to the ALU (s). 

Note: If an 124 status set is specified in a type 10 arithmetic 
word, no 5-register bit setting occurs, regardless of any other 
specified status set. For example, if the operation specified is: 

SO = a 
C+O 

and 124 is also specified, then S3 and SO are not changed even 
though the operation field calls for such set/reset functions. 
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P-REGISTER 

o 2 

T 
Used with L-Reg bits 
to form indirect local
storage-word addresses. 
Used with Cl bits to form 
external facility addresses. 

* Used for expanded 
local-storage control. 

3 4 5 6 7 

Used with Cl or C2 
bits to form direct 
local-storage addresses. 

P3 = 1 indicates external 
addressing if Cl bit 0 "" 1. 

The primary function of the P-register is to provide a base address 
during local-storage or external-register addressing. That is, the 
P-register is used to point to groups of external registers or areas 
of local storage; the remainder of the external/local-storage ad
dress is specified by the outputs of the C-register. I n some cases, 
the L- and/or T-register contents are used to determine portions 

of the address. 

T-REGISTER 

TH 

2 3 

I 
Bits 0 and 1 are gated to 
bits 2 and 3 of M3 
du ring the next control
word address setup for 
special module-switch. 
function of the branch 
word. 

Used as a mask for a 
store-word function. 
Used to hold low-order 
hex digit shifted out 
during arithmetic word 
shift right function. 
May be used as digit 
shifted into the high
order position of a 
right shifted result. 

• May be used as a working register 

TA 

4 5 

TB 

\ 
Used as a byte pointer 
for the B-source during 
arithmetic word using 
indirect-byte addressing. 
Usually set by a special 
function of a storage 
word read operation. 

Used as a byte pointer 
for the A-source during 
arithmetic word using 
indirect byte addressing. 
Usually set by a special 
function of a storage 
word read operation. 

The T-register is used in a variety of ways, which are summarized 
here. 
1. T-register bits 4 and 5-and/or 6 and 7 are used in indirect-byte 

addressing and branching operations. 
2. T-register bits a and 1 are used to form a portion of the next

control-word address when a module-switching operation is 
specified in the branch word_ 

3. T-register bits 0 through 3 are used in arithmetic fullword 
shift operations. 

4. I n certain storage-word read operations, T-register bits 4 and 
5 or 6 and 7 are set to the value of the two low-order storage
address bits before the address is updated. 

5. I n certain storage-word store operations, T-register bits a 
through 3 are used to specify which bytes of a source are to 
be stored and what constant, if any, is to be used to update 
the storage address. 
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L-REGISTER 

LH 

2 

Used with high-order 
bits of the P-register 

3 

to form indirect address 
of local-storage register 
containing first operand. 

4 

• May be used as a working register. 

LL 

5 

Used with high-order 
bits of the P-register 
to form indirect 
address of local-storage 
register containing 
second operand. 

The primary purpose of the L-register is to hold the addresses of 
the general or floating-point registers, all of which are in local 
storage. The address of a general register can be specified by LO 
through L3 or L4 through L7. For example, LO-3=0111 can 
specify general register 7. Note, however, that while this address 
corresponds to the hexadecimal address of general register 7, that 
register's address in local storage is determined by C, P, and L
register bits when the L-register is used in the addressing. 

The address of a floating-point register is usually specified by 
LO-3 only (not L4-7)_ 
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SDBO PRE-ASM, ASM 

• The Storage Data Bus-out (SDBO) preassembler receives 
a doubleword of data from internal or external storage. 

• The output of the SDBO preassembler is gated by M3 bits 
5, 6, and 7 to provide word, halfword, or byte selection. 

• The SDBO assembler receives inputs from the SDBO 
preassembler, the storage-protect stack, and the D-register. 
It provides an output that is used as data for External 
Bus In (EBI) and local storage. 

The selection of data fed to the SDBO assembler is 
accomplished by decoding M3 bits 5, 6, and 7. The decode 
of the M3 bits causes corresponding gating lines to be 
activated, which cause data from the SDBO preassembler to 
be routed to the SDBO assembler. 

M3 Reg Selects 

bit 5 0 Even word bytes 0-3 
1 Odd word bytes 4-7 

bit 6 0 Even halfword, bytes 0, 1 
1 Odd halfword, bytes 2, 3 

bit 7 0 Even bytes 0, 2 
1 Odd bytes 1, 3 

Read Word 

Word Selected Word, Halfword, SDBO 

by bit 5 Byte Selection Assembler 

0 0 0 

~LS/EXT 1 

2 2 2 

3 3 3 

Read Halfword, M3 bit 6=0 

0 

~ H 
0 

1 1 

2 0 0 r-- To Bytes 2 and 3 3 

LS/EXT 

Read Halfword, M3 bit 6=1 

o 
1 

2 

3 

o 
1 

2 

3 ~ To Bytes 2 and 3 
LS/EXT 

Read Byte 

M3 bit 6,7=00, Byte 0 to X 
M3 bit 6,7=01, Byte 1 to X 
M3 bit 6,7=10, Byte 2 to X 
M3 bit 6,7=11, Byte 3 to X 

SD 80 Pre-Asm, Asm 2-8 

o 

2 

X t--- To Byte 3 
lS/EXT 



SOBO PRE-ASSEMBLER UNIT DATA FLOW 

INTERNAL 
SDBO Bytes 0-7 .....- r--~ 

A OR 
Data to r-- l1li 

~ """-
System 

Bits 

0-63 

S 0203 - S0302 

Gate I nternal Storage 

IAII N 

r-t-
Data to A 

System ,.... 
Bits '-

0-63 External SDBO Bytes 0-7 

S0203 - S0302 Store 2 Cycle A 

1 Time 

OTime 
r--

SDBO 
PRE-ASM 

PH 
0 

PH 
1 

PH 
2 

PH 
3 

PH 
4 

PH 

5 

PH 
6 

PH 
7 

RCl 

-A OR Rst SDBO Asm Lt. 
(Not) SDBO Gate --___ ~ 

o Time Diy -------t A 

Store 1 Cyc 

O-T l-T· 2-T O-T 1-T 

D-Register 

Gate D-Reg through SDBO Asm 

SDBO Data 

SDBO Preasm Latches 

Gate SDBO 

Gate SDBO ----

Bytes 0-3 

Bit 5 Select Even Data A 

Bytes 4-7 

13 - RC 193 

2-T O-T l-T 2-T O-T 

Loc,' S::'::.G:,::'CYci. T J T _____ T ______ Destine count 
Destine address ________________ -J_ _ Store data 

SDBO Gating 
---------

* 
M3 

Bit W 

MODE 

HW BYTE 

The bytes in the shaded 

area are gated but are 

not used at the output. 

6 
X 

7 X 

o 

2 

3 1 3 0 1 2 3 

RC114-RC194 

The two-word SDBO preassembler latches retain the storage 
entry for use during the cycle. 

M3 bit 5 of the storage address defines which word of the 
storage access is to be gated to the SDBO assembler. 

For a word-mode operation, the full word is gated to the 
assembler when the gate SDBO line is raised. 

RA 115 - RA 166 D-Reg 

Gate D-Reg through SDBO 

MS 115 Protect Stack X 
Gt St Prot through SDBO Asm -.l 

For a halfword mode operation, the upper or lower half-word, 

depending on M3 bit 6, is gated to bytes 2 and 3 while input 
bytes a and 1 continue to gate to output bytes a and 1. 

For byte-mode operation, the byte defined by M3 bits 6 and 7 

is gated to byte 3 while the remaining input bytes are gated to 
their respective output positions_ 

The protect stack read out is gated to the SDBO assembler 
byte 3 during the I SK instruction to allow transfer to a GP
register. 

The four-byte output of the D-register is gated to the 

respective outputs of the SDBO assembler when neither the 
gate SDBO line nor the gate st prot line are active. 

SDBO Asm 

o 

A LS 

B LS 

2 

EBI 

3 

RC114-RC194 
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LOCAL STORAGE 

• Local Storage (LS) consists of two monolithic stacks of 64 words 
each (A-LS and B-LS). 

• Destined data is written into both A and B LS so that both stacks 
contain the same information at any corresponding address. This 
permits comparison checking of LS data. 

• LS is used by the microprogram as a high-speed buffer. Access 
time is 24 nanoseconds. 

• Readout is nondestructive. 

• Address range within each stack is 00 to 3F (Hex). 

• Addressing is accomplished with combinations of control-word bits, 
P-register bits, L-register bits, T-register bits, selector-channel 
share-cycle forced bits, and console-file command-register bits. 

LS has assigned locations for specified functions. Refer to "Local 
Storage Map (370 Microprogram in Control Storage"). Locations 
included are: 

16 general registers 
4 floating-point registers 
Selector-channel work area 
CPU work area 

These locations are valid when the 370 microprogram is located in 
control storage. When diagnostics are running, another set of LS 

assignments is in effect. 
LS is external to main and control storage. Each 64-word stack is 

located on two MST cards: 

A-LS 

B-LS 

Bytes 

o and 1 
2and 3 
o and 1 
2 and 3 

Card Location 

A-C4B2 
A·C4C2 
A-B4P2 
A-B4M2 

NOTE: Do not remove or replace LS array cards with power on. 

LOCAL-STORAGE OPERATION 

Read 

• Either or both A-LS and B-LS can be accessed in one cycle. 

• Data from A-LS is gated to the A-register. 

• Data from B-LS is gated to the B-register. 

• A-LS and 8-LS sources can be different addresses. 

Write/Read 

• Data destined to LS always is written into both A and B LS. 

• Data destined during any cycle is written during the next 
cycle. 

• A write LS is always followed by a read LS. The read LS 
data is used for flush-through checking and A and 8 LS 
comparing. 

DATA CHECKING 

Flush-Through Check (FTC) 

Data destined to local storage as a result of some control-word 
operation, other than a storage word read, is gated from the 
D-register through the SDBO assembler to local storage. The 
data in the D-register is compared with the data from the 
A-LS address that was the destination. If the compare is not 
equal, bit 2 of MCKA 1 sets to indicate an FTC error. 

A and B Local-Storage Compare 

Data destined to local storage is stored at corresponding addresses 
in both local-storage stacks. The data is then read from these 
addresses and compared. If the compare is not equal, bit 1 of 
MCKA 1 sets to indicate the error. 

SOlS A and S 
Local l' 
Storage I-- MCKA 1, Bit 1 

Compare 

FTC 
Latches 

0 
1 

A-LS 2 .. 
3 

D-Register .... 
FTC f: 

0 Match I-
1 
2 
3 

LOCAL-STORAGE TIMING 

o Time I 1 Time 

I a Time Delayed 1 Time 
I I 

Delayed 

Read 

Write/Read 

FTC 

A/B-LS Compare 

MCKA1, 

Bit 2 

Write/Read, FTC, and A/B-LS compare occur during the cycle 
following the control-word cycle that the data was destined. 

Local Storage 2-10 

XO -
Xl -
X2 -
X3 

X -
Drivers 

X4 -
(8) 

X5 -
Bit X6 -

(Write) LS Bit Gate - Timing t-- X7 -
Pwr. 

Sense Amp Lth 

SDBO Asm (0 

Bit ~~ - Drivers 64 Words Sense t-

(1 Stack) 
I-- Amp 

Spec 
32 +4P ata In} SxS I-- 32 +4P tE 

32 +4P 
I--

LS Data 

YO -
Yl -
Y2 - Y 
Y3 -
Y4 - Drivers 

Y5 - (S) 

(Read) LS Set By te Set Pwr n Y6 -
Y7 -



LOCAL-STORAGE DESTINATION ADDRESSING 

The type/form of the control word selects the source address 
(A or B) that is used for the destination address. 

1. During fast gate, decoded source addresses are stored in 
the A and B buffers. m 

2. At the beginning of slow gate, the previous control-word 
destination address is gated from the A and B destination 
address latches to the address decoders.m 

3. The data destined during the previous cycle is written. m 
4. The buffer (A or B) selected by the word type/form is 

gated to both the A and B destination address latches. I!] 

5. At slow gate of the next cycle, this address is gated to the 
address decoders for destination write/read. m 

Destination Look-Ahead 0 
A new source address may be_the same local-storage address 
as the previous destination address. When this condition occurs, 
the destined data in the Z-register is not stored into local storage 
in time to be accessed by the following control word as source 
data. Destination look ahead detects this condition by comparing 
A and B new source addresses with the previous destination 
address. An unequal compare (previous destination not new source) 
gates the new source data from local storage to the A- or B-register. 
An equal compare (previous destination is new source) gates the 
new source data directly from the Z-register to the A- or B-register. 

Force Selector Channel 

Source/Destine 
IIIIIIIIIIIIIIIIIIIIIIIIIIII~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 B LOCAL Addr 

B LS Cons. File Command Reg Bits 2-7 

i m Destine"m STORAGE To B-Reg 

~ ~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII B SDBO ASM I--.. ~------. 
Decode P-Reg L-Reg 

~ . BFR ~ ... # Addr. IIII~IIIIIIIIIIIIIIIII B 
§ Destine ~ ~ § Compo 
:;::;;11111111111111111111111111111111111111111111111111111111111111111111111111IIIIIIIIIIIIIIIIIIIIIIIIIIII~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~IIIIIIIIIIIIIIIIIIIIII111111'* lilllllill 

~ ~ ::; 

01111 iTIlIllIIlI II II Ii' Dest. 9L 
Source ~ # ~ 

•
S.D.B.O ____ -t L S Control IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII~IIIIIIIIIIIIIII~IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII§ 

~ # Gate B-LS or Z-Reg to B-Reg 

Assembler IIIIIIIIIIIIIII~=_'IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII Ii ~< II 
B I 

Dest. Decode 

Secondary Control Asm -

Fast Gate 

m Set AlB Buffers 

Read A/B-LS 

Set AlB-Registers 

Slow Gate 

II Gate Dest. Addr. Lths. 

II Write/Read 

LA021 
LA033 
LAl15 
LA125 

I Look 

11I11I11I1111I11I1111I11I11I111I11I11~~IIII;r~111I11I1I11I11I11I1I11I11I111IIIIIIIIIIIIIIIIIIII~ ~ 
Destine ~ ~ ~ 

lMlIIlIlIIlIlIIllIlIlIIlIIlIIllIlIlIIllIlIllIllIlIIlIlIIllIIlIlIIlIlIlIlIlIlIlIlIllIlIllIlIIllIlIllIlIlIIlI~~IIIIIIIIIIIIIIIIIIIIIIIIII~IIIIIIIIIIIIIIIIIIIIIIIIIIIII~ ~ Gate A-LS or Z-Reg to A-Reg 

~ # % ~JIIIIII A 

~ ~~ % §~ § Source A Destine ~ A 1Iffi1111111111111111111 Camp, tal 
lflllllill ~IIIIIIIIIIIIIIII BF R 11111111111111111111111111111111111111111111111111111111 Dest. .... SATLOORCAAGLE 

=_~ D Ii' Addr. 1111111111111111 Back-up and Retry Regs 
~IIIIIIIIIIIIIIIIIIIII A LS I.iI ... 

~ Source/Destine SDBO ASM 
P-Reg L-Reg Addr 1IIIIIIIIIIIIIIIIIIIIIIIIiiilllllllllllllllllllllllllllllllllllllllllllllllili1111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111111 

Decode 

Ahead A 
Decode 1 

M3 (0-5) ----f (See external facilities CPURTY word) 

Force Selector Channel 

D-Reg 

OTime 1 Time OTime 1 Time a Time 1 Time 

1 Time 

a Time Delay 1 Time Delay I 0 Time Delay 1 Time Delay a Time Delay Delay 

ac=a+Y RC=R+Y RC=R+a 

a Y R y R a 
8 Y R Y R a 

Prevo Dest. a R 

Prevo Dest. a R 

~S~A/BDest.Addr Lths.~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~L a R R 

I 
) B Compare Unequal 

II ') A Compare Unequal 

{ A Compare Equal 

B-LS to B-Reg 

A-LS to A-Reg 

B-LS to B-Reg B-LS to B-Reg 

A-LS to A-Reg 

Z-Ree to A-Reg 

A and B 

Local 
Storage MCKA 1 Bit 1 (error) 

Compare 

To A-Reg 

FTC MCKA 1 Bit 2 (error) 
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A-LOCAL STORAGE UNIT DATA FLOW 

CIRCUIT 

FAST DECODE 
DEST BFR LATCHES 2,3,4 
DEST BFR LATCHES 5,6,7 
DEST ADDR LATCHES 2,3,4 
DEST ADDR LATCHES 5,6,7 
SLOW X ASSEMBLER 
SLOW Y ASSEMBLER 
COMPARE 
X DECODE 
Y DECODE 
X CHECK 
Y CHECK 
MONO BUFFER 

CARD 

C4F2,C4N2,C4M2 
C4G4 
C4J4 
C4G4 
C4J4 
C4G4 
C4J4 
C4N2,C4L2 
C4F2 
C4M2 
C4G4 
C4J4 
B4P2,B4M2 

Note: For local-storage card-swapping technique, refer to Appendix A. 

m LOCAL STORAGE 
CONTROL ASM 

ALD 

LA011-LA018,LA021,LA 111-LA 117 
LA212 
LA222 
LA212 
LA222 
LA211 
LA221 
LA022-LA024, LA031-LA032 
LA015-LA016 
LA114 
LA212 
LA222 
LA311,LA327 

B-Local Storage Bfr. Latches 2-4 

SDBO 0 Bits 0-2 ------...j 
SDBO 4 Bits 0·2 _____ ----1 o 

Sec. Ctrl. Asm. 0 Bits 0-2 ---...j 

SDBO 1 Bits 0·6 ------.... 

SDBO 5 Bits 0-6 -------4 
Sec. Ctrl. Asm. 1 Bits 0-6 ----I 

SDBO 2 Bits 0-3 

SDBO 6 Bits 0-3 ------ooot 2 

Sec. Ctrl. Asm. 2 Bits 0-3 --_-I 

Force X or Y check 

P FAST 
o DECODE 
1 
2 
3 
4 
5 P-Reg Bits 1,2,5,6,7 
6 
7 a.-Reg Bits 0,4 

DEST BFR 
LATCHES 

B-Local Storage Bfr. Latches 5-7 

LOCAL-STORAGE CONTROL ASSEMBLER E1 
As a control word is being read from control storage (SDBO), 
or is being assembled in the secondary control assembler, it is 
gated to the local-storage control assembler. I n the local
storage control assembler, the word type is identified to 
specify the type of addressing needed. 

SLOW X 
ASSEMBLER 

M3 Bits 0-2 -----I 
Switch G bit 0, Switch F bits 2,3 

DEST ADDR 
LATCHES 

DEST ADDR 
LATCHES 

COMPARE 

OTime I 1 Time 
I o Time Diy 

I 
1 Time Diy 

Read Source Write-Read Previous Destination 

Dest Bfr Latches 

Gate Slow Path 

X DECODE 

Gate Z-Register to A-Register 

YO 
Y1 
Y2 

X CHECK 

Block A LS 

m· 

Dest Addr Latches 

Set MCKAO bit 0 (During Source Access) 

Set MCKAO bit 2 (During De stination Access) 

A-LOCAL STORAGE 

To A and B 
Local Storage 
Compare 

To A-Register 

FTC 

Local Storage 2-12 

M3 Bits 3-5 -----..... 
~ ______________ ~ Y3 

Y4 
Y5 

--...... Y6 

D-Register_---... 
Set MCKA1 
bit 2 

Switch G bits 1-3 

Diagnostic function: m 

SLOWY 
ASSEMBLER 

With DIAGO bit 5 on, and RTY backup Asm 
byte 0 bit 5 off, an extra X line is forced up to 
cause an X check. 

With DIAGO bit 5 on, and RTY backup Asm 
byte 0 bit 6 off, an extra Y line is forced up to 
cause a Y check. . 

Y7 

Y DECODE 

t Y CHECK 

Diagnostic function: B m 
With DIAGO bit 4 or 5 on, and RTY backup 
Asm byte 3 bit 6 off, the storing of data into 
A local storage is blocked. This causes both a 
flush-through check and an A and B local store 
compare error. 

Set MCKAO bit 0 (During Source Access) 

Set MCKAO bit 2 (During Destination Access) 

X and Y CHECKS Ii 
The x- and V-checks are tests to determine 
whether if at least one, but not more than 
one, X- and Y-line is active at a time. 



A=LOCAL STORAGE ADDRESS ASSEMBLY 

INDIRECT ADDRESSING 
FAST FAST 

DECODE USING L HIGH ILH) 
DECODE A-SOURCE DIRECT ADDRESS 

r-- P-Reg bits 1, 2 r---

I 2 P-Reg bits 5, 6, 7 2 X X 
When the A-source is called for by its symbolic name, or the 3 There are two symbols in the microprogram language that call 3 

actual address is used, bit 0 of byte 1 of the control word is 0 4 for indirect word addressing. The symbol LH calls for local·storage L·Reg bits 0-3 4 
1--- t---

to flag direct addressing. Bits 1, 2, and 3 of byte 1 of the LS Ctrl Asm 1 bits 1, 2, 3 5 Y addressing using the high bits of the L-register and bi~s 1 and 2 5 Y 
control word form the Y·line, and bits 5, 6, and 7 of the P·Reg 6 of the P-register to form the X· and Y-lines. 6 
form the X-line. 7 7 

'--- I---

USING L LOW (LL) 
FAST 
DECODE 

P·Reg bits 1, 2 ~ 
The symbol LL calls for local·storage addressing, using the I 2 X 

3 low bits of the L·register and bits 1 and 2 of the P-register to 
4 form the X- and Y-lines. L-Reg bits 4-7 

~--
5 Y 

A-SOURCE DIRECT ADDRESS 6 
IX- and Y- Lines carried in control word) FAST 7 

DECODE 
"--

Two control words have the capability of carrying the X· and ~ 

Y-lines in the bit structure of the control word. The Branch and LS Ctrl Asm 1 bits 4, 5, 6 2 X 

Link or Return word carries the X- and Y·lines of the link register 
3 
4 

in bits 1-6 of byte 1. The word-move word carries the S- and Y -lines 
LS Ctrl Asm 1 bits 1, 2,3 

1---
of the source or destination in byte 1. 5 Y 

6 
7 ---

SLOW X SLOW X 
ASSEMBLER ASSEMBLER 

rn Switch G bit 0 

I~ LCSC MODE M3 bits 0-2 X ADDRESSING FROM CONSOLE Switch F bits 2, 3 I ; 
A special diagnostic function called LSCS I Local-Storage Local storage is also accessible from the operator's 

Control Storage) mode causes control words located in local console. The X·line is formed from bits 2 and 3 of the 
storage to be read out and executed. The X· and Y-lines of 

F switch and bit 0 of switch G. The Y·line is formed 
the control word to be executed are formed from bits 0-5 SLOWY from bits '-3 of switch G. SLOWY 
of the M3-register, which is set up by the last word executed. ASSEMBLER ASSEMBLER 
Any of the other ways of addressing local storage may be rn Switch G bits 1-3 

~ 
Y used for data accesses during the execution of the control M3 bits 3-5 Y 

6 
vvords read from local storage. For additional information 7 
about LSCS mode, refer to "Chapter 13. Diagnostic Hard- ~ 

ware" under the heading "Basic Tests." 
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8-LOCAL-STORAGE UNIT DATA FLOW 

CIRCUIT 
FAST DECODE 
DEST BFR LATCHES2,3,4 
DEST BFR LATCHES 5,6,7 
DEST ADDR LATCHES 2,3,4 
DEST ADDR LATCHES 5.6.7 
SLOW X ASSEMBLER 
SLOW Y ASSEMBLER 
COMPARE 
X DECODE 
Y DECODE 
X CHECK 
Y CHECK 
MONO BUFFER 

CARD 
C4F2,C4N2,C4H2 
C4G2 
C4J2 
C4G2 
C4J2 
C4G2 
C4J2 
C4N2,C4L2 
C4F2 
C4H2 
C4G2 
C4J2 
C4B2,C4C2 

ALD 
LA011-LA018,LA021,LA 121-LA 127 
LA232 
LA242 
LA232 
LA242 
LA231 
LA241 
LA022-LA024,LA031-LA032 
LA017-LA018 
LA124 
LA232 
LA242 
LA331-LA337, LA341-LA347 

LOCAL STORAGE 
CONTROL ASM. 

SDBO 0 Bits 0-2 --------...... 

SDBO 4 Bits 0-2 

SEC. Ctrl. Asm. 0 Bits 0-2 -------t 

SDBO 1 Bits 0-6 ----------1 
SDBO 5 Bits 0-6 ----------1 
Sec. Ctrl. Asm. 1 Bits 0-6 -----..... 

SDBO 2 Bits 0-3 ----------1 
SDBO 6 Bits 0-3 ----------1 
Sec. Ctrl. Asm. 2 Bits 0-3-------1 

o 

P 
o 
1 
2 

Force LS X or Y ck 

P-Reg Bits 1,2,5,6,7 

L-Reg Bits 0,4 ----I 

2 3 3 
4 
5 
6 
7 

LOCAL-STORAGE CONTROL ASSEMBLER m 
As a control word is being read from control storage (SDBO), 
or is being assembled in the secondary control assembler, it is 
gated to the local-storage control assembler. In the local
storage control assembler, the fields that indicate the source 
accessing are tested to determine the type of address formation 
needed to address local storage. 

A-Local Storage Bfr. Latches 2-4 

DEST BFR 
LATCHES 

A-Local Storage Bfr. Latches 5-7 

Console File Command 
Reg. bits 2-4 
Switch G bit 0, Switch F bits 2,3 

DEST ADDR 
LATCHES 

DEST ADDR 
LATCHES 

SLOW X 
ASSEMBLER 

COMPARE 

Switch G bits 1-3 --...... 

Force Count (Storage Word) 

Console File Command 
Reg. bits 5-7 ---~ 

Diagnostic function: m 

SLOWY 
ASSEMBLER 

With DIAGO bit 5 on, and RTY backup Asm 
byte 0 bit 5 off, an extra X-line is forced up to 
cause an X-check. 
With DIAGO bit 5 on, and RTY backup Asm 
byte 0 bit 6 off, an extra Y-line is forced up to 
cause a Y -check. 

OTime I 1 Time 
I I o Time Diy 

Read Source Write-Read Previous De stination 

Dest Bfr Latches 

Gate Slow Path 

Dest Addr Latche 

Ii XCHECK 
Set MCKAO bit 1 (During Source Access) 

~ Set MCKAO bit 3 (During Destination Access) 
X DECODE 

XO 
X1 
X2 
X3 
X4t--......... 
X5 
X6 
X7 

Gate Z-Register to B-Register 

Y DECODE t 
Ii 

B-LOCAL STORAGE 

Y CHECK 

MONO 

To B-Register 
BUFFER 

A-Local Storage Data 

XOR 
MATCH 

Set MCKA 1 bit 1 

Set MCKAO bit 1 (During Source Access) 

Set MCKAO bit 3 (During Destination Access) 

X- and Y CHECKS iii 
The X- and V-checks are tests to determine whether at least 
one but not more than one X- and Y-line is active at a time. 

Local Storage 2-14 



B-LOCAL-STORAGE ADDRESS ASSEMBLY 

B-SOURCE DIRECT ADDRESS 

When the B·source is called for by its symbolic name, or the 
actual address is used, bit 0 of byte 2 of the control word is 0 
to flag direct addressing. Bits 1,2, and 3 of byte 2 of the control 
word form the V ·Iine, and bits 5,6, and 7 of the P·reg form the 
X·line. 

ADDRESSING FROM CONSOLE FILE 

There are console file commands that cause the control. 
word currently in the C-register to be executed. The X- and 
V·lines that would normally be formed by control word 
bits are formed from bits 2·7 of the console file command 
register. 

FORCE COUNT ADDRESS 

When a storage word with the decrement count 
function is executed an odd local storage address must 
be forced. The V-line in effect, for addressing source 
register, is assumed to be an even V-line. The count 
to be accessed is in the next higher address; therefore 
the next higher V -line is forced. 

For example: .A storage word is addressing the GD 
register for selector·channel 2 (see "Local Storage Map 
(370 Microprogram in Control Storage"). The X V·lines 
for GD are X4, YO. To access the count, Vl is forced, 
and the GC register is addressed. 

The X·line remains the same for the count access. 

FAST 
DECODE 

P·Reg bits 5, 6, 7 
,.....-

2 X 

LS Ctrl Asm 2 bits 1, 2, 3 

3 
4 

1---
5 
6 
7 ---

SLOW X 
ASSEMBLER 

r---

V 

2 
3 

Console File Command Reg bits 2-4 X 

4 
I...--

SLOW V 
ASSEMBLER 

Console File Command Reg Bits 5-7 7 V 
6 
7 

I...--

SLOW X 
ASSEMBLER 

[p-
SLOW V 
ASSEMBLER 

Fo,",o Count (Swago wo.d) I ~ 

INDIRECT ADDRESSING 

USING L HIGH (U~) 

There are two symbols in the microprogram language that call 
for indirect word addressing. The symbol LH calls for local.storage 
addressing using the high bits of the L-register and bits 1 and 2 of 
the P·register to form the X· and V·lines. 

USING L LOW (LL) 

The symbol LL calls for local·storage addressing using the 
low bits of the L·register and bits 1 and 2 of the P-register to 
form the X- and V·lines. 

ADDRESSING FROM CONSOLE (B - LS) 

Local storage is also accessible from the operator's 
console. The X-line is formed from bits 2 and 3 of the 
F switch and bit 0 of the G switch. The V-iine is formed 
from bits '-3 of switch G. 

FAST 
DECODE 

P-Reg bits 1,2 -I 2 X 
3 
4 

L-Reg bits 0·3 1---
5 V 
6 
7 
~ 

FAST 
DECODE 

P·Reg bits 1,2 I~ X 
3 

L·Reg bits 4-7 .... ~-
5 V 
6 

.....L 

SLOW X 
ASSEMBLER 

Switch G bit 0 ~ 

Switch Fba.2,3 :~ 

SLOW V 
ASSEMBLER -5 

6 
Switch G bits 1·3 V 
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LOCAL-STORAGE MAP (370 MICROPROGRAM IN CONTROL STORAGE) 

MPX 

CHANNE L ... 

Word 

Name 

AX 

DI 

RTX 

DTX 

X 

R 

Y 

Q 

MA 

MBS 

MX 

MC 

MD 

MF 

MW 

CX 

LS 

Location 
00 

01 

02 
03 

04 

05 

06 

07 

08 

09 

OA 

OB 

OC 

OD 

OE 

OF 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

lA 

1B 

1C 

1D 

1E 

1F 

Byte 0 Byte 1 Byte 2 Byte 3 

General Register 0 

General Register 1 

General Register 2 
General Register 3 

General Register 4 

General Register 5 

General Register 6 

General Register 7 

General Register 8 

General Register 9 

General Register A 

General Register B 

General Register C 

General Register D 

General Register E 

General Register F 

SRTN Temp Link 

Alter/Display Log Link 

Retry Link 

Translate Link 

Working 

Working 

Working 

Working 

Working 

Working 

Working 

Working 

Working 

Working 

Working 

CPU Link Register 

CURRENT PSW I ~ystem Mask 

18 

KEY 

I 
OWMP llnterrupt Code 

7 11 12 15 16 

DISPLAYED IN: External 10 I EXP LS 50 
I 

EXP LS 53 ; I 
I Byte 0 I Byte 1 
I I 
I I 

NOTE: The PSW can be manually displayed using 
the Console PR/KB. This procedure is 
contained in Chapter 7. 

I 
I 
I 

31 I 

ow 
X and 'y Direct 

Line Access 
XO YO 

XO Yl 

XO Y2 
XO Y3 0 

XO Y4 

XO Y5 

XO Y6 

XO Y7 

Xl YO 

Xl Yl 

Xl Y2 

Xl Y3 1 

Xl Y4 

Xl Y5 

Xl Y6 

Xl Y7 

X2 YO 

X2 Yl 

X2 Y2 

X2 Y3 2 
X2 Y4 

X2 Y5 

X2 Y6 

X2 Y7 

X3 YO 

X3 Y1 

X3 Y2 

X3 Y3 3 

X3 Y4 

X3 Y5 

X3 Y6 

X3 Y7 

ILC I CC 
32 33 34 

EXP LS 53 

Byte 0 I Byte 0 
Bit 0, 1 I Bit 2,3 

Phigh 
ndirect I 

A ccess 

0 

2 

SX2-i 

SX3 ---i 
SX 1 ---i 
SX4-i 

Word IFA LS Byte 0 Byte 1 Byte 2 Byte 3 

Name Name Location 

GD 20 

GC 21 Count 
GM····· 22 Protect CCW Address 

GW 23 

GD 24 

GC 25 Count 

GM 26 Protect CCW Address 

GW 27 

GD FD 28 

GC FC 29 Count 
GM FM 2A Protect CCW Address 

GW FW 2B 

GD FA 2C 

GC FB 2D Count 

GM FS 2E Protect CCW Address 

GW FL 2F 

30 Floating-Point Register 0 

31 Floating-Point Register 0 

32 Floating-Point Register 2 

33 Floating-Point Register 2 

34 Floating-Point Register 4 

35 Floating-Point Register 4 

36 Floating-Point Register 6 

37 Floating-Point Register 6 

SO 38 

PM 39 P.E. Control P.E. Code Group After Mask 

DM 3A Adjustment Factor 

RW 3B Address Adjustment Working 

DP 3C I F A Low-Priority Link 

LNK 3D I-Cycle Lin k 

P4X 3E SX-4 Link Register 

P3X 3F SX-1, 2, 3 Link Register 

NOTE. Words 28 th rough 2F are shown with Selector Channel designations. 

I Program Mask 

35 36 37 38 
1 INSTRUCTION ADDRESS 

39 40 63 

I EXP LS 53 I EXP LS 50 
I I 
I Byte 0 I 
I Bits 4-7 I Bytes 1, 2, 3 

Local Storage 2-16 

ow Ig 
X and Y Direct Indirect 

Line Access Access 

X4 YO 

X4 Y1 

X4 Y2 

X4 Y3 4 

X4 Y4 

X4 Y5 

X4 Y6 

X4 Y7 4 

X5 YO 

X5 Yl 

X5 Y2 

X5 Y3 5 

X5 Y4 

X5 Y5 

X5 Y6 

X5 Y7 

X6 YO 

X6 Yl 

X6 Y2 

X6 Y3 6 

X6 Y4 

X6 Y5 

X6 Y6 

X6 Y7 6 
X7 YO 

X7 Yl 

X7 Y2 

X7 Y3 7 

X7 Y4 

X7 Y5 

X7 Y6 

X7 Y7 



SCOPE PROCEDURE FOR LOCAL-STORAGE 
ADDRESSING 

Use Tektronix Type 454 or equivalent 
lOX Probes 
Set Time/Div: .05 us 
Set Channell Volt/Div: 50 MV 
Set Channel 2 Volt/Div: 50 MV 

Store 385E6FC8 (using system console rotary switches A 
through H) in an unused location of control storage. This is a wo 
word-move word - Y = LN K, SF, STOP 

Set the P-register = 02 

The word·move word is the version 1 type that carries the X
and Y·lines of the Source register in byte 1 of the control word. 
The mask of F specifies that all four bytes of the source are to 
be moved to the destination register. The STOP function is active 
(bit 4 of byte 3 = 1); therefore, the word-move word is continually 

executed. 
After storing the word and setting the P-register; 

1. Dial the address of the word-move word into switches E-H. 
2. Operate the control address set key. 
3. Operate the start key. 

Note: The manual indicator is on because the soft·stop condition 
is set by the STOP function of the word-move word. 

4. Sync with channell on O·time. Gate A C4 E2 G05 

With channel 2, scope the + A LS ADDR Y EQUALS 5 line C4 
M2 J12 

O·Time 

Y5 

O-Time 

X7 

. , 
• " I 

~ 

I. , 

II' " 

h 
1 

.~ 
1'1' 

1--

l 

.~ 

CYCLE 1 

WM Word 

I 
- _--4 • 

II I' I I I 

-

CYCLE 1 

WM Word 

I 
]. 

I' , I I II 1'1 I 

· 
· 

LA - ..., 

· ~ ~ o o' t-• 
III '0 1-' • I , 

~~ 

V 
· 
·to , 

.f- \ 

+ 
-t-
-i-

i-
I.-. 

:1-
· 
· ~ "'-. ,: 

II I -" . 
~~ 
1 -t-

-t-
-I-
-I-

-:1-
I-

CYCLE 2 

WM Word 

...... -
J -

, 
- J 

-, ;.0:-
I I I I I" I 

-

CYCLE 2 

WM Word 

.. , ~ 
I I I I I I II 

r-~ 

V 
'" 

... 
J -

J .~ "i'"i'l 
I'" I 11'1 I II II I I 

1M 
I 

- '--

With channel 2, scope the + A LS ADDR X EQUALS 7 line C4 F2 G12 

Scope pictures 1 and 2 show the X- and Y-lines for the source register 

LN K being activated early in the cycle of the word-move word. 

2 
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With channel 2, scope the + SLOW AX PATH DECODE 2 C4 G4 803 

O-Time ( 

- ) . , I . 
X2 '\ 

\ 
\ 

~ 

. 

~-

r 

CYCLE 1 
WM Word 

1\ 
-~ I\.... 

.... 
~ 

.t 
J 

-I-

,.~ 

or 
... 

~ 

I-

CYCLE 2 
WM Word 

-. ..... -,-- 1 

1 \.I iA. -. . .. 
, "-\ 

- ~ -- --

j 
~ -. 
""'":"\ , 
, 

X2 Latched for writelread of 
previous destination. 

X2 Latched for write/read of 
destination reg. of cycle 1. 

With channel 2, scope the + SLOW AY PATH DECODE 6 C4 J4 D02 

O-Time 

..... -
I 

~ 

Y6 

/ 
) 

'\ 

CYCLE 1 
WM Word 

~ r\ 
lr ~~ 

; --
-

r 
r 
r 

CYCLE 2 
WM Word 

~ --:-

I - \ 
r~ L ~ 
~ . . . .. . 
l-

I , , 
.~ 

'" 

\~ v--~ 

--1 . . . 

"' , 
, 

Y6 Latched for write/ read 
of previous destination. 

Y6 Latched for write/read 
of Destination reg. of cycle 1. 

Scope pictures 3 and 4 show the X- and Y-lines for the destination 
register Y being activated in the second half of the word-move word 
cycle. Destination addressinH is always activated for the destining 
of the previous control word 5 results. 

3 

4 

8y altering the P-register setting, and the address bits in the 
word-move word, all the local-storage registers may be addressed. 

For example; 

Original word-385E6FC8 
Change word to-385E7FC8 

Change P-register setting 
to 03, leave the original 
control word in control 
storage. 

Statement- Y = LN K, SF, STOP 
Statement- Q = LNK, SF, STOP 

Statement-MN=LNK, SF, STOP 

Refer to the local-storage map in Chapter 2 for the P-register settings 
necessary for addressing local storage . 

Refer to the bit definition of the word-move word in Chapter 4 for 
variations of this word. 
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EXPANDED LOCAL STORAGE (EXPLS) 

• Composed of hardware registers that are physically 
externals but are logically connected as local storage. 

• Source addresses are formed through the expanded local
storage·address assembler. 

• Destination addresses are formed through the local
storage-control assembler and the A-Iocal-storage-ilddress 
assembler. 

• Expanded local-storage registers are not duplicated as 
are the local-storage registers. 

• Used with I-cycles, selector channels, and address-adjustment 
circuits. 

I n order to access expanded local storage; 
1. MODE register bit 1 must be on. 
2. Direct local-storage addressing must be specified (C1 or 

C2 bit a = a). 

P-register bits a, 3, and 4 control the expanded local-
storage inputs to the A- and B-registers (shown on facing page). 

Only one expanded local-storage register can be accessed 
as a source in anyone control word. 

The branch and link/return word and the word-move word 
version 1 cannot access expanded local-storage registers. 

All expanded local-storage registers may be displayed 
from the console, but altered only from the console 
printer keyboard. 

The I, V, U, and W-registers are not under control of bits 
a and 4 of the P-register, but do require that Plow = 2 
or A. 

MAfN"'; I 
CONTPlOL. JT'ORAOII , , , , 

MAIN 1l0lU41 
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Local Storage Gati ng 

'--_L_S_A_ ..... r--------- OR 

r,. ...................... ,.,. ........... ,. 
LS B 

A 
Exp LS 

B 

Expanded Local Storage B Input 

..... ..,. ...... ..,. 'L.._A
_

R
_
e9

---1 
OR-----G 

"''''''8 .,. ...... , 
OR B Reg ,. ..... , 

--PO=O A I PO=O 
P4=O Exp LS , P4=1 

--
B 

, 
.,. ...... ~ 

Expanded Local Storage A Input 

LS A ;-:8-----8 
I I, V, U, and Ware not dependent on the setting of PO or P4. 

I 
L..-_L_S_B_..Jr-------t--- OR --, B Reg 

I 
-, 

A ,.,a 
Exp LS 

B 

PO=1 
P4=O 
P3=O 

Note: 
If P3 is equal to 1, the address would access an external 
location rather than expanded local storage. 

Expanded Local Storage 2-20 



EXPANDED LOCAL STORAGE MAP 

Note: Expanded local storage may be altered 
from the printer-keyboard with the CE key on. 

EXP LS Word Name Byte 0 Byte 1 Byte 2 Byte 3 

50 1 Key I-Register 
51 V V-Register 
52 W W-Register 
53 U U-Register 
54 IBU I BU-Register 
55 TR TR-Register 
56 ICS l-Cycle Control Display 

57 through 5F unassigned : 
60 G2DRL DATA ADDR (SX 2) 
61 G2DBRL BACKUP DATA ADDR 
62 I 
63 
64 G3DRL DATA ADDR (SX 3) 
65 G3DBRL BACKUP DATA ADDR 
66 
67 
68 G1DRL DATA ADDR (SX 1) 
69 G1DBRL BACKUP DATA ADDR 
6A 
6B 
6C G4DRL DATA ADDR (SX 4) 
6D G4DBRL BACKUP DATA ADDR 
6E I 
6F I 

70 through 77 unassigned 1"· " , 

78 SN No.1 
79 PN No.1 
7A WK Working Register 
7B NP PAA byte 1,2 Latched Control Control 
7C DK Local Addr_ Reg. Real Addr Reg 
7D SS 
7E 
7F 

I-Register (EXPLS 50) 

Instruction counter register_ When used as a destination, byte q, 
24 bits, or fullword loading is possible_ 

Byte 0: If the I-Reg is destined, byte 0 is gated to the Key-Reg 
Bytes 1,2, and 3 contain the instruction address 

V Reg (EXPLS 51) * 
Bytes 1, 2, and 3 usually contain the second operand address 
generated during I-cycles. 

W Reg (EXPLS 52) * 
Bytes 1, 2, and 3 usually contain the first operand address 
generated during I-cycles. 

* If used in a storage word, the key register is gated as byte O. 
The key register contains the storage protect key (bits 0-3, 
bits 4-7=0)_ 

If V or W is used as a storage address in a storage word, the 

KEY reg is gated as byte 0_ The KEY reg is always gated as 
byte 0 for I, TR, and IBU. 

X and Y 

Line 

X2YO 
X2 Yl 
X2 Y2 
X2 Y3 
X2Y4 
X2Y5 
X2Y6 

, X4YO 

X4 Yl 
X4 Y2 
X4 Y3 
X4 Y4 
X4 Y5 
X4Y6 
X4 Y7 
X5YO 
X5 Yl 
X5Y2 
X5Y3 
X5Y4 
X5Y5 
X5Y6 
X5 Y7 

" 

X7YO 
X7 Y1 
X7 Y2 
X7 Y3 
X7Y4 
X7Y5 
X7Y6 
X7Y7 

U Register (EXPLS 53) 

When used as a destination, byte 2 may no.t be changed (loaded 
via hardware) 

Byte 0 bits 0-1 use~ for I LC 
bits 2-3 used for CC 
bits 4-7 used for program mask 

Byte 1 bits 0-1 reserved for FLP mult_ and divide 
bit 2 Indicates that GRs 0-3 need restoring_ 
bit 3 indicates LEX MODE 
bit 4-7 used for OWMP 

Byte 2 used for Op code 
Byte 3 used for immediate byte information 
Note: 
Byte 0 bits 0 and 1 and Byte 2 bits 0 through 7 are set only by . 

hardware. 

IBU Register (EXPLS 54) * 
Upon entering I-cycles, I REG bytes 1,2, and 3 are set into I BU. 
If a retry condition is encountered during I-cycles, the instruction 
may be repeated (return to DFOC). In this event, IBU is moved 
to the I-Reg. This register may not be used as a destination 
(Loaded via hardware, only from the I-register)_ 

TR Register (EXPLS 55) * 
Address of next doubleword after the address in the I-register. 
This register may not be used as a destination, but will change if 
the I-Reg is destined. 

ICS (I-Cycle Status)-Register (EXPLS 56) 

This unique register is provided for manual display only, and is 
not accessible via microcode. While the specific signals occupy an 
expanded local-storage register address, no such register exists. 
Instead, various key signals from the I-cycle hardware (under 
hardware control) are gated via the register address to form a 
display. Interpretation of the display requires a fundamental 
knowledge of the functional operation of the I-cycle hardware. 

Byte 0 forced to zeros 
Byte 1 forced to zeros 
Byte 2 

bit 0 BR Read Latch 
bit 1 OP LOAD Latch 
bit 2 OP L2 
bit 3 OP L 1 
bit 4 Prefetch required 
bit 5 Prefetch inhibit 
bit 6 F LP Long 
bit 7 OP BR to OF 

Byte 3 
bit 0 I BFR 0 parity'check latch 
bit 1 I B F R 1 parity check latch 
bit 2 Half adder check latch 
bit 3 IMM Byte Mo~ifier parity check 
bit 4 X=O' 
bit 5 B=O 
bit 6 Set Control Address 
bit 7 Low Bit 

les Bits: Functional Significance 

Byte 2: Bit 0 (BR Read Latch) When, on, indicates that a RTN 
to I-cycles will force an 'initial I-cycle address of 

DFOC. 

Bit 1 (OP LOAD Latch) When on, indicates hardware is 
attempting to: 
a) provide an initial I-cycle address of DF14 (if 

byte 2 bit 0 is off). 
b) provide an address of OF 14 for a further fetch 

of the instruction when within I-cycles and Set 
Control Address (Set CAl (byte 3 bit 6) is on. 

Op Length 

1 2 Format 

1 0 RR 

0 1 RX 51 

1 1 SS 

Bit 2 (Op Length 2) from decode of two high-order bits 
of Op Reg, denotes that the data currently in Op 
Reg is not an R R format. 

Bit 3 (Op Length 1) From decode of two high-order bits 
of Op Reg, denotes that the data currently in Op 
Reg is not of RX, R5, SI format. 

Bit 4 (Prefetch req'd) conditions within I-cycle hard
ware, as a function of I Reg, I Bfrs, and current 
instruction indicate that the next instruction 
should be prefetched. 

Bit 5 (Prefetch inhibit) When on, indicates that a 
Prefetch will not be allowed. This signal is also 
a function of I-Reg, I-Bfrs, and current instruction. 

Note that this signal does not take into account 
other functions, such as Real I nstruction Address 
Compare mode_ 

Bit 6 (Floating Pt Long) When on, represents a partial 
decode of the data in the Op Reg. This signal is 
used with R R instruction format to determine a 
specific I-cycle path. 

Bit 7 (Op Branch to OF) When on, indicates that the 
end of the hardware I-cycles will branch to the 
read and al ign phase of I-cycles. (the other half of 
the OF module instead of a CX module). 

Byte 3: Bit 0 (I-Bfr 0 parity check latch) When on, indicates an 
incorrect parity condition for 1-8fr O. 

Bit 1 (I-Bfr 1 parity check latch) When on, indicates an 
incorrect parity condition for I-Bfr 1. 

Bit 2 (Half Adder Check Latch) When on, indicates that 
, a check condition occurred in the half adder 
during an I-register hardware update. 

Bit 3 (Immediate Byte Modifier Parity Check) When on, 
indicates a parity check of the immediate byte 

modifier Reg. This signal is the check latch input. 
Note: The above four signals are combined to . 
form the signal "I-Cycle Hardware Check". 

Bit 4 (X=O) This signal has particular significance when 
the Op Reg data is for an RX format. When this 
bit is off, (and byte 3 bit 5 is off) double indexing 
is indicated for RX format instructions_ Note that 

RS, SI, and SS format instructions force this signal 
to the ON state. 

Bit 5 (B=O) When on, indicates that the data being gated 
through the base' assembler of the I-Bfrs is zero. 
(refers to GPRO) This signal has no significance 
for R R format instructions. 
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Bit 6 

Bit 7 

(Set CAl When on, indicates either that the current 
control store address is not within the hardware 
I-cycle range; or that a branch point within that 
address range has been encountered. 
(Low Bit) When on, indicates that hardware
detected conditions are currently satisfied for 
deviating from the normal branch to the execution. 
phase starting address of C (Op code) O. Instead, 
the starting address will be C (Op code) 4. This 
signal has significance for certain branch instruct
ions, floating-point, and shift-double instructions 

Regarding the interpretation of the ICS signals byte 3, bit 0-3 
provide a further definition of the ca\lse of an I-cycle hardware 
check. Byte 2, bits 0-6 and byte 3, bits 4-6 may be used with 
discretion, to-determine the starting address for I-cycle sequences. 
Byte 2 bit 7 indicates whim the "read and align" phase will be 
used; and Byte 3 bit 7 indicates the status of hardware tests for 
branch on condition, floating-point reg, specification, etc. 

G2DRL, G3DRL, G1 DRL, and G4DRL (EXPLS 60,64,68, and 6C) 

These registers function as a pointer to the next storage location 
used for a chare cycle. 
BYTE a contains the protect key. 

G2DBRL,G3DBRL,G1DBRL, and G4DBRL (EXPLS 61, 
65,69, and 6D) 

Only bytes 1 and 2 are in existence. 

SN Register (EXPLS 78) 

Byte a 
Byte 1 

FF hex 
00 hex 

PN Register (EXPLS 79) 

Byte a 
Byte 1 

FF hex 
00 hex 

WK Register (EXPLS 7 A) 

Working Register 
Byte a = FF 

NP Register (EXPLS 7B) 

Bytes a and 1 Logical Address 

Byte 2 

Bit a 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 

Byte 3 

Bit a 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 

LEX MODE 

Reset Tables 

Execute Instruction 
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DK Register (EXPLS 7C) 

Byte a Bit a 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 LOGICAL ADDRESS 

Byte 1 Bit a 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 a 
Bit 6 a 
Bit 7 a 

Byte 2 Bit a 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 Real Address 

Byte 3 Bit a 
Bit 1 
Bit 2 
Bit 3 
Bit 4 
Bit 5 
Bit 6 
Bit 7 



EXPANDED LOCAL-STORAGE: SOURCE GATING 

When used as a source, expanded local storage is addressed 
by the expanded local-storage address assembler. The address 
bits from the control word are intercepted as the control word 
is being read from control storage, and gated to the expanded 
local-storage address assembler. Gating lines generated by 
the address assembler gate the proper expanded local-storage 
register to either the A- or B-register. 

If expanded local storage is being gated to the A-register, 
the sense latches for A-local storage are blocked from being 
set. If expanded local storage is being gated to the B-register, 
the sense latches for B-Iocal storage are blocked. 

If the expanded local-storage register is also the destination, 
the destination latches in local storage are set to be used in 
the following control-word cycle. 

Examples on the following pages show the various ways 
the expanded local-storage gates may be formed for source 

addressing. 
Whether the expanded local-storage register is an A or a B 

source, it is gated to both the LS A and LS B assemblers. 
The source gating circuits then gate the A or B assembler 

to the A- or B-register. 

There are control words in the microprogram listings that 

appear to be addressing two different expanded local-storage 
registers as sources in the same word. However, the B source 

address defaults to be the A source. For example: 

Control Word------WK1 = NP2, DE, WK1 

NP2 is the A source 
WK 1 is the B source 

The decode of this word defaults to effectively read 

WK1 = NP2, DE, NP20 

This type of control word is valid only if the B source is 
being blocked from ALU entry. 

IUQEND: 

I --
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DATA TO SYS BITS 

RV 012 (NOT) EXP LSCA BYTE 2 BIT 1 _r-

E XP LS SOU RCE X = 2 -------____ .-----1 

RV 011 (NOT) EXP LSCA BYTE 1 BIT 1 ---+~h 

~o'---------------~-
"'-, OR 

GATE B HOOK..--.4 

"'- 2. ______ -1'";" I-
~3 ~ 
~NOT4 --

(WMO) 
RV 013 

P4 = 1 (B H 00 K) ---------1---1-...... 

i'- NOT 0 _.-- BLOCK A HOOK 

"'-NOT 1 _ A N 

I'- 2 ____ ---I 
~ 

(WORD 
TYPE 2,3) 

RV 013 

PO = 1 (A HOOK) ---------1--1 

MODE REG BIT 1 =1 __ ---1 ......... 

A 

SDBO 

ASM 

• 
IS L 

B I 
I I B LOCAL Ie ~ 
T I 

STORE 
In C .---

D I 
,S H e E 

R ~ I S 
I 

r:l PAGE 2·28 1 

~~_G~A~T~E~B~E~X~P~L=S _____ ~~ 
r--- GATE EXPLS TO B REG 

----------------~ A ~----------~------------------~----- X. 
OTIME-

o TIME BFR 

,--
A 

~ 

BLS LATCH RESET 

GATE A EXPLS 

. 
B I 
I I 
T I 
D I 
R I , 

A PAGE 2-28 

• S 
A LOCAL 'e L 

'n ~ .--
STORE Icc 

I e ~ 
~ S 

__ -----------~~~--~G~A~T~E~E~X~P~L~S~T~O~A~R~E~G~------------------------~--~X 

OTIME- A 

'---

'--________ --Ir--- I--- BLOCK ALS LATCH SET ____________________ ....J 

A o TIME BFR 

EBI 
EXPANDED 

LOCAL 

STORAGE 

x -Y DECODE 

r-- X - A ASMII-----+....J 

'-X- BASMI---

• ............................................................... EXPANDED GATE EXPLS LOCALSTORAG~B--------~---------------.....l 

ADDR ASM 

-OR 

L......-

.....-
OR 

'--
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CROSS & GATING 

ALUs, HALF SUM CHECKING 

Z-REG 

I I 

D-REG 
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EXPANDED LOCAL STORAGE;SOURCE GATING 
EXAMPLES 

i " ..... ' 

Data to SYS Bits 
CO Bits 0-4 

RV 012 (Not) Exp LSCA Byte 1 Bit 1 -----I 

EXPLS Source X=2 ------___ ---1 

.---+----1 

RV all (Not) Exp LSCA Byte 1 Bit 1 :~-f-+' 
Gate BH~ok' , ,. 

OR 

'--------1 A 

Not a 
Not 1 

2 

(WMO) . 
. RV 013 

P4""1 (B Hook}----~I-+--I 

Block A Hook 

,eo:::] _(,i\,Hoo.~l -.,...---+--1 

Mode Reg Bit 1=1--__ ~ 

A 1-----, 

(Word 
Type 2,3) 

RV013 
LC 016 

Word-Move Version 0 

P Low=2 (X2 decode) 

Statement CO Bits 0-4=00110 
C2 Bits 0-3=0010 

Q=W,D7 

I n this word-move example, the expanded local-storage register W 
is the B-source. W is one of the four expanded LS-registers that do 
not rely on PO or P4 to bring up a gating line. 

The upper AND circuit is activated by this control word. The line 
'Gate B Exp LS', gates the W-register (from the B-Asm) to the 
B local-storage bus-out. This gating line also blocks the B local

storage sense latch set. 

OR 

LC 016 

Gate B Exp LS 

Gate A Exp LS 

Data to SYS'Bit~ . 

CO Bits 0-4 

Not a 
Not 1 

2 

RV012 (No~) Exp LSCA Byte 1 Bit,1 ------I 

EXPLS Source X=2 --------t..---i 
....---+----1 

, RV all (Not) Exp LSCA Byte 1 Bit 1 -t---I-"" 

(WMO) 

RV 013 

Gate B Hook 

P4~1 (B Hook)-----I-+--I 

Block A Hook 

. ,.M,eO:::J {~\Ho()~J -.,...~-+--i 
Mode Reg Bit 1 =1 ____ ---I 

A 1---....., 

(Word 
Type 2,3) 

RV013 LC 016 

Arithmetic Word (A destination) 

P Low=2 (X2 decode) 

Statement CO Bits 0-4=11000 
C1 Bits 0-3==0001 

VO=O 

The decode of this arithmetic word specifies that the expanded 
local-storage register V is to be accessed as the A source and is also 
to be the destination of the arithmetic result. 

The 'Gate A Exp LS' line is activated through the AND circuit 
highlighted in the diagram. The X and Y decode for the V-register is 
also set up in the A local storage destination latches.for use in the 
following control word cycle. 

OR Gate B Exp LS 

LC 0.16 

Gate A Exp LS 
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Storage Word (Read Wordl 

P Low=A (X2 decode) 

Statement 

RDW RW WK, Nap 

CO Bits 0-4=01000 
C2 Bits 0-3=0010 

The expanded local-storage register WK is the address source for 
this Read Word. The highlighted AND circuit brings up the 'Gate B 
Expls' line. The set to the B local-storage sense latches is blocked to 
prevent any conflict on the B-register input. 

Arithmetic Word (A destinationl 

P=87 

Statement CO Bits 0-4=10001 
C1 Bits 0-3=0011 

NP2=NP2, OR, K05 

The expanded local storage register NP2 is the A source and 
destination in this arithmetic word. The 'Gate A Exp LS' 
line is brought up by the highlighted AND circuit. 

The X- and V-decode for NP is set up in the A local storage 
destination latches for use in the following control word cycle. 
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EXPANDED LOCAL STORAGE: DESTINING 

When expanded local storage is addressed as a destination, 
the destination address latches of A local storage are used to 
retain the address until the following cycle. 

At destination time, the bit gates for both A and B local 
storage are blocked to prevent local storage from being set. 
The data destined to expanded local storage is gated from 
the D-register through the SDBO assembler on the EB I 
to the expanded local-storage register addressed by the A 
local storage destination latches. 
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DESTINATION CONTROL 

PAGE 2-24 

~GATE A EXPLS 

TIME--" 

PH A 
(NOT) EARLY DEST IS EXT -------1 
BB,BAL,WMO,or ARITH A-DEST -,..--

OR 
STGINTLKCYCLE--------I ~ 

LC017 

A h '--
C1 BIT 7 '" 1 ----------.1 I t-.. OR 

~ 

LC017 .---

r--~ --RD ADR-ADJ STG CYCLE 2 ----I LC017 

AI-

These latches provide the 
delay to destine expanded 
local storage in the next cycle. 

LATE DESTINE IS EXPLS 

PH PH 

LC017 LC017 

BLOCK LS 

N BIT GATE 

Expanded Local Storage 2-28 

B I IS 
I I B LOCAL:e ~ r--
Tin T 1------1 
DI STORE Ic C ORt----------~ 
R I Ie g 

I I ~ 

B I IS L 
I I Ie 
T I A LOCALlg ~ t---+---I"'---

I Ie C OR 1-----

DI STORE I g 
R I I S 

A-REG 1 1 B-REG 

1 
CROSS & GATI NG, 

ALUs, HALF SUM CHECKING 

1TIME-----------~ TIME ___ -e~ ___ ~ 

----LC017 

(NOT) EARLY DEST IS EXT __ --Ir---

(NOT) BR,BAL,WMO, or ARITH 
A-DEST A 

(NOT) STG INTLK CYCLE -----I 

LC017 

PAGE 2-24 

L GATEBEXPLS---------Ir---, I---...J 
PH 

LC017 

TI M E -------' 

A I---

'---

LC017 

r--

SDBO EBI 

ASM 

r------, 
I DESTI NATION I 
I LATCHES I 
I 2 I 
I 3 I 

4 I 

I 5 

I 6 I 
I 7 I 
I A-LS Addr I 
L __ A~ __ ..J 

EXPANDED 

I-X _ LOCAL 
SIR 

EXPLS STORAGE 

t-

X - Y DECODE -

Z-REG 

I I 

D-REG 

A ASM f-I-
I I 

~ 

BASM 
l-



EXTERNAL FACILlrlES 

• External facilities are composed of registers, buses, status 
lines, and other circuitry that form the communications 
line between the microprogram and: 

Channels 
Console File 

Documentary Console 
Checking facilities 
Retry circu its 
I ntegrated File Adapter 
Features 

• Addresses are formed from: control words, console-file 
data, selector-channel circuits, console switches, retry 
information, and local-storage address data. 

• Data from the externals enters the data flow through the 
external assembler to the A-Reg only. Externals cannot 
be gated to the B-Reg. 

• Data to the externals is gated through the SDBO assembler 
on the External Bus In (EBI). 

External facilities have restrictions associated with them 
because of the manner in which they are used. For example, 
certain externals cannot be addressed as destinations for data, 
others cannot be sources of data. 

EXTERNAL CONTROL ASSEMBLER 

• Receives data from the SDBO early in the CPU cycle to 
form the source gates necessary to gate-in external data 
to the data flow in time to be used in source-control
word operation. 

• Receives data from the secondary control assembler to 
form addresses in conjunction with source selector 
channel, console file, or display operation. 

X-v DECODES 

The X- and Y -lines are brought up only for destination 
addresses. The X- and V-combinations are routed to the 
various external hardware locations to bring up set and 
gating lines. 

The X- and Y-lines are checked to assure that one and 
only one X-, and one and only one Y-line is activated for 
a destination address. An X compare check sets MCKA3 
bit O. A Y compare check sets MCKA3 bit 1. 

SOURCE ADDRESSING 

Source addressing is performed by generating gating lines 
that allow selected external buses to feed through the 
external or expanded external assembler into the CPU 

data flow. 

FLUSH-THROUGH CHECK 

Data destined to some external facility is gated from the 
D-register through the SDBO asm. out on the External-

MODE ACCESS 

Z and D Register 

Flush Thru Chec k 

m 

-

Bus-In to the selected external facility. The data from the 
D-register is gated to the flush-through-check match circuit 
where it is compared with the data from the external that 

CYCLE 1 

Control Word (MODE = 0, DE, K10) is executed in this cycle. 

OTime ~I ~ 1 Time :1: 
• v Time Delayed _I' .. 1 Time Delayed 

Read MODE Reg. 

Result to Z·Reg. 

EXample of Source, Destination, and FTC Timing 

was the destination. If the data does not compare, bit 2 
of MCKA 1 is set to indicate the error. 

Data gated from the console file to the CFDR is not 
f I ush-through-checked. 

CYCLE 2 

The destining of the MODE Register and the FTC is 
performed in this cycle. 

OTime ~ I· 1 Time 

~ 

I I. o Time Delayed ·1· 1 Time Diy. 
Write/Read MODE Reg. 

Z-Register to D-Register 

FTC of MODE and [ 
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EXTERNAL ASSEMBLER DATA FLOW 

- (BIT7) (BE111) EXT DEC BIT 7 BFR 1 (BFR 2) 

~'NOTBIT71 

(BE 111) (External decode gate 1 bfr 1,2) 

(RE021-024, RE031-036) (MCKA Exte rnal word- 36 bits) 

(RE041-RE054) (MCKB External word-3 6 bits) 

(BE 111) (E xternal decode gate 2 bfr 1,2) 

PD025, PD041-PD043 (DOC External wor d - 36 bits) 

FAOll-FA014, FA111-FA131 (MPX Ext ernal word-36 bits) 

(B E 111) (External decode gate 3 bfr 1) 

KF022,RH022-RH025, RS011-RS013 (SY S External word-36 bits) 

(BE 111) (External decode gate 4 bfr 1) 
KF022,RD071,RD072,RJOll-RJ013 (IN E xternal word- 36 bits) 

JG011 (IFAorSXl-36bits) 

BEOll, BE021 (Sel Chnl 2- 36 uits) _ 

RC112-RC192 (SW or CF asm- 36 bits) 

BE211-BE242 (RTY-DIAG-ACB asm-

RR116-RR148 (RTY back-up asm- 36 b 

36 bits) 

its) 

BEll1 Gate External Group A 

BE111 Gate External Group B 

BE111 Gate External Group C 

"'" "'- (BIT 7) 

"- (NOT BIT 7) 

-

"- (BIT 7) 

" (NOT RIT 7) 

-

" (BIT7) 

(NOT BIT 7) 

I I 
I I I 

I I I 

t-I-I 
I 

~ I 
T 

I 
I 

A 
OR 

36 -
A 

36 -
A 

36 -
A 

36 
I""-

A 

36 -
A 

36 36 

BE112-164 

Note .. 
36 

X 

I 
X 

OR 

2 6 

A 
36 

A 

2§.. 
A 

36 

Refer to External Assembler Diagram in the 3145 Processing 

Unit Maintenance Diagrams, SY24-3580. 

Note: The gate for these bus Ii nes is effectively: 

(not) Gate External Group A, B, and C. 

External Facilities 2-30 

OR 

.~ Bytes 0-3, Bits 0-7 __ ._(EXT Asm Bytes 0-3, Bits P-7)

To A-REG and FTC 

36 

BEll2-164 - P -Bits 

DE016 (Force Parity Bit) __________ ....J 

This line performs a diagnostic function by 

causing bad parity. It results in A-Reg Parity 

errors. 



EXPANDED EXTERNAL ASSEMBLER DATA FLOW 

BF 111 EXP EXT DEC BIT 7 BFR 1 ( FR 2) B 

BF 111 Expanded EXT D ecode Gate 1 bfr 1,2 

RM 812 RJ 011 RJ 012 PS W CTL External word· 36 bits 

BF 001 CTCAX External w ord·36 bits 

code Gate 2 bfr 1,2 BF 111 Expanded EXT De 

BE 071 RD 062 MISC Ext ernal word·36 bits 

BF 002 CTCA Y External w ord·36 bits 

BF 111 Expanded EXT De 

JA 022 JA 023 DC Extern 

code Ga te 3 bfr 1 

al word·36 bits 

BF 111 Expanded EXT De oede Gate 3 bfr 2 

RM 811 KF 031 CPU External word·36 bits 

BE 031 BE 041 Sel Chnl 3 36 bits 

BE 051 BE 061 sel Chnl 4 36 bits 

(Spare) 

CT 112 CT 214 CT 224 CT 311-CT 311 I FA·TOD Asm-36 bits 

TB 002 -TB 006 PIR or PIRM 38 bits 

Expanded Gate External Group A 

r- - - - - - - - - - - BF 111 
fFll1 

Expanded Gate External Group B 
I 
I 
I 
I 
I 

NOTE: These external group gates are 
not expanded local storage 

BF 111 Expanded Gate External Group C 

t&!BIT71 
N ,(NOT BIT 71 

. 

'\, 

'~(NOT BIT 7)- A -I 
L~!BIT71-

~ 
A 

OR 

36 

~(NOT BIT 7)-

I-
A -T 
36 

L~!BIT71-
I-

A 

~(BIT71-
~ 

A 

36 

"(NOT BIT 71-

I--

A 

36 36 

BFl12-164 

I I 36 

I I I 
I I I 

+-1 
I t-I 

I 
I 

Note 

1 
• 

I 
X 

OR 

LJa 
A 

36 
I........ 

A 

36 
I--

A 

36 

Refer to Expanded External Assembler Diagram 
in the 3145 Processing Unit Maintenance Diagrams 
form number SY24·3580 

Note: The gate for these bus lines is effectively; 
(notl Expanded Gate External Groups A, B, and C. 

OR 

Exp Ext Asm Bytes 0-3 Bits P-7 _____ _ 

To A·REG and FTC 

36 

BF112-164 
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EXTERNAL ASSIGNMENT AND INDEX MAP 

Although there is only one SPTL word, and only one SYS word, 
they appear in every eight-word group. These two registers have 
direct·type addressing and are accessible with any P·register 
setting. SPTL is addressed when the hex digit C is specified in 
either the A-source or the B-source fields of a control word. SYS 
is addressed when the hex digit D is specified in the A-source field. 

Bit MCKA and MCKB are set to zero when MCKA is used as a 
destination in a word-move word, with the NOREG as the source. 

WORD WORD BYTE BYTE BYTE 

ADDRESS NAME· 0 1 2 

00 RTY c:rMB·· .:'J:i MB:3 ;~'l ECNT 

01 NOREG NOREGO'.' NOREG1" NOREG2· 

02 DIAG i~DIAGQ;' C>IAG1,." F.EAT2 .. 

03 XXXXXXXX XXXXXXXX XXXXXXX XXXXXXX 

04 SPTL * S-REG P-REG T-REG 

05 SYS * SYSO SYS1 SYS2 

06 MCKB * ,MCKBO. ivtCKBl .... ,'MCKB2 '.:c 

07 MCKA iMCkAO:, . MCK.Al 
" MC~A2. '::. 

08 CPU MODE CFDAR LRUM ... 

BYTE 

3 

J=tCNT···~:' 

NOREG3:.:':·; 

FEAT3' 

XXXXXXXX 

L-REG 

H-REG 
MCKB3 . ":.'. i: 

IVlCKA3 .. "', 
MATCH.' ..... ". 

09 CFDR CfJ)l1~ :~ CFOR .>s CFD8~; ~ CFOR: . .-:. ~. 
OA ACB ACBO ACBl XXXXXX XXXXXXXX 

OB SW 'SWO\. ,1';-" I' S\i\/1·i .. · .... ·. c •· SW2. 
.': SW3,'i:.;" .. 

.' 
OC SPTL * S-REG P-REG T-REG L-REG 

00 SYS * SYSO SYS1 SYS2 H-REG 

OE MPX MTO MTi'::L MB,1" ;.:.\ MBO 

OF DOC T1: .. : TA ·TT·.·.·;· '~; TE 

10 PSWCTL MSKA MSKB 

11 CTCAX CTCAXO CTCAX1 CTCAX2 CTCAX3 

12 MISC EXTINT EC LEVEL SER 1 

13 CTCAY CTCAYO CTCAYl .CTCAy:2> CTCAV3.: 

14 SPTL * S-REG P-REG T-REG L-REG 

15 SYS * SYSO SYS1 SYS2 H-REG 

16 IN IINTA: INTB SE82 
.... SER3;···:' ,i. ',io 

17 DC DCBO DCHl .. TRBO QGB,1 l .2 .. 

18 ABRTY 'ABRTYO:: ABRTY1, 'ABRT,Y2; ",' ABRTY3 .2' 
19 SPTLB ,SRTY:' : PAT;Y1~,: TATY .. ',,· LATY ~', .. "\ 

1A HMRTY l 

HATY MRTY2 ' l MRTY3 '.' .' , 

1B CPURTY .·SYOST' ATyFLG LSDST 

lC SPTL * S-REG P-REG T-REG 

10 SYS * SYSO SYS1 SYS2 

1E 

1F 

may not be used as a destination 

*Not Flush Through-Checked 

Both MCKA and MCKB are set to zero when MCKA is used as a 
destination in a word-move word, with the NOREG as the source. 

EXTDST :, 

L-REG 

H-REG 

XY 

LINE 

00 

01 

02 

03 

04 

05 

06 

07 

1 0 

1 1 

1 2 

1 3 

1 4 

1 5 

1 6 

1 7 

20 

21 

22 

23 

24 

25 

26 

27 

30 

3 1 

32 

33 

34 

35 

36 

37 

Address 

00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
DB 
OC 
00 
OE 

OF 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
lA 
1B 
1C 
10 
1E 
1F 

Described In 

Chapter 12 
Chapter 2 
Chapter 13 (Bytes 0, 1) Chapter 2 (Bytes 2, 3) 
Do not exist 
Chapter 2 
Chapter 12 (Bytes 0, 1,2) Chapter 2 (Byte 3) 
Chapter 12 
Chapter 12 
Chapter 2 
Chapter 6 
Chapter 2 
Chapter 2 
Chapter 2 
Chapter 12 (Bytes 0,1,2) Chapter 2 (Byte 3) 
Chapter 8 
Chapter 7 
Chapter 2 
Chapter 9 
Chapter 9 (Byte 0) Chapter (Bytes 2,3) 
Chapter 9 
Chapter 2 
Chapter 12 (Bytes 0,1,2) Chapter 2 (Byte 3) 
Chapter 2 
Chapter 9 
Chapters 1 2 and 13 
Chapter 12 
Chapter 12 
Chapter 12 
Chapter 2 
Chapter 12 (Bytes 0,1,2) Chapter 2 (Byte 3) 
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EXTERNAL ASSIGNMENT and INDEX MAP 

WORD WORD BYTE BYTE BYTE BYTE XY 

ADDRESS NAME 0 1 2 3 LINE 

Address Described In 

20 Chapter 8 or Chapter 10 

21 Chapter 8 or Chapter 10 

20 GBUF FBAK GBO'FWB GB1 1FCH GB2;FCL GB3 ,FOP 4 0 

21 GBS FCND GSP FDS GBFFHC GCT;FED GBDiFMOD 4 1 

22 GSTAT FSTAT GF FFL GE FSC GS FST GL.iFGL 4 2 

23 . GTAG FTAG GTOFTO GTl FT1 GO FBO GR FOR 4 3 

} SX1/IFA 

22 Chapter 8 or Chapter 10 

23 Chapter 8 or Chapter 10 

24 Chapter 2 

25 Chapter 12 (Bytes cp, 1,2) Chapter 2 (Byte 3) 

24 SPTL * S-REG P-REG T-REG L-REG 4 4 26 Chapter 10 

25 SYS * SYSO SYS1 SYS2 H-REG 4 5 27 

26 FERR FSB FGT FTS FAT 4 6 IFA 28 Chapter 8 or Chapter 10 

27 4 7 29 Chapter 8 

28 GBUF FRR GBO FRRA GBl FRRC GB2 FSC GB3 FSR 5 0 

29 GBS GSP GBF GCT GBD 5 1 

2A GSTAT GF GE GS GL 5 2 

2B GTAG GTO GTl GO GR 5 3 

} SX4/IFA 

2A Chapter 8 

2B Chapter 8 
2C Chapter 2 

20 Chapter 12 (Bytes cp, 1, 2) Chapter 2 (Byte 3) 

2C SPTL * S-REG P-REG T-REG L-REG 5 4 2E 

20 SYS * SYSO SYSl SYS2 H-REG 5 5 2F 

2E ADJT LOGICAL ADDR REAL ADDRESS 5 6 30 Chapter 8 

2F 5 7 31 Chapter 8 

30 GBUF GBO GBl GB2 GB3 6 0 

31 GBS GSP GBF GCT .GBD 6 1 

32 GSTAT GF GE GS GL 6 2 

33 GTAG GTO GTI GO GR 6 3 

} SX2 

32 Chapter 8 
33 Chapter 8 

34 Chapter 2 
35 Chapter 12 (Bytes cp, 1,2) Chapter 2 (Byte 3) 

34 SPTL * S-REG P-REG T-REG L-REG 6 4 36 Chapter 9 

35 SYS * SYSO SYS1 SYS2 H-REG 6 5 37 

36 TODH TODHO TODH1 TODH2 TODH3 6 6 38 Chapter 8 

37 6 7 39 Chapter 8 

38 GBUF GBO GB1 GB2 
, 

GB3 7 0 

39 GBS GSP GBF GCT SX3 7 1 

3A GSTAT GF GE GS GL . 7 2 

3B GTAG GTO, GT1 GO GR 7 3 

} SX3 

3A Chapter 8 

3B Chapter 8 
3C Chapter 2 
3D Chapter 12 (Bytes cp, 1,2) Chapter 2 (Byte 3) 

3C SPTL * S-REG P-REG T-REG L-REG 7 4 3E Chapter 9 

3D SYS * SYSO SYSl SYS2 H-REG 7 5 3F 

3E TOOL TODLO TODL1 TODL2 TODL3 7 6 

3F 7 7 

may not be used as a destination 

*Not-Flush-Through Checked 
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NOREG Word 

This fullword facility is not really a register. It is used to zero
out other locations. For example, if a word-move control word 
specifies that bytes 1 and 3 of the NO R EG are to be moved to 
a local-sto~age location, then bytes 1 and 3 of that location are 
set to all zeros with odd parity. 

DIAG Word Bytes 2 and 3 

(Feat 2) Byte 2, Bits 0-3 Main Storage Size 
1=112K 4=256K 
2 = 160K 5 = 384K 
3 = 208K 6 = 512K 
IFA Bit 4 

Bit 5-6 Channels (Note: I FA counts as 
one channel) 

00 = 1 10 = 3 
01=2 11=4 

Bit 7 
(Feat 3) Byte 3, Bit 0 

Bit 1 

Word Buffer 
Spare 
(3215) 

CPU Word 

Byte 0 
Bit 0 
Bit 1 

Bit 2 
Bit 3 

Bit 4 

Bit 5 

Bit 6 
Bit 7 

Bit 2 2nd selectric 
Bits 3-5 Spare 
Bit 6 Real Time Channel 
Bit 7 Direct Control 

MODE Register 

Hard-stop latch-control register 14 bit 0 
Enable I-cycle and Adr/Adj Ctrl and expanded 
local storage. 
Enable hardware retry 
Full recording mode for single-bit failures in main 
storage 
Full recording mode for single-bit failures in 
control storage 
Threshold mode for single-bit failures in control 
storage 
Reserved 
Reserved 

Byte 1 CFDAR (Console-file data-address register) 
Track and sector address used by console file. 

Byte 2 
Bits 0-7 

Byte 3 
Bits 0-7 

LRUM 
Indicate which adr/adj table register was least 
recently used. 

MATCH 
Indicate which adr/adj table register matches 
preaddress assembler. (useful only under diagnostic 
control) 

SW Word (Console Switches) 

SWO through SW3 are the rotary console address/data switches: 

SWByte 
SWO 

Console Switches 
AB 

SW1 CD 
SW2 EF 
SW3 GH 

PSWCTL Word 

Byte 0 EPSWA Bit Name 
o 

2 
3 
4 
5 Translation mode 
6 I/O master mask 
7 External master mask 

Byte 1 EPSWB Bit Name 

o 
1 
2 
3 
4 
5 
6 
7 

Byte 2 MSKA Bit 

o 
1 
2 
3 
4 
5 
6 
7 

Byte 3 MSKB Bit 

o 
1 
2 
3 
4 
5 
6 
7 

Machine-check mask 
Wait state 
Problem state 
Name 
Timer mask 
Interrupt mask 
External signal mask 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Name 
MPX channel mask 
Selector channell mask 
Selector channel 2 mask 
Selector channel 3 mask 
Selector channel 4 mask 
Reserved 
Reserved 
Reserved 

M I SC Word Bytes 2 and 3 

2. EC Level: External register 12 byte 2 
The last two digits in the 370 microprogram EC number are 
plugged. A test will be performed before the go-no-go test 
to determine whether the disk being loaded is at the proper 
level. 

3. Serial Number 
External register 12 byte 3 contains the first two digits of the 
six-digit serial number. These digits are always plugged as 01. 

IN Word (Interrupt Register) 

An INTA or INTB (interruption) register bit is set on when the 
corresponding source has an interruption pending and the system 
mask is set to allow such an interruption. Bit names in the INT 
register are: 

Byte 0 INTA Bit 
o 
1 
2 
3 
4 
5 
6 
7 

Byte 1 I NTB Bit N 

o 
1 
2 
3 
4 
5 

Name 
Spare 
Spare 
Timer 
External signal 
System control 
CPU signal 0 
CPU signal 1 
Process stop 
Name 
Multiplex channel 
Selector channel 1 
Selector channel 2 
Selector channel 3 
Selector channel 4 
I/O interrupt 

6 Timer update 
7* External 

* External is set on if all of the following conditions exist: 
1. An external interruption signal is on (that is, from the EXTI NT 

register of the CPU signal from the SCPU register). 
2. The external mask bit = 1 (bit 7 of the EPSWA register). 
3. For the timer MSKA bit 0 equals 1 or for externals 1 through 

6, MSKA bit 2 equals 1. 
Bytes 2,3 

Contain the last four digits of the serial number. 
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ACB (Address Check Boundary) Reg'ister ACB SETTINGS 

• The ACB register is a two-byte hardware register that contains Main Control Main Control 

boundary information used to check main- and control-storage Storage Storage ACB Storage Storage ACB 

accesses. 112K 32K 01C2 208K 32K 0340 
110K 34K 01BA 206K 34K 0338 

• The ACB-register is loaded at IMPL and is reloaded each time 108K 36K 01B2 204K 36K 0330 
the System Reset routine (G RST) is executed. 

106K 38K 01AA 202K 38K 0328 

• The ACB-register is addressed by the external address OA and 104K 40K 01A2 200K 40K 0320 

can be used as a source or a destination. 102K 42K 019A 198K 42K 0318 
lOOK 44K 0192 196K 44K 0310 

The ACB-register is set at IMPL with a specific value determined 98K 46K 018A 194K 46K 0308 
by the main-storage and control-storage configuration. Certain 96K 48K 0182 192K 48K 0300 
feature mixes may require additional control storage, above the 94K 50K 017A 190K 50K 02F8 
32K bytes that are standard. This expansion of control storage 92K 52K 0172 188K 52K 02FO If an external storage frame is attached, the ACB settings for the 
is made at the expense of main storage. The movement of the 90K 54K 016A 186K 54K 02E8 
lower control-storage boundary into the main-storage area is done 88K 56K 0162 184K 56K 02EO 

256K internal storage configuration are changed to those listed 
below. 

in 2K byte increments. The change in the boundary location 86K 58K 015A 182K 58K 0208 
between main and control storage results in a different setting 84K 60K 0152 180K 60K 0200 External External 
for the ACB-register. 82K 62K 014A 178K 62K 02C8 128K 256K 

Once the feature mix and control-storage size is established,' 80K 64K 0142 176K 64K 02CO 
the 370 microprogram disk generated at the plant contains the ACB ACB 

proper ACB setting for that configuration. 160K 32K 0281 256K 32K 0403 ---- 0404 0405 
For each access of main or control storage, a comparison is 158K 34K 0279 254K 34K 03FB ---- O~FC 03FO 

made between the ACB-register and the M-register. If a main- 156K 36K 0271 252K 36K 03F3 ----03F4 03F5 
storage access attempts to address the control-storage area, an 154K 38K 0269 250K 38K 03EB ----03EC 03EO 
address check occurs. If a control-storage access is made to a 152K 40K 0261 248K 40K 03E3 ----03E4 03E5 
main-storage location, a machine check occurs. 150K 42K 0259 246K 42K 030B ----030C 0300 

148K 44K 0251 244K 44K 0303 - ---0304 0305 
146K 46K 0249 242K 46K 03CB ----03CC 03CO 

ACB· Register 144K 48K 0241 240K 48K 03C3 ----03C4 03C5 I BYTE 0 I BYTE 1 I 142K 50K 0239 238K 50K 03BB - ---03BC 03BO 

: 01 d 21314151617:011121314151617: 140K 52K 0231 236K 52K 03B3 ----03B4 03B5 
138K 54K 0229 234K 54K 03AB -.---03AC 03AO 

,~/-,,-_./,~.' '~~ ...... ~,~ 
136K 56K 0221 232K 56K 03A3 ----03A4 03A5 

Spares Compared with Compared with M2 134K 58K 0219 230K 58K 039B ----039C 0390 M1 bits 4-7 on bits 0-4 for all 5=0 Internal storage only 
all main-storage storage accesses. 67=00-16K boundary 132K 60K 0211 228K 60K 0393 ----0394 0395 
accesses. (bits 0 and 1 may 67=01-32K boundary 130K 62K 0209 226K 62K 0388 ----038C 0380 

be altered for 67=1 0-48K boundary 128K 64K 0201 224K 64K 0383 ----0384 0385 
control-storage 67=11-64K boundary 

Note: The ACB setting for each 370 microprogram load may be accesses) 5=1 External storage 
attached found in the module chart in the back of the microlisting. Look 

67=00-128K external up address FF08, the ACB setting is in Bytes 0 and 1. 
storage 

67=01-256K external 
storage 
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ACB Compare For Control-Storage Access 

0 1 

ACB 0 

Bits 

2 3 4 5 6 7 0 

Decrement --.... lJ( 

by 1 

1 2 

ACB 1 

Bits 

3 4 5 6 7 

12345671 

M2 

Main-Storage Size 112-K 

If the comparison indicates that the ACB value is more than 
the M2 value, a machine-check condition is specified. 

ACB Compare for Main-Storage Access 

ACBO ACB 1 

Bits Bits 

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 

1456 710 1 23456 71 

M1 M2 

ACB 0 ACB 1 

Bits Bits 

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 

Straight 
Gate 

12345671 

M2 

Main-Storage Size 160K 

If the comparison indicates that the ACB value is equal to, or less 
than, the M-register value, an address check occurs. 

ACB 0 

Bits 

0 1 2 3 4 5 6 7 0 

I ncrement ---~x 

by 1 

Main-Storage Size 208K 

ACB 1 

Bits 

1 2 3 4 5 6 7 

1 2 3 4 5 6 71 

M2 

0 1 2 

ACBO 

Bits 

3 4 

Invert 
bit 0 

5 6 7 0 
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ACB 1 

Bits 

1 2 3 4 5 6 7 

12345671 

M2 

Main-Storage Size 2!56K and Above 



ACB Byte 1, Bit 0 and 1 Gating To Compare Circuits (Control Storage Only) 

Control- Storage Access ----'I 

ACB Byte 1 Bits 6 and 7 -----l 

(Not) ACB Byte 1 Bit 0 ---I 
A 

Control-Storage Access ------------1 

ACB Byte 1 Bit 5 

ACB Byte 1 Bit 6 -------I 

(Not) ACB Byte 1 Bit 5 --...... 

ACB Byte 1 Bit 6 -----I 

(Not) ACB Byte 1 Bit 7 ---I 

ACB Byte 1 Bit 5 ----~ 

(Not) ACB Byte 1 Bit 6 __ ~ 

ACB Byte 1 Bit 7 ----~ 

OR 

Mca17 

(Nod ACB Byte 1 Bit a -----I 

A r-------------~ A 

ACB Byte 1 Bit 1 -----~ 

ACB Byte 1 Bit a ------1 

A ~------------__'I 
(Not) ACB Byte 1 Bit 1 ---~ 

Refer to 'ACB and M l-Registers' in the 3145 
Processing Unit Maintenance Diagrams Manual 
Form SY24 - 3580, for high-level diagram of 

ACB compare 

To compare circuits 

ACB Byte 1 Bit 1 -----r:-L ....----------rr-ACB Byt. 1 B;t 1 

------~---------~ 

A 

(Not) ACB Byte 1 Bit 5 

(Not)ACB Byte 1 Bit 6 

ACB Byte 1 Bit a 
To compare circuits 

Before comparison is made between the ACB-register and the 
M-register, for control-storage accesses, the output of bits 0 and 
1 of ACB 1 may be altered on the input to the compare circuits. 
Circuits shown on this page test the status of bits 0, 1, 5, 6, and 
7 of ACB 1. 

Effectively, the output of bits 0 and 1 to the compare circuits is 
calculated in the following manner. 

Main-Storage-Size 

112K 
160K 
208K 
256K (and above) 

ACB 1 bits Oand 1 

Decrement by 1 
Gate straight 
Increment by 
Invert bit O. 
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SYS (System) Register 

The system register gives the status or condition of the processor. 
It is an external hardware register located at word address 05. 

System Re gister 

Byte 0 
Bit 0 Machine-check interruption pending 

1 Retry routine 
2 Machine-check routine 
3 Documentary console 2 
4 Log present 
5 Sub-block protection mode 
6 Selector channel start I/O latch 
7 Force module 0 to LSCS 

Byte 1 
Bit 0 Address contents 

1 CPU interrupt force 

2 SAR interrupt force 

3 PSW restart 
4 
5 System control interrupt 

6 Timer interrupt force 
7 Reserved for priority interrupt 

Byte 2 
Bit 0 Enable clear switch 

1 IMPL 
2 Load file wait bit 
3 CE key in CE mode 
4 --} 00 System reset - 10 subsystem load (lPL) 
5 __ 01 Power-on reset - 11 system load (multiprocess) 
6 Error in stop word 
7 Instruction processing latch 

Byte 3 H-Register 
Bit 0 Machine-check trap 

1 Retry trap 
2 CPU high trap 
3 Integrated file adapter (I FA) if installed 

Selector channels 1 ,2,or 3 if no IF A 
4 Selector channels 1 ,2,or 3 if IFA installed 

Selector channel 4 if no I FA 
5 Multiplex channel 
6 IFA if installed 
7 Store-display 
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PRIORITY OPERATIONS - H-HEGISTER 

Priority Operations 

Priority operations, which mayor may not be related to the 
current operation, can cause delay of the current microprogram 
routine. Most (not all) of the various priority operations are 
initiated by traps. A trap is basically a circuit-forced branch out 
of the current microprogram routine to a priority routine. After 
the priority routine is completed, a return can be made to the 
interrupted routine so that its execution will continue. 

The interrupted routine is delayed further when several priority 
operations occur at the same time. Or in some cases, the 
interrupted routine may be ended by the occurrence of a priority 
operation. For example, if an instruction address that specifies 
an unavailable main-storage location is used, an address-check 
priority operation occurs. The microprogram routine, in which 
the invalid address is used, is discontinued. 

A hierarchy of execution preference exists within the priority
operation structure. Execution preference is exhibited in two 
instances: 
1. Circuit requests for two or more priority operations occur 

in the same CPU cycle. The highest-priority operation is 
executed first, the next highest second, etc. 

2. During execution of a priority operation, a request for a 
higher- priority operation occurs. The higher-priority 
operation is executed; the lower-priority operation is delayed 
until completion of the higher-priority operation, subject 
to the ru les of execution of priority operations specified 
later in this section. 

priority but do not use the trapping mechanism. All of the other 
priority operations use the trapping mechanism, which functions 
in the following manner. 
1. In a CPU cycle, a priority operation request is recognized. 
2. The control-storage address of the first control word in the 

priority microprogram routine is set into the M-register in what 
is known as the trap-l cycle, the cycle following the one in 
which the request is recognized. (The normal next-control
word address, generated by execution of the word in progress, 
is set into the N-register.) The address set into M is forced 
by circuitry and is dependent upon the priority operation 
for which the request is made. 

3. The first word of the priority operation is read out of control 
storage and set into the C-register. Normally, this first word is 
a branch and link word. 

4. The branch and link word stores the contents of S, P, N2, and 
N3 into a link location in local storage. (N2 and N3 contain the 
address of the word that would have been executed next if the 
trap had not occurred). The cycle in which this occurs is called 
the trap-2 cycle. 

5. The priority routine is executed. Normally, the last word in the 
priority routine is a return word. This word loads the link 
information back into S, P, M2 (N2) and M3 (N3) 

6. Execution of the interrupted routine is resumed at the control 
word specified by the link (return) address in M2 and M3. 
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Trap Operation 

TRAP 1 CYCLE TRAP 2 CYCLE 

Set By: Set By: 

1. Not Inhibit 1. Trap11NLK 

Traps. latch on. 

2. Request 0-9 2. 0-45 Time 

3. o Time 

Purpose: Purpose: 

1. Prevents any 1. Forces module 
additional traps. address to M2 

(N2). 

2. Sets T R 1 IN L K 2. Normal M3 (N3) 

latch at 90-135 addr update. 

time. 

3. Prevents normal * 3. BAL operation 

set to M~ stores S, P, N2, 

Regs. N3 in link Area. 

4. Forces trap 4. TR2 INLK latch 

address to M2 set at 90-1 35 

j\1~~) & M3 ~. time. 

5. N2 and N3 set * BAL is normally 

blocked. the first word of a 
Trap Routine. 

6. Execute last 
word of inter-
rupted routine. 

TRAP 3 CYCLE TRAP 4 CYCLE 

Set By: Set By: 

1. Trap 2 INLK 1. Trap31NLK 
latch on. latch on. 

2. 0-45 Time 2. 0-45 Time 

Purpose: Purpose: 

1. Normal address 1. Reset Block SPTL 

update to M2 (Set at TR 1 cycle). 

and M3. 

2. TR3 INLK latch 
set at 90-135 
time. 

*NOTE: 

The reason for Trap 3 and 4 cycles is 
to prevent continuous looping of Trap 1 and 
2 cycles if an error is in the SPTL area. 

Trap address 
Set in M-Reg. 
N-Reg Set 
Blocked. 

( 

Priority 
Operation 
Request 
Recognized 

Trap 1 Cycle 

(Execution of 
Last Control 
Word) 

(Execution of First 
Control Word of Trap 
Routine) 

Trap 2 Cycle Trap 4 Cycle 

.1 --~ __ " ______ ~~------~I --~r--~ .. --~ 

L Trap 3 Cycle 

Branch and Link 
Word stores S, P, 
N2, and N3 in a 
Link Location 

Return word loads link 
information into S, P, 
M2 (N2) and M3 (N3) 
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H-Register 

Many, but not all, priority operations cause an H-register bit to 

be set on in the trap-2 cycle. The priority operations and associated 
H-register bits are: 

Operation 
Selector share cycles 

\Machine check without I/O 
a. Normal 

b. HO is already on 

c. One or more machine 

checks have already 
occurred (SYSO, 
Bit 2::; 1) 

d. HO and SYSO Bit 2 are 
already on 

Machine check with I/O 

a. Normal 
b. HO is already on 

c. One or more machine 

checks have already 

occurred (SYSO, 
Bit 2::; 1) 

d. HO and SYSO Bit 2 are 

already on 

Retry 

a. Normal 
b. H 1 is already on 

c. A retry trap operation 

is in progress (SYSO, 
Bit 1 ::; 1) 

d. H 1 and SYSO Bit 1 are 

already on 

CPU High 
a. Set IC 

b. CA trap 

c. Address contents 
d. System reset 

.J.ntegrated File Adapter 
a. Mini~p;;;d 
b. Error end 

c. Index 

d. Gated Attn or D ADR 

Selector Channels 1,2,3 
(without IF A) 

a. Exceptional status trap 

b. Chaining (CC or CD) 

c. UCW handling 

d. D ADR trap 

H-Register Bit 
none 

HO 

HO 

Hl 

H2 

H3 

H3 

Trap Address 
none 

DOOO 
D004 

D008 

DOOC 

DOlO 

D014 

D018 

D01C 

D200 
D204 

D208 

D20C 

D300 

D304 
D308 
D30C 

D128 
D12C 

D124 

D120 

D120 

D124 

D128 

D12C 

Operation H- Register Bit 

Selector Channels 2, 3/4 H4 
(with I FA-SX2,3) (without I FA-SX4) 

a. Exceptional status trap 

b. Chaining (CC or CD) 

c. UCW handling 

d. D ADR trap 

Multiplexer channel H5 

Integrated File Adapter 

a. Return low 
b. Unused 

c. Unused 
d. Diagnostic 

LJa ' /: _\ 
-StoUJdisplay ~ K~y i5:»'Jir;J 

a . .,stcrr€!display 
/'/<-7,·", 

CPU low without I/O 
a. Spare 

b. Storage protect 

c. Address check 

d. ADR/ADJ exception 

CPU low with I/O 
a. Spare 

b. Storage protect 

c. Address check 

d. Spare 

Scan/Clear 
a. Scan storage 

b. Clear storage 

H6 

H7 

None 

None 

None 

Trap Address 

Dl00 

Dl04 

Dl08 

D400 

D480 
D484 

0488 
D48C 

D840 

D804 

0808 

D80C 

0814 

0818 

0380 

0384 

The following rules apply to execution of priority operations: 

A. A selector share cycle can break into any operation except 
the first cycle of a storage control word and during an ECC 

retry of a control word. 
B. Any trap priority operation can not break into either: 

1. The first cycle of a storage word operation, or 
2. A trap-2 cycle operation. (That is, trap-2 cycle can not be 

a trap-l cycle for another trap.) 
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C. If H 1 is on, all other priority operations (except HO-machine 
check-and selector share cycles) are prevented. If, however, 
a diagnostic trap occurs, it will be executed, even though H 1 
is on. Also, if the system is in a single-cycle mode of operation, 
a store/display trap can be executed even if H 1 is on. 

D. If H3 is on, an H3, H4, H5, or H6 trap cannot be taken. If H4 
is on, and H4, HS, or H6 trap cannot be taken. If HS is on, HS 
or H6 cannot be taken. If H6 is on, an H6 trap cannot be 
taken. In any of these cases, the H3, H4, HS, or H6 trap 
remains pending until after H3 (or H4 or HS) is turned off. 

E. Selector share cycles can delay execution of other traps for an 
indefinite number of cycles, depending upon the rate at which 
share cycles occur. 

F. Discounting the effects of the various non-H-Reg priorities 
(share cycles, CPU low, scan/clear), the following hierarchy 
applies. 

H-Reg Blocks Trap Request 
Bit for H- Reg Bit 

HO None 
Hl H2,3,4,5,6,7 
H2 H2 
H3 H3,4,S,6 
H4 H4,S,6 
HS HS,6 
H6 H6 
H7 H7 

Share Cycle Priority Operation (Applies to: Selector Channel, 
Block Multiplexer, IFA). 

Priority operation for selector-share cycles is as follows: 

Without I FA 
1. The priority sequence is selector channell, 2, 3, and 4. 
2. A share-request for selector channel 4 will be taken if no 

other request is pending. 

With IFA 
1. The priority sequence is selector channel 2, I FA, and 

selector channel 3. 

Machine-Check Priority Operation (HO) 

A machine-check trap occurs (if allowed by the machine-check 
bit in the PSW) because a series of retry operations has been 
unsuccessful. The number of retry attempts is determined by a 
hardware counter. Basically, a machine-check trap occurs either 
because errors are occurring faster than can be handled or because 
a hard error cannot be successfully retried. 

An attempt will be made to form logout information and initiate 
a machine-check interruption (depending upon the value of the 

machine-check bit in the PSW). The validity of such logout infor
mation may be unpredictable if the machine-check trap is called 
for. 

Retry Priority Operation (H1) 

The retry routine is entered through the retry priority operation 
(trap). The retry priority operation occurs when any machine 
check occurs if the retry counter is not full, retries are not masked 
off, and system register byte 2 bit 6 (indicates stop word error) 
is off. Depending upon the nature·of the error and the word type, 
the error may be detected during execution of the failing micro
program word (Type 1), during execution of the following word 
(Type 2), or may be detectable but uncorrectable (Type 3). 
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CPU High-Priority Operation (H2) 

System Reset Microprogram 

The system-reset microprogram is executed after a circuit system 
reset has been performed. This action is initiated by operation of: 
1. The system reset key, 
2. The power-on key, when power is off, or 
3. The load key. 
The circuit system reset causes various CPU registers and controls 
to be reset. 

Integrated File Adapter High-Priority Operations (H3) 

Four trap addresses are provided: one for Mini-Op End, one for 
Error End, one for Index, and one for Gated Attention or 0 AD R. 

Selector Channels or Block-Multiplex Channels 1,2, and 3 (H3) 

When I FA is not present, four trap addresses are provided for 
channels 1, 2, and 3: One for Exceptional Status Trap, one for 
Chaining (CC or CD), one for UCW Handling, and one to protect 
the next entry of the 0 ADR list. 

Selector Channels and Block-Multiplex Channels 2, 3/4 (H4) 

Four trap addresses are provided: one for Exceptional Status 
Trap, one for Chaining (CC or CD), one for UCW Handling, and 
one to protect the next entry of the 0 ADR list. When IFA is 
preset, this trap is shared by channels 2 and 3. For nonl FA, 
this trap is for the sole use of selector channel 4. 

Multiplexer Channel (H5) 

This trap is for the sole use of the multiplexer channel for handling 
data, status, and chaining functions. 

Integrated File Adapter Low-Priority Operations (H6) 

Four trap addresses are provided: one for Return Low, and one 
for Diagnostics. The use of the other two is not assigned yet. 

Store/Display (H7) 

Only one trap can be in operation at anyone time. Store/Display 
pertains to printer-keyboard operations. 

CPU Low (No H-Register Bit) 

Address Check 
This trap occurs when an access to an unavailable main-storage 
area is attempted. 

Storage Protection 
This trap occurs because of a storage-protection violation. 

Address Adjustment Exception 
This trap is used with DOS emulator. 

Scan/Clear (No H-Register Bit) 
These traps are used for a clear-storage and a scan-storage 
operation. 
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Priority and Trap Controls 

Any Mach Chk -----I OR ~ReqO-9 __ 11( 

Trap-l Cycle 

Good Data 

90-135 Time 

A 
Stack Latch 

Set/Reset 

A 

OR 

STACK LATCHES 

o Any Mach Chk 

1 Retry 

2 CPU High 

3 SX 1,2,3 or I FA 

4 SX 4 or 2,3 (IFA) 

5 MPX or Doc Cons 

6 IFA 

7 Store/Disp 

(Doc Cons) 

8 CPU Low 

9 Scan/Clear 

RH011 - RH012 

H-REG 

Bit 0 

(Trap Request) 2 

H-Reg 3 
Priority 0-7 

A H-REG Trap-1 Cycle Bit 0-7 4 

Good Data 0-7 5 

135-180 Time 6 

7 

. RH021 - RH023 

~ ___________ Priority O-A ___________ ... 

/ 
PH 

Not Trap 1 Intlk -----+-I 

Not 0 Time Diy 

o Time --------+-1 

r-- Request A 
I-C Trap Request -----~ t----...!....--------' 

N 

RH011 

r---
Not Destine H A PH 

Not Inhibit All Traps ----------1 TRl 

-

0-45 Time --------__ -; 
A 

Not Block Trap ------tl~--_I 
Set/Reset '---...... 

OR 
Good Data ------1 A 

90-1~5 Time--------t 

A 
Trap Addr 

(Set/Reset) 

r-- TR 1 Cycle 

PH 

TRl 

INLK 
r-- r-

Trap Set/Reset 

PH 

TR2 

FORCE 

ADDRESS 

RH014, RH017, 

RH018 

r-- TR2 Cycle 

PH 

TR2 

INLK 
r-

RH014 

OPERATION 

Mach Check 

Retry 

CPU High 

SX 1,2,3, 

or IFA-High 

SX 2, 3, 4 

MPX 

IFA-Low 

Store/Display 

Force Addr 

Byte 2 & 3 

PH 

TR3 

r--

Note: The priority sequence 

is HO - H7. (HO having the 

highest priority) 

M2 

REG 

ToSAR 

M3 

REG 

M2-RM031, RM032 

M3-RM041, RM043, 

RM044, RM052 

PH 

TR3 

INLK 
r-- r-

PH 

TR4 

-
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M2 Gating (Traps) 

Gate N2 to M2 

N Reg Byte 2 

Gate B2 to M2 

B Reg Byte 2 

Cycle Not Sel Share 

Trap-' Cycle· 

A 

~ 

A 

8 

o Time ----------411..-~ 

Not Mode Sw Function ----~ 

Trap-2 Cycle --------~ 

Not Stg K Addr 
Not Current Mod 

OR 
M2 Set Normal 

8 M2 Preasm 

Force Addr Byte 2 

f---- M2 Set Traps A 
OR 

A 

A 

RM112 

M2 Preasm 

Gate N2 No rmal 

M2 Input A sm 

Gate Trap t 

Force Addr 

a N2 

Byte 2 

A OR 

C 8 
t--

A 
8 

!--

A 

8 8 

RM032 

A 

L ~ OR 

A 

8 
I-

A 
8 8 

RM 033 

M2 

REG 

M-BF R Set/Reset 
M2 Reset (0 Time) RM122 (45 Time) -

RM112 
8 

RM031 
RM032 

N2 

BFR 

N2 BFR Set/Reset_ N2 Set/Reset 

RM112 (45 Time) RM113 (135Time)-
8 

RM033 

M2 

BFR 

8 

RM033 

N2 

REG 

RM033 
RM034 

8 

MB Reg Set/Reset --
RM123 (0 Time) 

--
Rty-Diag-ACB Asm 

BE231 

Term for Rty 
BE233 

M-Reg Byte 2 

RM031 

MB2 

REG .. 
8 

RM035 ... 
Rty-Diag-ACB Asm 

BE211 

Term for Rty 
BE213 

M-Retry Reg Byte 2 
RR135 

3145 TM 2-45 



M3 Gating (Traps) 

Gate N3 to M3 

N-Reg Byte 3 

Gate C3 to M3 

C-Reg Byte 3 

Gate C2 to M3 

C-Reg Byte 2 

A 
OR 

~ 

A 

~ 

A 

8 8 

RM041,RM043 
RM044,RM052 

M3Asm 

M3 Set Normal-A 

Gate B3 to M3 

B-Reg Byte 3 

M3 Set Traps 

Force Addr Byte 3 

o M3 BFR Gate 83 t 

B-Reg Byt e3 

M3Asm 

A 

OR 

L ~ 
A 

8 -
A 

8 8 

RM041,RM043 
RM044,RM052 

A 
OR 

8 
~ 

8 -
RM045,RM052 

M3 M3 

REG BFR 
M3 Reset 
RM112 (0 Time) - N3 BFR Set/Reset -

8 
RM112 (45 Time) 

8 

RM041, RM043 RM013, RM052 
RM044, RM052 

N3 N3 

BFR REG 

N3 BFR Set/Reset- N3 SetlReset 

RM113 (45 Time) 8 RM113 (135Time) 8 

RM045, RM052 RM045, RM052 

MB3 

REG 

MB Reg SetlReset -

RM113 (0 Time) 8 

RM013, RM052 

Rty-Diag-ACB Asm 
BE241 

Term for RTY 
BE243 

M3 Bits 
RM044 

~ 

~ ... 

Internal M1 
MC022 

Display Assembler 
PB043 

Match Circuits 
PM012 

M3 Parity Gen 
RM065 
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I-CYCLES 

Processing a single software instruction may be divided into two 
parts: the I (instruction) phase and the E (execution) phase. 
Instructions are defined to be in different groups according to 
their format, length, and general form of execution. 

The I-phase of processing performs the following basic functions: 

• Fetch instruction 

• Initialize the CPU facilities for the completion of the processing. 

During the E-phase, the CPU performs the unique functions 
specified by the instruction Op code. 

RR,00-3F 

RX,40-7F 

RS 

SI 

SS, CO-FF 

-0 -1 

Format 

:?~ 

'h-I LC~_l~_. __ .. _ '. 0 0 

ILC=2 0 

ILC=2 0 

ILC=l 0 0 

ILC=2 0 

ILC=2 1 0 

ILC=3 1 1 

Length of Instruction 

in halfwords 

first Halfword second Halfword third Halfword 

byte 0 j byte 1 byte 2 I byte 3 byte 4 I byte 5 

OP - CODE 

OP - CODE Displacement2 

OP - CODE Displacement2 

OP - CODE Displacement1 

OP - CODE Displacement1 Displacement2 

The IMM BYTE is the byte following the OP CODE 

2 -3 -4 -5 -6 -7-

OPERATION 

0 0 0 ADD (lA) 

0 0 0 ADD (5A) 

0 1 0 1 SUB (5B) 

0 0 0 OR (16) 

0 0 0 OR (56) 

0 0 0 OR (96) 

0 0 0 OR (06) 
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I-PHASE FUNCTIONS 

The initialization of CPU facilities for the E-phase is partially 
dependent upon instruction type. All instructions require an 
updating of the instruction counter, the setting of the specified 
CPU Regs, and a branch to the start of the execution routine. In 
addition, some instructions require the fetching of the second 
operand from a general register, or the calculation of operand 
addresses. 

At this point, some observations may be made about the I-phase 
functions. For example, the RX and RS/SI functions are very 
similar. I n fact, during the I-phase, an RS/SI instruction is handled 
exactly the same way as an RX instruction with the X2 field equal 
to zero. Also, some functions are identical, with only the data 
value being dependent upon the format and Op code (SPTL, U, 
and I update.) 

It is also noted that the E-phase for some instructions is identi
cal; such as, AR and A, NR and N. The difference between these 

. RR and RX types of instructions occurs only in the source of the 
second operand (general register or storage)_ It is possible to save 
some control-storage words, and time, by including the operand 
fetch as an I-phase function for such RX format op codes. 

The I-phase functions may now be illustrated as follows: 

Fetch 
Instruction 

1 --

RR RX RS/SI 

l. Set I BU, 1. Set IBU, l. Set IBU, 
SPTL, U. SPTL, U. SPTL, U. 

2. Update I 2. Update I 2. Update I 
Reg by 2. Reg by 4. Reg by 4. 

3. Fetch 3. Calculate 3. Calculate 
operand operand operand 
from address address 
general using X2, using B 
Reg and 82 and and Disp. 
put in Y Disp. Put Put result 
(and Q if result in in V-Reg. 
2 words). V-Reg. 

! 
Proceed to 
Execution 
Routine 

Basic I·Phase Functions 

SS RR (Length 1) 

1. Set IBU, 
SPTL, U. 

2. Update I Fetch operand 

Reg by 6. from general 

3. Calculate Reg, and put 

operand in Y (and Q 

address if 2 words). 

using B 1 
and Disp1, 
82 and 
Disp2. 
Put results 
in V· and W-
Regs. 

I·Phase Functions 

I 

RX, RS/SI 
(Length 2) 

Calculate 
operand 
address using 
X, Band Disp. 
Put result in 
V-Reg. 

Some Rx 

Fetch operand 
from storage. 
Align as req'd. 
Put data in Y 
(and Q if 2 
words). 

Proceed to 
Execution 
Routine 

Fetch 
instruction 

l 

SS (Length 3) 

Calculate 
operand 
address using 
8, and Disp1, 
B2 and Disp2. 
Put results in 
V- and W·Regs. 

1. 
2. 

3. 
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Hardware Functions 

Each software instruction processed requires performing the 
previously mentioned I-phase functions. It is obviously desirable 
to minimize this time and thereby reduce the time required to 
process a given instruction. To minimize the number of machine 
cycles required during the I-phase (that is, the I-cycles,) some 
functions are performed by hardware. Additionally, some other 
characteristics of the machine are more fully exploited by hard
ware means. 

First consider the previously defined I-phase functions which 
apply to "ALL" instructions. Hardware is used to perform the 
setting of IBU, SPTL, U, and the I-Reg update. These functions 
do not require microwords to be performed; hence, they do not 
require any additional time during l-cycles. 

Now consider the function Proceed to Execution Routine. By 
strictly defining the starting control-storage address of each 
execution routine as a function of instruction Op code, it is 
possible to perform a hardware-forced branch. The hardware 
branch on the Op code does not require any additional time, 
because there is no microword used to perform the branch and 
module switch. 

The interface bet\'Veen storage and the CPU provides a double-
word transfer of eight bytes of data_ During a read type of 
microword, the SDBO assembler provides the selection of the 
addressed word (halfword, or byte) from the doubleword actually 
read. The I-cycle hardware provides for buffering the entire 
doubleword from storage, via a time-slotting of data from SDBO 
to EBt. When an instruction is fetched from storage, the ad
dressed word is routed from SDBO to the I-buffer, via EBI, dur
ing the normal destination time in storage 2 cycle. During the 
next cycle time, the odd word is gated to EBI, and placed in the 
I-buffer. This time-slot action occurs when there is no decrement 
count function specified by the storage microword_ It is, there
fore, possible to buffer up to two words of data from the instruc
tion stream when fetching one instruction from storage. Upon 
completion of the instruction being processed, the next instruc
tion may be available in the buffer and, therefore, need not be 
fetched from storage. 

A savings in processing time becomes obvious, especially if the 
double word being buffered represents four R R instructions. The 
concept of buffering a portion of the instruction stream will now 
be extended to include pre-fetching. Although the buffer does 
speed subsequent instructions, the fetch of the first (current) 
instruction does require some time. It is always more desirable 
to have the current instruction resident in the buffer. To get to 
this I-buffer condition, it is necessary to have obtained the 
instruction at some point during the previous instruction. This 
function of reading the next instruction from storage to the 
I-buffer is termed prefetching and is performed during I-cycles. 

As described in the Expanded Local Storage section, the TR 
Reg always contains a value representing the next doubleword 
address beyond the current I Reg value. The TR Reg is always 
used as the storage address during a prefetch, and the SDBO time
slotting is forced to provide the even word; then odd word. This 
guarantees the I-buffers to be loaded with sequential data. 

The I-phase functions at this point are: 

8egin I-cycles 

~ 
V 

Fetch Instruction 
Instruction is buffered, 
(if req'd) proceed 

~ ~ 
RR (Length 1) RX, RS/SI 

(Length 2) 

1. Fetch operand 1. Calculate 

from general operand 

Reg, and put address 
in Y (and Q using X, 8 

if 2 words). and Disp. 

2. Prefetch Put result 

next instr in V-Reg. 
if req'd. 2. Prefetch 

next instr. 
if req'd. 

Some RX 

Fetch 
operand 
from 
storage 
align as 
req'd. Put 
data in Y 
(and Q if 2 
words). 

I 
Start Execution Routine 

t 
SS (Length 3) 

1. Calculate 
operand 
address 
using 81 and 
Disp1, 82 and 
Disp2. Put 
results in V-
and W-Regs. 

2. Prefetch next 
instr. if req'd. 

(Hardware Function) 
I 

G 
I 
I 
I 

I 
Set SPTL, 
U per 
Instr. 

• 
I 
I 
I 
I 
I 
I 
I 

I 

Provide Start 
Address of 
Execution 
Routine 
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Microcode-Hardware Functions 

The complexity of the I-cycle functions have now been increased. 
Where, on a previous diagram, it was necessary to select one of 
three paths after fetching the instruction, it is now also required to: 

• determine source of instruction (storage vs buffer). 

• select path if instruction is in the I-buffer. 

• determine whether a prefetch is required. 

Additionally, it is desired to minimize the time required to 
perform both the above functions, and the basic I-phase functions. 

Microcode branch operations requires CPU time. I-cycle hard
ware can force a control-storage address to the M-Reg. (for 
example branch on the op code). This facility is expanded to 
include all addressing within I-cycles. The I-cycle hardware 
provides the starting address of the I-cycle routine to the M-Reg, 
as a function of I-buffer status, instruction format and prefetch 
requirement. When the CPU encounters a RTN word (to I-cycles) 
this address is set into the M-Reg and the I-phase of the instruction 
begins. Thereafter, except for some parts of the RX-align routine, 
the I-cycle hardware provides the next control-storage address 
and a gating signal to the M-Reg, until the exec,ution routine has 
begun. The I-cycle hardware than initializes for the start of the 
next I-phase. 

The minimization of time spent performing the basic I-phase 
functions requires more hardware control. The I·cycle hardware 
controls the data inputs and setting of the SPTL Regs, and uses 
this facility to select general registers from local store. By setting 
the P-Reg to a value of 02 (or 62) and gating a portion of the 
instruction to the L-Reg (R2, X, or B), the microcode can indirect
ly address any general register, including floating-point registers. 
This gating to SPTL is done by hardware, and is, therefore, 
transparent to the microcode. Note that it is necessary to set 
SPTL to the desired value one machine cycle before use. 

Furthermore, the I-cycle hardware can force and/or block 
gating of data through a portion of the Expanded Loca I Store. 
This capability is utilized as follows: a microword is executed 
performing the arithmetic operation of V = LL +V. During the 
previous machine cycle, a value is set into the P- and L-Regs of: 
P = 02, and L = R 1 B2 (for an RX format instruction). The under
lined data value gives the general register specified by the B2 field 
of the instruction as the data source of the A-Reg. Although 
the microword is attempting to source the V-register, the I-cycle 

hardware blocks this Expanded Local Store source, and forces 
the Disp2 field through the gating to the B-register. The microword 
function of adding the A- and B-Regs is then completed, with the 
result destined to the V-register. Thus, the microcode and I-cycle 
hardware are combined to perform the function of: 

V = Base + Displacement 
Most of the I-cycle microcode/hardware functions are performed 
this way. 

Another significant interaction of microcode and hardware 
occurs when prefetching and calculation of an operand address 
are performed simultaneously. The microword executed during 
a prefetch is of the form: RDW LL ADJ, V + 4. First, the V-Reg 
is blocked as an address source. Then, the TR-Reg is substituted 
as the address source for the M-Reg, with gating performed via 
the PAA, and I-cycle/ADR ADJ path to the M-Reg. At the same 
time, the Disp field is gated from the I-buffer through the 
Expanded Local Store to the B-Reg. The A-Reg data source is 
an indirectly addressed general register, as previously described. 
This form of microword normally performs an update of the B
register value; however, this function is blocked and changed 
to an A + B operation. The function; V = Base + Displacement, 
is, therefore, performed during the storage 1 cycle. During storage 
2 cycle, the destination of data to local store is blocked, and SDBO 
is time-slotted to the I-buffer, as previously described. 

Because the I-cycle hardware and microcode are expected to 
operate simultaneously, the microcode must consist of specific 
microwords at fixed addresses. This is obvious because the hard
ware is providing the control·storage address for the microwords, 
and then performing hardware functions coincident with the 
microword execution. What has not been obvious is how the 
hardware remains in sync with the microcode. This function is 
performed by routing the M-Reg output back to the I-cycle 
hardware. Thus, when the M-Reg contains a value corresponding 
to the control-storage location of an I-cycle microword, the 
I-cycle hardware can determine what functions are to be per
formed at the next 0 time (that is coincident with the microword 
execution). 

This introduction has provided the basic functional concepts 
of the hardware I-cycles. Significant omissions include trapping, 
share cycles, correction cycles, error conditions, etc. It is 
expected that the hardware description in the rest of this section 
will have sufficient explanation for these conditions. The basic 
I-cycle functions are described by the following flow diagram. 
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Microcode-Hardware Relationship 

Microcode Function 

Fetch 
instruction 
from storage 

I 
j 

RR (Length 1) 

1. Fetch operand 
from general 
Reg and put in Y 
and a if 2 words) 

2. Prefetch next 
Instr. if req'd. 

( 

I-Cycle Hardware Function 

- -----------------....... -

1 - -- -
RTN word, end of 
execution phase, 
go to I-cycles. ~------------------ -

1 

Some RX 

F etch operand 
from storage 
align as req'd. 
Put data in Y 
(and a if 2 
words). 

_I 
RX, RX/SI (Length 2) 

1. Calculate operand 
address using X, B 
and Disp. Put result 
in V-Reg. 

2. Prefetch next Instr. 
if required. 

Start Execution Routine 

Basic I-Cycle Functions 

-

+ ! 
SS (Length 3) 

1. Calculate 
operand 
address 
using Band 
Disp fields. -
Put results 
in V- and W-
Regs. 

2. Prefetch next 
I nstr. if req'd. 

I-
I 
I 
I 
I 
I 

-:.-- _______ J 

J~----- --- --- --{ 

Inactive, But, 
provide initial 
values at data 
entry for SPTL, 
and M-Reg. 

Begin I-cycles. 
Set IBU. 
SPTL, M-Reg ar~ set. 

Control data 
and setting 
of SPTL, M-
Regs. Set U-
Reg. per instr. 
Manipulate 
I-buffer as 
required. 

Provide start 
address of 
execution 
routine per 
Op code. 
Update I-Reg 
by instr Length. 

Initialize for 
next instr. 
I-cycles. 

" 

) 
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I-Cycles Microcode Module Assignment 

The I-cycle microcode routine, (GAAI) resides in the DF module 
of control storage. There is a direct relationship between the 
control·storage address, hardware functions generated, and micro
code. Specifically, the hardware generates control signals (and a 
next control-storage address) from the contents of the M-register, 
to be active (and coincident) with the control word executed 
from that address. 

The DF module is active if bit 1 of the Mode Reg (external 
address 08) is on. 

RTN to ICY'S 
(any address) 

Microprogram Module Assignment 

I ... 
I 
I 
I 
I 
I'" I-PHASE 

---I 

I I 
ALIGN r... 

L Decode Format and 
Op-Code I 1. 

2. Calculate operand I 2. 
addresses and/or I 3. 
fetch operand. 

I 4. 
3. Define ILC. 
4. Branch to appropriate I 

execution routine I 
5. Control I-Reg. 

I 
I CHECKS Not 
I 1. 

2. 

3. 

Instr. Address Check ( HALFWORD) 
BOUNDARY I 

STG PRT·check 

Address translation check 

GAAI 

DF· Module 

I 
I 

Hardware Branch I 
to execution 
routine. 

SOFTWARE INSTRUCTION 

Read data 
Store data 
Set CC 
Perform any operation 
and use the Operands. 
prepared in I-Phase 

GARR 

Cx·Module 

GARS 

Cx-Module 

GARX 

Cx·Module 

GASS 

Cx-Module 

~I 
I 
I 
I 
I 
I 
I 

E-PHASE -----------~~ I 

CHECKS 
1. Operand address check 
2. Operand STG PRT check 
3. Operand address translation 
4. Specification exception 
5. Invalid operation 

(analyzed in I·phase) 
6. Privileged operation 

Micro WD Branch 
to required Routine 
or RTN to ICY's 

I 

x = Op code high-order 4 bits 
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I-Cycles Microcode and Control Hardware-Loading of I-Buffers 
RTN LNK 

GICM B40C 

Note 1 The branch read latch is set: 
1. with the execl!te latch on. 
2. any time the I-Reg is destined. 
3. with a CPU Low Request during Prefetch. 
4. If V or W = 1 or TR during a storage word 
5. If the address compare switch is 

en INSTR COUNTER (real) and 
address compare control switch is 
in the STOP position. Note that this 
mode of operation blocks any prefetching paths. 

yes 

on 

off 

I-CYCLES 

Handle the interrupt; 
then issue a RTN LNK 
Use LS 3D for RTN 

DATA IN BUFFERS NOT GOOD 

DFOC 

RDWYADJ,V+4 
Fetch Required 

NOTE 2 

Y = Y, SO 
Time delay 

yes 

DFOO 

Y = Y, SO 
Time delay 

on 

DF14 

RDWADJ,V 
Further Fetch 

DFt-O 

Y = Yi SO 
TIME DELAY 

Note 2 The Op load latch is set: 
1. when a Prefetch is blocked and the 

next Op-code is available. 
2. current instruction not fully contained 

in I·Bfr. (Requires a further fetch) 
Note 3 Delay words to set control address 

yes 

(ODD BYTE BOUNDARY) 

NOTE3 

no 

NOTE 3 

off 

USE TR REG 

Turn on 
Op Load 
Latch 

GAAI 

C564 
Specification 
Check 

NOTE 2 

BRANCH 
ON 

FORMAT 
OF 

OPCODE 

A 
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I-Cycle Entry 

I-cycles may be entered (and the I-cycle controls enabled) by 

either of 2 RTN words: 

• Conditional: testing for interrupt. C3 bits 5-7111.!ill be (111). If 
there is an interrupt pending, the RTN word will be executed 
normally, and will not go to the I-cycle routine. If there is no 
interru pt, the retu rn is to I-cycles. 

• Unconditional: goes directly to I-cycles when C3 bits 5-7 are 
(011). 

The M-register controls the decode of the return and accesses 
control storage using the address inputs to the M-register from 
I-cycles. The I-cycles inputs to the P- and L-registers are also 
gated. Data is maintained on these inputs by the I-cycle hardware 
when not in I·cycles (except when performing a storage address 
adjustment access). 

Initial I-Cycle Address 

AIlI-cycle addresses are in the OF module. The initial address for 
a given instruction is determined by: 

• I latches, which represent how much of the instruction is in 
the I-buffers (I-Bfr)_ 

• The instruction itself and, 

• The requirement for prefetching the next instruction. 

Current Instruction Not Fully Contained in I-Bfrs 

First consider the two cases where the instruction is not com· 
pletely contained in I-Bfr. Before proceeding further, the 
instruction must be completely within the I-Bfr. 

1_ The first case (and highest address priority) occurs when the 
branch read latch is on. This occurs not only from the most 
obvious case of a macroprogram branch, (detected by the 
I-register being loaded from EBI), but also from: 

o program modification (detected by storing within the present, 
or next. storage doubleword address as compared to the 
I-register). 

o a prefetch condition that was not filled during the last I-cycle 
phase. 

o blocking a trap during a prefetch in the last I-cycle phase. 

• being in real instruction address compare mode. 

• performing an execute macroinstruction. 

These examples are summarized as "whenever the instruction 
must be read from storage." When the branch read latch is on, all 
other initial addresses are blocked and an address of 0 FOC is sent 
to the M-register input. 

2. The second case (and next highest address priority) occurs 
when the Op load latch is on_ The condition for setting this 
latch occurs when part of the instruction is in I·Bfr. but the 
remainder is in storage. The latch is set during the previous 
I·cycle phase if it is determined that a prefetch is required, 
but blocked, and only part of the instruction is in I-Bfr. When 
this latch is on, all other initial addresses are blocked and an 
address of DF14 is sent to the M·register input_ 

Current Instruction Fully Contained In I·Bfrs 

With the instruction fully contained in I-Bfr, the next condition 
considered for an initial address is prefetching. The rule for pre
fetching is that a prefetch will be performed if the: 

• Present instruction ends at a doubleword boundary (The 
Next op code is not available) or, 

• Next instruction crosses a doubleword boundary. This is 
determined by hardware as a function of: 

A. The halfword address of the present instruction within 
the doubleword. 

B. The length of the present instruction and, 

C. The length of the next instruction. 

• A prefetch is blocked if the present instruction is decoded 
to be a branch type, or a special addressing case of an SS 
instruction, at an address of 6 or C. 

The initial address is gated to the M·register according to the 
following table: 

Instruction 

R R (but not fit. pt. long) 
R R (fit. pt. long only) 
RX (double index only) 
RS, SI, RX (not double index) 
SS 

Without 
Prefetch 

DF20 
DF24 
DF4C 
DF48 
DF6C 

With 
Prefetch 

DF34 
DF3C 
DF5C 
DF58 
DF7C 

I·BFR SET CONDITIONS FOR MOVE i BFRs 

1. R R Op and even halfword 
2. SS Op and odd halfword 
3. Neither of the above conditions 
4. Prefetch and the next instruction is not 

fully contained in the I BFRs 

=do nothing 
=S/R 0,1 
=S/R 0 
=S/R 0, 1 

I-BUFFER SET CONDITIONS FOR STORAGE WORDS 

SIR 1 
SIR 1 
SIR 1 

(begin in Stg 2 cycle) 

1. Prefetch and the next Op is not available 
2. Prefetch and the next Op is available 
3_ Branch Load Latch 
4. Op Load Latch 

=S/R 0, 1,2 
=S/R 1,2 
=SIR 0, 1.2 
=S/R 1,2 

SIR 1.2 
SIR 2 
SIR 1,2 
SIR 2 
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I-Cycles Microcode and Control Hardware-Calculate Operand Address and Perform Prefetches 

RR 
00-3F 

~~n_o ____________ ~ 

"-

1'-. 

~
o 

FLP 
LONG 

yes 

RX 
40-7F 

HS/SI 
80-BF 

SS 
CO-FF 

B 
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*PREFETCH: THE NEXT INSTRUCTION IS NOT 
FULLY CONTAINED IN THE I-BUFFERS 

NOTE 1 X=O, if R1 and R2 = 0,2,4, or 6 (even) 

yes 

* no 

PREFETCH 

yes 

* no 

PREF~ 

yes 

* no 

PREF~ 
yes 

X=4, if R 1 or R2 = 1,3,5, or 7, or greater than 7 (odd) 

DF34 

Y = LL, DF 
Y = 2nd Operand 

DF24 

Y = LL, DF 
Y = high 2nd OPRD 

DF3C 

PREFETCH 
RDW LL ADJ, V 

DF48 

124 V = LL + V 

V = B1 (2) + D1 (2) 

DF58 

PREFETCH 
RDW LL ADJ, V+4 

V = B1(2) + D1 (2) 

OF6C 

124 W = LL + W 

W = B1 + Displ. 1 

DF7C 

124 W = LL + W 
W = B1 + Displ'1 

DF20 

Y = LL, DF 
Y = 2nd Operand 

DF30 

PRE FETCH 
ROW LL ADJ, V 
Y = LL, DF 
Y = 2nd OPRD 

DF28 

Q = LL, DF 
Q = low 2nd OPRD 

DF2C 

Y = LL, DF 
Y = high 2nd OPR 0 

OF60 

124 V = LL + V 

V = B2 + OisPl.2 

DF70 

PREFETCH 
ROW LL AOJ, V + 4 
V = B2 + Displ2 

GARR 

eOOO-C1 FO 
C30X-C34X 
C38X-C3FX 
NOTE 1 

GARR 

C20X-C2FX 
C35X-C37X 
NOTE 1 

GARS 

C800-CBFO 

GASS 

CCOO-CFFO 

HARDWARE BRANCH ON OP CODE 
(Branch to execution routine) 
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I-Cycles Microcode and Control Hardware-Calculate Operand Address and Performs Prefetches 

Page 2-54 

&. y" 

~ 
No 

Prefetch* 

Base Or 
Index = a 

Prefetch* 

Yes 

Yes 

No 

No 

DF48 

DF4C 

124 V = LL + V I-

V = B2 + 02 

DF58 

Prefetch 
RDW LL ADJ, V+ 

4 
V =B2 + 02 

124 V = LL + V 
V = (X2 or 82) + 

02 

DF58 

Prefetch 
RDW LL ADJ, V + 
4 V =(X20rB2) + 

D2 

*Prefetch: The next instruction is not fully 
contained in the I-buffers. 

DF40 

124V=LL+V 

V=(82+ 02) + X2 

Note 1 

Note 2 

Note 3 

Note 4 

PERFORM A HARD- ~ 
WARE BRANCH ON 
THE OP-CODE 
(Branch to an 
ALIGN Subroutine 
if required) 

The execute latch is set when the W-Reg is destined. 
W-Reg byte 3 is stored in the I mm-Byte-Mod-Reg 
and ORed with the Imm-Byte-Reg. The I-cycle 
latch (and indicator) go off when the execution-phase 
of the subject I nstructlon IS entered. 

If an execute instruction (Op-44) is attempting to 
use another execute Instruction (Op-44) as the 
subject instruction. 

X = 0, if R 1 = 0,2,4, or 6. (even) 
X = 4 if R 1 = 1,3,5,7, or greater than 7 (odd) 

Use 4 if the previous word was a storage word (prefetch) 
Use 0 if the previous word was not a storage word. 

"-4043-1-

Note 2 

--.::. 
~44 

f'-4547-

'-484C 

I'-4D-53-

'-54-5F 

~0-67-

!'-s8-6F 

~70-77-

~78-7F 

GARX l Note 1 

C400-C430 DFA4 

C440 if attempting 
two execute instr. W = LH, DF 

DF80 

Delay 

DF84 

RTN LNK 

GARX 

€450-C470 
~ 

DFOC 

D Align 0 
F F 
D Routine F 

0/4 a 

Note 4 
GARX 

C4DO-C530 

D 0 
F Align F 
B Routine E 

0/4 a 

GARX Note4 

C600-C670 

D 0 
F Align F 
9 Routine F/E 

0/4 
a 

GARX 
Note 4 

C700-C770 

D 0 
F Align F 
B Routine FIE 

0/4 0 

Note 4 

r-------
I 
I 
I 
I 
I 
I 
I 
I 

I 

PERFORM A 
HARDWARE 
BRANCH ON THE 
MODIFIED OP
CODE 
(Branch out of the 

GARX 

C480-C4CO 

GARR 

C140-Cl Fa 

GARR 

C28X-C2FX 

GARR 

C38X-C3FX 

Note 3 
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I-Cycles 2-56 

I-Cycle Hardware Locations 

CARD LOCATION & TYPE ALD PAGE 

B-C3D2 Type 8551 RU011 Op-U2 Reg-Qp Decode 
RU012 Op-U2 Reg-Op Decode 
RU013 Op-U2 Reg-Op Decode 
RU014 Op-U2 Reg-Op Decode 
RU015 Op-U2 Reg-Op Decode 
RU016 Op-U2 Reg-Op Decode 

B-C3E2 Type 8552 RU021 Imm Byte-U3 Regs 
RU022 Imm Byte-tJ3 Regs 
RU023 Imm Byte-U3 Regs 
RU024 Imm Byte-U3 Regs 
RU025 Imm Byte-U3 Regs 
RU026 Imm Byte-U3 Regs 

H B-C3F2 Type 8553 RU031 I-Cycles Generation 
RU032 I-Cycles Generation 

N RU033 I-Cycles Generation 

G RU034 I-Cycles Generation 

E RU035 I-Cycles Generation 

B-C3G2 Type 8554 RU041 I-Buff Ctrls and Gates 
RU042 I-Buff Ctrls and Gates 
RU043 I-Buff Ctrls and Gates 
RU044 I-Buff Ctrls and Gates 
RU045 I-Buff Ctrls and Gates 

B-C3H2 Type 8558 RU051 PAA Latches 
RU052 PAA Latches 
RU053 I-Cycles Controls 
RU054 I-Cycles Error Latches 

B-C3B2 Type 7771 RU111 I-Buffer 
RU112 I~Buffer 
RU113 I-Buffer 
RU114 I-Buffer 
RU115 I-Buffer 
RU116 I-Buffer 
RU117 I-Buffer 
RU118 I-Buffer 

B-C3C2 Type 7771 RU121 I-Buffer 
RU122 I-Buffer 
RU123 I-Buffer 
RU124 I-Buffer 
RU125 I-Buffer 
RU126 I-Buffer 
RU127 I-Buffer 
RU128 I-Buffer 



I-Cycle Hardware Description 

The hardware I-cycle concept increases CPU performance by: 

• Buffering instructions and prefetching (using a hardware 
generated address for the next doubleword storage location) 

instructions while calculating an operand address. 

• Performing hardware controls concurrent with micro
program execution. 

• Instruction decoding via a hardware forced branch on the 
eight bit Op code. 
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m I-BFR 2, I-BFR 1, and I-BFR 0 

I nstruction Buffer (I-B F R): three one-word registers are used to hold 
the present instruction and next doubleword (where possible). 
Loading of the registers is from EBI. 

Instructions are assembled on a halfword basis to obtain the 
OP-Code and immediate byte. The base and displacement fields are 
gated from the I-Bfr through separate assemblers as required 

r: Doubleword ~ Doubleword W 
even wd 10dd wd even wd 10dd wd 
01234567 89ASCDEF 

When the TR-Reg is used, the even/odd time-slot of data is 
forced. When the I-Register is used, (DFOC) M3 bit 5 controls the gating. 
Bit 5 off = even/odd 
Bit on = odd/ odd 

If M3 bit 5=1 it indicates that the odd word, 
information will be loaded into all 3 I-buffers. 

I BFR SET CONDITIONS for MOVE I BFRs I BUFFER SET CONDITIONS for STORAGE WORDS (begin in Stg 2 cycle) 
1. RR Op and even halfword =do nothing 

=S/R 0, 1 SIR 1 
=S/R 0 SIR 1 

1. Prefetch and the next Op is not available =S/R 0, 1,2 SIR 1, 2 
2. SS Op and odd halfword 2. Prefetch and the next Op is available =S/R 1, 2 SIR 2 
3. Neither of the above conditions 3. Branch load latch =S/R 0, 1, 2 SIR 1, 2 
4, Prefetch and the next instruction is not 

fully contained in the I-Bfr's 
4. Op load latch =S/R 1, 2 SIR 2 

=S/R 0, 1 SIR 1 

LOW ORDER 
---ADDRESS POSITION 

ILC IBFR 1st hwd 0/8 2nd hwd 2/A 3rd hwd 4/C 4th hwd 6/E 

2 

(RR) 

0 

2 
2 

(RX, 
RS, 
SI) 0 

2 
3 

(SS) 

0 

LEGEND: 

1·;::1';:1:11 
F--f-31 

I·tj:.·ffi;!iltljl 
;:!tlllmTt·;:tt.1 

------II 
1.;;.;1\;1·4 
E--E --II 

I···MI;;:.I!I 
----II 

;titttrH;;t+;.~ 

----,I 

.::brt:l:a .• 
I 

E - 3--tll ..... = The end of the doubleword in the I-bfrs 

I I :... = Content of Sfr not significant. 

1-. ------1-.. = Remainder of Doubleword 

= One I B F R Position 

nstruction being Operated on by I-cycle Hardware. 

I 

fMtT!±ti'tt@ttI 
Pt •• ·.$rt ••• trt •• ;:.:.It·:OO 

The above chart represents the contents of the I-Bfrs for the 12 different combinations of instruction length and 
instruction location within a doubleword. 

I 

I 

10 , I 2 I 3 31[ 

To,~1 
MR"'~II 

C l H 

EvEN ODD 

I 0 I , I Z I 3 II 4 I 6 
1 

8 I 
t D-~" , 

SDBO-Alm 

E.' 
I 0 I , I z I 3 I 

81,1,3 

II II fi 
BO,1,2,3 

EXP'lS _w PC::::;::::EEX~PL~S =:==J:.;::' =====1 
[0 , I z I 3 i29311~ l±,O ~1==!:'~;::=::Z:!:::::::=,==1=,=3~1 

~ ~1.CvCI.Ctrr. 

Add'O~~ 80,1,2,3 

____ ADD C,A,ARY W E)(P lS 5 

[0 ' I 2 I 3 i2'f'''fl L 0 I' 2 I 3 I 
~~~~t=~1 ~B~O.'~.J~~ I=='" l.J;;;,;-, 

~ 
TR EXP lS S5 rs~rl U EXP LS 

tLC! 0 I ' 
Instr. 

~ ~;:~~CC~~trl'l 

U-B"' ...;; I' 

Oispl. 

PBA..l.l: Jl 

A-LS r---'1 II .!J.._ lJ. ..u.. A-A.m 
B-A~ ~ :.IF B-LS 

I 0 ! , Bj'G Z ! 3 ! 
II 

10"ATZ!3! 
I. 

Ii 
I ALU2 ; ALUJ I 

I CVcl.C,,!'. 

7 

Slit Branch 
Read Latch 

• DISPLAY IN EXPANDED LOCAL 
STORAGE REGISTER 56. 

1 0 ,J z 13J 
I-Cvcles SCBO ~ 

I 

.3 

.w~ !-BFA 2 

1 0 1 
, 2 

T 
,,~ 

I·BFA 1 
PIC II I 0 I , Z 3 r 

JT II 

o I ' 1 z 
rJl 

II 
II 

S P T ID . P ode 0 2 

LO 3J.4 716 2L 0 0 LH 

To LS Addr.s. A... 1/ 

iii SPTL Registers 

8-Reg Set from the Op reg for further use by the 
execution routine. 

Set time for SPTL. 

I-Phase 

E-Phase 

I-Phase 

~ align;;J 

I 
E-Phase 

P-Reg Set to a value of 02 (or 62 for floating point) to 
allow addressing of local-storage areas containing 
general registers. CPU working area, and floating
point registers. 

T-Reg Reset to zero for use in an align routine (if 
required). 

L-Reg Set from the immediate byte register or base field 
assembler to allow indirect addressing of the 
general registers and floating-point registers. 
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Op Register 

The Op register is used to hold the present instruction Op code 
during I-cycles. The output is gated to the U- (2) and S-registers, 
and is also used for I-cycle decoding and branching to the 
instruction execution routine. 

The decode of the Op-register is used to build the I LC, which is 
gated to the U-register byte 0, bits 0 and 1. 

I;; I-Phase 

* 

I-Phase L. I align 

* 

m 

~E-Phase 

I 
L;E-Phase 

Immediate Byte Register 

The Imm byte reg is used to hold the second byte of the present 
instruction during I-cycles. The output will: 

• Load the U3-register. 

• Be assembled with the base field to be gated to the L-register. 

• Be gated to the I-cycle controls. 

~ I-Phase 

* 

* 

I-Phase 
align 

I 

t.. E-Phase 

E-Phase 

*Onlv with branch-read (DFOC) 

Immediate Byte Modifier Register 

• Used only by the Execute software instruction to modify 
the second byte of the subject instruction (if the R 1 field 
of the Execute instruction is not zero). 

• The register is set when the W-reg is destined, with data 
from byte 3 of the GR specified by the R1 field. (Refer 
to the explanation of the Execute software instruction.) 

W=LH,DF 

DFA4 DF80 KF84 

II 
U-Register (Exp LS 53) 

Part of this register is set only by hardware. The two-bit 
Instruction Length Code (I LC) is set to a value determined 
by the Op-reg decode. The condition code (two bits) is 
used by the I-cycle controls to determine whether a branch-on
condition code instruction will branch. Byte 2 is set to the 
Op-code, by hardware only. Byte 3 is initialized to the 
immediate byte by hardware. Bytes 0 (except bits 0, and 1), 
1, and 3 may be loaded from EBI by microcode. 

Byte 0 Bits 0-1 Instr. length code (hardware set only) 
Bits 2-3 Condition code 
Bits 4-7 Program mask 

Byte 1 Bits 0-3 Special CPU use 
Bits 4-7 OMWP bits 

Byte 2 Bits 0-7 Op code (Hardware set only) 
Byte 3 Bits 0-7 Immediate byte 

I-Phase 

I 
I-Phase .J. 

E-Phase 

I align I - I 
E-Phase 

I-Cycles 2-60 



m 
Special address-matching function--on a doubleword basis 
(bits 8-28). 

• I-reg is compared to PAA. (V or W) TR-reg is compared 

to PAA (V or W). (These matches are required to 
determine whether program modification is taking place 
in that part of the instruction stream that may have been 
loaded in the I-BF Rs.) 

• If the comparison is equal during a store operation, the 
BR read latch is set. (This forces a new loading of the 
I-buffer Op-reg and I MM byte reg). 

m 
V-Register (EXP LS 51)* 

Bytes 1, 2, and 3 usually contain the second operand address. 

* If used in a storage word as a storage address, the Key register is 

gated as byte zero. 

D 
W-Register (EXP LS 52)* 

Bytes 1, 2, and 3 usually contain the first operand address. 

II 
Key Register 

The KEY REG is byte 0 of the I-reg when it is destined. It 
contains the storage-protect key, bits 0-3, bits 4-7=0). 
If V or W is used in a storage word as a source, the key reg is gated 
as byte O. If I, IBU, or TR is used, the key reg is always gated 
as byte O. The key-reg is set when the I-reg is destined. 

I a 

By teO 81.:2,3 

ItiU EXPLS 04 

10 1 I 2 I 3 31 1 .. 

I Cvr::I.Ctrrl 

C I H I-Cyeles 

E\lEN 

I 1 2 I 3 JL • 
t D'~" • 

EOI 

I a I 1 I 2 

EXP LS 

0 I 1 

W EXPLS 

0 I 1 

I 0 I 1 I 2 I 3\ 

I 
O·RE 

I 

I 

2 

2 

ODD 

5 J 6 J 7 

SOBO'AIm 

3 J 
80,1.2,3 

6 " I 3 

I r 
80,',2,3 J ., 

IP I 3 

Oiapl. 

• DISPLAY IN EXPANDED LOCAL 
STORAGE Af:GISnR &5. 

J 

83 

I BO, ',2.3 

I·BFA 2 

I 0 I 1 2 3 J 
T 

7 
1-8FR 1 

PIC 1 0 1 1 2 3 

~ JI 
. 

0 I 1 I 2 3 PIC 

rU 
e-

li 

r--

II 
II 

II Illl ~~:':'. 

~ LLG'~ 
pCode 0 :2 

o :l 4 , 6 :2 0 0 lH I ~ 

fa LS Addrea A. ~ 
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13 I-Register (EXPLS 50) 

Instruction counter register. Byte 0: If the I-Reg is destined, byte 
a is gated to the key register. Bytes 1,2, and 3 contain the 
instruction address. 

The I-Reg is updated as follows: 

f--I-Phase ---f 

~ E-Phase ----f 
I-Phase 

t-----I- align ~ 

t-E.phase ---01 

Add Carry (Adder) 

The two low-order adder positions (24-bit adder) add the instrur::t
ion length to the I-register bits 29-30. 

• Adder (except the low two bits) adds a "1" to I-Reg bit 
position 28. This sum represents the next doubleword storage 
location. 

• A carry-out of position 28 is added to bits 27-8. 

• A carry-out of position 29 indicates that TR bits 8-18 are to be 
loaded into I for a hardware update. 

• An adder check turns the I-cycle hardware indicator on. 

I 1 

I 
2 

I 

1 2 

I 

I I 
I-REG 

I 
3 

241 25 I 26 127 I 28 I 29 1 30 31 
I I 

ADD ONE I : 

--L I I . I I 
I • 

ADD CARRY 

3 

24 I 25 I 26 I 27 T 28 I 29 I 30 
I I 
I I 
I I 
I I 
I I 
I I 
I I m 

II IBU-Register (EXPLS 54)* 

TR-Register (EXPLS 55) 

• The TR-Reg consists of bits 8-30, with bit 31 always forced 
to a zero. (There is no bit 31 latch). I 

1 

1 
2 

I 

TR-REG 

1,01 1241 25 1 261 
3 

27 I 28 I 29 1 30 

Upon entering I-Cycles, I-Reg bytes 1, 2, and 3 are set into IBU. 
If a retry condition is encountered during I-cycles, the instruction 
cycles may be repeated (Return to 0 FOC). In th is event, I BU is 
moved to the I-Reg by the retry microprogram. 

r--- I-Phase ---I 
l--- E-Phase ---I 

1=1000 I-Phase 

1000 RR E-Phase 
1002 RX RR 
1006 SS OP REG 

100C RS Update I 

RR 

RX --

• Contains an address within the next doubleword after the address xJ Lx 
in the I-register, to be used when prefetch or further fetch 
(DF14) is required. 

• Used to buffer the Addr output during hardware updating of 
the I-register. 

Updat., ~ 
ADD CARRY bit 29 to 28 A 

• I hardware update, consists of: Loading I bits 29-31 from 
TR 29-31. Bit 31 of the I-register is not gated through the addr. 
I bits 8-28 from TR 8-28 if the Adder bit 29 had a carry-out. 
(TR = I + I LC + 8) 

RX (with align) SS 

._~.align_ 

-- -

Carrys from add carry bit 29 to bit 28 are not allowed, but remembered. 
If at I update time, a carry was remembered, it causes all of TR to be gated 
back to I. Otherwise, only bits 29 and 3D, are used to update I. 

RS 

--1000 I 1006 100C 
I 

__ -+ ___________ 10q2----~-------------- ------f-I ----- 1010 --+----' 
TR 100A 
IBU 

I 100C I 
I 

----~----------100E----_+l~·-----------

------------~1~-----------1002 --------~-----------1000 1006 

* A carry-out of position 29 causes T R 
bits 9-30 to be gated to I bits 8-30 

1010 -----i+----l01X (X=ILC+8)--S 

----~~---- ldoc -------+I-----<~ 
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01-RR 
ILC 10-RX,SI 

11-SS 



I nstruction Cycles-Address Generation 

High-Level Data Flow 

M-Byte 2 

o 
1 

2 

3 

4 

5 

6 

7 

1------1 OF-Decode 

Generate Address 

r--
Bit 31 = ON II or V-R_ 
V-Reg 

A 

1----- Specification 

Force OF 

Force CX 

Force C5 

Force 64 

Icy Op-Reg 

0 

1 0-3 

Generate Address 

Set Control Address 

Op-Branch to OF 

-:-t-------f 
-

1--------X------~~-X 
Op-Branch ___ ----JI 

1 
' I ~------__ ---------___ ~-_____ ----------~~---------w 

I 
I 

!--------~---------------X 

Sp'cH;catlon ~ 

2 
3 

L,....--1-________________ --tr---I-- r--I-- Op-Branch 

DF -1 DFF 0 -------4 A OR (From I to E Phase) 
L~~ DFEO ~ 

M-Byte 3 
II 

0 

" 

RX Instruction with align -

- -r--

t-I-- Op-Branch to OF 

1 
ICY Ctrl - Reg 

1 
Execute Instruction OR (To align) 

2 

3 

4 

5 

6 

7 

Data to M-Reg 

M-Reg SIR 

Icy 
Next Addr 

-

2 

3 

4 

5 

Main 
Stg Addr 

-
Icy 

Next Addr 

-
Icy Ctrl Reg SIR _ __ 

-A .. ~-----------.. ~--------------r---------~---r--

STg 1 Cycle STg 2 Cycle 

Time o o o 

Representative Timing 

Control

Decode 

-------
(NotDF)-

"-

H .... DFOO DF10 

Set Ctrl Address 

OR 1------------

r-----
Pres_ Ne~t 
Addr. Addr. 

OC 04 

04 00 

14 10 

24 28 

4 
5 

4-7 
6 
7 I--------X 

DP-Branch~ 
34 30 

3C 2C 

2C 28 

4C 40 ~~~~~r_---------------------------------t_--------------------X 

G,n"a" Addr .. , ~ 
5C 40 

6C 60 

7C 70 

RU 033 

RU 034 

BR Read to OC_ 
OP Read to 14. 
Otherwise, use 
ILC'Format, 
Double Index, 
Prefetch to 
define the next 
address. 

Op-Code 

DECODE 

to ALIGN 

Assembled 

I--- NEXT 

ADDRESS 

Odd Fit point reg, 
Odd Shift register, 
unsuccessful branch, H Low Bit 
branch to align 
after prefetch WD 

~--------X 

Dp-Branch to OF ~ 

r-----------------;------------------X 
Sot Control Add"" J 

L 
I 

'------

--
-

-

M-Byte 2 
o 

2 

---:!---
4 

5 

6 

7 

Gate ICY to M 
or RTN to ICY 

M-Byte 3 

o 
1 

2 

3 

4 

5 

Zero 

Zero 
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I-Cycles Control Line Generation 

~ ,0, 

:&> J' 
q,':'" ~ 

0 'b 
~~ ~ " 8' tf t? " '" .§' ~ qj q,n,. 

,f 00. ~ o$' q,o, .f ~?;, q,' Cf qJ ~?;, 
v 

~?;, q, ~ J' ~ ~ 00. 

t? ~ t! II l' ,f 0 :&> "- qJ $ 0 f f c5' f ADDRESS v 1.(0 & if " CJ v S-«. " 
DFOO 2 5 

DF04 2 5 

DFOC 2 2 

DF10 
DF14 2 2 

DF20 2 

DF24 2 

DF28 2 
DF2C 2 

DF30 1 3 2 2 

DF34 

DF3C 1 3 2 

DF40 2 

DF48 2 

DF4C 

DF58 1 3 2 2 

DF5C 1 3 2 
DF60 2 

DF6C 

DF70 1 3 2 2 
DF7C, 

Not DF 

RTN 
to 

I-Cycles 

1. These controls are not the result of the Control Register decode 
2. The Control line is activated by the corresponding address. 
3. This line is activated by Command prefetch. 
4. The set/reset of the I-Bfr's is also controlled by Command Prefetch. 
5. This control line is activated, but not used. 

6. From DFOO Through DF7C SPTL is controlled by I-Cycles. 

DFEO or DFFO will activate this control line again to restore SPTL 

after an align. 

7. Set P, set LL. 

2 

2 

4 

4 

2 

2 

4 

2 

4 

J' ~ 

t? 0 ..... on,. 
~ f ./2 

0~ c! CJ 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

I-Cycles 2-64 

ICY CONTROL REGISTER DECODE 

CTRL REG 
BITS 

t? " f! oS ~ h.. ... ~ 
~ ~ q,':'" 0- ~ ¢ $'~ ~ rJ." v G:) '" ;;- ... .S> 
4' 0~ " 

1 2 3 4 5 CONTROL LINE FUNCTION 

0 0 - 1 - Command Branch Load Load I-bfr a (I-Bfr 1 in next cycle) 

0 0 - 1 - Force I Gate I-Reg to B (and Address Adjust) 

0 0 1 0 1 Command OP Load Load I-Bfr 1 (I-Bfr 2 in the next cycle) 

a a 1 a 1 Force TR Gate TR-Reg to B (and Address Adjust) 
1 6 - 1 1 - 0 Activate prefetch 
1 6 1 0 1 1 - Command Prefetch Force TR to ADR ADJ Asm 
1 6 0 1 1 1 - (and B if DF 30 or DF 3C) 

1 6 - 1 - - 0 OP Branch Command Use Op-Reg to define the next Cxxx address; or go 
1 6 1 - - - 0 to the Align Routine 
1 6 0 1 0 - 1 L plus one Force bits 7 and P of data being gated to L-Reg to be inverted for FLP long 
1 6 0 0 0 - - Load OP, IMM Byte Initial load of Op and IMM Byte 
1 6 - 1 0 0 - Command Move I-Bfr Used with I-Reg to activate the set 
1 6 1 0 0 1 '- or reset of the I-Bfr's 
1 6 

1 6 

1 6 

1 - - 1 - Gate D1 and B2 Used to gate the correct base or displacement 

1 1 - 0 - Gate D2 field from the I-Bfr's a and 1 to L - low or B-Reg 

a 0 - - 0 Set Control Address Set next address for ICY sequence 
1 6 1 
1 6 1 

1 6 

1 6 1 

1 6 

1 6 1 

1 6 

1 6 1 

1 6 

1 

1 7 



ICY Address Generation and Control Decode 
M Byte 2 Generate 

Address 

Time 135-180 
Not STG-l Cycle 
Good Data ----~ 

Mode Re~ pit 1 = 1 

Not I/O Op -----I 
(SHARE CYCLE 

AND TRAPSI 

M Byte 3 

0 

1 

2 
3 

4 

5 

DF (INDICATES 

D ALIGN ROUTINE) 

E 

C 

o 
D 

E 

A 

A 

Set/Reset 

ICY 
CONTROL 
REGISTER 

DF and 
bit 

O=DF 1 

bit 1 

bit 2 
bit 3 
bit 4 

bit 5 

I 

PH 

RU 031 

Generate 
Controls 

PH 

RU 031 

Control 
Decode 

X Set Control Addr 

OP Branch Cmnd 

FO,EO(M-3) 

NOTE 2 

Instruction Look Ahead 
(also used to determine prefetchl 

OP 
REGISTER 

o 
1 
2 
3 
4 
5 
6 
7 

~x-0-

CURRENT I-REGISTER ADDRESS 

0/8 2tA 4/C StE 

No 

Prefetch 

Byte a 
SI SS 

I BFR 1 

SS Byte 2 

Not RR 

Instruction for 

this I-Phase 

I BFR 1 

Byte a 
SS 

I BFR 1 

Byte 2 

Not RR 

Prefetch 

I BFR 0 

Byte 2 

Not RR 

Prefetch 

No 

Prefetch 

Prefetch 

No 

Pre fetch 

I BFR 2 

Byte 0 

(note 11 

Special Case 

I CX ~ I 
X=OP COd; X 

I--_DF_......I~X 

Bit 31 of 1 or V=l 

Prefetch Required 

~x-0-
(see. note 11 ----1-" 

1---------1 ~~ .......... ~ 
RU 118 
RU 011 

Execute Instr 

RX With Align 

OP Branch 

(on OP Codel 

OR -OP Length 

Format 

FLP 
A OR 

(not RR) 

0 Zero 

I LC RX,RS,sI,SS 

2 ILC RR,SS 

3 Prefetch 

4 
Not RR or FLP 
with Prefetch 

I f more than one 

5 
u-word required 
to calculate 
a erands 

Branch Read 

RU 032 
Base From I BFRs ----. FL 

Refer to the Expanded Local Storage 
definition of E:xp_ LS~6_ 

rcs BYTE 2 
o - B R read latch 

1 -- OP load latch 
2 -- OP L2 
3 -- OP L1 
4 -- Prefetch required 
5 -- Prefetch inhibit 
6 -- FLP Long 
7 -- OP BR to DF 

04 

14 

24 

34 

3C 

2C 

Next 0 
Addr 1 

04 2 
00 3 

10 4 

28 
5 
6 

30 7 

2C 

28 

IMM BYTE 
REGISTER 

LH 

LL 

0 

E 

C 

0 

D 

E 

RU043 
Double Index 

OP Load 

Index = 0 
FL force D F 14 ,.....---....... 

Base = 0 Align Entry 

R1 = 0 
A4,9Y X 

~3r-__________ y_B_=~_0_~_Y_b_it_~1 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ADDR 

ASM 

x 

M BYTE 2 

a I I 
I I 

1 I I 
DIC IC 

: I 
I I 
II 

f-~ , 10 

1-
5 FI 5

1P 

6 I Ic 
f- I 10 

7 I Id 
i Ie I 

M BYTE 3 

o I :0 
1 I IP 

lSI 
2 I IC 

3 I 1
0 

I d X-f- --~-
4 I 10 

I 1100 
5 14(bit 
601 10 
70 1 10 

I I 
I I 

ICS BYTE 3 
o - I BFR 0 parity check latch 
1 - I BFR 1 parity check latch 
2 - Half adder check latch 

4C 40 

5C 40 
t-~~--~~----------------------------------------------------)(--~L~OW~B~it----------------------------------------~ 

3 -- IMM Byte Modifier parity check 

4- X=O 
5- B=O 
6 -- Set Control Address 
7- Low Bit 

EXP LS 56 (lCS) is intended for use only as 
a manual display and can't be accessed via 
microcode. 

6C 60 

7C 70 

RU 033 
RU 034 

NOTE 2: When in I-CYCLES (DF module) the line Generate Address 
is functionally overridden during addresses DFOO and DF10. 

NOTE3: If both Index and Base indicators are off, double indexing 
will take place. 

(bit 5 of M3) 

Unsuccessful Branch on CC =E]R Unsuccessful Branch OR 

Branch on Count R2field=zero Odd Shift Register ---~ 
Odd Floating Point Reg 

~ 
OP Branch to DF after 
Prefetch 

6 

,i. OP Branch 

<...:J- OP Branch to D F ----I 

x------~----------------------~ 

Gate ICY to M-Reg (active when in OF) ---~ 

RTN TO ICY (activated by 10 RTN or 11 RTN 
AND NO INTERRUPT) 

Note 1: This condition (an SS instruction and the next instruction an SS) causes 
the line Inhibit Prefetch to be active, and the Op load latch is set when 
the next Op code is available. 
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Unique Conditions During ICY 

Share Cycle 

If a share cycle is attempted during ICY, the ICY hardware is 
deconditioned. This occurs when the tine 'Not I/O Op' becomes 
inactive. (See ICY address generationand control decode page.) 

With 'Not I/O Op' inactive, the generate address, and generate 
controls latches are deconditioned. 

Trap (Not Machine Check) 

In the event of a trap during I-Cycles, the M-Reg will be set to 
the appropriate trap address, and the trap will be taken. 
When the trap address enters the M-Reg, the DF Decode 
will turn off, suspending I-cycle operation. 

Trap (Machine Check) 

If a machine-check trap occurs during ICY, the failing instruction 
is retried eight times before entering the hard machine-check 
routine. 

The Retry Microrutine takes the contents of I BU (I-Reg 
Backup; that is, the current instruction address) and place it in 
the I-Reg. The Retry procedure is to then return to I-cycles to 
begin processing the instruction again. 

I-Cycle Error Conditions 

Parity-check errors for I Bfr 0, I Bfr 1 Op and I MM Byte 
regs as well as half sum check errors are indicated in 
expanded local-storage register 56 (ICS) I-Cycle control 
display. 

Storage Correction Cycle 

If a storage correction cycle occurs during I-cycles, the latches 
Generate Address and Generate Controls are not SIR. The line 
'good data' blocks the clock pulse. (See I-cycles Address 
Generation and Control Decode Page). 

I-Cycles 2-66 

CPU Low Request (Not Prefetch) 

The line 'CPU Low Request' may be activated by: 
A. Storage-protect check (caused by a mismatch of the storage 

keys). 

B. Address check (TR pointing to the doubleword above the 
top of storage.) 

C. Address translation check. 

These three conditions may be considered as program errors that 
cause a program check and go to the GICM routine. 

CPU Low Request (Prefetch) 

CPU low request is blocked during Prefetch. If a storage check 
occurs during a Prefetch, it sets the branch read latch. Upon 
return to I-cycles, the I-Reg is used (instead of the TR-Reg) 
to refill the I-Buffer. If a second CPU low request occurs, it 
indicates a program check. 



I-Cycle Timings 

1 I·CYCLE LATCH RU044 

2 EXECUTE INSTRUCTION 
LATCH RU044 

3 ADDRESS RANGE 
DFOO-DF7C 

4 ADDRESS RANGE 
DF84-DFFC 

5 SET IBU REG 

6 UPDATE I·REG 

7 SIR (lor V) REG 

RU044 

RU044 

8 SIR OP, IMM BYTE REGS 

9 I·CYCLE CONTROLS 
(S,P ,L, M-R EG-not 
STG 1 Cycle)· 

J 

RTN I·CYCLES EXECUTION 
(To I-Cycles) 

I / 
I or V = (I) 

J I 

r-lfBRLD I / 
Sequence iJ I 

NORMAL I·CYCLES 

RTN I-CYCLES 
(To I·Cycles) 

I or V = (I) 

-I 
I 
I 
I 
I 

EXECUTION 

I 

I 

I 

J 

I·CYCLES WITH READ AND ALIGN 

RTN 
(To I-Cycles) 

I 

I 

J 

I-CYCLES 

I 
I EXECUTION OF 
I SUBJECT 
llNSTRUCTION 

I 
i 
I 

~INOTE: BR RD 
---------~ I Latch is set 

-
lorV=(I) lor V = (V) 

I - J - I 

I 

I CYCLES FOR EXECUTE INSTRUCTION 
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I-Cycle Operational Description 

Software instruction decoding on the 3145 is accomplished by a 
unique interaction of microprogram and hardware. 

The microprogram used for instruction decoding is the GAAI 
routine, which resides in the DF module of control storage. 

I·Phase 

During I·phase, the instruction is read out of storage and placed 
in I-buffers. Certain determinations may then be made concerning 
format, Op code, and instruction length code. The purpose of the 
I·phase is to ensure that the correct data will be available for use 
during the E (execute) phase. Upon exit from the I-phase, the 
Op-code is used to point to the next control-word address of the 
microroutine for that format. (for a 1A add instruction, address 
C1AO is used as the entry to the GARR routine). 

E·Phase 

I n the E (execute) phase, data is read, stored, and the correct 
condition code (Ce) is set. The operations indicated in I-phase 
are performed, using the operands fetched during I-phase. The 
address sent to the M·Reg is that of the entry to the execution 
routine. 

10 RTN LNK 

11 RTN LNK OR A 

M-REG BYTE 2,3 

INSTRUCTION STREAM 

I-PHASE 

I-Cycles 2-68 

GASS 

GARX C 
X 

C 

C 
X M 

X 0 
M D 

C 0 
X M 

D 
0 

M D 

0 
D 

E-PHASE 

X = Op code high-order four bits 



Fetch Operations 

Main Storage 
Address 1000 1004 

J ~ 
-Jlgnore)---D2 OF lD 01) 

v 
Fetch 

FETCH 

• I-Bfrs are initialized 

• This case may have occurred by a program branch to the 
instruction at address 1004 

Note: See Fetch Sequence (page 2-70) and Loading I-Buffers 
(page 2-53) for additional information. 

MAIN-STORAGE 
ADDRESS 
1004 , 

D2 OF lD 01:2D 0247 4105 011A 5A 
'\ ) v 

Further Fetch 

Further fetch required because the current 
instruction is not fully contained in the 
I-Bfrs. 

• Required when the current instruction is not fully contained 
in the I-Bfrs. 

• Recognized by: 
1. The decoding of the current Op-code, which determines 

the length of the current instruction. 
2. The I-register points to an address within the doubleword 

that the first byte of the present instruction is located. 

• Accomplished by: (storage word at DF14) 
1. Setting the Op load latch during DF04 and forcing DFOO 

to branch to DF14 with the gating line Set Control Address. 
2. DF14 is a storage word that forces the TR-Reg to the B-Reg, 

thus fetching the next doubleword from storage, using SIR 
I buffers 1 and 2 with the even word late in the storage 2 
cycle of DF14. During DF10, (early in the cycle) I-buffer 
2 will be SIR with the odd word. 

Note: see Fetch Sequence (page 2-70) and Loading I-Buffers 
(page 2-53) for additional information. 

1A 5A~47 30 AO 20 47 FO A2 50! 
I\:," j I 

V 
Prefetch 

Prefetching 

• Required when the next instruction is not fully contained in 
the I-Bfrs. 

• Recognized by a combination of decoding: 
1. The I-Reg points to where the instructions come from 

within the doubleword. 
2. The Op code indicates the length of the present instruction. 
3. Instruction look-ahead knows the format of the next 

instruction and therefore, knows the length of the next 
instruction. 

• Prefetch is blocked under the following conditions: 
1. All branch-type instructions. 
2. Two SS instructions in succession (TR is pointing to the 

doubleword just fetched). 
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Fetch Sequence 
(BRANCH LOAD SEQUENCE) 

p.Wd: RTN ROW Y. V+4 

Time Ref STG 1 STG 2 

M-Reg DFOC INST ADDR DF04 DFOO DFXX 

CTL-Reg DFOC DF04 DFOO DFXX 

Force I 

CTLs 
(Ex L NOT ON) I BLOCK LS DEST 

LOAD OP, IMM B Regs 

FUNCTION 
~ .......... Fe.t.ch .. ln.s.tr""""~II~ .............. O.P ••• IM .. M.B .. R.e.gs.v.a.l.id ............ ... 

~"""""""""~I Determine Next Address DFXX 

SIR SIR 

I Buff2 §B I Buff 1 

I Buff 0 

Further Fetch Sequence 

(OP LOAD SEQUENCE) 

P.Wd: (Previous) 

Time Ref 

M-Reg 

CTL-Reg 

CTLs 

FUNCTION 

DF14 

I·Cycles 2·70 

RDWY. V Y = Y, SF 

STG 1 STG 2 

Next DBLE Wd I DF10 DFXX 

DF14 DF10 DFXX 

Force TR Block LS Dest 

Fetch Next Instr 

~"""""""""_I Determine Next Address DFXX 

SIR SIR 

I Buff 2 

I Buff 1 B D 



RR Sequences 

1. CONTROL WORD 

2. TIME REFERENCE 

3. M·REG 

4. ICY CTRL REG 

5. CONTROLS 

6. FUNCTION 

(previous) 

DF2D 

Y = LL, OF 

Execution 
Routine 

DF2D 

Move t Bfrs 0, 1 

R 2 Operand to 
Y REG 

NOT FLP LONG 

NOT PREFETCH 

(previous) Y = LL, OF ROW LL AOJ, V 

STG·l STG-2 

I 
I 
I 
I 
I 
I 
I 
I 

DF34 DF30 (TR) I ~ _____ • ______ " _____ "'I Execution 

Routine I 

1. 

2. 

3. 

4. 

5. 

6. 

OF34 OF30 I 
I 
I 

Blocks LS Oest I 
~----II 

Move I Bfrs 0, 1 Load I Bfrs 2, 1 I 

Force TR 

R2 toYREG Pre fetch for next I nstruct ion I 

I 
I 
I 
I 
I 

NOT FLP LONG I 
I 
I 
I 

PREFETCH 

CONTROL WORD 
(Previous) Y = LL, OF 

TIME REFERENCE 

M REG 
DF24 

ICY CTRL REG OF24 

CONTROLS 

FUNCTION 
R2 to V-Reg 

Q = LL. OF 

OF28 I Execution 
Routine 

OF28 

Move I Bfrs 0, 1 

Force L Odd 

R2 + 1 to Q-Reg 

FLP LONG 

NOT PREFETCH 

(Previous) ROW LL AOJ, V Y = LL, OF Q = LL, OF 

STG-l STG-2 

1-__ O.F.3C _____ .(T.R.) ______ O.F.2I11111C __ .. __ O.F.2.8 __ 1 Executio n 

Routine 

OF3C OF2C OF28 

Force TR I Block LS oest.
r 

Force L Odd I 
Move I BfrsD, 1 

Prefetch for next Instruction 

FLP LONG 

PREFETCH 

Load I-Bfr's 2, 1 

R2 To V-Reg 
I 

R2 + 1 to Q-Reg 
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RX Sequences 

(previous) 
1. CONTROL WORD 

2. TIME REFERENCE 

DF4C 
3. M=REG 

4. ICY CTRL REG 

5. CONTROLS 

6. FUNCTION 

V = LL + V V = LL + V 

DF40 Execution Routine 
I (or Read and 

Align Routinel 

DF4C DF40 

I Force disp. (U-Busl to PBA 
Base to L Reg 

Move I-Bfr's 0,1 

Calculate Operand Address 

DOUBLE INDEX 

NO PREFETCH 

(previous) RDW LL ADJ, V + 4 V = LL + V 

STG 1 STG-2 

DF5C (TR) DF40 I Execution Routine 

~""""""""""""~"""""".(orReadand 
Align Routine) 

DF5C DF40 

Force,TR Block LS Dest 

I Force Disp. (U-Busl to PBA 
Base to L Reg 

I 
~"""""~I Force B = A + B ALU operation 

Move I Bfrs 0,1 Load I Bfrs 2, 1 
Prefetch for next Instruction 

I Calculate Operand! 

DOUBLE INDEX 

WITH PREFETCH 

Address 
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RX, RS, SI Sequences 

1. CONTROL WORD 

2. TIIV)E REFERENCE 

3. M REG 

4. ICY CTRL REG 

5. CONTROLS 

6. FUNCTION 

(Previous) v = LL + V 

DF48 

I Execution Routine .-----1114 (or Read and Align Routine) 

DF48 

1---_1 Force Disp. (U-Bus) to PBA _----1111 Base to L Reg (or X if RX instruction 
and X f 0, base = 0) 

Move I Bfrs _-----_1 Block ALU A entry 
if Base is used and = 0 

.. ______ 1 Calculate Operand 

NO DOUBLE INDEX 

NO PREFETCH 

Address 

(Previous) RDW LL ADJ, V +4 

STG 1 STG-2 

DF58 (TR) Execution Routine _-----... ------1 (or Read and 
Align Routine) 

DF58 

Force TR I Block LS'Dest 

_--l1li1 Force Disp. (U-Bus) to PBA 1 

_----.. 1 Base to L-Reg (or X if RX instr. and X f. a B = 0 
• _____ .' Force B = A + B ALU Oper i _-----l1li1 Block ALU A entry if I 

Move I Bfrs 0, 1 Base is used and = 0 I 
Load I Bfrs 2, 1 

_, ______ 1 Calculate Operand Address I 
I Prefetch Next Instruction I 

NO DOUBLE INDEX 

WITH PREFETCH 

I 
1 
I 
I 
I 
I 
1 
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SS Sequences 

1. CONTROL WORD 

2. TIME REFERENCE 

3. M REG 

4. ICY CTRL REG 

5. CONTROLS 

6. FUNCTION 

(PREVIOUS) W= LL+W V = LL + V 

DF6C DF60 i------... -----~I Execution Routine 

DF6C DF60 

Block ALU A entry 
if Base = 0 

I 

Force Displ , and 2 
III ---I (U Bus) to L Reg 

... _B2_~1 Base' and Base 2 
I- to L Reg 

B, . B2 

I 
Move I Bfrs 0, , 

1 Calculate Operand I 
Address' I Calculate Operand I 

Address 2 

NO PREFETCH 

(PREVIOUS) W = LL + W RDW LL ADJ, V + 4 

STG·' STG·2 

DF7C DF70 (TR) 
Exeuction Routine 

DF7C DF70 

Force TR Block LS Dest 

1 

111 ___ 1 Force Disp' and 2 (U Bus) to PBA 

B2 

B, 
_--... 1 Base' and Base 2 to L REG 

B2 _----.----.1 Block ALU A Entry if Base = 0 

till ____ .1 Force B = A + B ALU Operation 

Move I Bfrs 0, 1 Load I Bfrs 0, ',2 

~I --~~--~~--~ Prefetch next Instruction 
I Calculate Operand 1 

Address 1 
1 Calculate Operand 1 

Address 2 

WITH PREFETCH 
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I-Cycles Alignment Routine 

I·Cycle Entry with No Prefetch 

(Previous word was not a storage word.) 
The align routine is entered at address OF BO, which is a 
delay word. The delay word allows the destine of the V
Reg. 

Prefetch 
No 

Yes 

DF45 

I 24 V=LL+V 
V=(X2 or 82)+02 

OF58 

Prefetch 
ROW LLADJ+4 
V=(X2 or 82)+02 

tOF48-r-0FBO 
).::;:, ............... :.:.:.:.:<;: ::.:!: .;.;.;.;.;.:-:.;.:. 

,,:, :::":': ':' :":":": ': ":':'::::::::':' ;.::;:;:;. . . . . . . .. . :::~: .. 
V=(X2 or 82)+02 Delay 

Destine 
Z-Reg=V V=Reg 

54·5F 0 0 
Ql Align w 

LL LL Routine 0 0 

r-- - ---
I 
I 
I 
I 
I 
I , 
I 
L 

Perform a hardware 
branch on the mod· 
ified Op·code 
(Branch out of the 
ALIGN subroutine) 

GARR 

C140·C1FO 

-----

I·Cycle Entry with Prefetch 

(Last word was a storage word, requiring a storage 1 and storage 
2 cycle.) 
The align routine is entered at address OFB4, thereby eliminating 
the delay word. The delay word is not necessary in this instance 
because the storage 2 cycle allows sufficient time for the V-
Reg to be destined. 

DF48 
No Prefetch I 24V=LL+V 

V=(X2 or 82)+02 

Yes 

DF58 

Prefetch 
ROW LL AOJ.V+4 
V=X2 or 82)+02 

54·5F v Align Ql 
u. Routine a 

ROW Y AOJ V+4, T8 

0 
w 
LL 
a 

r-- - ---
I 
I 
I 
I 
I 
I , 
I 
L 

Perform a hardware 
branch on the mod· 
ified Op-code 
(8ranch out of the 
ALIGN subroutine) 

GARR 

C140·C1 FO 

----_. 
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I-Cycle Alignment 

The align routine enables data in main storage not on a word 
boundary to be aligned to appear on a word boundary. 

Consider the following example: 

G R 1 = 00 00 10 00 
G R 2 = 00 00 20 00 

5A 4 

Opcode T T 
GR-4(To L Reg) ~ 

Operand 1 
is in GR4 

Effective Operand 2 Address = 3002 

The data at main-storage address 3002 is to be added to 
the contents of GR-4 and the result placed in GR-4. 

I n order to get the data at address 3002, the problem arises 
that the desired data is not on a word boundary. 

MS AOOR 
3000' 

t 
01234567 

---- Desired Data -1--- i Data Read T ( Out of Stm,g, 

Word 
@3DOO 

Word 
@3004 

During the storage access, the bytes 0, 1,2, and 3 are 
placed in the V-Reg. Through the use of the TA-TB control
word function, bytes 2 and 3 are moved to bytes 0 and 1. 

I 0 I I 2 I 3 

lililiJ3 

4 5 6 7 

Y Before 

Y After 

I V-R,g contents; w;th operation, 
ROWand MOVE (indirect) 

I Q-Reg contents; w;th operation ROW 

The information is then place in the V-Reg (via an indirect 
MOVE operation) in the form; 

2 ~Y 
( From Q) 

3 
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I-Cycle Exit from the Alignment Routine 

I n some instances, it is possible to take an RX instruction and 
place the operand 2 data into a local-storage register. Once 
the operand 2 information is located in the register, it may 
use the R R format-execution routine. Consider the following 
example: 

[RX] 

5A R1 X2 B2 O2 

0 7 8 11 12 15 16 1920 
~' v 

Register Address 
Operand Operand 

1 2 

An R X '5A' add instruction has two operands, consisting of 

R1 and X2 + B2 +02- If the operand two fields are combined, 
the instruction would then appear as a '1A' R R instruction. 

The operand 2 data for both formats is placed into the Y
register before entering the execution phase. 

1A 

o 

[RR] 

7 8 11 12 15 
'---y---l '---v------' 

Register 
Operand 

1 

Register 
Operand 

2 

31 

During the align routine, the operand 2 data is placed in a 
local-storage register. Upon exiting the align routine, the R R 
execution routine may be used_ 

OF48 
No 

Prefetch I 24V=LL+V 
V=(X2 or B2)+02 

Yes 

OF58 

Prefetch 
ROW LL AOJ.V+4 
V=(X2 or B2) O2 

54-5F -.t 
0 Align 
m Routine u. 
0 

0 
w 
u. 
0 

r------
I 
I 
I 
I 
I 
I 
I 

I 
L 

Perform a hardware 
branch on the mod-
I Ie Poco e T dO d 
(Branch out of the 
ALIGN subroutinel 

GARR 

C140-C1 FO 

-----
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I-Cycles Program Modification 

Program modification is detected by a store operation using V or 
W, as a storage address within the present, or next storage double
word address, as compared to the 1- or TR-Reg. Only bits 8-28 
are compared. 

When program modification is detected, the branch read latch is 
set, and the modified instruction is loaded into the I-Bfrs. 

I n this example, the I nsert Character Op code causes the modi
fication of a portion of storage that is already loaded in the 
I-Bfrs. To continue operating on the old information in the 
I-Bfrs would cause the wrong result. To replace the old informa
tion, the branch read latch is set; and the modified information 
is loaded into the I-Bfrs early in the next I-phase. 

1=404 

I· BFR 2 

I D21 00 1 F 1 1 241 

I - BFR 1 

1 02 1 00 I F 1 1241 

1- BFR 0 

AOOR. 
400 
404 

v = 405 

Set Branch Read Latch 

INSTR. LABEL 
43200405 
D200F124F700 INOUT 

I C 2, I NOUT + 1 
MVC OUTPUT (00), INPUT 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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Control Word DFOC 

ADDRESS 

DFOC 

C-Reg 

a a 
1 1 
2 0 

co 3 0 
4 0 
5 a 
6 0 
7 0 

0 a 
1 1 

2 1 

C1 3 a 
4 1 

5 0 

6 a 
7 0 
a 0 

1 a 
2 a 
3 1 

4 1 C2 

5 a 
6 a 
7 a 
a a 

WORD 

40 68 18 00 

~ Storage Word 

~ R"dWocd 

STATEMENT 

RDW Y ADJ, V + 4 

~ B"noh H;gh 101 ITo b;t 4 of M-3! 

~ Da" R,!];"" IV-R'g! 

J-- Increment + 

t-- Stat Set 

~ Add,,,, SO"". IV-R'!]! 

~ Mod.IAdd, Adj! 

This statement would normally cause the word in main storage at 
the address specified by the V -Reg to be read out and placed in 
the V-Reg. 

This is not the case when in the 0 F module of control storage. 
The address DFOC activates certain lines that cause the handling 
of data to be significantly different. The lines activated by 
address D FOC are: Command Branch Load and Force I Reg_ 

These lines cause the following action to take place; 
1. The data from storage will be placed in the I Bfrs and the 

V-Reg will equal I Bfr O. 

2. The I-Reg data will be transferred to the B-Reg, and the V-Reg 
will equal the I-Reg + 4. 

Mode Reg bit 1 Bfr KC 163 ---I 
A 

(Not) I/O Operation RH 023 

A 

M Byte 2 RM 031,32 

(Not) CPU Low Request MS 014 

(Not) M Reg byte 3 bit a RM 074 ____ ---' 

OR 

These lines are the decode of M-Reg byte 3 bits. The Ctrl Reg } __ _ 
is the I-Cycle Control Reg. In effect, the decode is ~C. 

Generate 
Controls 

PH 

RU 031 

---tla-- CTR L Reg bit 1 and 2 are a R U 032 -.....y.-t---t 
CTRL Reg bit 4 RU 032 -~I---i 

(Not) Execute Instr Latch RU 044 
A 

A 

A 

1 a 

I-- Specia I Stat Set

~ N.xt Add"" ~-------------------- -------------------------1 2 0 
3 a 
4 a 
5 a 
6 a 
7 0 

C3 

FanCh Low 10! 

RC 111-191 

Present Address 
~ ______ )l,_ ____ ~ 
r "\ 

o 

2 
3 
4 

5 

6 
7 

Not CPU Low Request ----I 

DF 

D 
E 
C 
o 
D 
E 

M Byte 3 

A 

ICY 
Control 
Register 

Next Address 

~-------~'--------, 
I" " 

M Byte 2 M Byte 3 

D F o 4 

G.n"a" Add",,, l 
7TTI7~-------------X 

ADDR 
ASM 

t------ x 

RU 033 
RU 034 Gate ICY to M-Reg (active when in DF) OR 

RTN to ICY (activated by 10RTN or 
11 RTN and no interrupt) 
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RU 034 

1---- Force I Reg 



Byte 0 

: (I--~!<E_Y_~ 

o 01 7D o 

1 : 

, -.:; ;7 1 : 
:~:::I~B.;;;.U--_-_-_-T"-_-_-.;;;.-=-E.;..;;X~~P~LS~::::~::::5~4=::: ; TR 

o 1 2 3 31 o 1 
I I 

o 

B1, 2, 3 

H Half I 
Sum Che~'1 

EXP LS 

I 2 
I 

1 

55 

~ 1
2931 II 
lL.::i f 

EVEN 

II 2 3 ,4 

L 
.• L D·R.~g .r. 

ODD 

5 

I 

6 
i 

_______ .... y, __ ~y--..... -_---_ SDBO-Asm 
~ __ "' ____ ~ ______ ~U~ ______________ " __ 

EBI I 
o 
I ~ I 1 

'I' 

2 . 
I , 

.. 

BO,1.2,3 

Instr. 

7 

Ii I: 

"' ~ J1. 

B3 

BO, 1,2,3 

I-BFR 2 

I 2 
I I ] I 

, ' 

,~ I 1 TR 0 ~ I ~ -1 p~ I 
~~II~~.r~T~~~==~~~~ 

II 
1---....... Length Code 

From ICY Ctrl's 

U-Bus ~,. ~ A 

L I---~ I-- l---------~,..., II Base 
t-iI------I 

.~ 
Displ. 

~F.O.RC_E_I ~_~~ ______ , " .. r+ 
Gates data through PAA r;:~~'::' '::' :!:~I==;--;=~~======:::;-;======~~i' "::::,===,::",,,::;""'w::;":::=;:::::=;:::::;-" •. 

,'~~' # Add ,""'." I" 11' ", .,,,,,, " ,,,,,,,,,,,, I" 
'To ress .'. ==' Y, . . J::" ==: 
, M·B '9 Assembler '<' < A .LS, C:::::==.J.:;-'1 .JJ,. .~ A -Asm B.Asm < '" "14 J,.;'! > J.!,.. 

. ,. ;:, "'" .. , '" ", '" 

II-~O~--r-,-·" --...,.-, .....;A--R-rr ...... G-2-..,.,--3~-I1 it-I -o--r-I --1 --.;;...B--r-r
E
-

G
-2-" -, -'TJ -, _~_-t[ 

< ,.,IT,--_. "---,---..,--~~~---,II 
II 

PAA 
51,' 

COMMAND BRANCH LOAD 

Gates data through I BF Rs 2 and 1 into 0: 

B·LS 

I 
'<~, ~ .,~ '::.a: !ALU3 I ALU2 
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Branch Loop Example 

1 + a - Time 
2 - Gate Rtn to I-cycle 
3 + Force I-Reg to B-Reg 
4 + Gate ICY to M-reg 

5 - Select EVEN data 
6 + SIR I-Bfr 0 
7 + SIR I-Bfr 1 
8 + SIR 1-Bfr 2 
9 + SIR OP + 1m m Byte 

10 +S/Rlnst.Len gth Cnt 
11 - Gate 01 or B 2 
12 - Force Displ 

13 - Base'" Zero 
14 - Gate Base to LL 

15 - Set SPL from ICY 
16 - OP Branch C md 

- Move I-Bfr C md 
- SIR I-Reg 

17 
18 
19 
20 

eg + SIR lor V-R 
- Update I-Reg 

21 - Branch Read Lt. 
22 + SIR I-Back-U p 
23 + I-Cycle Latch 

24 - Set Ctr. Add ress 

Register Contents 

1 - Bfr 2 
1 - Bfr 1 
1 - Bfr 0 

I C428 I I I DFOC 

RTN LNK RDW Y ADJ, V + 4 
force I-M 
STG 1 Cycle 

-

Save I - IBU 

*The Register Contents 
shows the val ue after 
execution of the J1-word. 
(M-Reg, C-Reg contain 
next word.! 

REGISTER CONTENT IS VALID IF THE OPERATION IS 
PERFORMED ONLY ONCE I 

I-Reg 

TR-Reg 
IBU-Reg 
V-Reg 

I 
I 
I 
I 
I 
I 
I 

500 
50C 
500 
500 

I I I DF04 I I DFOO I 
Delay Delay 
Load OP-REG Load OP-REG 

STG 2 Cycle IMM Byte SPTL IMM Byte and SPL. 
Complete I-bfr load Branch on Format 

--- - -

I I 

47 

47 

47 
I 
lOp-Reg IMM-b IMM 

5A 124 I 47 1 FO I 

5A 102 100 124 47 02 100 I FO 47 102 100 F1 

S P T L S P T L S P T L 

50C 
500 

-I' 504 (1 + 4) 

1 DF48 I ~ 
V = LL + V I = V 
Calculate Address Successful Branch 

update I-Reg On Condition 

from Tr. Instr. 

--

I 

I 
Op IMM lOp IMM· 

47 I FO I I 5A I 24 I 

47 I 02 I 00 FO 47 102 00 I FO 

S P T L S P T L 

lIl· 50~ (from TR) 

I "i • 

t I q 

~ 
RTN LNK 
Check for pending 
interrupt. 

Op IMM 

Early recogn ition of l
ion = Set 

Ltch 
Reg Destinat 
Branch RD 

~ 

I 

5A 124 I 

47 02 

S P 

00 

T 

_, f 

L' 
I 
I 
I 
I 

500 (from V) 
50E I I ~ 508 -

I 
II 

500 

DFOC 

Automatic next 
Add ress = D F04 

DF04 

Automatic next 
Address = DFOO 

I 
DFOO 

bit 5 = 0, set CA 
Branch on Format 
no Prefetch - DF48 

I 
DF48 

'No Special RX. 
Instr. Branch ON 
Op-Code CXXO 

I 

C470 

Successful Branch 
(Not Successful 
= C474) 

I 

C428 

Branch Read 
Latch ON = 
DFOC 

500 Main Storage 507 

~DBLWD~ 
Even t Odd WD ., WD 

47 FO 15 00 5A 24 2D 04 

G R 1 = 00000000 

The base register is assumed to be zero 
for this example, wh ich causes an 
unconditional branch to the first 
instruction (47). The ADD instruction 
(5A) is used only to provide data for 
the registers. 
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Partial Instruction Stream I-Cycles Example 

The following instructions are contained in main storage. 

1A 32 5A 41 2D 02 1846 (I C set to address 1000) 

1 REG 

TR REG 

IBU REG 

1----1A RR 1 5A RX 1B RR 

1-1 PHASE.., f-I PHASE+ALlGN1 1-1 PHASE-l 

j-EPHASE-1 I-EPHASE-i f-EPHASE-l 
1--1000-+----1002 I 1006 ----+1----------1 

1-100A -10OC--- 100E ----+1------1008 ----------i 
~----1000--~----1002------41----1006----~ 

Add (1 A\lnstruction 

The 1 A instruction starts at address 1000 in main storage. To 
start processing at that address, assume that the set IC key is 

pressed. During the set IC microroutine, the I-Reg is destined. 
(This sets the instruction counter to address 1000). The I BU 

Reg has address 1000 and the TR Reg contains address 100A, 
the beginning address of the next doubleword. Destining the 

I-Reg as a result of the set IC microroutine causes the branch 

read latch (RU 043) to set. Upon completion of the set IC routine, 

the start key must be pressed, which initiates the start micro

routine. At the end of the start microroutine is a 10 RTN LN K 
microword. The combination of the 10 RTN LN K and the fact 

that the M-Reg is not at address OFXX along with branch read 

latch (previously set on) forces the M-Reg to address OFOC. The 

M-Reg addresses control storage and reads out the control word 
at address OFOC. 

CONTROL WORD AT OFOC- (ROW Y AOJ, V + 4) 

1. M-reg is at 0 FOC. 

2. This is a ROW, force I to B and read the doubleword at MS 
1000 and put it on SO BO. 

a. This double word (1 A32 5A41 2002 1 B46) will be in the 

SOBO Pre-Asm early in stored bycle 2 (storage cycle 1 was 
addressing MS). 

b. Late in Stg Cycle 2, the even word from the SOBO Pre

Asm will be gated to the SOBO Asm through EBI to the 
I-bfrs. I-Bfrs 0,1, and 2 will be "set/reset" (SIR); and at 

the end of storage 2 cycle, all three Bfrs will contain the 
same information (the even word). 

c. During the control word OFOC, the M-reg was set to 

address OFOC. Through hardware, the M-Reg is forced to 

DF04 by using the gating line 'Generate Address' (RU 031). 
d. The M-Reg reads out the control word from control

storage address DF04. 

Control Word at DF04 - (Y = Y, SO) 

1. Early in the cycle, the odd word of the doubleword read out 

during OFOC is gated from the Pre-Asm to the SOBO Asm 

through EBI to the I-Bfrs. This time only I-Bfrs 1 and 2 will 
be 'SIR'. I-Buffers 1 and 2 contain the same information, the 

odd word I-Bfr a contains the even word. 

I BUFFERS 

2 

1 

o 

2002 

2002 

1A32 

1B46 

1B46 

5A41 

2. The Op code (RU 118) and the Imm byte (RU 128) are set 

into the Op Reg and Imm byte Reg respectively. (I-Reg 

indicates which byte to gate to the Op-Reg). 

3. The ICY controls decode the Op code and set the I LC in UO 

Bits a and 1. The I LC is also made available to the add·carry 

(it is available to the add·carry at the time the I-Reg is updated). 

4. The Op Reg decode and the I-Reg are used to determine 
whether the present instruction is fully contained in the buffers. 

The Op code indicates the length of the current instruction, 

and the I-Reg indicates what part of the doubleword the 

current instruction came from. Therefore, through this com

bination of decoding, it can be determined whether further 
fetching is needed. (Further fetch is defined as when the 
present instruction is not fully contained in the I-buffers). 

In this case, no further fetching is required. The present 

instruction is fully contained in the Bfrs. The Op-Ioad latch 

(RU 043) is not turned on. 
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Control Word at DF04 (Cont'd) 

5. The present instruction is fully contained in the I-Bfrs. The 

I-Bfrs must be decoded to see whether the next instruction is 

fully contained in the I-Bfr's. Instruction Look Ahead is used 

to decode the format of the Op code that is following the 
current instruction. The decoding of this format indicates the 

length of the instruction that follows the current instruction. 

The I-Reg keeps track of the address that the data came from 

within the doubleword. Through this combination of decoding, 
it can be determined whether the next instruction is fully 

contained in the I-Bfr's. If not, a prefetch is performed (a 

prefetch is defined as: when the next instruction is not fully 

contained in the I-Bfr's) the next doubleword is loaded using 

the TR-register contents as an address. If there is not enough 

room in the I-Bfr's for the next doubleword, the prefetch is 

blocked. Prefetch is also blocked on all branch type O-codes. 

(In this case a prefetch is not required). 
The S- and L-Re gs are set from the Op-Reg and Imm-Byte

Reg. This occurs during ICY and when a cycle is taken. LL = 

operand 2. LH = Operand 1 

6. During the control word DF04, the M-Reg was at address 

DF04. The M- Reg is forced via hardware to address DFOO, 

by the gating line 'Generate Address' (RU 031). 
M-Reg at DFOO, the M-Reg reads out the control word from 

control storage address 0 FOO. 

Control Word at DFOO (Y = Y, SO) 

1. This is a delay word to allow the hardware to develop the 
next address. 

2. The gating line 'Set Control Address' (RU 032) is needed 

because a new sequence of Control words is being started. 

Note that DF20 does not always follow DFOO. In this case, 

the Op code has been decoded to 1 A and will cause a branch 

to DF20. 

3. During the control word DFOO, the M-reg was forced to DF20. 

Next ICY address formation 

Once the instruction is contained within the I-buffers, the next 

address is formed as follows: 

M 

BYTE 2 

OF 

~es~~~~tion } 

01=RR 
10 = RX,RS,SI 
11=SS 
OO=fetch i ng 

Set to 1 if a prefetch will be) 
performed. 
Set to 0 if no prefetch is 
required. 

M 

BYTE 3 

01234567 
I I I I I I 

6 I : : 00 
I I Set to 1 if more 
I I 
I I 
I I 
I I 
I 
I , 
~ 

I I 
I , 
X I 

X 

than one microword 
in the selected 1-
cycle routine. 

Set to 1 if only one 
microword is 
required. 

Set to 1 if one of the 
following conditions 
exists: 

R R with prefetch 
RR FLP long 
RX with double 

indexing 
SS instruction 

Otherwise, set to 0 

M-Reg at DF20, the M·Reg reads out the control word from 

control-storage address DF20. 

Control Word at DF20 (Y = LL, OF) (the last cycle in I-Phase) 

1. The word Y = LL, DF (LL points to operand 2). 

2. The contents of G R2 are placed in the Y Reg. 
3. At the end of this cycle, the value to be destined to the V-Reg 

will be in the Z-Reg. 

4. U2 and U3 are set from the Op Reg and I mm-Byte-Reg 
respectively, so that the information will be available to the 

microprogram during E Phase. 

5. Update I-Reg (I = 1002) (Note: TR will be updated after the 

SIR to the I-Reg). 

6. At the conclusion of I-phase, the Op code has been decoded 

(in this case 1 A) and the next address is known(C1 AO). 

7. The M-Reg is forced to C1 AO. 

M-Reg at C1 AO, the M-Reg reads out the control word from 

control-storage address C1 AO. 
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EXECUTE PHASE (I-CYCLES) 

The control word at address C1 AD is read out (The first cycle of 

E-Phase of the 1 A instruction). 

Control word at C1AD - (LHC = LH + Y) 

A. The following hardware functions are completed for I-cycles. 

1. The Bfr's are still being move. 

2. SIR the Op-Reg and the I mm Byte Reg from the next 

Op Code and Imm Byte. The I-Reg was updated just before 

leaving I-phase; therefore, the I-Reg is pointing to the next 

instruction. 

3. In E-Phase, the Op Reg and I mm byte Regs cannot be set 

into the S- and L-Regs. The system must be in I-cycles to 
gate the Op-Reg and Imm-byte-Reg to the S- and L-Regs. 

4. 4. The TR- Reg will be updated to point to the next double

doubleword. 

B. The control word read from address C1 AD performs the f 

following. 

1. LH is pointing to G R3 

2. Y has not been desti ned (Z = Y). 

3. At source time, the Z-Reg is gated back to the B-Reg controll

ed by Destination Look Ahead, and the contents of G R3 

are gated to the A-Reg. At the end of this cycle, the sum of 

GR3 and 2 will be in the Z-Reg and will be destined to GR3 

in the next cycle. 

4. The 1 A add instruction is now complete. 

a. The S-Reg will be changed by Stat sets. 

b. The U2- and U3-Regs still contain the Op code and Imm 

byte of the current instruction. 

c. The L-Reg still contains the address of operations 1 and 2. 

d. The microcode sets the condition code, test overflow, 

etc. 

e. While in E-phase of the 1 A instruction, the ICY controls 

are decoding the next Op code to determine the controls 

required for the next I-phase operation and the first 

address that will be used upon returning to ICY. 
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Example 2B Add (5A) Instrudion (Double Indexing with Alignment) 

fA 32 5A 41 2D 02 1846 
'-----v---' 

Operand 1 = G R4 

Operand 2 = main storage addr 3D02 

Add 

AR [RR) 

~1 __ 1_A __ ~I~R~1 __ ~I __ R~2~1 
o 78 1112 15 

A [RX) 

o 7 8 11 12 15 16 1920 31 

The second operand is added to the first operand, and the sum is 
placed in the first operand location. 

RX With Double Indexing and Alignment 

• The definition of double indexing is: Neither base nor index 
fields are using GRO (zero). Another control word is needed 

to calculate the operand. 

• Alignment: (operand 2 is pointing to a storage address; the 
data at that address will be added to the contents of the G R 
that operand 1 is pointing to). 

Fetch data from storage (using operand 2). 

Align data in the GR. 

Both operands are now in local storage. 

The same routine may be used as in the R R Add to add the 
two operands because both operands are in local-storage 
registers. 

1---1 Phase for 5A -------. +-1 ..... --------- Align--------p-f,~.--- E Phase for 5A 

m m Ii m II 
~DF4C---+--- DF40 ---1--- DFBO ---1-- DFB4---+-DFEO---+--C1AO ~ 

V=B2+ Displ 

V=1,D02 

V=V+ Index 

V=3,D02 

Z Reg=V 

DELAY 

Destine V Reg 

r-----~~,------f \ 
ROW Y ADJ V+4, TB 

At the end of the Align routine, the 
data that operand 2 was pointing to 
is fully aligned in the Y-Reg. 
The V-Reg, which contains the 
main-storage Address, must be 
taken through the address Asm 
because Destination Look ahead 
can not be used at this time. 
The DFBO delay word allows 
time for this. 

m Developing address DF4C after E-Phase of the 1A Op-code. 
During E-phase of the 1 A Op code, the Op-Reg contains the next 
Op code 5A. During this time, ICY controls are setting up for the 
next address in the SF module by decoding the next Op code 5A. 
The next address 4C is developed by the lines I LC, RX, RS, 51, 
SS, and IF MOR E THAN ON EM-WORD. (The line 'if more than 
one M-word', is developed from the decode of double index). 
After the execution phase of the Add (1 A) operation is complete, 
the RTN LN K microword develops the gate line 'set contr~1 
address' (not OF'). 'Set control address' gates the developed 
address 4C to the M3 assembler, and gate OF, to the M2 assembler. 
Rtn to ICY gates the assemblers to the M-Reg, setting the M-

Reg to the next address DF4C. 
At the end of DF4C, the V-Reg = Base + Displacement (2002) 

LHC=LH+Y 

~~-~--
pointing to contains the data from main storage 
operand 1 that operand 2 was pointing to. 
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The transition from address DF4C to DF40 is accomplished by 

using the decode of the ICY Ctrl Reg 4C and gating line 'Generate 

Address'. 
At the end of DF40, the V-Reg will contain X + B + D (3D02). 

Address DF40 to address DFBO; (going to the Alignment Routine) 

1. 'RX with alignment' develops the gating line'Op-Branch to 

DF'. 
2. 'Op Branch to DF' gates 'Align Entry' (in this example, the 

last control word in I CY is not a prefetch; therefore, the' Low 

Bit Y' will be zero and the Op code 5A will develop a B) to 

the M3 assembler, and DF to M2 Assembler. 

'Gate ICY to M-Reg' gates the assemblers to the M-Reg. The 

M-Reg contains DFBO, which is the first address in the align 
routine. 

Being in the align routine deactivates the ICY controls. This is 

done by fv13 bit 0 being on, which deactivates 'generate address' 

latch and 'Generate Controls'. With the I CY controls deactivated, 

the control words in the align routine develop the next address. 
(The exception to this is the first and last addresses of the align 

routine, which are developed by ICY controls). 

Note the setting of U2-U3, updating I-Reg, etc., when going from 

DF40 to DFBO (Op Reg and Imm byte will be set in the first 

control of E-phase of the 5A Op-code). 

The first control word in the align routine is a delay word to 

allow the destine of the V-Reg. This is necessary because the next 

control word 'DFB4' in the alignment routine is R DWY ADJ 

j + 4, TB. The V-Reg is addressing storage, and' ADJ' (hardware 

adjustment) specifies that the V-Reg must be taken through the 
Addr Asm to address storage. Destination Look Ahead may not be 

used to get data to the Addr As m; therefore, D F BO must be used 

to allow destine of the V-Reg so that it will be available to the 

address Asm during 'DFB4'. 
At the end of the alignment routine, the data that operand 2 

was pointing to is fully aligned and is in local storage (in the Y
Reg). 

1:1 The last address in the align routine is DFEO, M3 bit 0 being on 
and the line 'FO, EO (M3), activates the gating line 'Op Branch' 

(on Op code). Upon exiting the align routine, the Op code 5A is 

still in the Op-code register. The gating line 'Op Branch' (on Op
code) causes a hardware branch. *LH is pointing to operand 1 

(GR4), and the data that operand 2 was pointing to is aligned and 

in the Y-Reg. It is now possible to branch to the RR add routine 
and add the two locations in local storage. The first control word 

found in the RR add (at address C1AO) is LHC = LH + Y. Hard

ware takes the present Op-code 5A and 'minus 4' from the left hex 

digit of the present Op-code. Therefore, the present Op-code (5A) 

is changed to Op-code of lA. This is how the ICY controls set up 

the next address when leaving the alignment routine of some RX 
instructions and Op-branch (on Op-code) to the execute routine 

for a R R instruction. 

3145 TM 2-87 



MVC (D2) I nstruction Example 

MAIN-STORAGE 

ADDRESS 

1004 
I 

D2 OF 1 D 01 : 2D 0247 F1 0501 1A 5A 
I "---v ~ 

Further fetch required because the 

current instruction is not fully contained 

in the I-Bfr's. 

I-Phase for MVC (D2) Requiring Further Fetch 

• Set I/C to 1004. 

• DFOC (M-3 bit 5 is on, forcing the oddlodd time slot). Gate 
in storage cycle 2 I-Bfr's 0, 1, and 2 will be SIR with the odd 

word. 

• DF04: early in the cycle, I-Bfr's 1 and 2 will again be SIR with 
the odd word. The Op-Reg, Imm byte, I LC and Sand L will be 

set. If the current instruction is not fully contained in the 
Bfr's the 'Op latch' turns on. 

• DFOO: delay 'set control address'. 

• OF14: 'Op load' latch on and 'set control address' caused 
generation of OF14. ROW: force TR to B-Reg (fetch next 

doubleword). Storage 2 cycle SIR Bfr's 1 and 2 from even 

word. Next, the 'generate address' gating line is needed. 

• OF 1 0: (delay) SIR Bfr 2 from odd word. Format the branch. 
A new sequence of words is being started in ICY. Therefore, 

the gating line 'set control address' is needed. The Op code in 

the next address '6C' is developed by: 

I LC, and SS develop the '6'. 

If there is more than one control word and the control line 

'not RR or FLP with prefetch' will develop the "C". 

• OF6C W = LL + W (add base 1 + displ1 to W-Reg) *Block 'w' 
as a source and gate Oispl. 1 from Bfr 0 to the B-Reg. LL 

points to base register. At the end of this cycle, the Z-Reg 

will contain operand 1, B2 is gated from Bfr 1 to LL. (82 

must be in LL for the next address to calculate operand 2). 

To develop the next address, the gating line 'generate address' 

is activated. 

• DF60 V = LL + V, Block V as a source, gate displ. 2 from Bfr 
1 to the 8-Reg. LL is pointing to Base Reg 2. During this 
cycle, the W-Reg was destined. At the end of this cycle, the 

Z-Reg will contain operand 1. 'Op Branch' to CD20. Leaving 
I-phase to E-phase, set U2 U3. Update the I-Reg (must update 

I before the Bfrs are moved and set Op-Reg and Imm byte). 

MWve Bfrs (this overlaps into first cycle of E-phase). 

• CD20: Set Op-Reg and Imm byte with Op-code and Imm byte 
of the next instruction. (The I-Reg indicates where the Op-code 

and Imm byte are in the Bfr's. 

• C020: Set I LC (from next Op code). Update TR. The Sand 
L Regs will not be set from the Op and I mm byte because the 
addressing range is out of ICY (DFXX Module). 

• Durin~ E-phase of the MVC, the microprogrammer has the Op
code and I mm byte available in U2 and U3. The length will be 

decremented in U3. The condition code will be set in UO bits 

2 and 3. The S-Reg will be changed by Stat sets. Move 

characters. During E-phase, the ICY controls are decoding 

the next Op-code 47 to develop the first address that will be 

used when returning to ICY after E-phase of the MVC Op

code. 

• XXXX - RTN LNK 11 - The ICY controls provide an I-cycle 
starting address of: DF48. If there is no interrupt pending, 

this is the data value set into the M-register. 

• OF48 - V = LL + V - Block Vas a source, gate displ2 from Bfr 
1 to the B-Reg. LL is pointing to base Reg 1. 'Op Branch' to 

C470. Leaving the I-phase, set U2U3. Update the I-Reg and 

move the I-buffers. 

• C470: Beginning of E-phase for branch instruction. V-Reg 

is destined with sum Base + Displacement. 

• Note that a software branch has occurred. Refer to example 1 
for any further explanation. 
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i REMEMBER ..... 

There is a Reader's Comment Form , ••••••• ". 
••.•• at the back of this publication. } .. 
o ...~.; 
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Execute 44 Instruction Example 

The execute instruction causes one instruction in main storage 
to be executed out of sequence without actually branching to the 
object instruction. For example, assume that a move (SI) in
struction is located at address 3820, with format as follows: 

Machine Format 

OP Code B1 01 

92 66 I C 003 

O. 78 1516 1920 31 

where register 12 contains 000089 16_ 

Assembler Format 
OP CODE 01 81 12 
MVI 3 (12),X'66' 

Further assume that at storage address 5000, the following 
execute instruction is located: 

o 

Machine Format Assembler Format 

OP CODE R1 X2 B2 02 OP CODE R1 02 X2 B2 

I 44 I 1 I 0 I A I 000 I EX 1,0(0,10) 

o 78 1112 15161920 31 

where register 10 contains 00 00 38 20, and register 1 contains 
00 OF FO 99. 

When the instruction at 5000 is executed, bits 24-31 of register 
1 are ORed inside the CPU with bits 8-15 of the instruction at 
3820; 

Bits 8-15: 

Bits 24-31: 

Result: 

0110 01102 = 66 

1001 1001 2 = 99 

111111112 = FF 

causing the instruction at 3820 to be executed as if it originally 
were: 

Machine Format Assembler Format 

OP CODE 12 B1 OP CODE D1 Bl 12 

92 FF I C I 003 MVI 3 (12), X'FF' 

7.8 15 16 1920 31 

However, after execution: 

Register 1 is unchanged. 
The instruction at 3820 is unchanged. 
Storage location 8919 contains FF. 
The CPU next executes the instruction at address 5004 

(PSW bits 40-63 contain 005004) 

INSTRUCTION 

STREAM\ 

ADDRESS 
5000 

IOP.C:DE I 

GR-' 

I 00 I OF I FO I 

R, X2 B2 D2 , 0 A 000 

GR-'0~ 
99 I x2+ I 00 I 00 I 38 I 20 

~ ~ 
OR 

FUNCTION 

I-Cycles 2-90 

ADDRESS ............................................... ADDRESS 
3820 

I OP9C~DE I 12 B, 

6 6 C 

I +D2 =3820-

RESULT (FF) 
TO ADDRESS 8919 

OP CODE 12 B, D" 

9 2 FF C 003 

EFFECTIVE INSTRUCTION FROM ADDRESS 3820 

D, 

003 

GR_'~ 
I 00 I 00 I 89 '6 

5004 

~ 
@]J 

+D, = 89'9 



1. a. Assume that the instruction being processed had prefetched 

storage location 5000. 
b. During the E-phase, the I-cycle starting addre'ss of D F48 

is provided as data input to M-Reg. 

2. 10 for Instruction a-Code '44' 

• Base 1 was gated to LL during the Rtn to ICY . 

• 1-Reg=5000 

• During E-phase of the previous instruction, ICY controls 
recognized that the current and the next instructions are 
fully contained in the I-Bfr's. Therefore, the first address of 
I CY for Op-code 44 is D F48. 

• DF48 'set control address' and the lines 'I LC, RX, RS, SI, 
SS, and not RR or FLP with prefetch' cause address DF48 
to be gated to the M-Reg. 

NOTE: Op Branch to DF (The three control words used for 
the 'Execute Instr' are referred to as "align". That is, they 
are in the DF module; and when entering these three words, 

the ICY controls are inactive. The I-Reg will be updated to 
5004 (next sequential instr). 

• OFA4: 'Op Branch to OF gates out align entry A4. 

• The word at D FA4 moves the G R specified by the R 1 
field to the W-Reg, and in doing so: 
a. Sets the execute latch on (1- or V-Reg will be V) 
b. Loads the immediate byte modifier Reg-and ORs it with 

Imm byte Reg because Rl is not GRO. 

• Rtn Lnk (DF84): The first address in ICY will be DFOC 
because the 'branch read' Latch was found ON during 
OF84. 

I-Phase for the Subject Instruction 

• DFOC: The 'execute' latch is on, indicating that the V-Reg 
should be used in place of the I-Reg to address storage. The V
Reg contains the address of the subject instruction that was 

calculated as operand 2 during I-phase of the execute instruction. 

• V + 4, used if further fetch is required to load the subject 
instruction. 

• After E-phase of the subject instruction, return to DFOC and 
reload the Bfr's. 

The 1- Reg was not updated during the subject instruction; 
therefore, the next sequential instr. will be loaded from the 
instr. stream (from address 5004). 
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A-REGISTER, B-REGISTER, AND ALUs 

Arithmetic and logic operations in the CPU are processed by 
two one-byte arithmetic and logic units (ALUs). 

ALU operations and program symbols: 

Symbol Operation 

,A, AND 
,OR, OR 
,OE, Exclusive OR 

+ True ADD 
Complement ADD 

,0+-, Decimal ADD 
+- Binary ADD 
,A-, Complement AND 

The two input operands for the ALUs are entered into 
the A-register and the B-register and gated through their 
output assemblers. 

Two ALUs are provided to allow simultaneous operation 
in halfword operations and to provide checking during 
logic·byte operations. 

By using two ALU cycles during a CPU cycle, the ALU 

system can binary-add two fullword operands. 
Normal operations are for either byte operands or fullword 

operands as defined by the control word. 

Special gating controls are provided in the entry of each 

ALU to allow manipulation of byte operands for logic and 
arithmetic operations. 

The description of ALU operation in control words is given 
in Chapter 4 of this manual. 
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A-REGISTER AND A-BYTE ASSEMBLER 

The A-register serves as the A source entry for the ALLJ system 
and to enter data into main storage through the SOBI. 

I nput data for the A-register comes from the A local storage, 
the external registers, or a previous ALU output from the 

Z-register. 
Parity is checked on all four bytes of the A-register during 

entry. An error condition is reported in MCKA byte 2 bit 4_ 
The A-register is a fullword (four-byte) register that normally 

enters the fullword. 
The A byte-assembler provides the means of presenting the 

A-register bytes to the ALU system and to the EDBI. 
The A byte-assembler has a four-byte output to allow 

assembling a fullword to feed the EDBI. 
Only the byte 2 and byte 3 assemblers feed the ALU system 

and have gating to enter any of the four A-register bytes into 

either output. 
Byte a assembler cannot gate the A-register byte 1, and byte 1 

assembler cannot gate the A·register byte a into their outputs, 
because they are not required in defined operations. 

The high-order three bytes of the A byte-assembler do not have 
a parity check but depend on the receiving area checks. 

The byte 3 assembler is parity-checked because of its use in 
decimal adding, and the error condition is reported as an 
A-register error. 

S-Register Bit P-7 

Z-Register Byte-O Bit P-7 

External Asm Byte-O Bit P·7 

Exp Ext Asm Byte-O Bit P 7 

A-Local Stor Byte-O Bit P·7 

P·Register Bit P·7 

Z· Register Byte·1 Bit P·7 

External Asm Byte·1 Bit P·7 

Exp Ext Asm Byte·1 Bit P·7 

A-Local Stor Byte-1 Bit P 7 

T·Register Bit P-7 

Z·Register Byte·2 Bit P-7 

External Asm Byte·2 Bit P-7 

Exp Ext Asm Byte 2 Bit P-7 

A· Local Stor Byte·2 Bit P-7 

L-Register Bit P·7 

Z-Register Byte·3 Bit P·7 

External Asm Byte-3 Bit P·7 

Exp Ext Asrn Byte·3 Bit P·7 

A-Local Stor Byte-3 Bit P-7 

A·REGISTER 

Byte 

0 

L...o.-

Byte 

1 

.......---

~ 

Byte 

3 

RA 111-162 

AD P·7 

A1 P·7 

A2 P·7 

A3 P·7 

A BYTE-ASSEMBLER 

AD P-7 

A2 P·7 --~ 

A3P-7 --~ 

AD P·7 ----I 

A1 P·7 ----I 

Byte 

D 

Byte 

1 

A Byte-Assembler Byte D 

t--- A Byte·Assembler Byte 1 

A3 P·7 ----

AD P·7 

A1 P·7 

A2 P·7 

A3 P·7 

AD P·7 

A1 P·7 

A2 P·7 

A3 P·7 

Byte 

2 

Byte 

3 

BA021-028 

A Byte·Assembler Byte 2 

A Byte·Assembler Byte 3 
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B-REGISTER AND B-BYTE ASSEMBLER 

The A-register serves as the B source entry for the ALU system 
and the data address entry for the M and N registers. 

I nput data for the B-register comes from the B local storage, 
the A-register, the SPTL external, or a previous ALU output from 
the Z-register_ 

Parity is checked in all four bytes of the B-register during entry_ 
An error condition is reported in MCKA byte 2 bit 5. 

The B-register is a fullword (four-byte) register that normally 
enters a fullword. 

The B byte·assembler provides the means of presenting the 
B-register bytes to the ALU system. 

The B byte-assembler can gate any byte of the B-register into 
both byte 2 and byte 3 outputs to feed the respective ALUs. 

The B byte-assembler has a parity check on both outputs, and 
an error condition is reported as a B-register error_ 

S-Register Bit P-7 

Z-Register Byte-O Bit P-7 

B-Local Stor Byte-O Bit P-7 

A-Register Byte-O Bit P-7 

P-Register Bit P-7 

Z-Register Byte-1 Bit P-7 

B-Local Stor Byte-1 Bit P-7 

Z-Register Byte-1 Bit P-7 

T-Register Bit P-7 

Z-Register Byte·2 Bit P-7 

B-Local Stor Byte-2 Bit P-7 

A-Register Byte-2 Bit P-7 

L-Register Bit P·7 

Z-Register Byte-3 Bit P-7 

B-Local Stor Byte-3 Bit P-7 

A -Register Byte-3 Bit P-7 

B REGISTER 

Byte 

o 

Byte 

1 

Byte 

2 

Byte 

3 

RA 113-164 

BO P-7 

B1 P-7 

L B-Reg Byte-1 Bit 4·7 

I (ALU-2 Shift Asm) 

B2 P-7 

B3 P-7 

BO P-7 

B1 P-7 

B2 P-7 

B3 P·7 

BO P-7 

B1 P-7 

B2 P-7 

B3 P-7 

B BYTE ASSEMBLER 

Byte 

2 

Byte 

3 

BB 112-123 

L_ B-Byte Asm 2 Bit 0-3 

I (ALU-2 Shift Asm) 

B Byte Assembler Byte-2 

L_ B-Byte Asm 2 Bit 4-7 

I (ALU-3 Shift Asm) 

~ B-By,. A,m 3 Bit 0-3 
(ALU-3 Shift Asm) 

B Byte Assembler Byte-3 

~ B-By," A,m 3 B;, 4-7 

(Shift to T-Reg) 

A-Register, B-Register and ALU s 2-94 



ALU A ENTRY GATING 

The logic requirements of the system make it necessary to be able 
to block or transpose (cross) a part or all of the A entry byte 
operand. 

The high (0-3) and low (4-7) portions of the operand are 
separately gated to allow moving a portion straight to the ALU or 
to cross high and low in entry to the ALU. 

When none of the ALU entry gates are activated, the entry is 
blocked and the operand is presented to the ALU as zeros. 

For a normal entry, both straight gates are raised and the full 
byte is entered. 

For a crossed or transposed entry, both cross gates are raised. 
For operations requiring only one portion of the operand, the 

appropriate gate is raised to enter the desired portion into the 
specified position of the ALU with zeros in the ungated portion. 

ALU A Entry Gating 

Gate B Asm to A Sw 

B Byte-Asm Bit 0-3 

A Byte-Asm Bit 0-3 
A 

Straight High (SH) 

A 
Cross High (CH) 

Cross Low (CLl . 
A 

Straight Low (SLl 
A 

A Byte-Asm Bit 4-7 

A 
B Byte-Asm Bit 4-7 

0 

0 

AL111-121 

AL 131-141 

Op Entry Byte 

Sym Operation HHHH LLLL 
------ -------- - - - ---

BS Straight HHHH LLLL 
BSO Block High and Low 0000 0000 
BSH Gate High; Block Low HHHH 0000 
BSL Gate Low; Block High 0000 LLLL 

------------- ----- ---- -
BSX Cross High and Low LLLL HHHH 
BSXH Cross; Gate High; Block Low LLLL 0000 
BSXL Cross; Gate Low; Block High 0000 HHHH ----------------- --- --

ALU A-Input Bit 0-3 

ALU A-Input Bit 4-7 

Gate 

SH CH CL SL 

x x 

x 

x 

x x 

x 

x 

ALU B ENTRY GATING 

The logic requirements of the system make it necessary to be 
able to block all or part of the B entry byte operand and to enter 
the shift and K factors. 

The high (0-3) and low (4-7) portions of the operand are 
separately gated to the ALU entry in order that one or both por
tions may be blocked and entered as zeros for the operand. 

For a normal entry, both of the gates are raised and the data is 
transferred straight to the ALU. 

When the normal entry is blocked, the byte developed in 
either the shift assembler or the K assembler can be gated. 

The ALU B entry has a true/complement gating that reverses 
the binary bit levels of the operand byte when the complement 
line is raised. 

The complement line is under control of the minus operation 
sign or the presence of the SO bit when the operation sign is i" in 
the control word. 

ALU B Entry Gating 

C omp ement 

Shift-In Asm Bit 0-3 
A 

Gate B Sh ift 
t--

K Assembler Bit 0·3 
A 0 

Gate K Asm to A LU OE .--- >--
B Byte-Asm Bit 0-3 

A 
Gate High (H) 

Gate Low (L) 
A 

B Byte-Asm Bit 4-7 
'--

---- A 0 
K Assembler Bit 47 OE ~ 

t--- L---
'---

A 
Shift-In Asm Bit 4-7 

BB 112-122 

Op Entry 

ALU B-1 nput Bit 0-3 

ALU B-Input Bit 4-7 

Byte Gate 

S"m Operation HHHH LLLL H L 
- - -- - - -- - -- - -- - - - - - -- --

BS Straight HHHH LLLL x x 

BSO Block High and Low 0000 0000 

BSH Gate High; Block Low HHHH 0000 x 

BSL Gate Low; Block High 0000 L.LLL x - -- ---------- - - - - -- - - - -- - - -
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SHIFT GATING 

Special ALU entry gating is provided to allow the two-cycle right 
shift (four bits) operation_ 

During both cycles, the low-order four bits of byte 2 and the 
high-order four bits of byte 3 are assembled as a byte for the B 
entry of ALU-3. 

During the first cycle, the high-order four bits of the T-register 
are set into buffer latches in the shift assembler, and the low-order 
four bits of byte 3 enter the T-register. 

During the first cycle, the low-order four bits (4-7) of byte 1 
and the high-order four bits (0-3) of byte 2 are assembled as 
a byte for the B entry of ALU-2. 

During the second cycle, the buffered T-register bits and the 
high-order four bits (0-3) of byte 2 are assembled as a byte for 
the B entry of ALU-2. 

The A entries for both ALUs are blocked and enter zeros for 
both cycles. 

. T-Register Bit 0-3 --. 

T
Reg 
High 
But 

BBOll 

Shift Assembler 

B-Reg Byte-l Bit 4-7 

B Byte-Asm 2 Bit 0-3 

B Byte-Asm 2 Bit 4-7 

B Byte-Asm 3 Bit 0-3 

ALU2 
High 

ALU2 
Low 

ALU3 

Low 

BB 011 

Shift-I n Asm 
Byte 2 

Shift·ln Asm 
Byte 3 

ALU K ASSEMBLER 

The K assembler for the ALU gates fixed constant and con
stants defined by the ~ontrol word to the B entries of the ALUs. 

Byte 2 of the control word in the C-register can be gated 
directly as a full byte to the ALUs_ 

The low-order four bits (4-7) of byte 2 in the C-register can be 
gated to the low-order (4-7) of the K byte with zeros in the high
order (0-3)_ 

The low-order four bits (4-7) of byte 2 in the C-register can be 
gated to the high-order (0-3) of the K byte with zeros in the low
order (4-7)_ 

The high-order four bits (0-3) of the T-register that define the 
bytes to be read or stored are converted to a binary count byte 
for adjusting the address and the count. 

The four memory flag bits from the selector-channel buffers 
are converted to a binary count byte for adjusting the address and 
count during share cycles_ 

When C-register byte-O bits 2 and 3 are used to define the size 
of the data transfer in a storage word, these bits are converted to 
a binary count. 

For a decimal operation requiring binary to decimal adjustment, 
a K66, K60, or K06 value is developed during the second pass. 

ALU KA ssem bl er 

Decimal Carr High (K60) 

C-Reg Byte-2 Bit 0-3 

T·Register Bit 0-3 
Binary - Decode 

~ 

Sel Chan Mem Flags 

C-Reg Byte-2 

- Binary fo--u Bit 4-7 
Decode 

Decimal Carr 
Low (K061 

C-Reg Byte·O Bit 2·3 - Binary 
Decode 

BK 014 
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K-
But 
High 

I--- K Assembler Bit 0-3 

po-

K 
But 
Low 

~ K Assembler Bit 4-7 
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ARITHMETIC AND LOGIC UNIT (ALU) 

The arithmetic and logic unit (ALU) performs the logic manipula
tion and adding operations in the CPU_ 

Two ALU units are provided to allow halfword binary and 
word-move operations in one pass.· 

Two ALU passes can be made during a CPU cycle to complete 
a fullword binary or word-move operation. 

Each ALU consists of the A and B entry gates, the logic and 
arithmetic circuits, and output gating to position the output byte 
in the Z-register. 

ALU-3 entry lines are checked for invalid decimal digit to 
ensure a correct decimal output with errors reported in 51 bit_ 

A carry look-ahead circuit is shared by the ALUs to allow simul
taneous arithmetic processing of two successive digits or bytes. 

During logical operations, both ALUs are fed with the same 
data, and a logical check circuit compares the results and reports 
errors through MCKA byte 2 bit 2_ 

The ALU logic circuits develop four outputs for any input 
presentation, and gates defined by the control-word operation 
select the appropriate output to set the Z-register_ 

Three of the ALU circuits provide the logic AND, OR, and OE 
outputs; the fourth combines these with the carry inputs to 
develop a full sum output used for decimal arithmetic. 

The A-logic function is performed by raising the complement 

line in the 8 entry and gating the AND output. 
A parity prediction (generator) circuit on each ALU develops 

an output parity based on the inputs and the operation and is 
proven by the parity check of the Z register. 

I n word operations the A LU-2 output is set into ZO and Z2 and 
ALU-3 output is set into Z1 and Z3 on the first pass with an 
update of ZO and Z1 on the second pass. 

For byte operations ALU-3 output is set into all Z-register bytes 
to allow the 5DBO byte assembler to enter the byte into any 
position. 

Half-Sum Checking 

The half-sum lines (OE) developed from the two ALU operands 
are tested against the parity bits of the two operands to check the 
parity of the entry data. 

Each half-sum line indicates the odd/even relation of a bit 
position within the operands. 

Developing an odd/even count from the eight half-sum lines 
indicates the level of the entry data bits (16) that should check 
with the level of the entry parity bits. 

A separate latch is set for each pass and each ALU, but the 
ALU-2 indications are blocked for decimal operations. 

A detected error sets an ALU check indicator in MCKA byte 2 
(bit 0 for ALU-2; bit 1 for ALU-3). 

AL-135 -145 Transmit Byte-2 Bit 0-7 

Half Sum Byte-2 Bit 0-7 
ALU-2 A-Input Bit 0-7 -

ALU-2 

L Input 
Logic Half Sum Grp By 2 BO-3 

ALU-3 B-Input Bit 0-7 - Half Sum Grp By2 B4-7 

Carry Out Grp By2 BO-3 
AL-115 -125 Carry Out Grp By2 B4-7 Carry In Grp By2 BO-3 

Carry In Grp By2 B4-7 

Second Pass Time - I-- ALU-3 Carry Bit 0-7 Pass-1 

Carry into Addr Byte-3 Bit-7 _ I-- ALU-3 Carry Bit 0-7 Pass-2 

Complement - I-- ALU-2 Carry Bit 0-7 

Arith Decimal Word - I-- ALU-3 Carry Bit 4-7 

Carry In Grp By3 BO-3 
Carry Out Grp By3 BO-3 Carry In Grp By3 B4-7 

Carry Out Grp By3 B4-7 - Half Sum Grp By3 BO-3 
ALU-3 A-Input Bit 0-7 

ALU"3 
Input 

Half Sum Grp By3 B4-7 AM-014-0l5 

1 Logic 
Carry Gen Byte-3 Bit 0-7 - -ALU-3 B-Input Bit 0-7 
Half Sum Byte-3 Bit 0-7 

AL-115 -125 Transmit Byte-3 Bit 0-7 

'/ 
t ,/ 

'l' , 
I 

AL-136-l46 
Full 
Sum 

Full Sum Byte-2 Bit 0-7 
Byte 
2 

l-Bit Carry ALU-2 

ALU XOR Operation ---4_ 
ALU AND Operation 

ALU OR Operation 

ALU ADD Operation 

l-Bit Carry ALU-3 
Full 
Sum 
Byte Full Sum Byte-3 Bit 0-7 

3 
AL-116-126 

\rt 
,[I 1\ 

,r, 1\ 

/\ 

ALU-2 
Out-
put 
Assm 

, / 
II" 

.. ~~ 
1\ 

ALU-3 
Out-
Put 
Assm 

AL-l 33-143 

I--- ALU Bus Byte-2 Bit 0-7 

t-- ALU Bus Byte-2 
Bit 0-7 Even 

t--- ALU Bus Byte-3 
Bit 0-7 Even 

I-- ALU Bus Byte-3 Bit 0-7 

AL-l1 3·123 

3145 TM 2-97 



Z-REGISTER and D-REGISTER 

Z-REG 

ri
PI I P 

0 

7 7 
7 A-REG 

B-REG 
P P 

B-REG 
1 

7 7 D-REG 

I 
J 

P 

SPTL 
2 

7 

ALU-3 

ALU-2 

P 

3 H-REG 

7 

RA 013 + 
Z-REGISTER PARITY CHECKING 

Z-REG Byte 0 Bit P -

Z-Reg Byte 0 Bit 0-
Z-Reg Byte 0 Bit 1 -
Z-Reg Byte 0 Bit 2 -
Z-Reg Byte 0 Bit 3 -

EV EV EV - Z-Reg Byte 0 PC 

Z-Reg Byte 0 Bit 4 -
Z-Reg Byte 0 Bit 5 -
Z-Reg Byte 0 Bit 6-
Z-Reg Byte 0 Bit 7 -

Z-REGISTER 

PB014 

EV 

Note: The function of the EV block 
is to provide an output, only 
when the number of active 
inputs is even. 

Sample circuit for parity 
checking each byte. 

PB014 

The ALU results are set into the four-byte Z-register. The 
ALU result data can then be routed to: 

• The S, P, T, or L-register 

• The A- and B-registers 

• The D-register 

Z-register data (ALU result) is tested, if so specified in the 
control word being executed, to set or reset S-register bits. 

The direct paths from the Z-register to the S, P, T, and 
L-registers permits the setting of these externals earlier than 
other external facilities_ This capability is necessary because 
these registers are frequently used by the next control word 
for status information and for local-storage and external
register addresses. Data destined to all other facilities is 
set into the D-register and destined during the next control
word cycle. 

ALU data set into an external register (other than S, P, 
T, or L) in one control-word cycle is not available as source 
data for the next control-word operation. 

One.byte Ops feed all four bytes of the Z-Reg with the 
same data. 

A path is provided from the Z-register to the A- and B
registers. This path is to allow ALU data destined to local 
storage (not externals) by one control word to be used as source 
data by the next control word. 

Example: 
A control word is executed, and the resu It is gated to the 

R-register. 

Z-Register and D-Register 2-98 

M,.o..I'4 STORAGE 

.. _. _ fVUJ.OORASM 

MAIN .rod 
CO'HRO~ $TORAGf 

The next control word requires the R-register as the 
B-source. 

The Z-register to B-register gate is activated because the 
result of the previous control word has not been set into 
the R-register. The Z-register is also gated to the D-register 
in normal fashion. 

Refer to Local Storage Destination-Look-Ahead in 
Chapter 2. 
Any combination of byte selection is possible. For example: 

if only byte 2 of a local-storage location is altered, then only 
that byte is routed to the A- and B-registers from the Z
register. Bytes 0, 1, and 3 come from the local-storage 
location addressed by the control word being executed. 
Consequently, no matter which bytes of a local-storage 
location are altered and destined by a control-word operation, 
the altered data is available as source data for the next 
control-word operation. Address information derived from 
the control word being executed determines whether Z
register data is routed to the A-register, the B-register, or 
both. 



Z-Reg __________ 11 

(22NS) 

o Reg 

p 

7 

P 

7 
-

p 

7 
-

p 

7 

KC 191 0 Time A-C2 tKT ! 
_____ .. A TO D-,Reg Set/Reset -.I 

RA 012 Time Diy Bfr L-....I 

RA011 

,..FTC ___ _ 

1 
~ __ ._SDBO Asm_ 

! 

~~~~~n 
~l.laf.HO! __ (X)If11tO~ . H U I - """ .... "" lD=========,=========-=::..:l::;;:",:,:=l 

I 
I -

".AIN.... I 

C~TAOL IfO""Ol : , , , 

MAl. ~ : "::.':':::=:1 
COHTAOL nOFlA.O£: 

: 

--------------=~===========---::::::-:=:-==-::=:'~==-==-,=='-,,==='---.-----"-----"-_ .. ,--'",--" .. _--._--,, 

D-REGISTER 

The four-byte D (destination) register is sent to the ALU 
result data (from Z) early in the next control-word cycle, 

The D-register data is sent to the SDBO assembler, where 
it can be routed to externals (via external bus in) or to 
local storage. 

Control Word 
1 

ALU Operation 

Control Word 

2 

~ 
ALU result sent to 0 
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D-REGISTER and FLUSH-THROUGH-CHECK (FTC) REGISTER 

AL114, 117, 127 

124,127,134 

147 

Z-Reg Byte 0-3 

Bit P-7 

RA 011 D-Reg Set Reset -------------i._--1 

Ext Asm Bytes 0-3 Bits P, 0-7 ....-
A 

Gate Ext Asm to FTC 
"-

Exp Ext Asm Byt es 0-3 Bits P, 0-7 
~ 

A 
Gote Exp Ext Asm to FTC ---

~ 
A-Entry Bytes 0-3 Bit P, 0-7 

A 

Gate Local Store ---

RC191 1 Time (FiC Reg S-Rl 

D-Reg .. 

Byte 

o 

Byte 

1 

Byte 

2 

Byte 

3 

* Note: The D- and the FTC-registers 

latch in the off-state; that is, the latch 

for a given bit position does not set if 

the gated input bit is active. 

RA 111-166 

~ 

OR 

• 

-

PH 
Byte 

o 

27 

- --
PH 

Byte 

27 

---
PH 

Byte 

2 

PH 
Byte 

3 

27 

27 

RMl15-166 

(FTC Match) 

Each D-reg (destination) 

bit is matched against 

the bit actually set in 

the local storage or 

external location when 

that location is addressed 

by the LS or EXT 

desti nation-address 

latches. If any bit does 

not match, an FTC 

error occurs. 

RA155-166 

D-Reg Byte 0 Bit P-7 

D-Reg Byte 1 Bit P-7 

To SDBO Asm 

D-Reg Byte 2 Bit P-7 

D-Reg Byte 3 Bit P-7 

FTC Error Byte 0-3 Bit P-7 

Example shows only the handling of the destination R. 

RC = R + Q 

First Cycle Next Cycle 

t---- OT _____ ......:.I ____ IT _________ OT _____ --1. ___ _ 
IT------t 

1 ____ OTDly ____ 'L...-__ IT Diy 
----~-- OTDly ----'-__ IT Diy 

Read R & Q Write/Read R 

DReg = Result for R 

FTC Latches=Result from 

FTC Compare 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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CONTROL (C) REGISTER and CPU CLOCK 

C-REGISTER 

The C-register contains 32 bits plus four parity bits. The 
purpose of the C-register is to decode the control word 
and provide control and gating of CPU functions. Once 
the control word has been read out of control storage 
and gated to the C-register, it is decoded to determine: 

• Word type 

• CPU function 

• CPU clock cycle and length 

The functions of the bytes of the C-register are: 

CO Define word type and format Branch High Address 
(M3 B4) 

Cl Specify A source or destination (an external register 
or an A-local-storage address). Stat sets and/or special 
functions. 

C2 Specify a B-Iocal-storage source or destination. Contains 
Mask or K values special Stat sets. 

C3 Specify next control-word address Branch Low Address 
(M3 B5). 

The C-register is set at 0 time of each control cycle. 

Control (C) Register and CPU Clock 2-102 
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CPU CLOCK AND TIMING 

A. Oscillator 

Timing for the 3145 is developed from a 22.222 MHz crystal
controlled oscillator. This oscillator is fed to an oscillator control 
card, where it goes through one frequency divider stage and is 
controlled for distribution to each board clock. From this, each 
board clock then develops six basic timing signals to time the 
CPU circu itry. 

B. CPU Clock 

This clock is a variable-cycle clock that is designed to operate 
180-, 225-, and 270-nanosecond cycles, with each cycle having 
the further capability to extend by 22.5-nanosecond increments 
(referred to as pauses)_ This then allows (with one pause) 
202.5 ns from a 180 ns cycle; 247.5 ns from a 225 ns cycle; and 
292.5 ns from a 270 ns cycle. With two pauses, a cycle may be 
extended 45 ns as in the case of the Storage 1 Cycle Write. 
(270 becomes 315). 

The CPU control word decodes determine cycle length. They 
provide 180-,225-, and 270-cycle control signals that determine 
the cycle with which the clock should operate and the number of 
pauses the cycle should contain. 

The CPU clock runs for one cycle under control of the clock 
start latch. The clock start latch has many input controls (start 
switch, set IC, CF clock start, etc.). 

The clock consists of six latches operated in an overlapped con
figuration to produce six timing pulses. 

180-CYCLE 

OTIME 

90 ns 

225·CYCLE 

o TIME 

90 ns 

270-CYCLE 

180-Cycle 
(202.5) 

225-Cycle 

(247.5) 

270·Cycle 
(292.5) 

202.5 ns 

90 

1 TIME 

112.5 ns 
o TIME DELAY 

90 ns 

247.5 ns 

90 

1 TIME 

90 ns 

o TIME DELAY 

90 ns 

292.5 ns 

OTime 
o Time Delay 
1 Time 
1 Time Delay 

OTime 
o Time Delay 
1 Time 
1 Time Delay 
2 Time 

OTime 
o Time Delay 
1 Time 
1 Time Delay 
2 Time 
2 Time Delay 

180 202.5 

OTIME 

90 ns 
TIME DELAY 

112.5 ns 

90 

180 225 247.5 

2TIME 

112.5 ns 

1 TIME DELAY 

112.5 ns 

o TIME DELAY 

90 ns 

90 

90 180 270 292.5 90 

o TI ME 1 TIME 2 TIME 0 TIME 

90 ns 90 ns 
o TIME DELAY 

90 ns 

112.5 ns 

1 TIME DELAY 

90 ns 

90 ns 

2 TIME DELAY 

112.5 ns 

180-CYCLE 202.5 ns 

o 45 90 

225-CYCLE 247.5ns 

135 

o 
202.5 

o 

45 90 

1 45 ___ 9 .... 0 13.-5 __ 1 ..... 8

U 
2f r 

270-CYCLE 

o 45 

292.5 ns 

90 135 180 225 
o 

292.5 

90 

45 

~ ~II"'------' ____ 

STORAGE 1 CYCLE WRITE 315.0 ns 

o 
o 45 90 135 180 225 315 45 

90 

~~I 
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CPU Clock Checks and Adjustments 

Equipment Required 

Tektronix * type 454 oscilloscope or equivalent. Oscilloscope 

probes of equal length and equal attenuation. 

NOTE: All measurements should be made with the displays 

centered on the scope face. 

Oscillator 

Oscillator frequency is 22.222 MHz""!: 0.05%. The symmetry of 
the output sine wave must be within a 1 % tolerance. Symmetry is 

checked at 01AB2L2S05. If the transition point varies more than 

shown, replace the oscillator card. 

Clock 

The CPU clocks are initially synchronized at the factory and must 

be readjusted, only when additional boards are installed. 
Each clock has a programmable delay-line adjustment. Pin G 10 

of each clock card (6735) is the oscillator test point. To ensure 

oscillator synchronization during the following adjustment, sync 
negative on the G 1 0 test point. 

1. To determine 'late clock' sync: 

a. Set rate switch to SINGLE CYCLE HARD STOP (CLOCK 

STOP indicator on). 

b. Ensure that zero delay is plugged in the clock cards in 
boards A-A 1, A-B 1, and A-C 1. 

c. Sync channell (minus) on clock card at A-C1 G2G 1 0 and 

display the signal. 

d. Using channel 2 to display the G 1 0 pins of the clock cards 
in A-A 1 and A-B1 boards, determine the latest (in time) 

of the three clocks. 

e. Place the channell probe on the latest of the three clocks. 
Channell is now synchronized on 'late clock'_ 

Note: By swapping the input signals at the oscilloscope, 

verify that the oscilloscope is calibrated. The relationship 

between the two signals must not change. If signal relation
ship does change, use another oscilloscope before continuing 

with this adjustment. 
2_ With channell sync and display on 'late clock', display all 

other clocks. If any clock is more than 1_0 ns earlier or later 

than 'late clock', change the programmable delay line for that 

clock to being it to within ± 1 ns of 'late clock' (negative 

pulse at G10). 
The oscillator signal should now be synchronized for the 

system. If the oscillator test point is checked and found to 

be greater than.±. 2.0 ns out of sync, resynchronize the clock. 

"Trademark of Tektronix, Inc. 

C 

RT ili 
note 4 

a ns 

cE 
8 ns 

B-GATE 

8 

ctJ 
8 ns 

CPU Clock Locations 

A 

@J 
a ns 

/note 3 
Gate A-C1G2 C3G4 B1C4 B3H4 A1K2 A3C4 

C2J2 C4E2 B2M2 B4K2 A2C4 A4Q4 

Gate B-A1C4 B1 

Oscillator Location: 

C1 M2 B3V3 C3J2 

'note 4 

1 I r 
osc 

CONTROL 
CARD 

OSC 

Oscillator and oscillator control card location: A-B4A3 
A-B2C2 

Notes: 
1. These numbers are initial programmable delay settings. 

2. Separate oscillator signal for select. 
3. For I FA version 003 machine, clock is located in B 1 B4 socket 

on the A gate. 
4. Clock-card position is feature-sensitive. Refer to the KC ALD 

pages. 

C 

.-
~T 

C na;e 

a ns 

........ 

Pill -- 4 ns 

.......... 

~ .--
8 ns 

......... 

~ n 12 ns 

A-GATE 

B 

note 3 

a ns 

4 ns 

8 ns 

12 ns 

t 
OSCI LLATOR CONTROL CARD 

LOCATED ON A-B2 BOARD 

A 

note 1 

a ns 

4 ns 

8 ns 

12 ns 

1 

OSCILLATOR LOCATED ON A-B4 BOARD 
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Circuitry Located on Each Clock Card and Clock-Start Control Card 

OSCILLAT 

SIGNAL 

OR 

05W 

OUT ... ~----O 

AR 

CLOCK CAR D (673S) 

PROGRAMMABLE 

DELAY LINE 

PROGRAMMABLE-DELAY LINE LAYOUT 

AR 

OSP 
0 .... 

........ .,L.-

TO CLOCK. 
CIRCUITRY 

IN 

GlO 

() 
TEST 

POINT 

I 
Adjust negative-goi ng pulses 

for a maximum of ±1 ns 

CHANNEL 1 REF. 

A = EARLY OSC. SIGNAL 

B = LATE OSC. SIGNAL 
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M, N, and MB REGISTERS 

M-REGISTER 

• Addresses main and control storage. 

• Feeds storage address buses (SAB). 

• Made up of M 1, M2, and M3, which provide a 20-bit 
(plus 3 parity bits) storage address. 

• Ml, M2, and M3 address both main and control storage. 
Storage is read out on a doubleword boundary and 
stored on a word boundary. 

• M3 bits 5, 6, and 7 and the storage word being executed 
provide the following selections for storage-word operations. 

Read 

Odd/Even word, Halfword, 
or byte 

Store 

Word, Halfword, or odd/even 
byte. 

Note: Information may be 
stored under mask (any byte 
selected). 
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Setting M-Register for Main-Storage Addressing 

• M1, M2, and M3 are set from the ADR/ADJ circuits or B-Reg 
bytes 1 (bits 4-7),2, and 3. 

• M 1, M2 may be forced to zero for direct main-storage 
addressing. 

Setting M-register for Control-Storage Addressing 

• M1 is set to zero for display purposes. A line address CTRL 
store is sent to the ECC board. 

• M2 selects the control-storage module and is set from C2, 
ADR/ADJ circuits, trap circuits, or N2 (no module-switch 
function). M2 may be forced to FF for direct control-storage 
addressing. 

• M3 selects one of 64 words within the module selected by M2. 
M3 is set from C2 (K-adr STW), C3, trap circuits, or ADR/ADJ. 

N-REGISTER 

• Made up of N2 and N3. 

• Backup register for control-storage addressing. 

• N2 is set with the same information as M2 and is changed only 
when the control word being executed performs a module
switch function. 

• N3 is set with the same information as M3. 

• N is not changed when a trap occurs. 

• When a trap occurs, the M-register is set to the trap address. 
The trap routine stores the contents of N (the N-Reg contains 
the next address that would have been used had the trap not 

occurred). At the end of the trap routine, M and N are restored 
to their original value so that the control-word sequence may 
continue as if there had not been any trap. 

• N 2 sets M 2 for every control-storage word access except when 
a module switch occurs. 

MB-REGISTER 

Made up of MB2, MB3. 
Set with the control-word address in M2, and M3 from M2 BF R 

and M3 BFR. 
When the CPU clock is stopped, M B contains the address of the 

last word executed. 

Its output is available to the retry and backup circuits as well 
as the external assembler (word RTY). 

Buffer Registers 

The M-buffer registers are an interim set of latches between the 

M-register and the MB-register. This allows cycle-to-cycle 
communications. 

The Nbuffer registers perform a similar function. 

ce For 
B-re 
ICY 

gister Byte 1 
Adr Asm 

B-re gister Byte 2 

C2 

For ce 

Tra p Address 

ICY Adr Asm 

B-r egister Byte 3 

Bra nch Circuits 

C2 , C3 

Fo ree 

Tra p Address 

ICY Adr Asm 

IE] 
.---

M2 

'---- -

N2 N2H BFR 

I~ -
r---

M3 

'--- r--

N3 N3 

BFR 

I - -

Storage Address Bus 

--
Storage Address Bus 

r--- .---

H -- M2 MB2 ~ To back "P and 
BFR retry circuits 

To Ext Assembler 
-,- (word HMRTY) 

'--- '---

r--
Data from A-Re g byte Asm 

Storage Address Bus 

.-- r--

~ ""-- M3 ~ MB3 To backup and 

BFR retry circuits 

To Ext Assembler 
-r- (word HMRTY) 

I--- ~ 

Internal 

Main/Control 

Storage 

External Main 

Storage 

SDBO Preassembly Latches 

Even 
r---

0 

r---

1 

SDBO 0-71 I-

2 

-
SDBO 0-71 

3 

'---

Odd 
r-

4 

I-

5 

t---

6 

I-

7 

'--
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M-, N-, and MB-REGISTERS BRANCH CIRCUITS 

C-Reg Byte a Bit 5 

C-Reg Byte a Bit 6 
C-Reg Byte a Bit 7 

C-Reg Byte 3 Bit 5 

C-Reg Byte 3 Bit 6 

C-Reg Byte 3 Bit 7 

-
-
-

DECODE 

RM 211 
RM 221 

DECODE 

RM 212 
RM 222 

001 

Gate S High Branch 

""- 010 

S-Reg Bit 1 

~011 
S-Reg Bit 0 

~101 
S-Reg Bit 4 

"'--110 

S-Reg Bit 6 

~111 
N-Reg Byte 3 Bit 4 

C-Reg Byte 2 Bit 4 

Gate C2 to M3 

Gate N3 to M3 

Z-Reg Byte 3 Bit 6 .---
A 

Storage 2 Cycle 
~ 

RM 216 

001 

Gate SLow Branch 

~010 

S4, S5 = 11 
~011 

S-Reg Bit 3 

~101 
S-Reg Bit 5 

~110 
S-Reg Bit 7 

~111 
Z-Reg Byte 3 Bit 7 
Storage 2 Cycle 

Link or Return Word 

Interrupt 

C-Reg Byte 2 Bit 5 

Gate C2 to M3 

Arith Lo Branch Asm 

po-

.~ 

1...-
'---

'--

A OR 

A 

A 

A 

I-

A 

A 

A 

A 

RM 216 

A OR 

A 

A 

A 

A 

S Branch High A sm-

, Asm Arith Hi' B ranc!; 

Gate A Source Br 
Hi 

M3 Set Normal 

roo-

OR 

-

N 

M3 Bit 4 

M3 Reset 
FL -

OR A OR 

~ RM215 

'-- RM225 

RM 215 
RM 225 

-
RM 215 M Bfr Set-Reset 

RM 225 

MB-Reg Set Reset 

M3 bits 4 and 5 are used for high and low branches 
r(spectively. M3 bits 6 and 7 are used to maintain 
parity. 

M3-5 To SDBO 

M3 Bit 5 Reset----_ FL 

M-R eg Byte 3 Bit 4 

M3 Bit 4 Bfr 

L...--

PH I--.- M-Reg Byte 3 Bit 4 Bfr 

RM 213 

PH f-- MB-Reg Byte 3 Bit 4 

RM 223 

I-- .....,._---- M3 Bit 5 for SDBO Sel 
A OR 

A 

A 

A 

L-

RM 216 

Gate A Source Br 
Lo 

RM 215 
RM 225 

RM 215 
RM 225 M3 Bit 5 Bfr 

PH t-... -- M-Reg Byte 3 Bit 5 Bfr 

M Bfr Set Reset---_ 

RM 213 

PH MB-Reg Byte 3 Bit 5 

MB-Reg Set Reset------

RM 223 
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SECONDARY CONTROL ASSEMBLER 

The Secondary Control Assembler provides a direct path for 

the microprogram and the console file to move data and 
addressing information. 
From: 

Console-file data register 

A-Local storage 

Console switches 

ABCDEFGH 

Selector-channel force 
C-register 

Sources 

A-Local Storage_ X _ 

Gate Local Sto,ageJ 
RC092 

To: 

C-Register 

Local-storage control assembler 

Expanded local-storage address 
assembler 

External control assembler 

p 

o 

7 
-p-

7 

P 

2 

7 -
p 

3 

____ .x PI 
Sws A-B Parity 

Sw A BitsO-3-----~-+1 
• ____ xl--L 

Sw B Bits 0-3 -""'7i 
_
____ X' ~! 

Sws CoD Parity 

SWCBitSO-3 _____ ~~ 

• ___ .xl....L 
Sw 0 Bits 0-3 --:?l ____ .X' ~ I 
Sws E-F Parity 

Sw E Bits 0-3-----!-M 
SWFBitsO-3---__ ! 4 I 

..... ___ .xl ~ I 
Sws G-H Parity. I 

•---.XI~3 SW G Bits 0-3 ~ 

I~ 

P 

o 

7 
T 

7 
P 

2 

7 
--p 

3 

7 

7 
SW H Bits 0-3 X~ 

Foece Sw;tche, KM022~ 7 ----.... 

p 
:SX Force C-Register_x ......... 

Some Sha,e Cycle J 
RM123 

6 

p 

a 

7 
-p-

7 
P 

2 

7 

- p 

3 

7 

Console-File ____ ·;~-II 

Data Register I 

CF Gate C-Reg~ 
KF023 

p 

o 

7 
-

P 

7 -
p 

2 

7 
-

p 

3 

7 

Note: In Local Storage Control Storage 

(LSCS) mode, diagnostic hardware forces 

A-Local Storage to act as control storage. 

Control words are read out of A-Local 

Storage, loaded into the C-Reg, and 

executed. 

Logic Pages 

Bytes 0, 1, 2, and 3. 

Bit Page 

P RC112 
0 RC122 

RC132 
2 RC132 
3 RC152 
4 RC162 
5 RCl72 
6 RC182 
7 RC192 

Refer to Chapter 13, Diagnostic Hardware_ 

Destimations 

p 

o 

..J.... 
P 

7 
P ~ C-Register 

2 

7 -
P 

3 

7 

Note: Only the bits used by the microprogram are shown for 

each application of the Secondary Control Assembler. 

p 

Exp LS Address Assembler 

P 

o 

7 -
P 

7 
-

p 

2 

7 

P 

3 

7 

o 

4 

Ext Control Assembler 

6 

P ,0 
0 12 

7 
p-

O 

LS Control Assembler 

7 6 

-p-

10 
2 

13 

7 
-

P 

3 

7 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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STANDARD FEATURES 

TIME OF DAY (TOO) CLOCK 

The time-of-day clock provides a consistent measure of time 
suitable for elapsed time and time-of-day indications. The cycle 
of the clock is about 143 years when started from zero as an 
elapsed time measure. To provide a consistent time-of-day 
indication, the zero point must be defined to a calendar date. IBM 
programming systems have established this date as January 1, 
1960, 0 AM Greenwich Mean Time. 

Setting the TOO clock on the basis of a synchronization signal 
given by the operator introduces errors in the fractions of a second. 
This error is usually of small consequence in defining the time 
relating to human reaction. The error does not enter elapsed-time 
calculations because the difference between two time readouts 
does not consider the initial setting of the clock. For many TOO 
applications, only the high-order 32 bits need be considered. 
Position 31 of the counter is advanced every 1.048576 seconds. 
Operation in this mode still requires entering some value for the 
TOOL destination, or the clock does not start. 

I 

TODH 

[~~~~~~~~~~[~E~~~I:~===J 
o 8 16 24 31 

TOOL 

[~~~~~iD=~;~~~~ '£~iI~_C~-I ~~] 
32 40 48 51 56 59 63 

CCB = Counter Control Bits 
CPU = CPU Identification 

The clock is a binary counter with a two-word format (64 bits) 
numbered 0 to 63 corresponding to the bit positions of a fixed
point number of double precision. Time is measured by increment
ing position 51 of the counter every microsecond. Only the 
high-order 52 positions of the counter are used for this configurat
ion. The remaining low-order positions are not used for time 

indication and are normally set to zero's except for three positions 
that define the status of the clock. 

The program is not signaled of an overflow condition when the 
counter is advanced to the point of carry from either position 1 
or position O. At the point of carry out from position 0, the 
counter goes to zero and continues to count from that value. 

The clock can be inspected by means of the instruction store
clock. The current value of the clock counter is stored in main 
storage. The clock can be set to a specific value by means of the 
instruction set-clock. The operand specified by the instruction 
replaces the current value in the clock counter. The set-clock 
instruction can be executed only when the clock security switch 
on the system control panel is set to enable changing the clock 
value. 

The operation of the time-of-day clock is not affected or inhibit
ed by any normal activity or event in the system other than 
turning off the CPU power. The clock runs when th~ CPU is in 
wait state, stopped state, or instruction step mode, and its 
operation is not affected by system reset or the IPl procedure. 

The 3145 time-of day clock stops when the CPU power-off 
switch is operated. It is necessary to execute the set-clock 
instruction each time the system is started. 

Physical Description 

The time-of-day clock is driven by a 1 MHz oscillator feeding a 
binary-coupled trigger to produce a 1 MHz output. These circuits 
also develop a 75.46 KHz output that is used to drive the interval 
timer. 

The clock counter functions as a binary-connected counter but 
is modified with a set of adder latches that allow holding the 
output of the basic latches until such time that the CPU sampling 
is complete. The counter can be loaded by destining the 

appropriate binary values to the TOOL and TOOH externals after 
executing a loading sequence. The counter starts to advance, 

immediately following the loading by gating the 1 MHz drive 
signal to the low-order position of the counter. The counter 
advance is checked by predicting parity and then comparing the 
predicted value with the parity generated from the counter. The 
counter output with parity bits for each byte is available to the 
CPU through the store clock instruction that causes externals 
TOOL and TOOH to be transferred to main storage. 

The TOOH and TOOL externals may be called out as a destinat
ion at any time, but the contents of the clock are not changed 
unless TOOL byte 3 bit 0 and the clock-run latch have been reset. 
The FTC (flush-through check) is blocked by the TOOL byte 3 
bit 0 to prevent error signals for this condition. 

The control bits are associated with the clock readout to convey 
information to the user as to whether the clock value is a true 
measure of elapsed time since the last time the clock was set. 
These control bits are stored as the three high-order bits of byte 3 
of the low-order word (TOOL). Bit 0 indicates that the clock is 
running. Bit 1 indicates that the clock was set. Bit 2 indicates 
that an error occurred. During the processing of the store-clock 
instruction, the indicators control the condition code to be set. 

Clock Security Switch (TOO ClK) 

The clock security switch (TOO ClK) provides an interlock with 
the set-clock instruction as a means of guarding against inadvertent 
change of the clock value. The switch is spring-returned to the 
secure position. When the switch is in the enable-set position, 
execution of the set-clock instruction causes the clock to be set 
to the value of the designated operand. When the switch is in the 
secure position, execution of the set-clock instruction does not 
change the value of the clock. The switch does not have any other 
effect on the operation of the clock. 

Clock Validity Indicator (TOO ClK INVAl) 

The clock validity indicator (TOO ClK I NVAl) is used to indicate 
when the time·of-day current clock value is not a true measure 
of the elapsed time since the last time the clock was set. The 
validity indicator is turned off when the set-clock instruction is 
executed with the TOO ClK switch in the enable-set position and 
no exceptions are encountered. The indicator is turned on when
ever the clock misses a time increment or stops. This may result 
from a power failure or a malfunction in the clock circuits. When 
the indicator lights for an error condition, the machine-check 
indicator is set and an interrupt is requested. If the clock is 
started by the paR routine and used for elapsed-time indications, 
the indicator remains lighted because it is invalid as a TOO indicat
ion. In this case, the indicator being lighted does not mean that an 
error has occurred. 
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Error Detection 

The time-of day clock checks its advance operation by a check on 
the progressive parity conditions. The counter value of each byte 
before the advance is fed into a parity predictor circuit to develop 
the updated parity bits. These parity bits are compared with parity 
bits generated from the updated value in the counter. Any failure 
within the counter advance circuits results in a difference between 
the predicted parity bits and the resultant parity bits. The 
difference signal sets the TOO clock check latch. The latch output 
sets the MCKA byte 3 bit 6 and resets the bit 2 and bit 1 latches 
as indicators. A class 3 machine-check interrupt is requested. The 
setting of the MCKA latch resets the TOO clock check latch. The 
reset of the bit 2 latch lights the TOO invalid indicator on the 
system control panel. 

Clock-Setting Sequence 

The clock is set to zero and started by the power-an-reset sequence. 
With this start the clock output can be used to indicate running 
time or elapsed time. Under this mode of operation, the TOO
Invalid indicator on the system control panel remains lighted 
because the clock output is not TOO. 

To obtain time-of-day output, the set-clock instruction must 
be executed to start the clock at the current time. When the set
clock instruction is executed, the correct TOO is assumed and the 
TOO Invalid indicator on the system control panel is not lighted. 
If a clock error is detected during operation, the indicator is 
lighted to warn the operator. 

The set-clock instruction must have the TOO ClK switch on 
the system control panel held in the enable-set position to allow 
execution. If the switch is not operated, the clock value and its 
operation are not affected. The first step in the clock-set sequence 
is to reset TOOL byte 3 bit 0 along with the 'clock run' latch 
and the clock controls. With the 'clock run' latch reset, the TODH 
and TOOL externals can be destined. The value destined for 
TOO l must have byte 3 bit 0 set to 1. When both load latches 
have been set, the TOOL byte 3 bit 0 line is developed, the 'clock 
run' latch is set, and the 'clock set' latch is set. At this point, 
the clock is set and starts to run with the next 1 MHz pulse. 

The paR start differs only in that the TOO ClK switch does 
not need to be operated and the first TOOL destined microstep 
is not required. 

For microdiagnostic operation the enable-set output of the 
switch is forced, but the set sequence is the same as for the set
clock instruction. 

TOD-Clock-Update Sequence 

Because of the asynchronous operation of the TOO clock, the 
advance pulse from the 1 MHz oscillator cannot be used directly 
to advance the clock. The clock readout must not change during 
the A-register set/reset time. The CPU 90-135 time is gated with 
the 1 MHz oscillator to develop the advance pulse. If the CPU 
clock is stopped, the CPU oscillator provides the timing. The 
advance pulse sets the start-update latch whose output provides 
a series of dalayed outputs that control error sample and advance 
of the clock. 

TOD Clock Instructions 

The time-of-day clock has two instructions associated with its 
operation: 

• Set clock used to set the initial time. 

• Store Clock used to enter the current clock value into main 
storage. 

Both instructions are SI format instructions modified so that 
byte 2 is an extension of the operation code (byte 1) instead of 
the immediate operand. Byte 2 is used to specify the exact 
function of the operation code. 

Both instructions are decoded as operation code B2 in the 
GAAI routine. The operation branches to the GG B2 routine to 
decode and validate the modifier. Te st for privileged operation 
is made when required, and then the operation is branched to the 
routine of the function specified. The common data flow is 
presented here for both instructions. 

START 

GAAI I 
Normal I-cycles. 
------------ ------------ ----
Decode SI format instruction. 

Compute the B1 01 address specified in the instruction. 
-------------------------
Test and branch to the B2 Op-code routine (GGB2). 

GGB2 

Test for a valid code must be of the 820x format. 

The last four bits of the modifier select a decode byte from the 
16-byte table. 
------------------------
If the high-order bit of the decode byte is a 1, the instruction 
is a privileged operation and the CPU must be in supervisor 
mode (PSW bit 15 = 0). 

If a privileged operation and not in supervisor mode, branch to 
the privi leged operation check routi ne in G I CM. 
------------------------
If not a privileged operation or if in supervisor mode, use the 
decode byte as an address modifier and branch to the instruction 
execution routine. 

BRANCH 
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Set Clock Instruction 

Set Clock Instruction 

SCK 0, (B,) [SI] 

I B2 04 B, I °1 

0 8 '6 20 31 

B2 = Operation Code 
04 = Set Clock Function 
B1 01 = Storage address of an eight-byte field. Must be on a 

doubleword boundary. Bits 52-63 of the field are ignored 

and are not used in the clock value. 

The set-clock instruction is a privileged operation used to place a 
value into the time-of-day clock. The location of the value is 
specified by the B 101 portion of the instruction. The implied 
length of the value is eight bytes (two words). The address must 
be located on a doubleword boundary. Only the high-order 52 
bits of the doubleword are used to set the clock counter. The re
maining bits (52 to 63) are ignored by the operation in setting 
the clock value. 

The value in the time-of-day clock is replaced by the designated 
value if the set-clock instruction is executed while the TOO ClK 
switch is in the enable-set position. If the TOO ClK switch is in 
the secure position when the set-clock instruction is executed, the 
value in the clock is not replaced and the condition code is set to 
1 to indicate. 

Condition code settings: 

o = Clock value set. 
1 = Clock value secure (TOO ClK switch in secure position; 

therefore, clock value was not changed). 
2 = Not used by the 3145. 

. 3 = Not used by the 3145. 

( START 

~-

GGCS 

Test B1 01 address for a doubleword boundary. Branch to 
specification check in G ICM if not. 

t-- - - - - - - - - - - - - - --

Store high-order word of main-storage double-word in 

local storage. 

1--------- ---------

Store low·order word of main·storage doubleword in local 
storage. Reset byte 3 to zero. 

f-- - - - - - - - - - - - - - - - --

Attempt to reset counter with TOO l destination of the 
low-order word (this includes byte 3 bit 0 and the clock-run 
latch). 

~----------------

T est TOO l byte 3 bit 0 to determine the TOO L C LK 
switch setting. 
Bit 0 = 0 if in enable-set position. 
Bit 0 = 1 if in secure position. 

~---- -------------

If the switch is in the secure position, set condition code 1 
and return to I-cycles without setting the clock. 

1-----------------

If the switch is in the enable-set position, set the low-order 
word byte 3 bit 0 to 1 to set the clock control bit and set 
the clock-run latch when the word is destined to TOO L. 

f------------------

Set TODH from the high-order word in local storage . 

r----------------

Set TOOL from the low-order word in local storage. Clock 
starts with next 1 MHz oscillator pulse. 

~--------- --
Set condition code 0 and return to I-cycles. 

I 
END 

Store Clock Instruction 

Store Clock Instruction 

STCK 01 (B 1) [S11 

I B21 05 B1 D1 

II 8 16 20 31 

B2 = Operation code 
05 = Store-clock function 
B1 01 = Storage address of an eight-byte field. May be located on 

a byte boundary. Bits 52-63 of field are: 

52-55 = Set to zero. 
56-58 = TOOL Ctrl Bits 0-2. 
59-63 = CPU Identification bits. 

The store-clock instruction is used to place the current time-of
day clock value in the eight-byte field of main storage designated 
by the B 101 portion of the instruction. The 52-bit clock value 
stores in the high-order of the doubleword assignment. The low
order byte stores the three clock control bits and the five-bit CPU 
pluggable identification. If the clock value is invalid, the double
word is stored with all zeros. 

Condition code settings: 

0= Clock in SET state. 
1 = Clock in NOT-SET state. 
2 = Clock in E R RO R state. 
3 = Not used by the 3145. 

START 

GGCS 

Store TODH in high word local store. 

~----------

Store TOOL in low word local store. 

1"----------
Test TODH for no change since store in local storage. If 
TOOL is not latest, branch back to store TOOH and TOOL 
again. 

r-- -

Test TOOL byte 3 bits 1 and 2 for clock status. 
Bit 1 = 1 ERROR state (invalid). 
Bit 2 = 0 NOT-SET state (not TOO). 
Bit 2 = 1 SET STATE (valid TOO). 

-- -

1"--------------
If clock is in ER ROR state, set condition code 2. Set both 
local store words to zero and branch to G FST to store in 
main storage. 

~--------------

If clock is in SET state, set condition code 0 and branch to 
GFST to store the clock words in main storage. 

----------------. 
If clock is in NOT-SET state, set condition code 1 and 
branch to GFST to store the clock words in main storage. 

GFST 

If address is on word boundary, take two store word 
operations and return to I-cycles. 

1----------------
If address is not on word boundary, shift the data to align 
and store in three store word operations, and return to 
I-cycles. 

END 
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TOO Clock Output Assembler 

EXP EXT BIT 3 and 
(Not) EXP EXT BIT 4 

BITS 0-2 TOO L BYTE 3 BIT 0 
TOOL BYTE 3 BIT 1 
TOOL BYTE 3 BIT 2 

BITS 3-7 10 NUMBER 

T_OD_CT_RS _0-7 ___ x
l
--1 

TDD CTRS 8·15 f--1 
.T.O.D.C.T.R.S.1.6.-2.3 _______ >K

I
---1 

TOO CTRS 24-31 ~ -J 
--~-t I 
TOO CTRS 32-39 

TOO CTRS 40-47 

TOO CTRS 48-51 * See Note 

EXPEXTBIT3and ____________________________________________ _ 
EXP EXT BIT 4 

IFA BYTES 0-3 BITS 0-7 __ _ 

(NOT) EXP EXT BIT 3 and _________________________ _ 
(NOT) EXP EXT BIT 4 

*Note: BYTE 2 BITS 4-7 NOT USED. 
TODL OUTPUT CONTAINS ZEROS. 

GATED LOGL AD DR Bytes 0-3 Bits 0-7 _________ _ 

(NOT) EXP EXT BIT 3 and _______ _ 
EXP EXT BIT 4 

TODH 

A 

Byte ° 
A 

Byte 1 

A 
Byte 2 

A 
Byte 3 

~~ 
f---1 
f--1 
~--l 
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TOOL 

A 

Byte ° 
A 

Byte 1 
IFA/TOD ASM 

A OR 
Byte 2 

A 
Byte 3 

IFA IFA/TOD ASM BYTES 0-3 BITS 0-7 

A 
Byte 0 

A 
Byte 1 

I 
A 

Byte 2 

A 
Byte 3 

LOGL ADDR 

A 
Byte 0 

A 
Byte 1 

'0 
A 

Byte 2 

A 
Byte 3 



TOO Circuit Card Locations and Related Logic 

I CIRCUIT CARD LOCATION, A1L2 I 
LOGIC/ALD PAGE: 

CTOll 
Osc Drive 

I CIRCUIT"CARD LOCATION, A1N2 I 
LOGIC/ALD PAGE: 

CT111 

CTl12 

CT113 

CT114 

CTl15 

Ti me-of-Day Cou nter Adva nce Controls 
Interval Timer Osc Drive 

TOO Counter Set Controls 
Condition Codes 
Identification 
IF A/TOO ASM BYTE 2 BITS 2-3 

Error Detection 

TOO Ctrs 18-19 
TOO Ctrs 50-51 
TOO Asm Byte 2 Bits 2-3 

Lock-Load Timing Generation 

I CIRCUIT CARD LOCATION, Al P2 I 
LOGIC/ALD PAGE: 

CT211 

CT212 

TOO Ctrs 0-1-2 
TOO Ctrs 32-33-34 
TeO Asm Byte 0 Bits 0-1-2 

TOO Ctrs 3-4-5 
TOO Ctrs 35-36-37 

I 

CT212 Continued 

CT213 

CT214 

CT215 

CT216 

TOO Asm Byte 0 Bits 3-4-5 

TOO Ctrs 6-7-8 
TOO Ctrs 38-39-40 
TOO Asm Byte 0 Bits 6-7 
TOO Asm Byte 1 Bits 0 

IFA/TOD Asm Byte 0 Bits 0 through 7 
IFAtTOD Asm Byte 1 Bit 0 
Gating Controls 

Parity 
Parity Predict 
Parity Asm for Byte 0 

TOO Termination 

CIRCUIT CARD LOCATION, A1D2 I 
LOGIC/ALO PAGE: 

CT221 
TOO Ctrs 9-10-17 
TOO Ctrs 41-42-49 
TOO Asm Byte 1 Bits 1-2 
TOO Asm Byte 2 Bit 1 

CT222 
TOO Ctrs 11-12-13 
TOO Ctrs 43-44-45 
TOO Asm Byte 1 Bits 3-4-5 

CT223 

CT224 

-

TOO Ctrs 14-15-16 
TOO Ctrs 46-47-48 
TOO Asm Byte 1 Bits 6-7 
TO 0 Asm Byte 2 Bit 0 

IFA/TOD Asm Byte 1 Bits 1 thru 7 
IFA/TOD Asm Byte 2 Bits 0-1 

-

CT225 
Parity 
Parity Predict 
Parity Asm for Byte 1 

CT226 
TOO Termination 

I CIRCUIT CARD LOCATION, A1R2 I 
LOGIC/ALD PAGE: 

CT311 
TOO Ctrs 20-21-22 
I FA/TOO Asm Byte 2 Bits 4-5-6 

CT312 
TOO Ctrs 23-24-25 
IFA/TOD Asm Byte 2 Bit7 
IFA/TOD Asm Byte 3 Bits 0-1 

CT313 

CT314 

CT315 

CT316 

CT317 

TOO Ctrs 26-27-28 
IFA/TOD Asm Byte 3 Bits 2-3-4 

TOO Ctrs 29-30-31 
IFAtTOO Asm Byte 3 Bits 5-6-7 

Parity Asm for Bytes 2 and 3 
Gate Buffers 

Parity Predict for TOO Bytes 2 and 3 

TOO Asm Byte 3 Bits 3-4-5-6-7 
CPU Identification Number 
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INTERVAL TIMER 

The Interval Timer provides program interruption on a program

controlled time basis. Uses of the interval timer include: 

• Job accounting 

• Monitoring for perpetual program loops 

• Ti me stampi ng 

• Polling at timed intervals. 

The storage word at program-storage locations 80-83 (deci mal) 

is reserved for the interval timer feature. Any value stored at this 

location is automatically reduced by decrementing, provided 

the interval-timer switch is in the MORM (normal) position. 

The program in process can be automatically interrupted by 

an external interruption (if PSW system-mask bit 7 and control 

register bit 24 are onl when the interval-timer word goes from a 

positive value to a negative value. The interruption is identified 
by setting the appropriate PSW bit on. 

Description 

• Contained in hardware 

• 3 Cards: A-B2K4 - Controls 

A-C1T2 

A-Cl 

Logic 
Ti mer CUU/it :r:}: Pages 

CH031-

CH 225 

• Uses the same oscillator as the TOD clock (H R Timer 75.46 
KHz oscillator) 

• Fullword: a 32-position counter is used 

Program storage locations 80-83 are actually a 32-position counter, 
located on three cards (along with the controls). 

When the programmer sets a value into the interval timer, 10 
location 80 is address. (hex 50). (he gets the 32-byte counter 

instead of actual main-storage position 801 

The M-Reg address is ANDed with a store operation to set the 
desired value into the counter. [32-position (bits 0-31 and parity] . 

The value placed into the counter is the complement form of 

the output of the A-byte Asm (bytes 0-3). The bit condition is 

inverted from the A-byte Asm to the counter position. 

The binary counter ripples through (referred to as decrement, 
but actually it adds) until a high-order position a carry-out occurs. 
This causes an EXT Timer Interrupt. 

The value in the counter may be displayed manually by placing 

main-storage address 80 in the console switches, and displaying 
the contents of the external SDBO lines. 

Interval Timer Switch 

When the interval-timer switch is set to the NORM position, 

.the value stored in the interval-timer word is automatically 

decremented immediately after being stored. 

When the switch is in the DSBL position, no decrementing of 

the interval-timer word takes place. The four bytes may be used 

for normal program applications. 

NORMAL 
This position enables the timer. 

DISABLE 
This position disables the interval timer. The content of the 

timer is not available to the data flow for timer functions. 

Soft Machine-Check Interrupt 

(I NTERVAL TI M ER OAMAG,E) This interrupt occurs if PSW 

bit 7 and the external mask bit are on. It indicates damage to the 

timer. Programmed validation procedures and error logging are 

required. 

Carry-out 

of position a 
~ 

EXT TIMER INTERRUPT 

(set sxt int 01 

Byte 0 

Byte 1 

Byte 2 

Byte 3 

A-BYTE 

ASM 

1 

0 

0 

1 

1 

0 

1 
. ~ 

o 
o 

o 

A-BYTE ASSEMBLER 

loc 82 

INT 
TIMER 

COUNTERS 

0 

1 

1 

0 

0 

1 

0 
0...-- -

o 
o 

o 

Input lines to the binary counter (For a store timer operation) 

loc 83 

o 

2 

3 

4 

5 

6 

26 

27 

28 

29 

30 

31 
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lac 80 

INTERVAL 

TIMER 

BINARY 

COUNTER 



OS DOS COMPATIBILITY 

• Consists of the OS DOS emulator program and the hardware 
and microprogramming needed for execution. 

• Two new instructions: Execute Local (EX L) and Adjust CCW 
String (ACCW), are used by the Emulator program. 

• The DOS Emulator and the DOS system being emulated are 
located in main storage above the OS area. 

• The minimum storage area needed for the DOS Emulator and 
the DOS system is 38K bytes. 

• The OS DOS Emulator operates in the same manner as any 
OS job. 

When operating in local mode (DOS programs being executed), 

all addresses pertaining to the DOS area are adjusted by the 

address-adjustment hardware. 
When local mode is terminated, addressing is performed in the 

standard manner. 
Refer to the OS DOS functional units description, and the Real 

Address Computation example for an explanation of the address

adjustment hardware. 
The reason that address translation is needed for DOS emulation 

is that the addresses of the DOS supervisor (SV) are basically 

fixed and the DOS supervisor is located in an area of storage not 

normally used by DOS SV. All references to the fixed addresses 
of the DOS SV must be adjusted to reflect the real location of 

these fixed areas. 
The EXL instruction operates with the Local List (LEX List), 

which is a table that the emulator program loads before the 

execution of the DOS area. This list is located in the emulator 

area and is used to handle entry to and exit from the local mode 

of operation. 
The ACCW instruction operates with the Adjust CCW list 

(ACCW List). The ACCW list is loaded and maintained by the 

emulator program for use in the adjustment of CCW data addresses. 
The OS DOS emulator and the DOS system being emulated 

(DOS supervisor and up to three processing program partitions) 

execute together in an MFT partition or MVT region, which must 

be a minimum of 38K. The OS DOS emulator program and tables 

require 22K plus another 4K if I/O staging is used. Additional 
OS DOS emulator program storage may be required, depending 

on the I/O devices used. Up to ten I/O devices are supported in 

22K, and 250 bytes are required for each additional device. The 
I/O staging requirement of 4K supports unblocked reader, printer, 

and punch records and residence of the required OSAM routines 

in the OS DOS emulator partition or region. 

The DOS system being emulated can be 16K, 24K, or 32K and 

up, in 4K increments. The OS DOS emulator is scheduled to 

operate in the same manner as any other OS job, and one or more 

OS DOS emulator jobs can execute concurrently with OS jobs 
if enough I/O devices and processor storage are available. In 

addition, the Model 145 OS 1401/1440/1460 and 1410/7010 

Emulator programs can execute concurrently with the OS DOS 

emulator if enough resources are present. 

DOS Area-Local Mode 

Address-Adjustment Factor 

03FFFF 

030000 

015000 -r---
010000 

015000 

OS JOBS 

OSAM Routines and I/O 

buffers for I/O staging 

DOS F 1 partition 

DOS F2 partition 

DOS BG partition 

DOS Supervisor 

DOS Emulator and tables 

_l ___ ~_o_o_oo_o_o ____________ O_S_-_S_V ________________ _ 

Example Storage Assignment for 256K Model 145 

OS partition for 

DOS Emulator 
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OS DOS Functional Units 

Table Buffer Registers 

• Eight 24·bit registers are used to contain the local and real 
addresses used during the accessing of the local area when 
operating in local mode. 

• The local address and the real address each occupy 12 bits of 
these registers. 

• The local address is gated to the registers from PAA. 

• The real address is gated to the registers from EBI. 

• The register to be loaded is addressed by the LRU. 

Least Recently Used Matrix (LRU) 

• The LRU is an address matrix that keeps track of the use of 
the table buffer registers. 

• The LRU addresses the least recently used table buffer register 
whenever a computed real address must be loaded. 

• Composed of 28 latches and associated circuits. 

• The LRU is reset to zero before the OS DOS operation. 

When a mismatch occurs between the local address portion of the 
PAA and the local address portion of the table buffer registers, 
the LRU determines the register to be loaded with the computed 
real address. In the GGST microroutine, the computed real address 
and the local address causing the mismatch are loaded into the 
register addressed by the LRU. 

The status of the LRU is changed each time there is a match 
between the local address portion of the PAA and the local address 
from the table buffer registers. Th is constant changing assures that 
the least recently used register is addressed when a mismatch 
occurs. Refer to the example on the facing page. 

Match Circuits 

• Perform the comparison of the local' address portion of the 
PAA and the local address portion of the table buffer registers. 

• Output of the match circuits sets and resets specified 
combinations of the LRU. 

There is a match circuit for each table buffer register. When a 
match occurs, the corresponding LRU row is set to ones and the 
corresponding column is reset to zeros. The resulting status of the 
LRU provides the means of addressing the least recently used 
register. 

PAA 

t---....;;..;.~o.;..;;...;;...;..;.;...;;.;..;..;;.--... To M- Reg 

v-----t 

I Add oca ress 

t W EBI --- t 
DATA --- 1 

I 

A 
---- -,-----

0 
_____ 1 ____ -

I 
LRU 0 Real _--l_ Local 

/ R Addr 1 Addr 

E 
I 

-----1-----

S I ----- -----
S I 

I ---- -----
I 
1 ----- -----
I 
I 

Table Buffer Registers 
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Match 
Circuits 

No Match 

(Trap to OBOC) 

Match To M-Reg 

I .... 



LRU Operational Example 

FI RST STORAGE ACCESS ATTEMPT 

Real Local Match 
Addr Addr Circuits 

0 015 001 
1 016 002 
2 017 003 
3 018 004 
4 019 005 
5 01A 006 
6 01B 007 
7 01C 008 

Table Buffer Regs 

PAA local address (OOA) 

RE-EXECUTION OF STORAGE WORD 

Real Local 
Addr Addr 

0 015 001 
016 002 

2 017 003 
3 018 004 
4 OlE OOA 
5 01A 006 
6 01B 007 
7 01C 008 

Table Buffer Regs 

PAA local address (OOA) 

Match 
Circuits 

No match 

match on 4 
Set row 4 
Reset column 4 

a 

2 
3 
4 
5 
6 
7 

LRU 
7 6 5 432 o 
1 1 1 1 0 0101 
1 1 1 1 0 01 
1 1 1 1 1 
1 1 1 1 
0 0 0 I-~i~ast re 

1 1 (row 4=0's an 
cently used 
d column 4=1 's) 

0 
i.--

LRU 

7 654 3 2 o 
o 1 1 1 0 0 01 0 I 

2 
3 
4 
5 
6 
7 

1 
1 
1 
1 
1 

~ 

1 
1 
1 
1 
1 

1 0 0 01 
1 0 1 
1 0 
1 

6 now least recently used 
(row 6=0's and column 6=1 's) 

Assume: 

Objectives: 

Storage access attempted for local address OAOOO. 

Adjustment factor = 14000 

Table buffer Regs are set to values indicated. 
Provide a real address to the M-register to access 
the local area specified as address OAOOO. 

Description: When the storage access is attempted in local mode, 
the local address portion of the PAA and the local 
address portion of the table buffer Regs are 
compared. 

A no-match condition results from the match 
circuits. This no-:natch condition causes a trap 
to control-storage address D80C. The GGST 
microroutine is executed. The GGST microroutine: 

Computes the real address, 
Loads the least recently used of the table look

aside buffer register with the real and local 
address, 

Re-executes the storage word that caused the 
mismatch. 

Re-executing the storage word causes a match to 
occur from the number 4 table buffer register. The 
number 4 table buffer register was loaded in the 
GGST microroutine. 

The match line from the number 4 register sets 
row 4 and resets column 4 of the LRU. The status 
of the LRU now indicates that the number 6 table 
buffer register is the least recently used. Should a 
mismatch occur on the next storage access, the 
computed real address will be loaded into register 6. 
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New Instructions for OS DOS Emulator 

• The new instructions are Execute Local (EXL), and Adjust 
CCW String (ACCW). 

• The Op code for both these instructions is 82. 

• The immediate byte determines which of the two instructions 
is to be executed. 

Execute Local B2 OE B1 01 (EXL) 

• This instruction addresses the Local Execution (LEX) list, 
performs certain initialization functions, and sets Local mode 
for system operation. 

When the EX L instruction is executed, the condition code, program 
mask, and instruction address in the current PSW are replaced by 
values from the LEX list. General registers 14 and 15 are loaded 
from the LEX list and the CPU is placed in Local mode. 

During the execution of the EXL instruction, the modified 
PSW is not checked for program interruptions. Any such checks 
occur as part of the next instruction execution. 

Condition Code 

Upon completion of the EX L instruction, the condition code is 
set according to the condition code loaded from the LEX list. 

Program Interruptions 

Addressing: The address of the LEX list is invalid. The address 
formed by the addition of the Origin address and 
the Local address exceeds the maximum address 

allocated to the Emulator program. 
The operation is suppressed. 

Operation: The instruction is not installed. The operation is 
suppressed. 

Protection: The LEX list is protected for fetching or storing. 
The operation is suppressed. 

Specification: The first operand address does not specify a 64-
byte boundary. 

Special 

The Origin address is not a multiple of 4096. 
The Local Limit address is not one less than a 

multiple of 4096. 
The operation is suppressed. 

Operations: The EXL instruction is encountered while in 
Local mode. The operation is suppressed. The 
interruption is reflected in the LEX list of the 
program that placed the CPU in Local mode. 
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Local List Format and Definition 

Bytes 0, 1 

Bytes 2, 3 

Bytes 0-3 

Reserved for emulator program use. This area is 
not addressed by the EXL instruction_ 

Upon termination of Local mode by a program or 
supervisor call interruption, the 16-bit interruption 
code describing the interruption is placed in this 
field. 

Programming Use 

I 

Interruption Code 

Bytes 4-7 
L 

Prog. 

Mask 
Local I nstruction Address 

Bytes 8-11 General Register 14 

Bytes 12-15 General Register 15 

Bytes 16-19 Reserved Origin Address 

Bytes 20-23 Reserved Local Limit Address 

Bytes 24-27 Last I nstruction Address 

Bytes 28-31 SVC Interruption Address 

Bytes 32-35 Program Interruption Address 

Bytes 36-39 Asynchronous I nterruption Address 

Bytes 36-39 When Local mode is terminated by an asynchro
nous interruption (External, I/O, or machine~ 
check), the address located in bytes 37-39 is placed 
in the PSW. The high-order byte is reserved and 
should be set to zero. The adjusted PSW is stored 
in the corresponding low storage old PSW and an 
interrupt is taken to the OS Supervisor. 

Bytes 4-7 

Bytes 8-11 

Used to update the current PSW when the EXL 
instruction is executed. The instruction address in 
bytes 5-7 is the address of the next instruction 
within the DOS area. Whenever Local mode is ter
minated by an interruption, this area is updated. 
The I LC field is unpredictable when Local mode is 
terminated by an asynchronous interruption. 

The value in this field is loaded into general register 
14 when the EXL instruction is executed. When 
Local mode is terminated bY'an interruption, the 
current contents of general register 14 are stored 
into this field. 

Bytes 12-15 The value in th is field is loaded into general 
register 15 when the EX L instruction is executed. 
When Local mode is terminated by an interrup
tion, the current ·contents of general register 15 
are stored into this field. 

Bytes 16-19 The address contained in bytes 17-19 corresponds 
to the address adjustment factor and points to the 
zero address of the emulated DOS supervisor. This 
address must be a multiple of 4096, or a specifica
tion interrupt occurs. The high-order byte of this 
field is reserved and should be set to zero. 

Bytes 20-23 The address contained in bytes 21-23 specifies the 
upper address of the emulated environment. The 
address must specify one less than a 4096 
boundary, or a specification interrupt occurs. The 
high-order byte of this field is reserved and should 
be set to zero. 

Bytes 24-27 When Local mode is terminated by a program or 
supervisor call interruption, this address points to 
the instruction causing the interruption. This 
address is within the boundary of the emulator 
program. If the instruction causing the interrup
tion was the object of an Execute instruction, the 
address placed in this field would be the address of 
the Execute instruction. 

The contents of the address field are unpre
dictable when Local mode is terminated by an 
asynchronous interruption. The high-order byte of 
this field is set to zero. 

Bytes 28-31 When Local mode is terminated by a supervisor 
call interrupt, the address located in bytes 29-31 is 
placed in the PSW. This address is within the 
boundary of the emulator program. The high
order byte is reserved and should be set to zero. 

Bytes 32-35 When Local mode is terminated by a program 
interrupt, the address located in bytes 33-35 is 
placed in the PSW. This address is within the 
boundary of the emulator program. The high
order byte is reserved and should be set to zero. 
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EXL Example: Execution and Local Mode Operation Start 

EXL 

B20E Bl EXL Sets Local Mode 

EXL Points to LEX list 

Bytes 0-3 I nterruption Code 

Bytes 4-7 Local Instruction Address 

Bytes 8-11 General Register 14 

Bytes 12-15 General Reg ister 15 

Bytes 16-19 Origin Address 

Bytes 20-23 Local Limit Address 

Bytes 24-27 Last Instruction Address 

Bytes 28-31 SVC Interruption Address 

Bytes 32-35 program Interruption Address 

Bytes 36-3~1 Asynchronous Interruption Address 

LEX List 

Update 
from 
LEX 
List 

Current PSW 

Address 

Gen Reg 14 

Gen Reg 15 

ADD 
Addresses 

Compare 

Real 
Address 

+------Address Exception 

All address-adjustments, while in Local 

mode, are handled by the address-adjustment 

hardware_ 
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Real Address Computation Example 

EXL Instruction Assume: All registers have been initialized. 

Adjustment Factor = 14000 I B2 DE B1 011 

'--y---J 

~ LEX LIST 

Bytes 4-7 

LRU MATRIX 

o 

2 

3 

4 

5 

6 

7 

CURRENT PSW 
J 001000 I I 

~ 

t 
I-REGISTER I 001000 I 

'--v---' 

Real Local 
Address Address 

I Local Address 
I 

I 
I 
I 
I 

I 

I 

I 

I 
I 

I 

TABLE BUFFER REGS 

Initially the Table registers are set to 

zero. This includes the parity bits. 

The first time the Table registers 

are accessed, a mismatch occurs. 

PAA 

0 
1 

o } 

0 
0 
a --

IMATCH J 

PAA 

1 

q-- --, 
....Q.. 

1MATCHl 
Match ok allow M-reg set up (and cycle LRU). : 

Real Local I Address Address 
I M-REG 

: Local Address 
o 1 5 a 01 I I 1 M1 a 

'--v--' I I I 5 
I I I a M2 Read addres 

I 
L ______ 

----- a M3 

TABLE BUFFER REGS 

AFTE R TRAP ROUTINE 

No Match 

Trap to 080C 

Freeze I, V, W, T R, and PAA. 

Trap routine GGS T 
Compute real a 

and local address 
ddress, load real address 
into table buffer Reg O. 
orage word that caused Re-execute the st 

the mismatch. 

Local address 
Adjustment factor 

Real address 

001 
+ 014 

015 

When the EX L instruction has been executed and control is 
passed to the current PSW, the address-adjustment circuits are 
activated. 

Each time an access is made to main storage while in local mode, 
the local address portion of the PAA is checked against the local 
address area of all eight table buffer registers. When a match is 
detected, the real address from the table buffer register causing 
the match is gated to the M-register. The displacement value from 
PAA is also gated to the M-Reg to make up the complete real 
address of the location to be accessed. 

When a no-match condition occurs, a trap is forced and the 
GGST microroutine is executed. The real address is formed, and 

the real address and local address are loaded into the least recently 
used table buffer register. The storage word causing the mismatch 
is re-executed, and the resulting match condition causes the real 

address to be gated to the M-register for a main-storage access. 

s of emulated instruction. 
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Adjust CCW String 82 OF 81 01 

• The operand address designates the ACCW list. 

• With the information from the ACCW list, this instruction 
addresses CCWs and performs adjustment on the data addresses 
of the CCWs. 

The ACCW instruction interprets successive doublewords as CCWs 
and adjusts their data addresses by algebraiclly adding the adjust
ment factor to them. This process conti.nues until: 

The last CCW adjusted did not specify changing, or 

A CCW, whose command code specifies TIC, has been adjusted,or 

A CCW, whose data address points outside the emulated 
environment is encountered, or 

The address of the next CCW is outside the limits of the emulated 
environment or does not specify a doubleword boundary. 

Any of these conditions terminates the execution of the instruct
ion and sets the proper condition code to specify the reason for 
termination. 

When'the ACCW instruction is completed, the address of the 
last CCW adjusted +8 is stored in bytes 17-19 of the ACCW list 
for condition codes 0, 1, or 2. For condition code 3, the address 
stored is CCW + O. If data chaining was in progress, the command 
code and the address of the CCW containing the command code 
are set in the operation byte and operation pointer fields 
respectively. 

I f the last CCW adjusted specified transfer in channel, bytes 
21-23 of the ACCW list contain the unadjusted data address from 
the TIC CCW. If the TIC CCW is encountered in a data-chaining 
sequence, the operation byte and operation pointer of the ACCW 
list contain the values set from the first CCW of the chain. When 
the TIC is not data chained, the operation byte in the ACCW list 
is set to zero. The CCW address field in the ACCW list is set to 
the address +8 of the TIC CCW. 

Condition Code 

o End of the CCW string. The last CCW adjusted specified neither 
data chaining nor command chaining. 
A TI C CCW was the last CCW adjusted. 

2 An adjusted data address was encountered that fell outside the 
area of the emulated environment. 

3. The address of the next CCW to be adjusted did not specify a 
doubleword boundary or fell outside the area of the emulated 
environment. 

Program Interruptions 

Addressing: The address of the ACCW list is outside available 
storage. The operation is suppressed. 
The address of a CCW is outside available storage . 
The operation is terminated .. 

Operation: The instruction is not installed. The operation is 
suppressed. 

Protection: The ACCW list is protected for storing or fetching. 
The operation is suppressed. 
A CCW is protected for fetching or storing. The 
operation is terminated. 

Specification: The first operand address does not specify a 64-
byte boundary; the signed adjustment factor is 

Special 
Operation: 

not a multiple of 4096; the local limit address is 
not one less than a multiple of 4096. The operation 
is suppressed. 

The ACCW instruction was encountered while in 
local mode. The operation is suppressed. The 
interruption is reflected to the program that placed 
the CPU in local mode, by an address in the local 
mode, by an address in the local list. 
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Adjust CCW list Format and Definition 

Bytes 0-3 Signed Adjustment Factor 

Bytes 4-7 Local Limit Address 

Bytes 8-11 Reserved 

Bytes 12·15 Operation Pointer 

Bytes 16·19 CCW Address 

Bytes 20-23 TIC Data Address 

Operation Byte 

The signed binary number located in this field is 
added to the data address of the CCW addressed 
by bytes 16-19 of the ACCW I ist. The 24 low-order 
bits of the result are set into the data address field 
of the CCW. The CCW data address, which is local 
to the emulated environment, is compared against 
the local limit address. If the comparison indicates 
that the local address is above the local limit ad
dress, a program interruption occurs. 

,,,"'r'''TI~'' 4-7 The address contained in bytes 5-7 specifies the 

8-11 

upper address of the emulated environment. The 
address must specify one less than a 4096 
boundary, or a specification interrupt occurs. The 
local limit address is compared with the local CCW 
address, and the extreme local address of the 
storage area defined for each CCW by the data ad
dress, command code, and unit, to assure that the 
local address is within the limits of the storage 
area assigned to the emulated environment. 

The operation byte (byte 11) carries the command 
code for CCWs that are data-chained. The opera
tion byte is set to zero if the CCW being pro
cessed is not data-chained. When the operation 
byte is fetched from the ACCW list, the high-order 
bytes of this field are ignored. When the operation 
byte is stored in the ACCW list, the high-order 
bytes are set to zero. A nonzero operation byte 
encountered upon initiation of the instruction 
indicates that the first CCW to be adjusted is part 
of a data-chained sequence. 

12-15 Th is field contains the address of the CCW that 
originated the operation byte for the last non-TIC 
CCW adjusted. When this address is fetched from 
the ACCW list, the high-order byte is ignored. 
When the address is stored in the ACCW list, the 
high-order byte is set to zero. 

16-19 The address contained in this field is the address of 
the first CCW of a string when the ACCW instruc
tion is encountered. When the ACCW is completed, 
this address points to the doubleword above the 
last CCW adjusted when terminated with condi
tion 0, 1, or 2. When terminated with condition 
code 3, the address points to the CCW causing 
termination. When this address is fetched from 
the ACCW list, the high-order byte is ignored_ 
When the address is stored in the ACCW list, the 
high-order byte is set to zero. 

Contains the unadjusted data address from the 
CCW whose command specifies transfer in 
channel. The high-order byte is set to zero. 
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Operation Example of the ACCW Instruction 

ACCW Instruction 

B2 ! OF 1 B1! 01 

) 

ACCW LIST 

Bytes 0-3 Signed Adjustment Factor 

Bytes 4-7 

Bytes 8-11 Operat ion Byte 

Bytes 12-15 

Bytes 16-19 CCW Address 

Bytes 20-23 TIC Data Address 

Local Address 

Compare 

Command 
Code 

CCWs 

Data 
Address 

Result = Real or Local Address 

(Local Addresses only) 

The operand address of the ACCW instruction points to the 
ACCW list. . 
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The CCW address from the ACCW list points to the first CCW 
to be adjusted_ 

The operation byte contains the command code from the first 
CCW in a data-chaining sequence. 

The operation pointer contains the address of the CCW that 
provided the operation byte_ 

Each CCW in the chain is addressed from the ACCW list. 
The data address from the CCW is added with the signed ad

justment factor from the ACCW list. The local CCW address is 
compared with the local limit address. If the comparison indi
cates a valid local address, the operation continues. If the com
parison indicates an invalid local address, the operation is termi
nated and a condition code of 3 is set. The extreme local address 
of the storage area defined for each CCW by the data address, 
command code, and count are compared with the local limit 
address and zero. If the comparisons indicate a valid local 
storage area, the adjusted data address is placed in the data 
address field of the CCW. If the address compare is invalid, the 
operation is terminated and a condition code of 2 is set. 

The CCW address in the ACCW list is updated +8 to point to 
the next CCW to be adjusted. When the last CCW in the string has 
been adjusted, the CCW address points to the next sequential 
doubleword. 



EXL and ACCW Instruction Execution 

GAAI (I-Cycles) 

Decode B2 Op. 
First Operand 
address set in 
V-register. 

GGB2 INVOP 01 

(A738) 

NO 

Specification 
Exception, go 
to GICM for 
interrupt. 

Set the a-Reg 
to the proper 
address for 
entry to the 
GHYP routine. 

Return using 
a as link Reg. 

YES YES 

Special Operation 
Exception, go to 
GICM routine for 
interrupt. 

NO 

ACCW 

ROW Q ADJ, V + 4 

. V now points to the 
local limit address 
in the ACCW list. 

ROW Y ADJ, V + 4 

V now points to the 
operation byte field 
in the ACCW list. 

a = OOOOA738 for EXL 
a = OOOOA73C for ACCW 

(A73C) 

NO 

YES 

EXL 

Place signed adj 
factor in a-Reg. 

Place local limit 
address in Y-Reg. 

ACCW 

GHYP RELBND 10 

Do CCW adj ust as 
described for ACCW 
instruction. 

GHYP 

GHYP 

Store local list 
pointer at F F28. 

Set local list 
pointer to the 
origin location. 

OPRBND 11 

Place origin 
address in a-Reg. 

Place local limit 
address in Y-Reg. 

Check addresses. 
If ok continue; if 
not, take specification 
exception and branch to 
GICM for interrupt. 

EXL 

GHYP 

ROWaAOJ,V+4 

V now points to local 
limit address location 
in the local list. 

ROW Y ADJ, V + 4 

V now points to last 
instruction address 
location in the local list. 

RELBND 00 

Check the sum of 
the local limit 
address and the 
origin. If ok 
continue; if not, 
take address 
exception and 
branch to GICM 
for interrupt. 

Set local pointer 
back to start of 
local list. 
Set registers for 
local execution. 
Set local mode and 
return to I-cycles. 
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Interruptions 

• Any interrupt removes the CPU from local mode. 

• All non asychronous interrupts that occur while in local mode 
are handled by the emulator program. 

• All asynchronous interrupts that occur while in local mode are 
first handled by the as Supervisor. 

If a Supervisor Call, Program, External, I/O, or recoverable 
Machine-Check interruption occurs while the CPU is in local 
mode, the following action takes place. 

The 16-bit interruption code associated with the Supervisor Call 
or Program interruption is stored in the I nterruption Code field 
of the LEX list. The contents of this field after an External, I/O, 
or Machine-Check interruption are unpredictable. 

The I LC, CC, Program Mask, and instruction address of the 
current PSW are stored in the bytes 4-7 of the LEX list. The value 
of the I LC after an asynchronous interruption is unpredictable. 

The current contents of general registers 14 and 15 are stored 
into bytes 8-15 of the LE X list. 

If the interrupt is a Supervisor Call or Program interrupt, the 
local address of the instruction causing the interruption is stored 
into bytes 25-27 of the LEX list. If the instruction causing the 
interrupt was the object of an Execute instruction, the local 
address of the Execute instruction is stored. 

The corresponding interrupt address (SVC, Program, or 
Asynchronous) is loaded into the current PSW from the LEX list_ 

If the interrupt is an asynchronous interrupt, (I/O, External, or 
Machine-Check) the adjusted current PSW is stored in the cor
responding low storage old PSW and an interrupt is then sent to 
the as Supervisor. 

The CPU is removed from local mode. 

LEX List After SVC Interrupt 

Bytes 0·3 

Bytes 4-7 

Bytes 8-11 

Bytes 12·15 

Bytes 16-19 

Bytes 20-23 

Bytes 24-27 

Bytes 28-31 

Bytes 32-35 

Bytes 36-39 

Bytes 0-3 

Bytes 4-7 

Bytes 8-11 

Bytes 12-15 

Bytes 16-19 

Bytes 20-23 

Bytes 24-27 

Bytes 28-31 

Bytes 32-35 

Bytes 36-39 

SVC Interrupt Code 

General Register 14 

General Register 15 

Origin Address 

Local Limit Address 

SVC or Execute Address 

SVC Interruption Address 

Program Interruption Address 

Asynchronous I nterruption Address 

LE X list after Program Interrupt 

Pgm Interrupt Code 

Local I nstruction Address 

General Register 14 

General Register 15 

Origin Address 

Local Limit Address 

Addr of inst_ causing into 
or execute address 

SVC I nterruption Address 

Program Interruption Address 

Asynchronous Interruption Address 

When the interruption is a specification exception due to an odd 
address, the I LC is unpredictable. The Last Instruction field 
contains the odd address. 
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LEX List After an Asynchronous Interrupt 

Bytes 0·3 Progra mming Use I UNPREDICTABLE 

Bytes 4·7 
II C I Prog. 

Local I nstruct ion Address LI C I Mask 

Bytes 8·11 General Register 14 

Bytes 12·15 General Register 15 

Bytes 16·19 Reserved Origin Address 

Bytes 20·23 Reserved Local Limit Address 

Bytes 24·27 Reserved UNPREDICTABLE 

Bytes 28·31 Reserved SVC I nterruption Address 

Bytes 32·35 Reserved Program Interruption Address 

Bytes 36·39 Reserved Asynchronous Interruption Address 

* I LC is unpredictable 
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SVC I nterruption Example 

Bytes 0·3 

Bytes 4·7 

Bytes 8-11 

Bytes 12-15 

Bytes 16·19 

Bytes 20-23 

Bytes 24-27 

Bytes 28-31 

Bytes 32-35 ;:f~~~~~~c~: 
Bytes 36·39 l~)~+~~ri~i 

Store SVC I nterruption Code 
Local mode is reset by the interruption 

Interruption Code 

General Register 14 

General Register 15 

Origin Address 

Local Limit Address 

Last Instruction Address 

SVC Interruption Address 

Program Interruption Address 

Asynchronous I nterruption Address 

LEX LIST 

Current PSW 

I LC CC: Prog Mask 

Gen Reg 14 

Gen Reg 15 

Address of SVC 

This address points to the SVC handling 
routine within the Emulator program. 

The SVC routine in the emulator program decodes 
the. information carried in the SVC instruction to 
determine the DOS SV address to branch to. 

There are no PSW s~ps for this type of interrupt. 

Once the DOS return address has been computed, 
an EXL instruction is executed, local mode is set, 
and a return is made to an address in the DOS SV. 
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Start 1/0 Interruption Example 

Start I/O from DOS Supervisor 

DOSSV I 
~----~~ ________ St_a_rt __ I/_O ________ ~~·~----~ 

Program Interruption 
Leave local mode 

Adjust CCWs - --- DOS Emulator 
ACCW 

OSSV 
Starts I/O 

Resume execution 
Set local mode 

RTN 

When a Start I/O instruction is executed in the DOS SV, a 
program interruption occurs because the DOS SV is being 
operated on in the problem state. The DOS Emulator 
intercepts the program interruption, leaves local mode, and 
performs the following: 

1. The privileged operation interruption code is set into 
bytes 2 and 3 of the LEX list. 

2. The selected current PSW information is loaded into 
bytes 4-7 of the LEX list. 

3. The address of the Start I/O instruction is loaded into 
bytes 25-27 of the LEX list. 

4. The current values of general registers 14 and 15 are loaded 
into bytes 8-15 of the LEX list. 

5. The Program I nterruption Address, bytes 33-35 of the LEX 
list, is placed into the Program old PSW of the OS SV. 

6. The ACCW instruction is executed to adjust the CCW data 
addresses back to their original values. 

7. Control is transferred to the OS SV to handle the Start I/O. 

When the OS SV has handled the Start I/O, a return is made to 
the DOS Emulator. The Emulator executes an ACCW instruction 
to adjust the CCW data addresses. The EXL instruction is then 
executed to restore information prior to restarting the DOS SV 
at the point of interruption. Refer to the example of EXL exe
cution. 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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There is a Reader's Comment Form 
at the back of this publication. 
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GENERAL INFORMATION 

"d 
\\\,\ 

L \}'J \,:;. 
) 

• Main and control storage uses Phase 21 monolithic circuitry. 

• Non-destructive readout. 

• Main storage is the area of storage assigned for program use. 

• Control storage contains the microprogram upon wh ich all 
system operations depend. 

• Both main and control storage are addressed by the M-register. 

• The first control-storage-address location always follows the 
last high-order address of main storage. 

• The control-storage area is loaded automatically on a power
up sequence (IMPL), 

ADDR ASM 

B-REG Bytes 1,2,3 

MAIN and 
CONTROL 
STORAGE 

32-63' 

ECCL 

MAIN and 
CONTROL' 
STORAGE 

0-31 

~ STORAGE 
w 
0: 
o 
o 
<l: 

PROTECT 

STACK 

A-REG Byte 3 

• Storage cycle times: 540.0 nanoseconds for main-storage read; 
607.5 nanoseconds for a main-storage write. 

• Control-storage access time: 109 nanoseconds. 

• Storage access width: eight bytes (one doublewordJ. 

• Protection features: Both store protection and fetch protection 
are standard on the 3145. 

• Error-checking circuitry and correction circuitry for main and 
control storage used by the 3145 automatically correct single
bit errors, which reduces the number of system interruptions. 
Automatic detection of double-bit errors is also provided, 
stored in MCKB register (byte 2, bit 5). 

MAIN 
STORAGE 

32-63 
32K - 64K bytes 

CHECK BITS 
DATA GOOD 

CPU 

MAIN 
STORAGE 

0-31 

B-REG Byte 0 

-

STORAGE 
PROTECT 
CHECK 

MAIN
STORAGE 
FRAME 

• Storage size: The main-storage capacity with in the CPU frame 
may be any of the fOllowing: 

Control CPU Model Program Storage Storage 
3145FED 114,688 bytes (112K) 32K 

(See Note) 3145GE 163,840 bytes (160K) 32K 3145GFD 212,992 bytes (208K) 32K 3145l::f 26~J 14 b~tes (256K) -- t-, __ 32K...-S 5 SIS 393,216 bytes (384K) * 32K ... :;3 'f}"~:,~;~ 524,288 bytes (512K)* 32K 
*Main-storage capacity above 256K bytes is contained in a 
3345 main storage frame. When a main storage frame is 
attached, it contains the'low-order storage addresses. 

Note: The 3145 has movable control-storage boundary that 
allows up to 64K (65,536) bytes of control storage, depending 
on the features installed. The additional control-storage capacity 
above 32K is at the expense of main storage. The storage 
boundary is determined at the time that the microprogram is 
compiled. 

112K - 256K 

384K - 512K 

} Control Storage 

Main Storage 

Main Storage 
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3145 BASIC STORAGE MODULE (BSM) CONFIGURATIONS 

• These are the four main-storage sizes located at the 01 gate 
that are available to the 3145. 

• Depending upon the storage capacity, the 3145 can contain 
up to 6 BSMs. 

• The storage area interfaces with the CPU via the error-correction 
and control logic board. 

112K BYTES (MODEL FED) 

24K 

Addr Range (Hex) 
00000 - OBFFF 

B2 

24K 

Addr Range (Hex) 
00000 - OBFFF 

B4 

160K BYTES (MODEL GE) 

48K 

Addr Range (Hex) 
00000 - 17FFF 

B2 

48K 

Addr Range (Hex) 
00000 - 17FFF 

B4 

48K 

Addr Range (Hex) 
OCOOO - 1 B F F F 

A2 

ECCL 
A3 

48K 

Addr Range (Hex) 
OCOOO - 1 BFFF 

A4 

48K 

Addr Range (Hex) 
18000 - 27FFF 

A2 

ECCL 

A3 

48K 

Addr Range (Hex) 
18000 - 27FFF 

A4 

A2 and A4 

1 Each address BFR 
1 Each terminator 

36 Each array cards 

B2 and B4 

1 Each address BFR 
1 Each terminator 

18 Each (bottom row) array cards 
36 Each jumpers (red) 

A2 and A4 

1 Each address BFR 
1 Each term i nator 

36 Each array cards 

B2 and B4 

1 Each address BFR 
1 Each terminator 

36 Each array cards 
36 Each jumpers (yellow) 

No te: 1. Add B F R (A-socket) term inator card (V -socket) 
2. 24K BSM-array cards B4-U4 sockets 
3. Jumpers 24K BSM· (red) 

48K BSM· (yellow) 

208K BYTES (MODEL GFD) 

24K 

Addr Range (Hex) 
00000 - OBFFF 

C2 

24K 

Addr Range (Hex) 
00000 - OBFFF 

C4 

256K BYTES (MODEL H) 

48K 

Addr Range (Hex) 
00000 - 17FFF 

C2 

48K 

Addr Range (Hex) 
00000 - 17 FFF 

C4 

48K 

Addr Range (Hex) 
OCOOO - 23FFF 

B2 

48K 

Addr Range (Hex) 
OCOOO - 23FFF 

B4 

48K 

Addr Range (Hex) 
18000 - 2FFFF 

B2 

48K 

Addr Range (Hex) 
18000 - 2FFFF 

B4 

48K 

Addr Range (Hex) 
24000 - 33FFF 

A2 

ECCL 

A3 

48K 

Addr Range (Hex) 
24000 - 33FFF 

A4 

48K 

Addr Range (Hex) 
30000 - 3FFFF 

A2 

ECCL 

A3 

48K 

Addr Range (Hex) 
300000 - 3FFFF 

A4 

Note: 1. Add BFR (A-socket) terminator card (V-socket) 
2. 24K BSM-array cards B4-U4 sockets 
3. Jumpers 24K BSM- (red) 

48K 8SM- (yellow) 

A2 and A4 

1 Each address B F R 
1 Each terminator 

36 Each array 

B2 and B4 

1 Each address B F R 
1 Each terminator 

36 Each array card 
36 Each jumpers 

C2 and C4 

1 EachaddressBFR 
1 Each terminator 
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18 Eac'h (bottom row) array 
36 Each jumpers (red) 

A2 and A4 

1 Each address 8 F R 
1 Each terminator 

36 Each array cards 

B2 and B4 

C2 and C4 

1 Each address B F R 
1 Each terminator 

36 Each array cards 
36 Each jumpers (yellow) 



BASIC BSMs 

The optional main-storage sizes availabe on the 3145 are 112K, 
160K, 208K, 256K, 384K, and 512K bytes. All BSMs on models 
with main-storage sizes of 256K or fewer are mounted in_ the CPU 
frame. An external main-storage frame is required on models with 

384K or 512K main storage. 
An additional 32K bytes reloadable control stor~ge is incorpor

ated in each system. The reloadable control storage shares certain 
8SMs with main storage but is not included as part of main storage. 
In addition to the storage card, each 8SM contains an address 
buffer, card and a terminator card. 

8SM Sizes 

Traditionally the total storage capacity of a given storage element 
has been expressed in kilobytes such as 32K, 48K, 208K, 256K, 
and so on. The width of the associated data path in bits received 
minimum emphasis. The capacity of the 8SM is given in total 
words by the number of bits per word: 12K x 36 bits; for example, 
a 12K x 36 BSM can store 12000 36-bit words, or 48K bytes. The 
basic storage interface and data flow are shown on page 3-7. 

Two basic 8SM sizes, 48K and 24K, are used in varied combina
tions to provide the range of main-storage options within the CPU. 

48K 8SM (12K x 36) 

Two versions: fast and slow 
Fast uses 12K x 1 fast array cards. 
Slow used 12K x 1 slow array cards. 

12K x 1 fast array card contains: 
1. Selected array modules that meet the requirements for minimum 

circuit delay. 
2. One sense latch used in parallel to decrease readout time. 

The 48K slow 8SM is used for main storage where access and 

cycle time is less critical. 
The 48K fast BSM is used for reloadable control storage where 

fast access and short cycle time is critical. 

Note: 
A 12K x 1 fast card can replace a 12K x 1 slow card, but a 12K 

x 1 slow card cannot replace a 12 K x 1 fast card. 

PHASE 23:48K aSM 

I 
> > > > > > > >'> > > > > > > > > > 

L. ~ ~ ~ ~ ~ e e e e e e e e e ~ ~ ~ e 
£ ~ <! ~ ~ ~ ~ ~ ~ ~ ~ < < < ~ <! <! <! <! 
:::l 

CD 
II) 
II) 

CIl -c 
"tl > > > > > > > > > > > > > > > > > > 
<! e ~ e e ~ e e e e e ~ e e ~ ~ e e e 

< <! < ~ <! ~ < < ~ < <! < ~ <! <! < < < 

24K 8SM 16K x 36) 

Uses 6K x 2 array cards. SAR address is modified to allow reading 
or writing two bits at a time on each array card_ 8SM is field
expandable to 48K bytes. 

PHASE 2't.24K 8SM 

> > > > > > > > > > > > > > > > > > 
E E E E E E E E E E E E E E E E E E 

L. E E E E E E E E E E E E E E E E E E 
CIl :::l :::l :::l :::l ::J ::J :::l :::l :::l :::l :::l :::l ::J ::J :::l :::l ::J '::J 

::: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
:::l 
m 
II) 
VI 
CIl -c N N N~ N N N N "tl N N 
<! x x x ,x x x x x '" x x 

~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ co to to to to to to to to to to 

> 
~ 
<! 

'::~f~ 

o 

" o 
{1 

o 

" " 

a 
0 

0 

" 0 

o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 

A = Array Module 

S/L = Sense Preamplifiers and 

12K x 1 Slow 

6K x 2 Slow or 12K x 1 Fast 

Data Latch 

(See Page 3-6 for a 
breakdown of the array 
card storage module) 
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Array Card Storage Elements 

Column 

Array Modu Ie 
(1 of 24) --- ----- ___ Capacity: 512 Bits ------

12K x 1 

The power gate circuits are used to power one chip per module in a 
row. A decoder is used to select one power gate circuit in a cycle. 
The timing pulse is also decoded using a two-to-four decoder. The 
timing pulse is used to select a column of modules and is wired to 
all four chips per module. As a result, only one chip that is timed 
will also be powered up. Seven address lines are buffered and then 
wired to each module. These lines are used to select one bit per 
chip. The address lines used to decode the power gates are buffered 
by the power gate buffer module. A latch output circuit is also 
provided on the card. 

Note: 12K x 1 Array card shown; other array cards are similar. 

----

\ 
\ 

\. 
\ 
\ 
\ 

\ 
\ 
\ 

Monolithic Chip 
(1 of 4 per modu Ie) 
Capacity: 128 Bits 

\~~~ 

Generallnformation 3-6" 



Basic Storage--Interface and Data Flow Simplified 
MST BOARD 

r - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --, 

From CPU 

ADDRESS LINES 

I 
I 
I 
I 
I 
I 
1 

~ 1 (13 or 14 

DATA INPUT LINES »1 (36) \ 

CONTROL LI NES 

ADDRESS 
BUFFER 
CARD 

t6l1 
I 
I 
I 
I 
I 
I 
I 

COMPLEMENT 
ADDRESSES 

• .A-.---< 8SM TIMING 

TRUE 
ADDRESSES 

UPPER ARRAY CARDS 

~ 
DATA OUTPUT (36) 

,-~~~ __ ~ __ ~~~~~~ __ ~ __ ~ __ .. ~~~~~ ................................... ) ..................... To CPU 

1 
I L __ ------- ____________________________________________ ______________ ~ 

• All address lines enter the address buffer card, whe re they are 
powered and inverted to provide in-phase and out-of-phase 
addresses to the array cards_ The use of complement addresses 
minimizes power-driver-circuit requirements on the address 

buffer card. 

• The control lines, board select, read/write, and certain address 
bits are used on the address buffer card to generate the BSM 
timing pulses used during each store or fetch cycle. 

• All array cards participate in each store (write) or fetch (read) 
cycle. 

• During each store cycle, one bit of data is stored in each array 

card. 

• For each array card, data is routed directly across the BSM 
interface to the system. 

• The terminator card provides the correct terminating impedance 
for the internal address and control lines. 

12K x 36 8SM 
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CONTROLS 

• The BSM storage area controls consist of: 
1. Clock for timing and 
2. An addressing scheme 

Controls for moving data into and out of the storage unit consist 
of the addressing scheme to locate words in the BSM, and a clock 
to time operations within the storage cycle. BSM clock operation 
is asynchronous with the CPU. If not in use, the storage area does 
not cycle but waits for a storage select pulse to activate the inter
nal timing circuits. To start a storage cycle, the CPU sends an 
address, read (not write control) or write control, and a storage 
select pulse to the ECCL board within the storage area. The cycle 
proceeds under control of the storage unit clock, and data is gated 
into or out of the BSMs. 

8SM Timing 

The BSM timing mechanism is composed of tapped delay lines 
and provides all the timed pulses necessary to control the BSMs. 
The clock is composed of two delay line cards located in the ECCL 
board. In addition to the delay lines in the ECCL board, each BSM 
contains its own delay line within the address buffer card. The 
ECCL board delay lines are adjustable and operate for approxi
mately 280 nanoseconds (ns) and are in steps of la-nanosecond 
increments. These delay lines are basically used to generate control 

pulses. The delay line in the address buffer card generates the 
BSM timing signals required by each array card during a store or 
fetch cycle. 

The delay line in the ECCL board is started after the receipt 
of a 45-ns select pulse generated at the CPU. The delay line in the 
address buffer card starts about 8 nanoseconds later than the 
ECCL board delay line. This allows the signals from the ECCL 
board to propagate to the selected BSMs. For further detail on 
storage timing, refer to Page 3-22. 

8SM Addressing 

The main- or control-storage address gated the the M register is 
transferred directly to the storage address register (SAR) as shown 
in the illustration. From SAR, the address bits are routed to board 
select circuits within the ECCL board and to the BSM address 
buffer card to select the array module and chip, and the proper 
bit cell. For each storage access, the address is sent to correspond
ing pairs of BSMs. Address lines 1-14 are used on 48K (12 x 36) 
BSMs; address line 6 is not used on 24K (6K x 36) BSMs. 

The address lines may enter the array board (BSM) at either of 
two socket locations, A2 and A5. If the board pins in socket 
location A5 are used as entry pins, then the board pins in socket 
location A2 becomes exit pins. Depending on the board location 
in the BSM configuration, the exit pins may be used to: 
1. Route the address lines to an adjacent BSM, or 
2. Terminate the address with plug on terminators if the array 

board is the last in a chain of multiple BSMs. 
Details pertaining to the addressing scheme are covered on Page 

3-15. 

MAIN·STORAGE SELECTION 

Main-storage addressing values are specified by program instruct
ions. These addresses are three bytes long. The four high-order 
bits, however, are not used for the actual addressing. (Sixteen 
address bits provide for addressing up to 512K byte locations, the 
largest storage size possible in this system). Main-storage addresses 
are not modified but are sent to the memory-addressing circuitry 
unchanged from the M-register to the storage address register. If 
a storage address greater than the assigned main-storage capacity 
of the system is specified, an address check occurs. 

5 Addrs Lines 

Board Select 

CONTROL·STORAGE SELECTION 

Control-storage selection and addressing is generated within the 
CPU. When control storage is selected, a control store gate forces 
selection of only the A2/A4 boards. (These boards always contain 
the control-storage data.) 

M1 M2: M3 , 
4 567'01 234567

1
0,1234,5,617 

16 12 

13 7 

14 13 6 

I 

7 Addrs Lines 

Array Module and Chip Select (See Page 3-9) 

*PG A } *PG B Select a module 
row of a card 

SAR 1 

SAR 3 } Select four chips in a row 
SAR4 

SAR 5 (Tp) } Select one column of 

SAR 6 (Tp) an array module 

*The SAR bits that compose PG A and PG Bare 
configurati 0 n-sensitive. 

T 

MReg 

Byte 

SAR 

General Information 3-8 

U/L (Upper/Lower) 
BSM Select During 
Write Operation 

7 Addrs Li nes 

Bit-Cell Selection (See Page 3-10) 

SAR 7-10 Jt------ ; Decoded to select one 
horizontal row of eight bit
cells 

SAR 11. plus two other~: Decoded to select one of 
SAR bits that depend on eight sense preamplifiers, 
system configuration which selects one vertical 

column of 16 bit-cells 



ARRAY MODULE and CHIP SELECTION-SIMPLIFIED 

All addresses and control inputs to the array card are from the 

address buffer card. The 'data in' line is from the 8SM board 

interface. 

• Power gate signals select one chip in each of the four array 

modules in a horizontal row. 

• Each TP signal is applied to all chips in the four modules in a 

vertical column. 

• The selected chip is the one that receives coincident PG and 

TP signals. 

• One sense latch is used on 12K x 1 slow cards. 6K x 2, and 
12K x 1 fast cards each have two sense latches. 

12K X 1 ARRAY 

4 

" PG Timing Chip 1 Chip 1 

PG 
Chip 2 ~ - - Chip 2 

3 Module Chip 3 Chip 3 

SAR 
4 

(6) 
Chip 4 '1: Addr 

Chip 4 
I I 13 or 2 

(PGA) 
14 (PGB) 

~~~r { *5 
*6 Tp 

Dcd 

6 I 
Chip 1 

Chip 2 

Chip 3 

4 
Chip 4 

'fpo

Tp 1 
Tp2 

I 
I 
I 
I 
I 

Chip 1 

f- -- Chip2 

Chip 3 

Chip 4 

t 
Set -

Rst _ 

r-------------------TP3 --J ----
RIW5/W Read/Write 

Cti. 
Data I n Data In --------------1 

SAR 12 
{

11 
Word 
Driver 

Ded 

WO 
W1 
W2 
W3 

}-Word Driver 
Addr 

13 

Modules 

{

7 
SAR 8 
Addr 9 

10 

Sit 
Select 
Dcd 

:;: ~ }-Bit Select _____ ...J 

SIS 3 

*These are the timing lines that control writing and reading on 
each array card; they are generated on the address buffer card. 

Note: The SAR bits shown on this diagram is intended for 
instructional use only; the actual use of the SAR bits depends 
upon the main-storage size_ The decode of the SAR bits and their 

use for each configuration is contained on 3-15. 

f--

--

Sense 
Lth I-- Data Out 

Module 
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BIT-CELL OPERATION and SELECTION-SIMPLIFIED 

SAR 
Addr 

8 W1 

9 W2 4 
710 

10 W3 

Power Gate (PG) 

Timing Pulse (TP) 

Chip 
Select 

Word 
Drivers Word Top 

Word Bottom 

Word Top 

R/W Inst 

{ 

11 

SAR 
Addr 12 

13 

a 

15 

o 

o 

128 Cells 

16 x 8 Matrix 

Sense Preamplifiers 

Bit Select 

Note: The use of the SAR bits shown on this diagram are intended 
for instructional use only; the actual use of the SAR bits depends 
upon the main-storage size. The decode of the SAR bits and their 
use for each configuration is contained on Page 3-15. 

Bit Cell 

7 

Phase 21 Chip 
(128 x 1) 

Final 
Sense 
Amp 

Data Out 
(1 Bit) 

• A bit cell is selected when the Word Top (WT) and the Word 
Bottom (WB) signals coincide. 

• The coincidence of the WT and WB signals produces a read 0 
or read 1 signal on the sense 0 or sense 1 line during a read_ 

• The coincidence of WT, WB, and a write signal on the write 0 
or write 1 line is required to write a bit into the bit cell. 

• The bit cell is the basic storage element used in the phase 21 
monolithic memory; it stores one data bit. 

• The bit cell is a direct-coupled flip flop that can be set to a 0 
or 1 state. 

• The coincidence of TP and PG signals select the chip. 

• The write signal gates 'data in' through the selected sense pre
amp and activates the write 1 or write 0 line. 

• The Absence of a write signal places the chip in read status. 

• Word lines (SAR addresses 7,8,9, and 10) are decoded to 
select one horizontal row of eight bit-cells_ The selected bit 
cells are in high-power state. (The bit cell is selected to read 
or write.) 

• B it select (addresses 11, 12, and 13) are decoded to select one 
of eight sense preamplifiers and thus one vertical column of 16 
bit cells. 
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BSM/CPUINTERFACE 

The main storage and control storage are independent storages 
located in the 01 frame, B gate and communicate with the CPU via 
the error-correction and control logic (ECCL) board. Each BSM 
contains an address buffer card that powers and inverts address 
lines, and generates the timing signals required by each array card 
during a fetch or store cycle. The ECCL board contains the storage 
data register (SDR), storage address register (SARI, BSM clocks, 
and the logic for error location and correction. 

The data and signals transmitted on the CPU/ECCL board, and 
ECCL/BSM interfaces include: addresses, control information, 
data, status information, and miscellaneous signals necessary for 
a successful operation, and synchronization with the CPU. The 
illustration shows the overall interface between the BSM and the 
other functional areas. The connecting lines do not represent 
actual cabling; they represent logical sets of interface lines. 

ECCL to Storage Interface 

Data to Storage 

These lines (64) transfer data to storage on a store cycle. 

Check to Storage 

Based on the data, these lines (8) are generated to enable detecting 
and correcting single-bit errors. 

Address 

The address lines (28) are divided so that half go to the upper 
storage bound, and half to the lower. 

Board Select 

The board select lines (5) are decoded to select a particular pair 
of 24K or 48K boards. 

Storage to ECCL Interface 

Data from Storage 

These lines (64) transfer data. 

Check from Storage 

The check lines (8) contain single-error-correction information. 
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BSM FUNCTIONS 

• Receives and sends only when signaled by the processor. 

• Two general kinds of storage accesses are performed: 

fetching control words; 
fetching (or storing) data from (or into) main or control 
storage. 

• The storage cycle for a fetch consists only of a readout 
function. 

• The storage cycle for a store operation consist of a fetch 
followed by a store. 

• Error correction is performed on all storage functions. 

Main storage and control storage provide the system with directly 
addressable fast-access storage of data. Because the storage 
elements of the BSlVls are monolithic circuits, the storage initially 
does not contain information when power is turned on. Both data 
and programs must be loaded into main and control storage (from 
the CPU) before they can be processed. 

To fetch (read-out) information or store (write) information, 
the system initiates a storage operation. When not performing 
either function, the storage unit is idle. 

Main and Control-Storage Areas 

At least 32K bytes of control storage, and up to 256K bytes of 
program storage, are housed in the CPU. For systems that have a 
storage capacity above 256K, they require a main storage frame 
(3345). 

The system is equipped with a movable control-storage 
boundary that allows for up to 64K bytes of control storage, 
depending upon the mix of features installed for the system 
configuration. This additional control-storage requirement is at 
the expense of main storage. The storage boundary is determined 
when the microprogram is compiled. 

Control storage contains the microprogram upon which all 
system operations depend. Control storage is not available to the 
user and should not be modified. To do so could make 
application results unpredictable. 

Application-program data is read out of (or into) storage four 
bytes (a fullword) at a time. To increase performance, however, 
program instructions are read out eight bytes (a doubleword) at a 
time. 

Error checking and correction (ECC) provides automatic single
bit error detection and correction. It also detects all double-bit 
errors and most multiple-bit storage errors but does not correct 
them. Parity checking is used to verify proper data transfers to 
the storage unit. 

Main-storage addressing begins at location 0 and continues up 
through the highest installed program-storage byte location. 

BSM/ECCL Data Flow 

There are two operations in storage: fetch and store. All controls, 
data, and the select pulse come from the CPu, are gated through 
the ECCL board, and distributed to the proper BSMs. The ECCL 

board, which has all the controls necessary to communicate 
between the CPU and the internal storage BSMs, handles all fetch 
and store operations, as well as error correction and control. The 
overall relationship and logical interface among the major 
functional units of the storage area is shown on Page 3-13. 

Major Functional Areas 

Beside the BSMs, the storage area is composed of an ECCL board 
that contains storage data register (SDR); storage address register 
(SAR); BSM clock; delay lines; and the error-correction and 
control logic. The logic consists of read generator, write 
generator, syndrome generator, syndrome decoded, parity-out 
generator, and error-type decoder. Each functional unit is briefly 
described as follows: 

STORAGE DATA REGISTER (SDR) 

The SDR buffers and directs the data between the CPU and 
storage. During a fetch operation, data is received from storage, 
latched, then sent to the read generator and the CPU as 
uncorrected data. Some time later, decoded syndromes are used 
to determine which data bit, if any, is in error. This bit is 
corrected, relatched; and sent to the CPU as corrected data. On a 
store operation, the foregoing is repeated, and the SDR gates 
either new data or old data to the write generator and to storage. 
STORAGE ADDRESS REGISTER (SAR) AND STORAGE CLOCK 

The SAR logic provides the write instruction, busy signal, 14 
address lines, 8SM select timing, and the address check. 

A write signal is generated if the instruction is received from the 
CPU and a cancel has not been initiated. The instruction is then 
timed and latched. The latched signal is split into a write upper 
and a write lower instruction which are sent to corresponding 
pairs of storage boards. In a diagnostic mode either the upper or 
the lower instruction is active. 

A busy signal is initiated upon receiving a select from the CPU 
and is active until the elid of the storage cycle that it was 
activated on. This line is sent to the system. 

Up to 17 address lines are received from the CPU and latched. 
Both phases of most lines are distributed to the storage boards, 
depending on the configuration. The address check logic 
compares 17 addresses and 3 parity lines and determines whether 
an address error has occurred. The result is sent to the system and 
to the logic cancel circuitry. 

8SM CLOCK 

The 8SM clock generates the BSM set and reset functions that are 
sent to storage. Address lines in conjunction with a select signal 
from the CPU are used to determine which 8SMs are to be 
selected. 

DELAY LINE 

The delay line is approximately 280 ns long and tappable in steps 
of 10 ns and is used basically to generate control pulses. 

READ OR WRITE GENERATOR 

Each generator receives 64 data bits and creates the eight check 
bits and eight parity bits. 

SYNDROME GENERATOR 

The syndrome generator card contains logic to generate 
syndromes and hardware check, and provides check bits to 
storage . 

Check bits from storage are compared to the check bits from 
the read generator. Th is output is latched and sent to decoder 
logic as syndromes. 

Check bits from the write generator are gated to storage if the 
diagnostic parity mode is inactive. Parity bits from the system are 
gated to storage during diagnostic parity mode. Hardware Check 
is a compare of the check bits from the read generator and write 
generator. This check is valid only on a fetch instruction. A late 
bit also brings up Hardware Check. 

SYNDROME DECODER 

The syndromes are decoded into byte error lines and bit-position 
lines. These lines are sent to the SDR card, where the last level of 
decode is performed for bit correction. 

PARITY-OUT GENERATOR 

The parity-out generator provides the double-error detecting 
(DED) bit syndromes, correct parity to the system, and byte 
parity and data in parity checks. 

The generation of the DED syndrome bit (CT) on a read cycle 
is accomplished by exclusive ORing the parity bits from the read 
check bit generator with the check bits from storage. 

Data parity from the read check bit generator are corrected and 
gated to the CPU. In diagnostic mode, the check bits from storage 
are gated to the CPU instead. 

Data-parity bits from the write generator are compared with 
data-parity bits from the CPU for data-transmission errors. 

The byte lines received from storage are latched and distributed 
to the control logic within the SDR and syndrome decodes. The 
byte I ines are parity-checked. 

ERROR-TYPE DECODER 

The syndromes are used to determine which byte contains a 
failing bit. This information is then used to complement the 
corresponding parity bit that was generated on erroneous data. 
Corrected byte parity is then sent to the system. Also, if the 
failing bit is in a byte that is to be restored in storage, the 
syndromes are used to complement some of the check bits to be 
stored. This eliminates the time needed to regenerate corrected 
bits based on the new updated word for storage. If a bit has. 
failed, the error type and position will be indicated by lines sent 
to the CPU. 

Fetch Operation in the Storage Area 

A fetch operation is started when the CPU sends to the storage 
area a select pulse and an address. The fetch instruction along 
with the select pulse starts the clock located on the ECCL board. 
This operation allows the selected input address to be latched and 
timed. The address lines are then decoded to select a data word 
from an upper BSM (located at A2, B2, or C2) and a data word 
from a lower BSM (located at A4, B4, or C4). 
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Sixty-four data bits, seven check bits, and a double-error 
detection bit (CT) are accessed from storage. The 64 bits are. 
latched in the SDR; the check bits plus the CT bits are transferred 
to the syndrome generator. The 64 data bits are forwarded to the 
system via the 5080 initially as uncorrected data but are 
prevented from being used by the CPU until it has been verified 
that the data contains no errors. The data is also gated to both 
the read generator and write generator. (On a fetch, the write 
generator receives only the data read out of storage.) The 
generators produce 7 check bits and 8 parity bits; the generated 
check bits are compared with the check bits read from storage. 
The output from this compare is then sent to the syndrome 
generator, where the check bits are analyzed to determine 
whether any of the bits issued from storage are in error. The 
syndrome generator (error-bit decoder circuits) determines which 
data is in error, if any, and sends these signals as syndromes to the 
syndrome decoder. The syndrome decoder contains circuits that 
complement the early data latched in the SDR if any error was 
detected. This corrected bit is then transferred to the CPU. The 
CPU does not operate on any data until it is assured that all data 
from storage is valid. 

If a single-bit error arises during a control-storage access, the bit 
in error is corrected before it is restored into storage. 

The eight generated parity bits are transferred to the parity-out 
generator, which normally sends these parity bits to the CPU. The 
parity bits can be replaced by check bits during a diagnostic 
operation. 

The check bits from the syndrome decoder are also forwarded 
as check bit syndromes to the error-type decoder. If an error is 
detected in any of the bytes, the error-type decoder uses the 
check bit syndromes to correct the early parity bit associated 
with the byte that contained the error. Corrected parity is 
forwarded to the CPU via the parity-out generator. The error-type 
decoder also provides the CPU with signal lines that indicate the 
error type. The error-type signals are displayed on the console. 

Usually, control·storage data is available to the CPU on the 
cycle following the request for data. If corrections to any data bit 
are required, an additional CPU cycle is necessary. Main-storage 
data becomes available to the CPU approximately 237 
nanoseconds after the ECCl board receives the request. 

Store Operation in the Storage Area 

The store operation requires a select pulse, store instruction, 
address, data bits, and stor.age byte control lines. The select pulse 
and the storage instruction initiate the store operation. The store 
operation always starts with a read followed by a write. Thus, as 
the store operation commences, 32 data bits are gated to a set of 
latches in the SDR from the CPU; the 64 data bits from the same 
address location at which the data is to be stored are gated to 
another set of latches in the SDR. A decision is made in the SOR 
based on the particular bytes to be stored as to what new 
information is to be stored and what old information is to be 
retained. Sixty-four data bits (32 old and 32 new) are then 

. transferred from the SDR to the write generator. (The read 
generator receives the 64 data bits from storage.) The write 
generator produces 7 check bits, one double-error detection (CT) 
bit, and 8 parity bits on the new data combination to be stored. 



The generated parity bits on the new data from the system are 
compared with the parity-in bits; and if an error has occurred a 
byte parity signal is issued to the cancel circuit. The generated 
check is forwarded to the syndrome generator, where it is 
latched. At the syndrome generator, a decision is made whether 
the check bits or the data parity-in bits from the system are to be 
stored. (Data-parity bits can replace the check bits during 
diagnostic tests.) 

For the data that is to be restored, under normal operations, 
the syndrome generator determines whether the data read from 
storage and the data that is to be restored is the same. If all data 
bits compare, the check bits are gated to storage unaltered. If a 
bit error is detected in a byte to be restored during a main-storage 
access, the check bits associated with the byte are complemented 
before being transferred to storage. Similarly the CT bit is latched 
and can be updated, if necessary, before being transferred to 
storage. 

If a single-bit error is detected during a control-storage access, 
the bit in error is corrected before it is restored. This data·bit 
correction eliminates the check-bit correction cycle. 

When the storage is initially loaded, a validate line is issued to 
the ECCL board. The validate line allows you to write data into 
storage with the correct check bits. 

STORAGE PROTECTION 

Storage protection, composed of the store and fetch protection 
features, prevents the unauthorized changing or use of the 
contents of main storage. Store protection prevents the contents 
of main storage from being altered by storage addressing errors in 
programs or input from 110 devices. Fetch protection prevents 
the unauthorized fetching of data and instructions from main 
storage. As many as 15 programs (with associated main-storage 
areas) can be protected at one tirTle. 

Protection is achieved by dividing main storage into 2,048-byte 
blocks and by associating a storage key with each block. Each 
storage key may be thought of as a lock. Each block of storage, 
then, has its own lock. Two instructions are provided for 
assigning and inspecting the key, which contains a four-bit cdde. 
The same code may be used by many blocks, using binary codes 
0001-1111. 

A right of access to storage is identified by a protection key, 
located in the program status word (PSW) or in a special word 
used in channel operations. During a main-storage reference 
(storing or fetching), the storage key is compared with the 
protection key associated with the reference. Access to the 
location is granted only when the four leftmost (high-order) bits 
of the storage key match the protection key, or when the 
protection key is zero (0000). When both the store- and fetch
protection features are installed, bit 4 of the storage key 
determines whether fetch protection is operative for the storage 
block associated with that key. If the bit is 1, fetch protection is 
operative; if it is 0, it is inoperative. 

The storage protect unit has a 64 x 8 protection stack that 
applies to main-storage locations (in sequential block of 2,048 
bytes) zero through 131,072. Additional stacks are provided in 
the CPU when main-storage capacity exceeds 131,072 bytes. The 
operation of the storage protect unit is described on page 3·41. 

ERROR HANDLlNG·STORAGE AREA 

The handling of errors for the storage area is generally divided 
into these categories: 

• Hardware error-detection system that signals a failure 
condition. 

• Error logging that allows you to retain or display through hard 
copy pertinent information on failure conditions and, 

• Diagnostics that allow rapid analysis and isolation of a failure. 

Error Detection 

The error·detection circuits are divided into two kinds: control 
and data. Control errors are those relating to controlling 
functions such as storage addressing. Data errors are detected by 
parity checks from the data bus line, and by the error-checking 
circuits within the storage area. The data path to storage is 
parity-checked, byte by byte. Both control and data error 
conditions are displayed on the console. 

The error-checking mechanism within the storage area has the 
ability to detect and correct single-bit errors that occur when data 
is fetched from storage without disturbing normal operations. If a 
BSM loses a bit or picks up an extra bit, the error-correction logic 
detects the error and corrects it before allowing the CPU to use 
the data. If the error involves more than one bit position, the 
error will be detected but not corrected. Detection of double-bit 
failures signals the system to perform the normal retry routine. 
The indication of double·bit errors, which includes one 
intermittent bit failure, is removed as a result of the CPU retry 
routine. In addition, checks are provided on the error-correction 
circuits. 

Parity checking within the storage area is provided for: 

• Storage addresses 

• Data on SOB I during a store operation 

• Command sent to storage 

• Byte lines (that determine bytes to be stored) 

• Storage protection stack key 

Error Logging 

Error logout messages are retained in dedicated maintenance 
storage for later recall. Storing this information into main storage 
as a result of, or in association with, a machine error is referred to 
as a machine-check logout. The purpose of these messages is to 
give you information on intermittent and/or solid failures. 

Diagnostics 

The diagnostics that check the main- and control-storage areas are 
part of the Basic Group (Microprogram *BAS). The purpose of 
the group of tests is to detect and locate failures in the basic 
Model 145 and Console File Attachment controls. This group 
enables the sections in the extended group to operate under a 
micromonitor and use the console typewriter as a communication 
device. 

The console file enables initiating this group of tests with a 
building·block technique from a minimal entity; the console-file 
attachment circuitry. Initially, control words are loaded directly 
in the C·register and executed under control of the file. Then 
control words are loaded into local storage and executed in local 
store-control store mode. Finally, control storage itself is loaded 
with the remaining basic group sections and executed under 
normal CPU control. 

The basic CPU groups consist of 12 sections, one of wh ich tests 
the main and control area and includes these tests: 

Test BGA1 
Test BGA2 
Test BGA3 
Test BGA4 
Test BGA5 
Test BGA6 
Test BGA7 
Test BGA8 
Test BGA9 
Test BGBO 
Test BGB1 
Test BGB2 

Set ACB and test address bits 14-17. 
Test phase 21 address bits 1-13. 
Locate error-free word. 
Write generator test. 
Read generator test. 
CO - C32 error detect. 
CT and double-error detect. 
Single-error detect and correct. 
Any double errors in control storage. 
Any double errors in program storage. 
Control-storage and program-storage address test. 
Test data for read/write generator test. 

NOTE: The extended group of microdiagnostics run under 
micromonitor EASY, MBAO through MBA8, comprises the 
extended group. (See "Microdiagnostic Servicing Handbook" 
for operating procedures, Part 2641601.) 
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FUNCTIONAL AREAS 

The main and control area is structured around 2 basic BSMs 
(12K x 1 and 6K x 2), and an ECCL board. The storage area may 
consist of both the 12K x 1 and 6K x 2 BSMs or just the 12K x 1 
BSMs, depending on the requirement of a particular system. The 
BSM configuration shown on Page 3-5 illustrates the data, and 
address and control flow among the BSMs and the ECCL board. 
The relative location of the BSMs shown on this diagram are 
viewed from the wiring side of the logic gate. 

This chapter discusses storage addressing and timing, BSM 
interface connectors, and the functional units that compose the 
ECCL board. The ECCL board layout is shown on Page 3-17. 

STORAGE ADDRESS REGISTER and STORAGE CLOCK 

The storage address register (SAR) is a 17-bit register that accepts 
the CPU storage addresses from the M-register and is used for 
both control- and main-storage accesses. In addition, the SAR 
logic contains the write control, busy signal, the BSM select 
timing and the addresses check logic. (See Page 3-8.) 

The address contained in the M-register is gated to the SAR by 
a select powered gate control that is generated as a result of the 
select command received from the CPU. 

The CPU addresses are gated to the SAR under control of the 
CPU select control line, which is received at the ECCL board after 
it is generated. This select line can be delayed for an additional 22 
ns during the storage I cycle for certain types of CPU operations 
before it is used in the SAR logic. The width of the select line is 
chopped from 45 ns to 38 ns by a time delay circuit, forming a 
select powered control. Each time the select powered control line 
is active, the contents of the M-register are gated and latched in 
the SAR. The addresses from the SAR are decoded to select the 
proper BSM. 

The SAR is reset each time the select powered line is degated. A 
write or read signal is generated each time an instruction is 
received from the system if a cancel signal is not active. A write 
signal is also generated if a restore signal is activt and a single 
error has occurred during control store access. (See Page 3-8.) The 
write signal is latched in the system write latch at approximately 
TO + 80 ns (TO is defined as the time the select powered signal 
becomes active). The latched signal is forwarded to the storage 
write latch. The latched signal from the storage write latch is split 
into a write upper and a write lower instruction which are sent to 
corresponding pairs of storage BSM. 

The busy signal is initiated by the select powered control signal 
and is active until the end of the cycle on which it was activated. 
This line is sent to the system. 

The BSM timing control is gated to storage clock controls for 
proper BSM select. The BSM select line starts the timing pulse 
generator on each address buffer card. 

SAR Address Checking 

All storage addresses that are gated to the SAR are parity-checked 
for addressing errors as shown on ALD S0403. An address error 
sets an address check latch. This signal is sent to the CPU (MCK 
BO, bit 0), and also sets the ON cancel latch in the SAR logic. 

BSM ADDR ESSI NG 

The SAR bits are decoded to select the BSM boards, array 
module and chip, and the proper bit cell. (See Page 3-8.) In 
addition, certain address bits are manipulated within the storage 
area to assure that only the valid portions of an array card are 
addressed. The BSM address bits (PGA, PGB, chip, and on 
occasion, address 12) are generated by decode circuits within the 
SAR card or storage clock located on the ECCL board. The use of 
these bits depends upon the storage configuration and may not 
always represent the same SAR bits as they are routed from 
board to board. Address lines 1,3,4,5, 7 through 11, along with 
the control lines, are propagated to each board. The address lines 
are routed to an address buffer card located on each BSM, where 
they are powered and inverted to provide true and complement 
addresses to the array cards. 

For each storage access, the addresses are sent to corresponding 
pairs of BSMs. Address lines 1-14 are used on 48K (12 x 36) 
BSMs; address 6 is not used on 24K (6K x 36) BSMs. 

Board Select 

Byte locations in storage are consecutively numbered starting 
with 0; each number is considered the address of the 
corresponding byte. A group of bytes in storage is addressed by 
the leftmost byte of the group. The number of bytes in a group is 
either implied or explicitly defined by the operation. The 
addresses in the M-register represent the byte locations. The 
starting address is always located at the board farthest from 
the ECCL board. For example, in a 256K storage configuration, 
the low-order address is located in the C2/C4 boards. 

Board select circuits are divided into 32K byte or 64K byte 
selection depending upon the capacity of each board used with a 
particular storage configuration. Board select is determined by 
the decode of bits 12 through 16 of SAR or by the control store 
gate that forces selection of only the A2/A4 board. (These boards 
contain the control-storage data.) The SAR bits 12 through 16 
represent the following byte-address ranges: 

Bit Range (Bytes) 

12 16K to 32K 
13 32K to 64K 
14 64K to 128K 
15 128K to 256K 

The board select signal is received at the BSM approximately TO 
+ 9 ns for main storage; at TO + 6 ns for control storage. When 
the board select signal reaches the address buffer card of the 
BSM , TO of that BSM commences. 

Addressing Circuits 

The address bits needed to generate the special address lines PGA, 
PGB, CHIP, and control depend upon storage configuration and 
also board location. (See Page 3-21_) The selection of what bits 
are used for PGA, PGB, and CHIP are chosen to match the 
address range of an array card in a particular BSM_ To minimize 
the wiring between the ECCL board and the BSMs, a chaining 
technique is used to propagate the special address lines from one 
board to the next. Thus, where the address CHIP line is used on 
one board, the same address bit may be propagated to another 
board and be used as a PGB signal. The addressing scheme also 
makes use of the special address bits to assure that a false invalid 
address indication is not generated as the CPU address count is 
incremented beyond the capacity of an array card. 

Array Card Logical Addressing 

All BSMs within the storage area have 12K addresses regardless of 
card size. To address the 12K card that is not on a binary 
boundary, the card has been effectively subdivided into four 
segments, with each segment containing 4K addresses. The 
address control lines PGA and PG B are used to keep track of 
segment location within the card. PGA selects the 4K segments, 
and PGB selects upper/lower segment of a card. 

PGB PGA 

0 
Segment 3 
8-12K 

0 
Segment 2 
4-8K 

0 0 
Segment 1 
0-4K 

Because each segment represents 4K addresses, only three 
segments are required to address the card properly, leaving one 
segment in an invalid area. This invalid area is detected by a 
simultaneous decode of 1, 1 for PGA and PGB. If PGA and PGB 
are active at the same time at anyone BSM, this means that the 
address exceeded the BSM capacity. When this happens, a 
double-bit error signal is transmitted to the machine-check 
circuitry. 

To avoid addressing the invalid segment of the array card 
whenever the CPU addressing input reaches the address capacity 
of the card (PGA and PGB both equal to a logical I), either PGA 
or PGB is inverted in the SAR logic before the bits are transferred 
to storage. The bit that is inverted depends upon the addressing 
requirements of a particular BSM. The inversion of either PGA 

and PGB causes the selection of the BSM with the next high-order 
address. For example, if the CPU were sequentially addressing a 
256K storage starting with address 0 at the C2/C4 board, the 
B2/B4 boards are selected when PGA (address bit 13) and PGB 
(address bit 14) become active simultaneously. When the SAR 
logic decodes this condition, PGA bit (bit 13 in this example) is 
inverted via a cable before it is used in storage. The 256K address 
flow (ALD S0011) shows the addressing interface connections 
among the BSMs and the ECCL board. In the 24K BSMs (used in 
112K and 208K storage configurations), the PGA signal becomes 
address 12 so that proper byte boundaries can be maintained for 
the 24K storage. 

The CH IP control line is gated to every module and is used as 
one of the seven address lines needed for bit-cell selection. 

The control address line is used as a gating control line for the 
PGB and CHIP address lines whenever the CPU accesses the 
control-storage area. This gating action effectively changes 
control-storage locations on the array card. 

Array Module and Chip Selects 

The array module and chip in an array card are selected as 
follows: 

PGA, PGB, and SAR 1 select the module row of a card. The 
SAR bits that compose PGA and PGB are shown on Page 3-21. 

SAR bits 3 and 4 select one chip in each of the array modules 
in a horizontal row. 

SAR bits 5 (T p) and 6 (T p) select one column of an array 
module. 

The PGA, PGB, address 1, along with address bits 3 and 4, 
combine to select the module row of a card being addressed and 
select one chip in each of the four modules in that horizontal 
row. These addresses form the power gate select lines (output of 
power gate drivers) and are controlled by the power gate timing 
signal generated at the address buffer card. Address 5 (T p) and 6 
(T p) select one column of any array module. The proper column 
within an array card is selected by a decode network that makes 
use of both phases of address 5 and 6. Address 5 is timed and is 
derived off the delay lines in the address buffer card. This is the 
T p pulse. The selected chip within an array module is the one 
tliat receives coincident PG and T p signals. A simplified drawing 
showing array module and chip is shown on Page 3-6. When 
observing the address 5 timing pulse on the array card at pin D06 
or B10, you will notice that only one of these pulses is timed. 
The address 5 signal that is timed is dependent upon the input 
polarity of address 5. The (-) 5 address is the timed pulse. So, if a 
(+) 5 address is ,generated, the out-of-phase signal at pin D06 has 
the timing pulse; when a (-) 5 address signal is generated, the 
in-phase signal at pin B 1 a has the timing pulse. 

The PG and T p timing signals are adjusted at the address buffer 
card. (See maintenance section.) 
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85M Configuration-Address and Control Interface 

Data Interface 

112K/160K 85M Storage Size 

JUMPERS 

(36 PER BOARD) 

B4 

Terminator 

208K/256K 8SM Storage Size 

Terminator 

32 Data In 

~ ________ +-.:;:.3.:o.,i2 Data Out 

48K (F) 

A2 

ECCL 

A3 

48K (F) 

A4 

32 Data In 

32 Data In 

32 Data Out 
~-------~~~ 

48K 

---- -- C2 -- - B2 

JUMPERS (36 PER BOARD) 

B4 

48K 

Terminator 

48K (F) 

A2 

ECCL 

A3 

48K (F) 

A4 

32 Data In 

32 Data Out 

Address Interface 

112K/160K 8SM Storage Size 

Plug-On Terminators 
(Address and Control Lines) 

B4 

• 

208K/256K 8SM Storage Size 

Plug-On Terminators 
(Address and C ontrol Lines) \ 

24/48K 

C2 

24/48K 

C4 

r Plug-On Terminato 
(Address and Control Lines) ~ 

• .. t--

... -
• 

48K (F) 

A2 

ECCL 

A3 

48K (F) 

A4 

48K 

82 

48K 

B4 

-.., 
.. ~ -

.--
-- ,. 

Address and Control Lines- Exit 

Address and Control Lines- Entry 

Address and Control Lines- Entry 

Address and Control Lines- Exit 

48K (F) 

A2 

ECCL 

A3 

48K (F) 

A4 

--
.. -

-
-

.. -

.. -

-

Address and 
Control Lines
Exit 

Address and 
Control Lines
Entry 

Address and 
Control Lines
Entry 

Address and 
Control Lines
Exit 
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.... "''''L. ,",,\.lUlU ... uyuu .. 

v u T S R 

1862 1862 1862 
S0232 S0226 S0244 

DCPL 
SDR SDR SDR 
Bits Bits Bits 

0 8 16 
Basic 1 9 17 
System 32 40 48 
Card 33 41 49 

1862 1862 1862 
S0235 S0229 S0247 

SDR SDR SDR 
Bits Bits Bits 

DCPL 

2 10 18 
3 11 19 

34 42 50 
35 43 51 

SOBI SDR (EFGH-QRST) 2/4 

2/Card 
PIN 1862 (All Cards) 

0-31 
Data In Data Out 

J05 
From St9 To System 

J13 
B04 B09 
J04 D05 
J10 D09 
J12 Dl0 

Parity Out Gen (N) 

Bytes Latched 0 S02 Add Ck S08 
-Level 1 M13 Data Ck S04 

2 Ml0 Byte Ck U07 
3 PlO (-Levels) 

Q 

1862 
S0238 

SDR 
Bits 

24 
25 
56 
57 

1862 
S0241 

SDR 
Bits 

26 
27 
58 
59 

7 

P N M 

6031 1860 1863 
S0261 S0301 S0271 
S0262 S0273 S0273 

Synd 
Gen 
# 1 

Read 
Parity 

Check 
Out 

Bit 
Gen 

Gen 

1863 
S0275 
SQ277 

Synd 
Gen 
#2 

CHECK BIT GENS 

RD/WR (P&J) 
CO M08 
Cl D13 
C2 S03 
C4 P04 
C8 M04 
C16 G09 
C32 G08 
CT U12 
+=1 -=0 

Data all I's CK bits alii's 
data all O's CK bits 00111100 

L 

1861 
S0290 
S0292 

Error 
Type 
Decoder 

K J H 

1859 6031 1862 

S0280 S0251 S0208 

S0287 S0257 

SDR 
Bits 

4 
Write 5 Syndrome 
Check 36 Decoder 
Bit 37 
Gen 

1862 
S0211 

SDR 
Bits 

6 
7 

38 
39 

SYND GEN # 1 AND # 2 (M) 
+Hdware CK D 11 2/4 
+ On Synd B07 

ERROR TYPE DECODER (L) 

-Sing Data Err U02 
-72 Bit EOrr Pl0 
-Double Err J13 
-On Cancel 011 
+Disable M04 

DELAY # 1 D2 

Clock Start o Time D2D12 

50 Time Bl0 

70 Time B13 
80 Time J05 
100 Time G04 

Bsm Reset (Ready) 

Reset Syndromes 
Set Sys Write 
Rst Data Good 

G 

1862 
S0202 

SDR 
Bits 

12 
13 
44 
45 

1862 
S0205 

SDR 
Bits 

14 
15 
46 
47 

F E D 

1862 1862 1865 

S0220 S0214 S0312 

SDR SDR 
Bits Bits 

Delay 
Line 
# 1 

20 28 
21 29 
52 60 
53 61 

1862 1862 1865 
S0223 S0217 S0315 

SDR SDR 
Bits Bits 

Delay 
Line 

#2 

22 30 
23 31 
54 62 
55 63 

STG ADD REG (C) SAR 

-BSM Sel Time B12 
-Write From (Sys) B07 
-Select D02 
-Write Upper B05 
-Write Lower B04 

DELAY #2 D4 

170 Time B08 Set Synd 

180 Time D09 Start Fast Write 
210 Time B13 Start Write 
275 Time G08 Reset Bsm (Write) 
275 Time G07 Write Width 

C B A 

1864 1866 
S0401 S0407 
S0404 S0410 

DCPL 

Storage 
Address 
Reg 

BSM 
Clock 

DCPL 

BSM CLOCK (B) 

-Ctrl Store 
+0 iag Parity 
+Validate 
+Diag Ripple 
+On Early Error 

-Set For Access 
-Wr Width Delay 
+Mamtam Data 
-Restore 

J13 
P06 
P07 
P07 
D07M13 

Bl0 
P12 
M07 
U05 
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Bit-Cell Selection 

Seven address lines are used to select one of 128 bit cells that 
form a 8 x 16 matrix on each chip; The address lines are SAR bits 
7-11, plus two special address control bits CH I P and either SAR 
bits 12 or 13. The decode of SAR bits 7-10 select (via word 
driver) a horizontal row composed of eight bit-cells. The decode 
of SAR bit 11, CHIP and either SARbits 12 or 13, depending 
upon system configuration, select one of eight sense preamplifiers 
that activate on a vertical column containing 16 bit-cells. The 
selected preamplifier either gates a write signal (data-in), which 
activates the write 1 or write 0 line during a write cycle; or gates 
a read signal, which is generated on the sense 0 and sense 1 line 
of each bit cell during a read operation. Coincidence of the 
selected word driver output and the selected preamplifier output 
selects the bit cell that is to be used in the write or read 
operation. A simplified drawing of bit-cell selection is shown on 
Page 3-10. 

Address Control Lines 

The following address control lines are gated to the BSMs. 

SIGNAL NAME 
ECCL SSM ENTRY 

FUNCTION 
EXIT PIN OR EXIT PIN 

·BSM Select (See Addr I nitiates each store 
FlowALDs or fetch cycle by 
SOO08 starting the timing 
S0011 ) pulse generator on 

the address buffer 
card. A separate 
'BSM select' signal 
is used for each 
BSM. 

+Board See SOO05 This is an output 
Activity signal; this line is 

+ when the BSM 
is selected. Its use 
is optional. 

-Write A3D04 A2B10 Controls the write 
or or read function of 

A5D04 each storage cycle; 
this line is - for 
write, + for read. 

+Reset A3B04 A2B07 When active, this 
or line resets the 

A5B04 sense latches on 
each array card. 

-
+Machine A3D03 A2B09 When active, this 
Reset or signal suppresses 

A2D13 the generation of 
extraneous timing 
signals in the BSM 
during a system 
power-on or when 
manually activated 
from the console 
panel; it resets the 
timing latches on 
the address buffer 
card and the sense 
latches on each 
array card. 

BSM Address and Control Interface 

The identification of the address control lines for each storage 
configuration is shown in ALD logic pages S0005, S0008 
through S0011. The entry and exit pins for a specific interface 
line are electrically connected in the array card. Their functions 
may, therefore, be interchanged; an exit pin may be used as an 
entry pin, or vice versa. 

The address and control lines from the ECCL board enter the 
BSM board at either of two socket locations-A2 or A5. If the 
board pins in socket location A5 are used as entry pins, the board 
pins in socket location A2 become exit pins. Depending upon the 
board location in the storage configuration, the exit pins may be 
used to: 

1. route the address and control signals to an adjacent BSM, or 
2. terminate the address and control lines with plug·on 

terminators in the array board in the last in a chain of multiple 
BSMs. This termination points are shown on ALD S0016. 

The address flow drawings (ALD S0007 through S0011) show 
the address and control lines relationship between the ECCL 
board and the BSMs. These drawings (one for each configuration) 
contain the pin location for the interface lines along with the 
polarity of each signal. Generally, the polarity of the address 
gated to the upper BSMs (A2, B2 and C2) on the 2/3 socket 
location, is negative. The polarity of the addresses gated to the 
lower BSMs (A4, B4, and C4) on the 4/5 socket locations is 
positive. All array cards participate in each store (write) or fetch 
(read) cycle. The address lines from the ECCL board enter the 
address buffer card on the BSMs as shown on ALD S0005. 

The selection of address bits used for PGA, PGB, and CHIP, and 
an occasional address 12, are chosen to match the address range 
of the array card in a particular storage configuration. The special 
chaining technique used to propagate these special address lines 
from one board to the next is shown on logic pages S0008 
through S0011. Address lines 1,3,4,5, 7 through 11, along 
with the control lines, are propagated to each board. 

Address Flow-Example 

To illustrate the addressing flow between the BSM and the ECCL 
board, consider the following example: 

Storage Configuration 
Access 
Storage Address 

256K 
Main Storage 
8000 hex 

The address bit configuration in SAR for the address is: 

161514 13121110 987 6 5 4 3 2 
000 100 0 000 0 o 0 0 0 

0 8 0 0 

1 
0 
0 
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ALD page S0011 shows how the address and control bits are 
routed to each BSM of the 256K configuration. The BSM logic 
board interconnections are shown on ALD S0005. 

UPPER BOARD ADDRESS FLOW 

ALD S0011 shows the common address lines, and the W/R, reset 
and machine reset controls entering the address buffer card of the 
upper BSM A2 at socket A5 at the pins designated on ALD 
S0005. From socket A5, each address is fed to an AND circuit, 
where the address line is powered and inverted to provide true 
and complement addresses to the array cards. The 2/3 sockets 
represent the upper board, which receives the out-of·phase 
address lines. The addresses leave board A2 from socket A2 at 
the pin locations shown on ALD S0005 and are chained to 
board B2 at socket A2. The addresses exit board B2 at socket A5 
and connect to board C2 at socket A5. The addresses from the C2 
board are terminated at the pin locations shown on ALD S0016. 

At each board, the addresses are connected to the array cards as 
shown on ALD S0005. 

The PGA, PGB, CHIP, and CONTROL lines distribution 
generally follow the same chaining technique. Although these 
special address lines are not used in the same manner at each 
board, they enter each board at the same pin location. For 
example, the PGA address line always enters every BSM board, 
regardless of configuration, at pin location B2B 11. 

If you were to follow address 10 from the ECCL board through 
each BSM and to its termination point, the address path would 
be: 

Upper BSM Boards 

ECC BRD A2BRD B2BRD C2BRD 

ADDR EXIT ENTRY EXIT ENTRY EXIT ENTRY TERM 

10 A3B10 A5B12 A2B03 A2B03 A5B12 A5B12 A2B03 

NOTE: Address 10 enters all array cards at pin B08. 

LOWER BOARD ADDRESS FLOW 

The address flow for the lower BSMs is the same as for the upper 
boards except that the ECCL board connects to the first board 
(A4) at the A2.socket. Therefore, the entering and exiting pins on 
the lower boards are directly opposite to those on the upper 
boards. Using address 10 for an example, the address propagates 
through the BSMs as follows: 

ECC BRD A4BRD B4BRD C4 

ADDR EXIT ENTRY EXIT ENTRY EXIT ENTRY TERM 

+10 A4B03 A2B03 A5B12 A5B12 A2B03 A2B03 A5B12 



SAR and STORAGE CLOCK 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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PGA, PGB, CHIP, and CONTROL-BITS SELECTION 

STORAGE SIZE 112K, PLUS 32K CTRL 

Board A2/A4 

PGA 

Add 13 r--l 
cs -------U PGA Fast 

S0408 

PGB 

PGB = Add 2 to Storage (S0401) 

Chip 

112K Chip 

C5---------~A 

Add 13 __ -I~ ~ OR ~ Chip 112K 2-48K 

DE I- A 
Add 12 Gen-

-
50402 

Add 12 

(Not) Add 12 -----1-T. 
C5----------------~ A 
(Not) C5 t-- OR I- Add 12 Gen 

Add 12 A 

50402 

Control 

Add 2 ~ 
~~d 13 ------U Ctrl Fast 

Board 82/B4 

PGA = Add 12 

PGB = Add 13 

Chip = Add 2 

5Q408 

Add 12 = Add 6 (propagated from A2/A4 boards) 

STORAGE SIZE 160K, PLUS 32K CTRL 

Board A2;A4 

PGA 

Add 13 ~ 
cs -------------0- PGA Fast 

50408 

PGB = Add 14 

Chip = Add 2 

Control 

Add2 ~ 

~:d 13 --------rr Ctc! Fast 

Board B2/B4 

PGA = +13 
PGB = 14 
CHIP = 2 

50408 

STORAGE SIZE 208K, PLUS 32K CTRL 

Board A2;A4 

PGA 

Add13 ~ 
CS ________ ~ PGA Fast 

S0408 

PGB = Add 2 

CHIP 

(Not) CS ...--~ -----------------1 A I LJ 208K Chip 3 - 48K 

Add13---~ 
DE ll=7 

Add 12 Gen ---t 
'----' 

Add 12 

(Not) Add 12 ---~rT--' 

C5----------t A 
(Not) cs I-- OR f-- Add 12 

Add 12 A 

S0407 

Control 

Add13 Q 
~:d 2 ------rr Ctc! Fa" 

80408 

Board B2/B4 

PGA= Add 14 
PGB 
Add13--------~ 
Add 14 L.J PGB 208K 

CHIP= Add 2 

Board C2/C4 

PGA = Add 12 
PGB = Add 13 

S0409 

CHIP = Add 2 
Add 12=Add6viaAdd 12 

STORAGE SIZE 256K, PLUS 32K CTRL 

Board A2/A4 

PGA 

Add 13 

C8 

PGB = Add 2 

CHIP 

(Not) C8 

(Not) Add 13 

256 Control 

Add 13 
Add 2 
CS 

Board 82/84 

PGA = Add 13 + 
PGS = ADD 14-
CHIP=Add2-

Board C2/C4 

PGA = Add 13-
PG8 = Add 14-
CHIP = Add 2-

[} PGA Fast 

S0408 

8-8- 256 Chip 

S0408 

[j-Ct<' Fa" 

SQ408 
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TIMING-ECCL BOARD and 85M 

The timing mechanism in the ECCL board and the 8SMs is 
composed of a tapped delay line and provides all the timed pulses 
necessary to control the storage operations. The ECCL board 
contains two delay-line cards, which are basically used for 
generating control pulses for functional operations performed on 
the ECCL board. These delay lines are adjustable and operate for 
approximately 275 nanoseconds (ns), and are in steps of 10-
nanosecond increments. The delay line in the address buffer card 
generates the 8SM tim ing signals required by each array card 
during a store or fetch cycle. The 8SM select (board select) is the 
signal that starts each store and fetch cycle. This signal is generated 
in the 8SM clock circuits located in the ECCL board. (See page 
3-17.) Address lines in conjunction with the 8SM select signal 
determine which 8SMs are to be selected. 

The ECCL board also contains a 8SM clock card, wh ich is 
primarily used for generating the set/reset function for the 
storage data register (SDR), and for generating the clock pulse for 
resetting the busy and storage write latches as shown on Diagram 
3.9. 

CPU Select Pulse/ECCL Board TO Relationship 

The CPU has a variable-cycle clock that produces timing durations 
of 202.5, 247.5,292.5, and 315 nanoseconds. The CPU control
word type determines the time duratio'n of the CPU cycle. For 
control-storage accesses, the 315 ns time duration is not used; for 
main-storage accesses, the 202.5 ns time duration is not used. To 
address either main or control storage, the CPU must generate a 
CPU select pulse that starts the delay-line clock within the ECCL 
board. The time at which the CPU select pulse is generated is 
dependent upon the CPU cycle length. 

The width of the select pulse is dropped from 45 ns to approxi
mately 38 ns by a time-delay circuit, forming a select powered 
control line that starts the delay-line clock. 

During control-storage accesses, data becomes available at the 
SD80 at the same time it is being analyzed for errors. This 
simultaneous action permits the CPU to operate on the SD80 
data on the subsequent cycle if it contains no errors. To prevent 
the use of the SD80 data before the error-checking circuits 
complete their analysis, a (Not) data good line is activated at 
TO + 100 ns and is reset at TO + 150 ns if no error is detected. 
The reset of this control line means that the control-storage data 
on the SD 80 is correct and can be used by the CPU. 8 ecause the 
CPU samples the data on the SD80 at the same time regardless of 
CPU cycle length, the (Not) data good/CPU time relationship for 
each CPU cycle length must be the same. To maintain this relation
ship, the generation of the CPU select pulse differs for each CPU 
cycle length. The (Not) data good control line/CPU cycle 
relationship is shown on page 3-22. 

PU Select Pulse/Eccl Board TO Relationship 

Control Store Access 202.5 ns 247.5 ns 

o 45 90 135 180 247.5 

CPU Cycles 

57 102 102 147 
CPU Select 

77 117 122 162 
Eccl Board TO 

177 25 222 25 
(Not) Data good -
Main Store Access Storage 1 Read 

102 147 
CPU Select 

122 162 
Eccl Board, TO 

124 169 
*CPU Select (Delayed) 

153 194 
ECCL Board TO 

* Delayed 22 ns for address-adjust operation 

Note: The timing shown on this page is intended for instructional 
purposes only; the actual timings may differ (see "Storage Timing Adjustments"). 
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292.5 ns 315 ns 

o 45 90 135 180 225 315 

147 192 

167 207 

2671 25 

Storage 2 I Storage 1 Write 

147 192 I 102 147 

167 207 I 122 162 
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ECCL Delay Lines 

The ECCL delay lines produce all the timed pulses necessary to 
control the operation of the ECCL board. The clock consists of a 
serial network of delay lines. Physically, there are two 14 ns and 
two 45 second delay lines mounted on each of two delay-line cards. 
A total delay of 275 ns is available from the delay line network, 
and an output is available from tags at la-nanosecond intervals 
after input time. 

The logic for the delay-line network is shown on Page 3-23. The 
select powered pulse enters delay-line card No.1, which furnishes 
a pulse to delay-line card No.2 at approximately 120 ns after the 
receipt of the select powered pulse. 

If a single-bit error arises during a control-storage access; the 
storage bit in error is corrected before the CPU makes use of the 
SDR data, and the bit is also corrected in the BSM from which 
it was fetched. To correct a storage bit in error in the BSM, a 
restore function is made active that changes a control-storage 
read cycle into a control-storage write cycle. This BSM restore 
function can be inhibited by using tie-off on 01 B-A2-B2D09. 

All timings within the logics of the ECCL board are in relation 
to the select powered pulse which, by definition, is referred to 
as TO of the ECCL board. Each timing pulse has a time duration 
of approximately 35 ns. 

8SM Timing Specification 

The timing specifications for the BSMs used with the 3145 are 
shown on Pages 3-24 and 3-25. The actual timing for the BSM 
address buffer card is contained on ALDs 50002 and S0003. 
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8SM Interface Timing 

Line Name Test Point 
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Note: The timing shown on this page is intended for instructional 
purposes only; the actual timings may differ. (See ALD S0002 and 
S0003.) 
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8SM I nternal Timing 

Write Internal Timing-Slow 

Nanoseconds 

Line Name 
0 

Test Point 

8SM Select A2S05 I 
162 ± 5 ns I 

R/W Instruction B4009 I 
I 

84 ns Min 
I 1 

Latest Address 4 ns Max I 
I 

Oata In B4011 

PG* B4G10 
TP* 84006 

8 ns Max 
I 
I 

Read Internal Timing-Slow 

Nanoseconds 
0 20 40 60 80 100 

Line Name Test Point I I I 

8SM Select A2S05 

R/W Instruction 

Latest Address 

PG* 84G10 

TP* 84006 

Reset 84005 

Set * 84004 

Line Name Test Point 

BSM Select A2S05 

___ 108 1 ns Min 
'--t--- j 

R/W Instruction 84009 

Latest Address 

Oata In 84011 

PG* 84G10 

TP* 84006 

120 

Line Name Test Point 

BSM Select A2S05 

R/W Instruction 

Latest Address 

Reset 

Seh 

Write Internal Timing-Fast 

Nanoseconds 
0 20 40 flO 80 

Read Internal Timing-Fast 

Nanoseconds 
0 60 

I 

* The timing of these signals is adjusted by altering delay-line 
taps on the address buffer card (See ALO S0002 and S0003). 
The timing of the other signals is adjusted on the ECC board 
(see "Storage Timing Adjustments"). 

100 120 

120 
I 

3145 TM 3-25 



Storage Timing Adjustments and Checks 

Storage-timing adjustments and checks include the following. 

STORAGE-TIMING ADJUSTMENTS 

1. CPU Select Pulse 
2. Delay-Line Card 1 
3. Delay-Line Card 2 

STORAGE-TIMING CHECKS 

1. Store Cycle l-Read 
2. Store Cycle l-Write 
3. Store Cycle 2 
4. Write Pulse 

For valid results, the storage-timing adjustments must be 
performed in the defined sequence (1 through 9). Readjust a 
delay line only when it is outside the checking tolerance. When 
plugging delays, always plug vertically or horizontally rather than 
diagonally. 

STORAGE-TIMING-ADJUSTMENT PREREQUISITES 

A. Make certain that the following wire-wrapped jumpers are 
installed: 

From 

B-B2A5D02 
B-B4A5D02 
B-C2A5D02 
B-C4A5D02 

To 

B-B2A5D07 
B-B4A5D07 
B-C2A5D07 
B-C4A5D07 

B. Make certain that the following wire-wrapped jumpers are 
removed: 

From 

B-A2A5D02 
B-A4A5D02 

To 

B-A2A5D07 
B-A4A5D07 

C. Do not plug or remove address buffer card (A2) from any BSM 
while power is on. If checking or retiming of the address 
buffer card is necessary, refer to ALDs S0002 and S0003. 

D. Make certain that 'data good' line is activated. 

E. Oscilloscope setup (Tektronix type 454 or equivalent): 

Channell Volts/Div: 50 mv/cm 

Channel 2 Volts/Div: 50 mv/cm 

Time/Div: 0.1 usec with Xl0 MAG 

Select Center Pulse 

1. CPU SELECT-PULSE ADJUSTMENT 

A. Perform control word 30 00 0000 using CPU console as 
follows: 

• Set the rate switch to SINGLE CYCLE HARDSTOP. 

• Set DIAGNOSTIC/CONSOLE FI LE CONTROL to EXE 
CTRL WORD SWS A-H. 

• Set switches A-H to 30 00 0000. 

• Set rate switch to PROCESS. 

• Press start key. 

B. Attach channell probe as sync at A-B3H4J07 (CPU clock 
-0 time). 

C. Attach channel 2 probe to B-A3C2D02 (select pulse). 

D. Verify that the minus select pulse is 45.±4 ns wide and 
occurs 57 -60 ns after CPU clock 0 time. If the pulse is not 
within tolerance, adjust the programmable delay line tap at 
A-Cl F2 to obtain the specified timing. (See CPU clock and 
timing adjustment for layout of the programmable delay 
lin"e.) 

2. DELAY 00 ADJUSTMENT 

A. Attach channel 2 probe to B-A3D2D12 to monitor delay 
00. 

B. Verify that a minus pulse occurs 74-76 ns after sync goes 
plus. If necessary, adjust the delay tap at B-A3D2 to obtain 
specified timing. (Ref~r to Page 3-26 for delay block 
layout.) 

3. DELAY 50 CHECK 

A. Attach channell probe (sync) to B-A3D2D12 (delay 00). 

B. Attach channel 2 probe (delay 50) to B-A3D2D10. 

C. Verify that a minus pulse occurs 48-55 ns after sync pulse. 

4. DELAY 80 ADJUSTMENT 

A. Keep channell probe (sync) at B-A3D2D 12 (delay 00). 

B. Attach channel 2 probe (delay 80) to B-A3D2J05. 

C. Verify that a minus pulse occurs 79-81 ns after the sync 
pulse. If necessary, adjust delay tap at B-A3D2 to obtain 
the specified timing. 

5. DELAY 120 CHECK 

A. Attach channell probe (sync) to B-A3D2J05 (delay 80). 

B. Attach channel 2 probe (delay 120) to B-A3D2G08. 

C. Verify that a minus pulse occurs 38-45 ns after sync pulse. 

6. DELAY 150 ADJUSTMENT 

A. Keep channel 1 probe (sync) at B-A3D2J05 (delay 80). 

B. Attach channel 2 probe (delay 150) to B-A3D4D07. 

C. Verify that a minus pulse occurs 69-71 ns after sync pulse. 
(Refer to Page 3-27 for delay block layout.) 

7. DELAY 190 CHECK 

A. Attach channell probe (sync) to B-A3D4D07 (delay 150). 

B. Attach channel 2 probe (delay 190) to B-A3D4Dl0. 

C. Verify that a minus pulse occurs 38-45 ns after sync pulse. 

8. DELAY 275 ADJUSTMENT 

A. Keep channell probe (sync) at B-A3D4D07 (delay 150). 

B. Attach channel 2 probe to A-A3D4G08. 

C. Set oscilloscope time/div control to 0.2 us with Xl 0 mag. 

D. Verify that a minus pulse occurs 124-126 ns after sync 
pulse. If necessary adjust the delay tap at B-A3D4 to obtain 
the specified timing. (Refer to Page 3-27 for delay block 
layout.) 

Delay Line 1 Card Layout 

Following Located On 1 BA3D2 (See ALD Pages 80311 and 80312) 
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9. TERMINATE TEST BY DOING THE FOLLOWING 

A. Set rate switch to SINGLE CYCLE HARDSTOP. 

B. Return D IAGNOSTI C/CONSO LE FILE CONTRO L switch 
to PROCESS/I MPL. 

C. Set rate switch to PROCESS. 

D. Remove any external jumpers used to activate 'data good 
line'. 

E. Remove test equipment. 

F. Press start key. 

NOTE: Delay jumpering same as card 2 example. 
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STORAGE-TIMING CHECKS 

For valid results, the storage timing checks should be done in the 
defined sequence (1 through 6). Before doing these timing 
checks, perform items specified under the heading "Storage
Timing-Adjustment Prerequisites." 

1. STORE CYCLE 1-READ CHECK 

A. Place check control switch to DISABLE. 

B. Perform storage word 4004 1400 using CPU console as 
follows: 

• Set rate switch to SINGLE CYCLE HARDSTOP. 

Q Set DIAGNOSTIC/CONSOLE FI LE CONTROL to EXE 

• CTRL WORD SWS A-H. 

• Set switches A-H to 40 04 1400. 

• Set rate switch to PROCESS. 

• Press start key. 

C. Set oscilloscope Time/Div to 0.5 us with Xl0 mag. 

D. Attach channel 1 probe (sync) to A-C3G2D07 (plus) store 
cycle 1 line. 

E. Attach channel 2 probe (0 time) to A-B3H4G05. Align 
pulse to first traticule on the oscilloscope. 

F. Verify that storage cycle I occurs approximately 0 to 20 ns 
after CPU 0 time. The duration of storage cycle I pulse 
should be approximately 250 ms. 

G. Attach channel 2 probe (select) to B-A3C2D02. Set 
oscilloscope Time/Div control to 0.2 us. 

H. Verify that a minus pulse occurs at approximately CPU 102 
time. 

J. Attach channel 2 probe delay 00 to B-A3D2D12. Set 
oscilloscope Time/Div to 0.5 us. 

K. Verify that a minus pulse occurs at approximately CPU 153 
time. 

2. STORAGE CYCLE-1-WRITE CHECK 

A. Assume that the check control switch is at DISABLE and 
perform storage word 4804 1400 using CPU console. (See 
l-B for setup procedure.) 

B. Attach channel 1 (sync) to A-C3G2D07 (plus). (Logic 
reference-DC031.) 

C. Attach channel 2 (CPU -0 time) at A-B3H4J07. Align pulse 
to first graticule on the oscilloscope. 

D. Verify that storage cycle 1-write occurs approximately 0 to 
20 ns after CPU 0 time. The time duration of storage cycle 
1-write pulse should be approximately 315 ns. 

E. Attach channel 2 probe (select) to B-A3C2D02. Set 
oscilloscope Time/Div control to 0.2 us. 

F. Verify that a minus pulse occurs approximately CPU 102 
time. 

G. Attach channel 2 probe (delay 00) to B-A3D2D12. Set 
oscilloscope Time/Div control to 0.5 us. 

H. Verify that a minus pulse occurs at approximately CPU 153 
time. 

3. STORAGE CYCLE 2 CHECK 

A. Attach channel 1 probe (sync) to A-C3G2D07 (storage 
cycle 1 plus). 

B. Attach channel 2 probe (storage cycle 2) to A-C3G2J07. 

C. Verify that a plus signal approximately 295 ns in duration 
occurs when storage cycle 1 (sync pulse) goes off. 

4. SET SDR CHECK 

A. Attach channel 1 probe (sync) to B-A3D2D12 (delay 00). 

B. Attach channel 2 probe (set SDR) to B-A3K2D12. 

C. Verify that trailing edge of 'Set SDR' goes positive 121-130 
ns after delay 00 pulse. (Logic reference S0287 and 
S0410.) 

5. WRITE PULSE CHECK 

A. Attach channell probe (sync) to B-A3D4D07. 

B. Attach channel 2 probe (delay 150) to B-A3D4D07. Align 
delay 150 pulse on the first graticule on the oscilloscope. 

C. Attach channel 2 probe to B-A3C2B04. 

D. Verify that the positive-going trailing edge occurs 
approximately 160 ns after delay 150 time. 

NOTE: The write pulse is controlled by 'Write Width 
Delay' (ALD S0140) and is located on B-A3B4 . 

All delays should be plugged to obtain this signal. See 
note at bottom of ALD S041 O. 

Delay Line 2 Card Layout 

Following Located On 1 BA3D4 (See ALO Pages S0314 and S0315) 
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6. TERMINATE TEST BY DOING THE FOLLOWING 

A. Set the rate switch to SINGLE CYCLE HARDSTOP. 

B. Return the CPU console switches to their normal operating 
position. 

C. Return the rate switch to PROCESS. 

D. Remove any external jumpers used to activate 'data good' 
line. 

E. Remove test equipment. 

F. Press the start key. 

Gate 

In 2 
----e 

Example: 
2-Nanosecond Delay-Card Jumpering 
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8SM DATA FLOW 

Main storage and control storage have one condition of data flow 
for a storage-fetch operation and have two conditions of data 
flow during each store (write) operation. (Putting data into 
storage involves a read operation followed by a write.) Data 
transfer to and from storage is handled by the storage data 
register (SOR). The SOR interfaces with the BSMs by means of 
data cables as shown on Page 3-16. 

The 3145 uses two basic BSMs: a 48K (12K x 36) BSM that 
contains 36 array cards, and a 24K (6K x 32) BSM that contains 
18 array cards. Because data is fetched and stored on a double
word boundary, a pair of BSMs (upper and lower) are always used 
for each storage operation. The lower BSMs (boards A4, B4, and 
C4) contain data bits a through 31, and check bits C4, C16, C32, 
and CT. The upper BSMs (board A2, B2, and C2) contain data 
bits 32 through 64, and check bits CO, C1, C2, and C4. The 
data-bit location chart is shown on Page 3-29. 

The 48K (12K x 36) BSM has 36 array cards, each of which 
contains a single data or check bit. The 24K (6K x 36) BSM has 
18 cards, each of wh ich contains two bits. Every data and check 
bit is defined the same in each BSM regardless of the BSMs 
position within the B gate. For example, bit 60 is always in the 
array card located in the column B of any BSM board. 

Data and Check Bits Cabling 

The data and check bit cabling for the upper and lower BSMs is 
shown on ALO S0014 and S0015 respectively. These ALOs 
show the data and check bit cabling relationship between the 
ECCL board and the BSMs and contain the pin location for each 
bit on the BSM. 

The entry and exit pins for a specific interface line are 
electrically connected in the array card. The function may, 
therefore, be interchanged-an exit pin may be used as an entry 
pin or, vice versa. The initial interface between the ECCL board 
and the BSMs is always at the A2/A4 boards. The data and check 
bits to and from the ECCL board enter the upper BSM (A2 
location) at card row 6, and enter the lower BSM (A4 location) at 
card row 1. At the A2 board, the bits are propagated to card row 
1. From this point, the bits are chained to the same card row in 
each of the subsequent boards (B2 and C2, if used). At the A4 
board, the bits are propagated to card row 6. From this point, the 
bits are chained to the same card row in each of the remaining 
lower boards (B4 and C4, if used). The board wiring for the Band 
C board differs from the A board wiring because the Band C 
board locations can contain either a 48K (12K x 36) or a 24K 
(6K x 36) BSM. The wiring difference within the Band C boards 
involves jumper wires that are used to provide either one bit per 
array card (48K BSM), or a two bits per array card (24K BSM). 
The 24K jumper assembly is colored red; the 48K jumper 
assembly is colored yellow. The manner in which the jumpers are 
wired is shown on ALO S0004, as well as on the data cable ALOs 
S0014 and S0015. ALO S0004 illustrates the jumper assembly 
connections for both a 24K and a 48K BSM. 

This ALO shows the wiring side of an upper board and is 
intended for instructional purposes. The board effectively is split 
into three parts, showing the wiring of check bits 1 and 2, and 
data bits 32 and 33, plus illustrating the array card with its 
associated four lines. From ALO S0014 and S0015, we recall 
that every data and check bit is defined the same in each BSM. To 
satisfy this requirement, jumper wires are used as illustrated on 
the bottom portion of ALO S0004, enabling the BSM to provide 
one or two bits per array card, depending upon the BSM size. 

Let's first assume that the BSM in location B2 or C2 is 24K. 
Now, if one follows the data input for bit 32, it enters the board 
on T1 E11 and feeds through the board to T6E2. From T6E2, the 
bit is jumpered to U6C2, enters the bottom array on J02 (as 
shown on card input/output tab layout), and then terminates at 
U 1 C13. Bit 33 enters the board at U 1 B 11 and feeds through the 
board to U6B2, jumpers to U6A2, and terminates at U1A13. The 
data enters the bottom array card at 011. This jumper assembly 
allows data or check bits to feed only the 4/5 sockets of the BSM 
board because the 2/3 sockets are not used. Now let us follow the 
same bits (32 and 33) in a 48K BSM. Bit 32 enters the board at 
T1 E11 (same as for the 48K BSM) and enters the array card 
located at the 2/3 sockets at 011. The data path continues 
through the board to T6E2, is jumpered to U6A2, feeds back 
through the BSM, and terminates at U1A13. Bit 33 enters the 
board at U 1 B 11 and enters the array card located at the 4/5 
socket at 011. The data path continues through the board to 
U6B2, jumpers to U6C2, feeds back through the BSM, and 
terminates at U1C13. This jumper assembly allows the selection 
of only one bit per array card. 

Terminators are always located adjacent to each data or check 
bit. 

BSM Data Bit Flow Example 

To illustrate the propagation of a single bit from the ECCL board 
through the BSMs, the following example is provided. 

Data in 256K Lower Boards 

BIT LEAVE 018-A3 ENTER LEAVE ENTER 
PAGE NET 01B-A4 01B-A4' 01B-B4 JUMPER 

30 S0701 AB7 B1 Cll B6C04 B6C04 B1Cllj B1011 

Functional Areas 3-28 

LEAVE ENTER TERMINATE 
01B-B4 01B-C4 JUMPER 01B-C4 

B6004 B6C04 B1Cl11 Bl0ll B6004 



Data Bit Location Chart 
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STORAGE DATA REGSITER 

The storage data register (SOR) buffers and directs data between 
the CPU and storage. The SOR logic (Page 3-31) is composed of: 

• 64-bit storage data bus-out (SOBO) register Ill, and a 64-bit 
storage latch register m. These registers receive data from 
storage during both the fetch (read) and a store (write) 
operation. The SOBO register provides the data to the CPU; 
the storage latch register provides data to the correction 
circuits and to the read and write generators. 

• 32-bit storage data-bus-in (SOBI) register that receives data 
from the CPU during a write operation II 

• Corrector circuits that change to its correct status m a 
specific bit that is in error within the SDBO register. 

• Storage write switch circuits that are used during a write 
operation to gate new data to the BSMs 01 

SDR logic functions as follows: 

• Data from storage is always accompanied by check bits that 
are sent directly to the syndrome generator, where they are 
used for error-checking analysis. 

• Gating control for all registers is derived from the ECCL board 
delay-line clocks. Data to the SOBO, storage latch, and SDBI 
registers is gated at approximately T 0+80 ns. Corrected data is 
gated to the SDBO register at approximately TO+210 ns. 

• During a storage-write operation, byte marks indicate which 
bytes of data are to be stored. There are four byte marks that 
accompany the data from the CPU. 

Data Flow-Fetch 

Each time the CPU decodes a storage word fetch (read) 
operation, data is received from storage and latched into the 
SDBO and storage latch registers at approximately T 0+80 ns. If 
the storage operation fetches data from the control-storage area, 
data from the SOBO register becomes available on the SDBO at 
approximately T 0+109 ns as uncorrected data. This uncorrected 
data is accompanied by a 'data good' control line, which inhibits 
the use of any data until the ECC control circuits complete their 
error-checking routine. Reset of the 'data good' control line 
means that the control-storage data on the SOBO is correct and 
can be used by the CPU subsequent cycle. For a main-storage 
access, data is made available to the CPU, only after error 
checking has taken place. Main-storage data or corrected control
storage data is available on the SOBO at approximately T 0+237 
ns. The data that is gated to the storage latch register is 
immediately distributed to the corrector circuits, to the read 
generator, and to the write generator via the storage write 
circuits. From the read and write generators, the data is gated to 
the other checking circuits (syndrome hardware) for error 
detection. The decoded syndromes determine which data bit, if 
any, is in error. If a bit is in error, the on-error line to the 
corrector circuit becomes active. The corrector circuit is 

composed of EVEN logic circuits. If a bit is in error, the on-error 
line to the corrector circuit becomes active and is always opposite 
in polarity with the bit in error in the storage latch register. 
Because the corrector circuit is composed of EVEN logic blocks, 
the bit in error is inverted by the corrector circuit. This inverted 
bit is gated into the SOBO register at approximately T 0+210 ns, 
making corrected data available to the CPU at approximately 
TO+237 ns. 

If a single-bit error arises during control-storage access, the 
storage bit in error is corrected before the CPU makes use of the 
SOR data, and the bit may also be corrected in the BSM from 
which it was fetched. A restore function is available for correcting 
the status of a BSM bit that is failing intermittently. This BSM 
restore function can be inhibited by activating the disable switch 
on the CPU console. 

Data Flow-Store 

The store operation always starts with a read operation followed 
by a write operation. Thus, as the store operation commences, 32 
data bits from the CPU are gated into the SOBI register. The data 
bits (64) from the same address location at which the data is to' 
be stored are ingated to the SOR, and storage latch register. The 
data from the storage latch register is gated to the read generator 
and to the write generator under the command of the byte
control circuits. The byte-control circuits determine what new 
information is to be stored and what old information is retained. , 
For example, assume that the upper/lower (U/L) control line and 
byte 0 control lines were both active. For these conditions, new 
data is stored in the upper BSMs (location of bytes 4 through 7), . 
and new data is written into byte 4. The byte-control circuits 
illustrating this operation is shown on Page 3-31. The old and new 
data to be stored are gated through the storage-word switch 
circuits, which forwards the data to storage and also to the write 
generator. The write generator produces seven checks bits, one 
double-error detection (CT) bit, and eight parity bits on the new 
data to be stored. 

BYTE-MAR K REG ISTER 

Byte marks select the bytes to be stored. The byte marks are sent 
from the CPU with the data and address bits. A byte mark must 
be active for every byte of data that is to be stored. 

The byte marks are generated within the storage control logic 
(Oiagram 26 of the 3145 Diagrams Manual) and sent to the byte 
mark register, only during a write operation. (Byte 0 latch of this 
register is shown on Page 3-31.) A maximum of four byte marks 
(plus parity) comes from the CPU. Each byte mark is then 
ANOed with the U/L control line to select one of two bytes. For 
example, byte 0 latch is used to select byte 0 when the U/L 
control line is inactive; byte 0 latch selects byte 4 when the U/L 
control line is active. 

The byte-mark register is parity-checked (see ALO SQ304) in 
the parity-out generator. A parity error activates the 'byte check' 
latch which sets the cancel latch on in the storage clock logic, sets 
the MCKB, byte 0, bit 3, and turns on the Stor Byte Marks Parity 
Check light on the CPU console. 
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Storage Data Register, Data Flow 
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ERROR CHECK and CORRECTION 

• Error check and correction (ECC) logic detects and corrects 
single-bit errors. 

• Error check and correction logic converts parity bits to ECC 
bits. 

Error checking and correction is the normal mode of operation 
for the 3145 storage area. Within the ECCL board, the ECC 
network checks on a doubleword basis for dropped or picked bits 
(errors). The ECC logic enables correcting single-bit errors. 
However, mUltiple-bit errors (though detected) are uncorrectable. 
Either type of error is indicated to allow the CPU to determine 
any necessary action. 

The error-correction bits constitute a special type of parity 
checking. In a normal parity scheme, each data bit contributes to 
the status of the associated parity bit. Recall that each data bit 
exhibits an equal amount of influence on the status of the parity 
bit. With error-check and correction (ECC) logic, the parity bits 
eJre replaced by a group of seven bits that record a parity sum. 
Each data bit contributes to this sum. No two data bits 
contribute the same amount; however, the amount contributed 
by anyone bit is equivalent to the position of that bit in the 
doubleword. Thus, bit position 1 contributes to ECC bit 1, 
position 2 contributes to ECC bit 2, and position 3 contributes to 
both ECC bits 1 and 2. Additionally, bits 0-32 contribute to ECC 
bit 0, and bit 0 also contributes to ECC bit 32. 

Eight check bits are identified as CO, Cl, C2, C4, ca, C16, C32, 
and Ct. The last check bit, Ct, acts as a parity bit for the other 
check bits. (Check bits are the result of the exclusive ~Ring of 
specific combinations of data bits of a doubleword. C-bits are 
stored in parity positions of bytes, but they are related to the 
entire doubleword rather than to the byte above.) The C-bits 
detect errors in the data and develop syndrome bits to decode 
and correct single-bit errors. 

The syndrome bits, identified as SO, Sl, S2, S4, S8, S16, S32, 
and St are decoded to indicate and correct the changed bit (even 
a change of the check bit) if only one bit has changed. If two or 
more bits have changed, the syndrome bits decodes a double-bit 
error. 

ECC Data- Flow Concepts 

The function of the ECC logic is to detect and correct single-bit 
errors (correctable errors) and to detect double-bit errors 
(uncorrectable errors) in storage data or check bits (C-bits). The 
ECCL board signals the CPU when there is a correctable error or 
an uncorrectable error. 

SINGLE-BIT ERRORS 

Single-bit errors are detected in the ECC logic circuit. Bit and 
byte error signals are sent to the SOR error-bit decoder where 
these signals are ANDed. The output of the AND is then exclusive 
ORed with the bit in error and the SOR corrector to complement 
(correct) the bit in error. 

DOUBLE-BIT ERRORS 

Double-bit errors are detected in ECC compare and error
detection circuits, (error-type decoder), but the bits are not 
complemented (an attempted correction would probably be 
u nsuccessfu I). 

ECC Data Flow and Functional Areas 

Page 3-14 illustrates the overall relationship and logical interface . 
among the functional areas that compose the ECC logic. The logic 
circuits that carry out error checking and correction are: read and 
write generators, syndrome generator, syndrome decoder, error 
type decoder, parity-out generator, and error bit decoder and 
corrector circuits within the SDR logi"c. The description of the 
functional areas is written in the sequence in wh ich they take part 
in error checking and correction. 

ECC Read and Write Generators 

Two generators (read and write) are each composed of even and 
odd circuits that produce parity bits by byte and eight check bits 
(C-bits). Input and output for the read generator A are shown on 
Page 3-32. (The bit generation for the write generator is similar.) 
The ECC decode chart (Page 3-34), which applies to both 
generators, shows the bits used to develop each individual C-bit. 

The generation of parity bits and C-bits for the read and write 
generators is contained on ALOs S0251, S0252, (write) and 
S0261 and S0262 (read). Regardless of how the bit is generated, 
an even bit count input produces a bit for the respective parity or 
check bit. For an even count, a bit equals 1; for an odd count a 
bi~ equals O. Sixty-four (doublevvord) data bits from the SOR 
enter the read and write generators during a read operation. (For 
a write operation, the write generator receives 32 data bits from 
~he SOR latches (old data) and 32 data bits from the CPU via the 
SOBI latches.) Eight new C-bits are generated A CO, C1, C2, C4, 
ca, C16, C32, and CT) that are gated to the syndrome generator 
B for syndrome bit generation, and to a hardware check circuit 
shown on Page 3-39. Parity by byte is also generated and passed 
on to the parity-out generator II for ST syndrome generation, 
and to the parity-correction circuits shown on Page 3-33. 
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ECC Comparison and Error Correction 

The circuit for this discussion is shown on Page 3-33. ECC 
comparison is a combination of even circuits within the read 
generator m . C-bits produced by the write generator and stored 
are compared with C-bits produced by the read generator from 
the data gated to it from the SOR. Because the C-bits from each 
generator were produced from the same data (before and after 
storage), they should be the same; if they do not compare 
equally, one or more bits has been dropped or picked in error by 
the syndrome generator m . The result of the comparison is 
syndrome bits SO-S32, plus ST which is used in the syndrome 
error circuit on ALD S0275. 

When there is no error, the syndrome bits are O's. When there is 
an error, the resulting syndrome bits are l's and they are gated to 
the syndrome decoder Iil. 

Parity signals for bytes 0-7 produced by the read generator 
(from fetched data) and all fetched C-bits are compared for an 
even count in the parity-out generator iii . An even count (pulse) 
indicates no error or multiple (uncorrectable) errors. An odd 
count (minus) indicates an odd (correctable) error. It sets the ST 
syndrome latch 0 , which is gated to the error-type decoder. 

Syndrome Decode 

On Page 3-33, syndromes from the syndrome generator mare 
gated to the syndrome decoder m , where they are analyzed by 
type of error and gated to the SO R error-decode network II for 
bit-in error detection. Syndrome bits are also gated to the 
error-type decoder for internal checking of the check-bit circuitry 
(Page 3-37). The syndrome decode chart is shown on Page 3-35. 
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ECC Decoder Chart 

Bits 0 1 2 3 4 5. 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 

Data 
Data 
Data 
Data 
Data 
Data 
Data 
Data 

CO Xlx xlx X X X X X X X X X X X X xlxlx X Ix X XiX Ix X X X X X X X X 

C1 X LX Xl X X X X X IX X XI IX Xl X X X X X X X X 

I C2 xix X X I X X X X I X X Ix X IX X I XI X X X X X 

C4 I I X X X X X X X X I X X X Ix I X xlxlx X X X X 

C8 X X X X X xix X I X XIXIX X XIX X 

C16 I I X X X X X X X X X X X X X X X X 

I C32 I I I I I I I I I X XIX XIX X X X 

I CT Stored X X X Ix I X X I I Ix xix X X X IX I X X X I I X X X Ix X 

Data Fetched X X X X XlX X X X xix X X X xix X X X XlX X X X X X X X X X X X X X X XlX X X X 

~ m ~~ ~ ~ 
Parity for eight bytes produced from fetched data in ECC generator 1 

Check bits (C-bitsl are developed in read or write generators; then 
stored with data. When storage is cycled, these C-bits and data are 
fetched; C-bits are developed in the read generator from the 
fetched data and compared with the fetched C-bits for dropped 
or picked bits. The accompanying decoder chart, shows how 
C-bits are developed and used to pick syndromes that point to the 
bit in error. 

To develop C-bits: 
1_ Insert binary data (simulated or actual) under bits 0-63. Do not 

use parity bits. 

2. For fetched data or data to be stored, proceed as follows. 
a. Whenever X appears in the C-bit line, and 1 in the corre

sponding data line, add 1 to a count. 
b. When all of the X positions have been checked in every C-bit 

line, generate the check bits as follows. 
CO, Cl, C32, CT: develop even parity (count is even, 

C-bit=O; count is odd, C-Bit=1) and insert the results in the 
respective C-bit positions. 
C2, C4, C8, C16: develop odd parity (count is odd, C-bit=O; 
count is even, C-bit=1) and insert the result in the respective 
C-bit positions. 

Note: The CT bit developed from the fetched data goes only to the 
hardware checked, but the fetcheg CT bit is used to develop the ST 
syndrome bit. (See Page 3-331. 

To develop syndrome bits (S-bits): 

1. For SO-S32, exclusive a Reach C-bit (CO-C32) fetched with the 
corresponding C-bit developed from fetched data. With both 
equal, the S-bit=O; with either at 0 and the other at 1, the 
S-bit=1. 

2. For ST, follow the circuits on the chart: 
Develop parity m by byte (8) for each bit of data inserted. 
(Even count =1.) Use these as inputs to the even block. 
Use the eight C-bits m fetched as inputs to the even block. 
With a total count even m , the output of the block is plus, 
indicating no error or multiple errors. 

With a total count odd, the output of the block is minus and 
sets ST to indicate an odd, or correctable error. (Other inputs may 
inhibit ST; these are shown on Page 3-37). 

To find the bit in error, add the S-bits or use the syndrome 
decoder chart Page 3-35. Bits 00 and 32 are special cases, as 
follows. 

1. Bit 00 is in error with ST, SO, and S32 on, and all other 
syndromes off. 

2. Bit 32 is in error with ST, SO, Sl, and S32 on, and all other 
syndromes off. 
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Syndrome Decoder Chart 

ST syndrome in the ON state, indicates a single (correctable) error 

condition. If ST alone is on, it indicates an error in bit CT. The 

other syndrome bits, SO-S32, locate the bit in error for a correct

able error (ST on), which may be a check bit or a data bit. The 
check bit, the bit position, or the bit position within the byte may 

be determined by using the decoder chart. 

Note that the byte is equal to the sum of syndromes SO, S8, 
S16, and S32 if these are assigned a value of 0, 1, 2, and 4, 
respectively. The bit position within the byte is equal to the sum 

of syndromes Sl, S2, and S4 if these are assigned a value of 1, 2, 
and 4, respectively. 

Syndrome Decoder Chart Use 

Assume syndromes SO, Sl, and S8 are l's (indicated by shaded 

portion). The point of intersection of the coordinates is at bit 9 

(bit position 1 of byte 1), indicating an error in that position. 
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Single-Bit Error Correction 
Assume syndromes (SO and S1 on Page 3-37) decode, indicating 
an error in byte 0 and bit position 1 (See II ). This combination 
of syndromes bits enables the on error bit 1 signal. The on error 
bit 1 signal is forwarded to the corrector circuit within the SDR 
logic, which causes the invertion of bit 1 in the SDR register. An 
example of the corrector circuit is shown on Page 3-31. Each bit 
in a byte is handled in a similar manner. 

Single-Bit Detection 

Correctable errors are detected by a plus output at II (Page 
3-37), which is a C-error detector. A plus output for the C-error 
detector indicates that a check bit in both syndrome error decode 
circuits EI that feed the detector have at least one C-bit active, 
indicating that a data bit is in error. This signal is ANDed with the 
ST syndrome bit. If both signals are active, a single-bit error is 
detected EI (64 single data error line active)_ If the ST 
syndrome bit is inactive when the syndrome decoder indicates a 
single-bit error, the result is equal to a double-bit error. m (Two 
errors reset ST syndrome latch.) 

A minus output from the C-error detector represents a check
bit error. This signal is also ANDed with the ST syndrome bit for 
double-error detection. A check-bit error, along with an ST 
syndrome, equals a single check-bit error E and activates the 72 
bit single error line to the CPU. The error byte 0 and error byte 1 
control lines II are used along with a second error decoder 
(Page 3-38) for check-bit correction. 

Double-Bit Errors 

Double-bit errors are detected by a combination of any 
syndromes SO-S32 on, (Page 3-37), while the ST syndrome bit is 
in the OFF state. A double-bit error sets the cancel latch, but the 
manner in which this signal is used within the CPU depends upon 
the storage-word operation. 

Check-Bit Correction 

During a write operation, the 32 data bits originally fetched from 
storage remain in storage unchanged. If an error is detected on 
one of the bytes that is to be retained, the check bit associated 
with that bit must be inverted before being returned to storage. 
This operation is accomplished in the check-bit correction circuit 
iii , which inverts the check bit in error. This circuit is shown on 

Page 3-38. 

Parity Correction 

Parity by byte is produced in the read generator from the same 
data that passed through the syndrome generator and decoder; 
therefore, an error corrected in a byte required that parity for 
that byte be changed. Parity correction takes place in the 
parity-out generator_ 
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Error-Type Decode (Part 1 of 2) 
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H C Error -----------1 

( 
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Error-Type Decode (Part 2 of 2) 

Set Syndromes l 
C Syndromes ~ 4 - X 

Page 3-33 

Syndrome 
Latches 

so 

S8 

S0290 

(+)SO,S8,S16,S32 

4 

Page 3-37 

~ Re"me By" 

L Error Byte 0 

Error 
Decode 

S0290 

Restore Byte 

Error Byte 1 

Restore Byte 

Error Byte 2 

Restore Byte 

Error Byte 3 

Restore Byte 

Error Byte 5 

Restore Byte 

Error Byte 6 

Restore Byte 

Error Byte 7 

Restore Byte 

~ E,ro, Byte 4-
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A 

I--
1 

A 
(SO, S8) 

I--
2 

A 
(SO,S16)-

I--
3 

A (SO,S8,S16)- OR 
~ 

5 

A 
(S8, S32) 

I--
6 

A 
(S16,S32)-

I--
7 

A 
(S8, S16, S32) -

I--
4 

A 

S0290 

CO Syndrome 

C1 Syndrome 

..- Error 

C2 Syndrome 

C4 Syndrome 

C8 Syndrome 

- C16 Syndrome 

C32 Syndrome 

(Not) Diagnostic Parity 

Complement CT 

(Not) Diagnostic Parity S0290 

+CO or PO 

+C1 or P3 

+C2 or Pl 

+C4 or PO 

+C8 or P2 

+C16 or P2 

+C32 or P3 

+CT or P1 

m 

Functional Areas 3-38 

P = Parity Bits from CPU 

C = Check Bits from Write Generator via syn
drome Generator - During Write Operation. 
(See Page 3-33 for an Example.l 

Page 3-19 

~ (Not! Diagnostic Ripple 

,..... __ ..,-~ Write for Restore ----I 

Even 

Even 

Even 

Even 

Even 

Even 

Even 

Even 

S0290 

Delay 210 ------t 1----

8-X-

PH t-:-CO or P4 

I-Cl or P7 

I- C2 or P5 

i-C4 or PO 

I""'ca or P6 

(8) t- CT or Pl 

S0290 

Check - Bit Corrector 



HARDWARE CHECKS 

The hardware checking circuits check both data and control lines, 

plus the ECC hardware. The five checks are: ECC hardware check, 

byte check, data check, address check, and storage control line 
parity check. The logic that generates these control lines is here. 

Hardware Check 

Hardware Check m is activated when a logical error in either the 

read or write generator is detected. The check is performed only 
during the read cycle of a storage operation. If a hardware check 
in the ECC logic is detected; the MCKB-byte·2-bit 4 is set, and 

the ECC HOW light on the CPU console is lit. 

Hardware Checks (Part 1 of 2) 

C16 Read Gen 

C16 Write Gen 

C32 Read Gen 

C32 Write Gen 

C8 Read Gen 

C8 Write Gen 

C1 Read Gen 

C1 Write Gen 

C4 Read Gen 

C4 Write Gen 

CT Read Gen 

CT Write Gen 

CO Read Gen 

CO Write Gen 

C2 Read Gen 

C2 Write Gen 

Even 

Even 

Even 

Even 

SQ273 

Even 

Even 

Even 

Even 

S0277 

S0277 

(Not Write ---------1 
Delay 170 

Delay 190 

Syn Gen 1 Hardware Check -------. 

Syn Gen 2 Hardware Check 

~ __ -r ____ ~A 

S0287 

Machine Reset 

FL 
Hardware Check (To System) 
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Byte Check 

On the byte check control line, II is activated when the parity 
generated on the four byte lines gated to the parity and generator 
do not compare to the byte-control line issued from the CPU. 
This kind of error sets MCKB byte 0, bit 3 the cancel latch in the 
storage clock logic and turns on the Stor byte marks parity check 
light on the CPU console. 

Data Check 

Data check control line II is activated when a parity error is 
detected on data received from the CPU during a store operation. 
The data check is performed in the parity-out generator_ A data 
check sets the cancel latch within the storage clock logic, MCKB 
byte a bit 1, and turns on the SDBI parity check light on the 
CPU console. 

Address Check 

Address check control line m is activated when a parity error is 
detected on the address lines received from the M-register. The 
address check is performed on the output of the storage address 
register. An address check sets MCKB, byte 0, bit 0, and turns on 
the M-Reg parity light on the CPU console. An address check also 
sets the cancel latch within the storage check logic. 

Storage-Control-Line Parity Check 

Storage control line parity check control line II is generated on 
the following instru€tions issued to storage: Diagnostic Ripple; 
Write; Cancel Store; Validate; Diagnostic Parity; Control Store; 
Restore; and Maintain Data. If the generated parity bit does not 
compare with the instruction parity bit gated from the CPU, the 
MCKB, byte 2 bit 2, latch is set and the Stor Ctrl lines parity check 
light on the CPU console is lit, and the cancel latch within the 
storage clock logic is set. 

From 
CPU 

Hardware Checks (Part 2 of 2) 

Byte Parity 
Delay 80 ___ ... -jLaft~c:.:.:.h_, 

Byte Parity 
FL 

Write (Command) 

Delay 80 -----I 
B te Latch 

S0404 
FL 

Even 
Bytes 0-3 (From System) 4 - X ---II 4-----------------L __ ~ 

S0304 

(4) 

S0404 

Data Parity (From System) 
FL 

Parity (From Write Gen.) 

S0304 

Parity on SAR Add. m 
Odd 

SAR Address ----I FL 

(Not) Diag Blk Add 

S0304 

Write 

Cance I Store 

Contr 01 Store I] 
re 

Even Odd I-
Validate I nstruction Parity -

Diagnostic Parity-

Delay 100 , Error FL 

Resto 

(Not) 

(No.t) 

Diagnostic Ripple -
S0409 

(Not) 

(Not) Maintain Data -

SO 272 
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Delay 160 
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FL 
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On Data Check (To CPU) -------...... 

Address Check (To CPU)--------, 

J-----I OR f-- On Cancel Store 

...... 
S0292 r Stg Cui I;no PC 

(Not) Disable_ 



STORAGE PROTECT 

Storage-protect circuits safeguard sections of storage by preventing 
inadvertent or illegal access to the protected section during either 
store or fetch operations. To protect specific areas of storage, key 
bits are first stored in the array of the storage protect circuit by a 
write key operation. During a subsequent store or fetch operation, 
one of the presto red keys is accessed and compared with the key 
provided by the user. If the keys match, access to data storage is 
granted; if not, access is denied. 

One storage key protects a 2,048-byte block of data within main 
storage m . The storage key II stored within the storage protect 
stack consists of seven bit positions a bits 0·3 are the four key 
bits; bit 4 indicates fetch protection; bit 5 is the reference bit; and 
bit 6 is the change bit. The storage keys are located in a storage
protect stack in monolithic storage. Each 64 x 8 stack holds 8-bit 
storage keys (seven information bits and one parity bit). 

The protection key m is used as a comparand against the storage 
key to determine whether a match exists. When a store operation 
is specified by a CPU instruction, the protection key is in the 
current PSW (bits 8 through 11) II . When the reference is spec
ified by a channel operation, the protection key is supplied by the 
channel address word (CAW) and is recorded in bits 0-3 of the 
channel status word II . 

The first four bits of the storage key are compared bit by bit 
with the protect key in a compare circuit m . If the two keys do 
not match during a store operation, a protect violation is signaled 
and the store operation is prevented. For a fetch operation, the 
two four-bit keys are compared and, in addition, bit 4 is checked 
m . Bit 4 must be a 1 for a fetch protect. If the keys do not match 
and bit 4 is a 1, a protect violation is signaled and the addressed 
data is not fetched. 

A key of all Os acts as a master key and allows access to any 
block regardless of the stored key. 

Ii 

m 
Protect 

Key 

Store/Fetch 
Main Store 

Data Operation 

Main Store 
Addr. 
(5084) 

CPU Op I/O Op 

Ii Bits 8-11 Bits 0-3 
of PSW of CAW 

A protection key 
of zero, matches ----11----
any storage key. 

m 
COMPARE 

vs 

RESULTS 

STORE OPERATION 

Pro tect Key = Store Key 
Store Data 

Protect Key 'I Store Key 
Storage Protection Violation 
(No Data Change) 

0 

2048 

4096 

6144 

8192 

m 
MAIN STORAGE 

(2048 Bytes) 2047 

4095 

6143 

8191 

10239 

Upper limits of Main Store 

y 

STORAGE KEY I]J 
STACK • 

Storage 
Ke 

Storage 
Ke 

Storage 
Ke 

Storage 
Ke 

Storage (fI Ke 

FETCH OPERATION 

Fetch Bit = a 
Fetch data regardless of keys 

Fetch Bit = 1 

Protect Key:::: Store Key 
Fetch data 

Protect Key 'I Store Key 
Protection Violation 
(No data Fetched) 

CHANGE BIT = 1; set 
with a store word only. 
(Change made within 
a 2048-byte block of 
storage.) 

'--__ REFERENCE BIT = 1: Set 
with a read or store word. 
(Set whenever data is fetched 
from storage keys block of 
main store.) 

* Bits 5 and 6 are not set when 
FLS (Feature Local Storage) 
is specified 
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Functional Description 

A drawing illustrating the overall data flow is shown on Page 
3-43. 

The 64 x 8 protection stack applies to main-storage locations 
(in sequential blocks of 2,048 bytes) zero through 131,072. 
Additional stacks are provided in the CPU when main-storage 
capacity exceeds 131,072 bytes. The particular stack~key byte 
referenced during a main-storage access is determined by address 
bits from the M-register, or address assembler. The bits used are 
M1-B7, M2-BO through B4, (or address assembler byte 1-B7, 
M2-BO through B4). 

When protection applies to a storage reference, the key in the 
stack for that block of storage is compared with the protection 
key. Access to storage is permitted only when the keys match or 
when the protection key is zero. The matching mechanism 
depends on the system mode. 

When a protection mismatch is encountered in an attempt to 
place information in main storage, the contents of the protected 
location remain unchanged. On fetching, the protected 
information is not loaded into an addressable register or moved to 
another storage location. 

Protection mismatch due to an I/O operation is indicated in the 
channel status word stored as a result of that operation. 

In macroprogramming the protection system is always active. It 
is independent of the problem, supervisor, and disabled states of 
the CPU and the type of instruction or I/O command being 
executed. In microprogramming, key matching is done only by a 
microcontrol word of the storage word (non K-addressable) type 
when C2 bits 4 and 5 of that control word are on. NOTE: 
following microword does not activate storage key: STW X W, 
NOP. 

A key can be inspected by use of the insert storage-key 
instruction. A storage control word in the microprogram for this 
instruction reads the key from the stack position specified (by 
the main-storage address in the address-source location). The key 
is then stored in byte 3 of the location specified by the data
register field. Note that for this operation, the storage word must 
specify a read-key subform and the feature· local-storage special 
status set. 

A storage control word with a store-key subform and a feature
local-storage special status set must be used to set a key in the 
storage-protect stack. The key is taken from byte 3 of the 
data-register location (specified in the storage word) and set into 
the stack at the location specified by the main-storage address 
used (from the location specified by the address-source field in 
the storage word). 

A m.ismatch of keys during a storage-word operation, in which 
CPU protect mode is specified: 

1. Cancels any store operation to main storage. 

2. Prevents setting up the next control-word address. 

3. Causes a protection trap to be initiated if no higher-priority 
traps occur at the same time. 

4. Prevents address modification. 

5. Prevents the contents of the data'register location (specified 
by the storage word) from being changed. 

Insert Storage Key (ISK) 

ISK (RR) 

09 = Operation code in bits 0 through 7 
R 1 = Register 1 in bits 8 through 11 
R2 = Register 2 in bits 12 through 15 

The key of the storage block addressed by the register designated 
by R2 is inserted in the register designated by R l' 

The storage block of 2,048 bytes, located on a multiple of the 
block length, is addressed by bits 8-20 of the register designated 
by the R2 field. Bits 0-7 and 21-27 of this register are ignored. 
Bits 28-31 of the register must be zero; otherwise, a specification 
exception causes a program interruption. 

The four high-order bits of the storage key and the fetch 
protection bit are inserted in bits 24-27 and 28 respectively of the 
register specified by the R 1 field. Bits 0-23 of this register remain 
unchanged, and bits 29-31 are set to zero. 

Condition Code: The code remain unchanged. 

Program I nterruptions: Operation (if protection feature is not 
installed), Privileged operation, Addressing, Specification. 

Set Storage Key (SSK) 

SSK (RR) 

08 = Operation code in bits 0 through 7 
R 1 = Register 1 in bits 8 through 11 
R2 = Register 2 in bits 12 through 15 

The key of the storage block addressed by the register desginated 
by R2 is set according to the key in the register designated by R 1. 

The storage block of 2,048 bytes, located on a multiple of the 
block length, is addressed by bits 8-20 of the register designated 
by the R2 field. Bits 0-7 and 21-27 of this register are ignored. 
Bits 28-31 of the register must be zero; otherwise, a specification 
exception causes a program interruption. 

The three low-order bits of the storage key are set to zero, the 
high-order four bits are obtained from bits 24-27 of the register 
designated by the R 1 field, and the fetch protection bits are 
obtained from bit 28 of the same register. Bits 0-23 and 29-31 of 
this register are ignored. 

Condition Code: The code remains unchanged. 

Program Interruptions: Operation (if protection feature is not 
installed), Privileged op~ration, Addressing, Specification. 
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FUNCTIONAL OPERATIONS 

• The CPU select pulse starts a storage operation (read or write). 

• Storage timing commences approximately 20 nanoseconds 
after the generations of the select pulse. 

• The CPU specifies a read or write operation. 

• The CPU provides the storage address along with the select 
pulse. 

• A read (fetch) operation obtains data or instructions for the 
CPU. 

• A write (store) operation puts data or instructions into the 
storage (BSMs) and is divided into two parts. A read operation 
is always followed by a write. 

The CPU provides the ECCL board with read (not write) or write, 
an address, and a select (start) pulse. Select starts both the read 
and write operations. Once started, the ECCL board and storage 
proceed under control of the timing circuits. 

The timing mechanism in the ECCL board and the BSMs is 
made of tapped delay lines and provides all the timed pulses 
necessary to control the storage operation. The ECCL board 
delay lines are basically used for generating control pulses for 
functional operations performed on the ECCL board. The delay 
line within the address buffer card, located in each BSM, 
generates the 8SM timing pulses required by each array card 
during a read (fetch) or write (store) operation. The 8SM select 
(board select) is the signal that starts the read or write function 
within the BSMs. The signal is generated in the BSM clock circuits 
located in the ECCL board (Page 3-24). Address lines in 
conjunction with the BSM select pulse determine which BSMs are 
to be selected. Parity check is made in the address lines received 
from the CPU in the parity-out generator. The address-check 
circuit is shown on Page 3-40. 

To address either main or control storage, the CPU must 
generate the CPU select pulse that starts the delay line within the 
ECCL board. The time at which the CPU select pulse is generated 
is dependent upon the CPU cycle as shown on Page 3-22. The 
delay line in the ECCL board is always started after the 
generation of the CPU select pulse. 

This CPU select pulse forms the ECCL select powered control 
that starts the delay line. Remember, all timing within the logic 
of the ECCL board is in relation to the select powered pulse, 
which by definition is TO of the ECCL board. The BSM select 
pulse is generated at approximately T 0+6 ns or T 0+8 ns, 
depending upon the address buffer card used with a particular 
8SM. 

FETCH (READ) OPERATION-MAIN STORAGE 

• A fetch operation, also referred to as a read function, fetches 
data from a pair of BSMs to the CPU by way of the SOR. 

• ECCL timings are shown on Page 3-22. 

A fetch (read) operation is started when the CPU sends to the 
ECCL board a select pulse and an address. The select pulse starts 
the ECCL delay-line pulses; the address lines are decoded to select 
a data word from an upper 8SM (located at A2, B2, or C2), and a 
data word from a lower BSM (located at A4, B4, or C4). The 
description for a fetch follows the paths and reviews the events 
that occur during a normal fetch (read) operation. 

1. The data (64 bits) from the storage location addressed by the 
SAR is read from storage II into the SOBO latches and to 
the storage latches m at approximately T 0+80 ns. 

2. Eight check bits for the data fetched are read from storage 
into the syndrome generator Ii for bit-error analysis. The 
check bits from storage are also flushed through the 

I syndrome generator to the parity-out generator II , as one 
of the inputs for ST syndrome generation. 

3. The 64 data bits in the storage latches are gated to the read 
generator Ii] , and to the write generator D via the storage 
write switches. 

4. The read generators produce eight check bits (CO-C32, plus 
CT) that are forwarded to the syndrome generator Ii and 
eight parity bits that are forwarded to the parity-out 
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generator II . The write generator produces eight check bits 
on the same data as the read generator and forwards these 
bits to the syndrome generator. The parity bits produce by 
the write generator during a read function are not used. 

5. The syndrome generator performs the following. 
a. Hardware check: Compare the check bits generated in 

the read generator against the check bits generated in the 
write generator. Because the check bits in each generator 
were formed on the same data, an equal compare results 
if both circuits are functioning properly. An unequal 
compare represents a logical error in either the read or 
write generator and activates the hardware check line. A 
hardware check sets MCB byte 2, bit 4 and turns on the 
ECC HOW light on the CPU console. 

Fetch (Read) Operation Data Flow 

Error-Byte 
Control Lines 

ST 
Syndrome 

• Evaluates C bit circuits for errors 
• Provides syndrome biy to CPU 
• Detects the following errors and provides 
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• Generates Error BytB Control Lines 
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, Po-P7 

Genmted vBIt, ~. Bits' 

.. Syndromes Generated i '" Syndrome 
Bits 

~ SQ, sa, 516, 532 C-Bits 
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b. Compares the check bits from storage against the check 
bits from the read generator. If a check bit does not 
match, a syndrome is generated. Single errors are 
represented by syndromes SO, Sl, S2, S4, S8, S16, S32, 
and ST. Double errors are represented by syndromes SO 
through S32 and not ST. SO through S32 are sent to the 
syndrome decoder m , and also to the error-type 
decoder m , where they are used to determine the kind 
of error. The syndromes are set at approximately 

TO+170-
c. Latches the check bits from storage and forwards these 

bits to the CPU during diagnostic parity mode. 

6. The syndrome bits gated to the syndrome decoder mare 
decoded into byte-error and bit-error lines. (SO, S8, S16, S32 
decode the byte that contains a failing bit; Sl, S2, S3 decode 
the bit in error.) 

7. The byte-error lines and bit-error lines are gated to an SDR 
bit-error decoder located in the SD R logic. This decoder 
determines the actual bit in error and inverts this bit in the 
SDBO latches iii via the corrector circuit associated with 
each bit. 

8. ST syndrome bit is formed in the parity-out generator by 
comparing the C-bits from storage against the parity bits 
formed by the read generator. The ST bit is gated to the 
error-type decoder, where it is used for double-error 
detection. 

9. If a single-bit error is corrected, the parity generated for the 
byte that contained the error must also be corrected. This 
parity correction occurs in the parity-out generator. Correct 
parity is gated to the CPU along with the data. 

10. The syndrome bits formed at the syndrome generator that 
result from the read generator/storage check-bit comparison 
are available to the CPU (MCKB-byte 3) via the error-type 
decoder. 

11. The error type decoder also detects the type of error (data, 
check bit, double bit) and provides this information to the 
CPU (MCKB byte 2). 

12. Data from the SDBO latches, with correct parity is available 
on the SDBO at approximately T 0+237 ns. 

FETCH OPERATION·CONTROL STORAGE 

During control-storage accesses, data becomes available at the 
SDBO at the same time it is being analyzed for errors. This 
simultaneous action permits the CPU to operate on the SDBO 
data during the subsequent cycle if the data contains no errors. 
To prevent the use of the SDBO data before the error-checking 
circuits complete their analysis, a (Not) data good .Iine is activated 
at T 0+ 1 00 ns and is reset at T 0+150 ns if no error is detected. 
Reset of the control I ine means that the control-storage data on 
the SDBO is correct and can be used by the CPU. 

When a single-bit error exists in the control-storage area, the 
CPU waits an additional cycle to allow time for the ECC logic to 
correct the bit-in error before the SDBO data is used in the CPU. 
When the CPU detects that an error does exist in control storage, 
(Not) data good line remains active when CPU samples SDBO, a 
maintain data line is set, blocking setting or resetting of the 
SDBO latches during the period in which error correction occurs. 
Corrected data from control-storage becomes available in the 
SDBO at the same time as main-storage data (approximately 
TO+237 ns). 

For single-bit control-storage errors, a restore function is 
available, allowing correction of a control-storage bit that may be 
failing intermittently. A restore control line (Page 3-19) sets the 
storage write latch and the BSM select timing pulse at 
approximately T 0+210. This action allows a write function to 
occur during the cycle in which the CPU waits for the error 
correction to occur. This restore operation can be inhibited by 
using the tie-off on 01 B-A2-B2D09. 
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STORE (WRITE) OPERATION 

• A store operation (putting data into storage) referred to as a 
write function, fetches data from storage, uses new data from 
the CPU for bytes with byte marks, assembles a doubleword, 
and sends the data to the BSMs. 

The store (write) operation requires a select pulse, write pulse, 
storage address, data bits, and storage byte-control lines. The 
select pulse and the write pulse initiate the store operation. The 
store operation always starts with a read function followed by a 
write. The description for a store follows the data paths and 
revievvs the events that occur during a normal store (write) 
operation. 

1. An address is sent from the CPU to the SAR, along with a 
select and a write pulse that enters the ECCL board at 
approximately T 0+80 ns and sets the system write latch 
within the storage clock logic (see Page 3-19). The output of 
the system write latch that initiates the write function is not 
used until T 0+210 ns. Therefore, with a select pulse active 
and the write pulse retained, a read function to the BSM is 
initiated by activating the BSM select pulse. This pulse is 
reset at approximately T 0+50 ns, and the SDBO latches and 
storage latches are reset at approximately T 0+150 ns. 

2. Data sent by the CPU (up to four bytes) is received on the 
SDBI and gated to the SDBI latches m at approximately 
T 0+80 ns, and then transferred to the storage write switches. 
Byte-control lines from the CPU are also gated to the storage 
write switches. SDB I parity for the CPU data is gated directly 
to the parity-out generator 0 and syndrome generator II . 

3. The 64 bits from the same address location at wh ich the data 
is to be stored are gated into the SDBO latches and to the 
storage latches at approximately T 0+80 ns. 

4. The data bits from the storage latches are merged with the 
data from the SDBI latched in the write switches, under byte 
control. 

5. Eight check bits for the data fetched are also read from 
storage into the syndrome generator D for bit-error 
anal'ysis. The same check bits are also flushed through the 
syndrome generator to the parity-out generator D as one of 
the inputs for ST syndrome generation. 

6. The 64 data bits in the storage latches are gated to the read 
generator m ; the data bits in the storage write switches are 
gated to the write generator 0 . 

7. The read generator produces eight check bits (CO-C32, plus 
CT) that are forwarded to syndrome generator iii, and eight 
parity bits that are forwarded to the parity-out generator II 
The write generator produces eight check bits (CO-C32, plus 
CT) on the data to be stored and forwards these bits to the 
syndrome generator. These check bits are stored with the 
data. Parity bits are also formed on the combination of old 
and new data and transferred to the parity-out generator II 
for comparison with CPU data parity bits for SDB I data 
check. 

Functional Operations 3-46 

8. The syndrome generator performs the following. 
a. Compares the check bits from storage against the check 

bits from the read generator. If a check bit does not 
match, a syndrome is generated. Single errors are 
represented by syndromes SO, S1, S2, S4, S8, S16, S32, 
and ST. Double errors are represented by syndromes SO 
through S32, and not ST. SO through S32 are sent to 
the syndrome decoder ED and also to the error-type 
decoder m where they are used to determine the kind 
of error and whether an error exists in data from the 
SDR that is to be restored with data from the CPU. The 
syndromes are set at approximately T 0+170. 

9. The syndrome bits gated to the syndrome decoder mare 
decoded into byte-error and bit-error lines (SO, S8, S16, and 
S32 decodes the byte that contains a failing bit; S1, S2, and 
S3 decodes the bit in error). 

10. The byte-error lines and bit-error lines are gated to an SDR 
bit-error decoder located in the SDR logic. This decoder 
determines the actual bit in error and inverts this bit in the 
write switches II, via the corrector circuit associated with 

each bit. This operation is val id if the error occurred in a 
byte that contains data to be restored along with the data 
from the SDB I latches. 

11. Syndrome bits SO, S8, S16, S32 are also used to form 
byte-error decode lines, which are used to correct C-bits that 
have been previously generated in the syndrome generator on 
data that contains a bit in error m. 

12. An ST syndrome bit is formed in the parity-out generator by 
comparing the C-bits from storage against the parity bits 
formed by the read generator. The ST bit is gated to the 
error-type decoder, where it is used for double-error 
detection. 

13. The syndrome bits formed at the syndrome generator that 
result from the read generator/storage check-bit comparison 
are available to the CPU (MDKB-byte 3) via the error-type 
decoder. 

14. The error type decoder also detects the kind of error (data, 
check bit, double bit) and provides this information to the 
CPU (MCKB-byte 2). 

15. With corrections completed, the write cycle within the ECCL 
board is initiated at approximately T 0+210 ns and the entire 
contents from the storage write switches, plus the C-bits 
from the error-type decoder, are gated to storage. Reset of a 
storage control latch occurs at approximately T 0+275 ns. 

16. During diagnostic parity mode, the parity bits from the CPU 
are gated to storage instead of the C-bits. 

Store (Write) Operation Data Flow 
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MICROPROGRAM CONCEPTS 

• All functions performed by the 3145 are controlled by the 
370 microprogram. 

• Before any processing may begin, the 370 microprogram 
must be loaded into the control-storage area. 

• The 370 microgrogram is loaded into control storage 
from a disk that is read by the console file. 

• This loading process is called Initial Microprogram Program 
Load (IMPL). 

Refer to "Chapter 6, Console File" for details of the IMPL 
operation. 

Activate Console File 

There are two ways to start an IMPL: 

If power is off, operate the power-on key. 

If power is on, operate the start console file key. 

Activate Console File 

Microprogram Concepts 4-2 

CONTROL STORAGE 

IMPL MAIN STORAGE 

CONSOLE FI LE 

CONTROL STORAGE 

IMPL MAIN STORAGE 

CONSOLE FI LE 



370 MICROPROGRAM 

• The 370 microprogram is composed of microroutines of 
varying sizes, each having a specific task to perform. 

• The 370 microprogram handles the processing of the 
instructions and data that are located in the main-storage 
area. 

• Channel operations and the operations of the integrated 
devices are also handled by the 370 microprogram. 

e Each microroutine is composed of bit-significant control 
words that handle particular functions that result in the 
execution of the specified task of the microroutine. 

Each 370 microgrogram is customized to represent the system 
configuration that it is to control. These customized micro
programs are assembled at the manufacturing area, written on 
a console file disk, and shipped with the system. 

During the assembly of the 370 microprogram, a 370 micro
program listing is generated. This microgrogram listing is a 
representation of the 370 microprogram that is shipped with the 
system. Refer to "370 Microprogram Listing" for a detailed 
description. 

Control Storage 

370 
Microprogram 

/ 
/ 

~----------------~--

/ 
/ 

-

/ 
/ 

-

/ 
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/ 
/ 

M icroroutines 
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I 
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Control Words 
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i-i--

----------
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Control-Word Access 

Once the 370 microprogram is in the control-storage area, a load 
operation (I PL) can be performed to place programs and data 
into main storage. 

Assume that control and main storage have been loaded and 
that processing has begun; 

• Control words are read out of control storage and gated out 
on the Storage Data Bus Out (SOBO). 

• Portions of the control words are ga~d from the SOBO to 
either the local storage control assembler or the external 
control assembler. This is done to set up source addresses 
for these facilities early in the cycle . 

• The control words are gated into the control register (C-reg), 
where they are decoded. The decoding of the control words 
brings up control and addressing lines that access and execute 
the programs located in main storage. 
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Main-Storage Access 

When a control word performs a read operation on main 
storage, either instructions or data are accessed. All read oper
ations, for control or main storage, result in a doubleword 
being accessed from storage. 

Assume that a control word is performing a read operation 

on main storage; 

• The doubleword from main storage is gated out on the 
SOBO to the SOBO pre-assembly latches. 

• The odd or even address word, of the doubleword, is selected 
and gated to the SOBO assembler. 

• If the word selected is a data word, it is gated to local 
storage or to some external facility. 

• If the word is an instruction, it is gated to the I-buffers, 
expanded local storage, and in some cases, to the address 
adjustment circuits. 
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370 MICROPROGRAM LISTING 

8 The 370 microprogram listing is generated during the 
assembly of the 370 microprogram. 

• This listing is a representation of the 370 microprogram that is 
located in the control-storage area after an I MPL is performed. 

GKDJ 0028 
GKDJ 0029 
GKDJ 0030 . 
GKDJ 0031 
GKDJ 0032 
GKDJ 0033 
GKDJ 0034 
GKDJ 0052 

·GKDJ 0054 
GKDJ 0055 

.•. GKDJ 0056 
GKDJ 0057. 
GKDJ 0076 
GKDJ 0077 
GKDJ· 0078 .. 

.. GKDJ 0079 
GKDJ 0094 
GKD.:r 0096 
GKDJ 0104 

F3646C60 7860 
69626C607868 

0000.B690 .. B690· 

GKDI 
GKDJ 
GKDJ 
GKDJ 
GKDJ 
GKDJ 
GKDJ· 
GKDJ 
GKDJ 
GKDJ 
GKDJ 
GKDJ 
GKDJ 
GKDJ 
GKDJ 

.. GDKJ 
·GDKJ 
GKDJ 
GKDJ 

Symbolic Microprogram Input 

The highlighted area of the sample page is the symbolic input 
written by the microprogrammer. This symbolic input is used 
by the microprogram assembler to generate the remaining portions 
of the microprogram listing. 

LABEL 

DECYC 
STUNST 

CONSTA 0 

CONSTA 1 

. ·:·1 STUNST 

I CONSTA B3 
i 

.. 1 
.. ) 

. ! 

SWITCH 

SWITCH 

MBS3,OR,K10 
MW3=MWO 
SYSO 
STB MW3 DC,60 

MW3=MW1 
STB MW3 DC,64 

STB MW3 DC,68 

MW3=MW1 
STB MW3 DC,6C 

STORE UNIT STATUS 
CONSOLE NO. 1 
MOVE SENSE 
STORE SENSE BYTE OF 
CONSOLE NO. 1 
STORE UN! 'I' S'l'ATUS OF 
REMOTE CONSOLE 
MOVE SBNSE 
STORE SENSE BYTE OF 
REMOTE CONSOLE 
STORE CSW 
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Microprogram Assembler Output 

The highlighted area of the sample page is the generated out

put of the microprogram assembler. This output is the result 

of reading and decoding the symbolic information submitted 
to the assembler by the microprogrammer. 

GKDJ DOCUMENTAR¥ .~ONS.O LE':r:\E$':r. I /0. QR INTR ROUTINE; *370 EC 128603 PAGE 305/ OVERLAY 4 

ADDR WORD NEXT SEQ I LABEL LEG NEXT SEQUENCE NEXT LABEL STAT STATEMENT COMMENTS WA1-WA2 
- ------ -------------- ---------- ----------------------------- - ----------,------

86-E4 101EOIFO 86FO 0096 DECYC 1 0104 . STUNST MBS3,OR,KI0 DE CYC,SET BSY UN.STA L19 
86FO F3606CF4 86F4 0104, STUNST MW3=MWO ****MOVE UNIT STA TO MW3 . LIE LIE 
86F4 01D078SB 7858 0105 0106,0111 'CONSTA B3 SYSO CONSOLE PTR 1 OR 2 : EOS 
7858 69626061 786C 0106 CONSTA 0 STB MW3 DC,60 STORE UNIT STATUS OF : LIE 

0107 'It CONSOLE NO. 1 
786C F3646C64 7864 0108 MW3=MW1 MOVE SENSE \ LIE LIE 
7864 69626460 7868 0109 0117 SWITCH STB MW3 DC ,64 STORE SENSE BYTE OF : LIE 

0110. * CONSOLE NO. 1 
785C 68626851 7854 0111 CONSTA 1 STB MW3 DC ,68 STORE UNIT S'l'A'I'OS OF 

0112 * REMOTE CONSOLE 
7854 F3646C60 7860 0113 MW3=MW1 MOVE SE.NSE ! LIE LIE 
7860 69626C60 7868 0114 0117 SWITCH STB MW3 DC,6C STORE SENSE BYTE OF i LIE 

0115' * REMOTE CONSOLE 
7868 0000B690 B690 0117 SWITCH GMSW 0002 . START STORE CSW 

CROSS REFERENCE FOR ROUTINE GKDJ 

GKDJ 0028 GKDI 0164 
GKDJ 0029 GKDJ 0028 
GKDJ 0030 GKDJ 0029 
GKDJ 0031 GKDJ 0030 
GKDJ 0032 GKDJ 0031 ~ ~ ~ SAMPLE PAGE FROM 370 MICROPROGRAM LISTING ~ 
GKDJ 0033 GKDJ 0032 ~ ~ 
GKDJ 0034 GKDJ 0033 
GKDJ 0052 GKDJ 0030 
GKDJ 0054 GKDJ 0052 
GKDJ 0055 GKDJ 0029 
GKDJ 0056 GKDJ 0028 GKDJ 0054 GKDJ 0055 
GKDJ 0057 GKDJ 0055 
GKDJ 0076 GKDJ 0031 
GKDJ 0077 GKDJ 0032 
GKDJ 0078 GKDJ 0076 GKDJ 0077 
GKDJ 0079 GDKJ 0056 GKDJ 0078 
GKDJ 0094 GDKJ 0033 
GKDJ 0096 GKDJ 0052 
GKDJ 0104 GKDJ 0057 GKDJ 0079 GKDJ 0095 GKDJ 0096 
GKDJ 0106 GKDJ 0105 
GKDJ 0111 GKDJ 0105 
GKDJ 0117 GKDJ 0109 GKDJ 0114 
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Microprogram Concepts 4-8 
Microprogram Listing Definitions 

m GKDJ DOCUMENTARY CONSOLE TEST I/O OR INTR ROUTINE EC 128603 PAGE 

iii ADDR WORD NEXT SEQ I LABEL LEG NEXT SEQUENCE NEXT LABEL 

*370 

STAT STATEMENT COMMENTS 
305/ OVERLAY 4 

WAI-WA2 

86-E4 
86FO 
86F4 
7858 

786C 
7864 

785C 

7854 
7860 

7868 

101EOIFO 86FO 
F3606CF4 86F4 
01D0785B 7858 
69626061 786C 

F3646C64 7864 
69626460 7868 

68626851 7854· 

F3646C60 7860 
69626C60 7868 

0000B690 B690 

0096 DECYC 1 
0104 STUNST 
0105 
0106 CONSTA 0 
0107 * 
0108 
0109 
0110 * 
0111 CONSTA 1 
0112 * 
0113 
0114 
0115 * 
0117 SWITCH 

0104 STUNST 

0106,0111 CONSTA B3 

0117 SWITCH 

0117 SWITCH 

GMSW 0002 START 

CROSS REFERENCE FOR ROUTINE GKDJ 

------ ---- ------------------- - - ---------------

MBS3,OR,KI0 
MW3=MWO 
SYSO 
STB MW3 DC,60 

MW3=MW1 
STB MW3 DC,64 

STB MW3 DC,68 

MW3=MW1 
STB MW3 DC,6C 

DE CYC,SET BSY UN.STA L19 
****MOVE UNIT STA TO MW3 LIE LIE 

CONSOLE PTR 1 OR 2 E05 
STORE UNIT STATUS OF LIE 
CONSOLE NO. 1 
MOVE SENSE LIE LIE 
STORE SENSE BYTE OF LIE 
CONSOLE NO. 1 
STORE uNIT STATuS OF 
REMOTE CONSOLE 
MOVE SENSE LIE LIE 
STORE SENSE BYTE OF LIE 
REMOTE CONSOLE 
STORE CSW 

m----------------------------------------------------------------------------------------------------
GKDJ 0028 
GKDJ 0029 
GKDJ 0030 
GKDJ 0031 
GKDJ 0032 
GKDJ 0033 
GKDJ 0034 
GKDJ 0052 
GKDJ 0054 
GKDJ 0055 
GKDJ 0056 
GKDJ 0057 
GKDJ 0076 
GKDJ 0077 
GKDJ 0078 
GKDJ 0079 
GKDJ 0094 
GKDJ 0096 
GKDJ 0104 
GKDJ 0106 
GKDJ 0111 
GKDJ 0117 

GKDJ 

GKDI 0164 
GKDJ 0028 
GKDJ 0029 
GKDJ 0030 
GKDJ 0031 
GKDJ 0032 
GKDJ 0033 
GKDJ 0030 
GKDJ 0052 
GKDJ 0029 
GKDJ 0028 
GKDJ 0055 
GKDJ 0031 
GKDJ 0032 
GKDJ 0076 
GDKJ 0056 
GDKJ 0033 
GKDJ 0052 
GKDJ 0057 
GKDJ 0105 
GKDJ 0105 
GKDJ 0109 

GKDJ 0054 GKDJ 0055 

GKDJ 0077 
GKDJ 0078 

~~ ~ I SAMPLE PAGE FROM 370 MICROPROGRAM LISTING I 

GKDJ 0079 GKDJ 0095 GKDJ 0096 

GKDJ 0114 

DOCUMENTARY CONSOLE TEST 10 OR INTR ROUTINE *370 EC 128603 PAGE 305/ OVERLAY 4 



B The first and last lines of every page of a microroutine 
contain the name and title of that microroutine. The micro
program name, EC number, page number, and overlay 
instruction are also found on these lines. 

Overlays are specified by number on the applicable pages 

in the microlistings. Overlay 1 is the first group of control 

words loaded with control storage and executed. After 

Overlay 1 is completed, Overlay 2 is loaded into control 

storage and executed. This process continues until the 
final overlay (370 microprogram) is loaded. 

B The second line of a microroutine page contains the column 
titles for the information that follows. 

ADDR 

This is the actual address in control storage that the control 

word listed under the WORD column is located. This address 

is assigned to the control word at the time the microprogram 
is assembled. 

In some diagnostic-type microroutines, the address column 
is labeled ADDR 

MILS 
appearing in this column can be either the 2 hex digit 
console file command, or the M3 register value and local

storage word address of the control word loaded from the 

console file for execution in local-storage control-storage 
mode (LSCS). For example, in the ADDR column, an entry 
of BS/2E is noted. The BS value is the M3·register setting 
that addresses LS location 2E when operating in LSCS mode. 
The control word located in LS2E is read out, placed in the 
C-register, and executed. 

WORD 

This is the hex representation of the control word that was 
developed by the microprogram assembler from symbol ic 

information that appears in the Label, Next Label, Stat, and 

Statement columns. 

NEXT 

This address is normally the actual address being branched 

to by the control word located on this line. If the branch is 

being made to a branch set, the address in this column is the 

address of the zero leg of that branch set. 

SEQ 

The number appearing here is the actual sequence number 

of the statement in the routine. Sequence number 1 is the 

title.line number and does not appear. The numbers start 
with 2 and may continue up to 9999. 

Occasionally there are missing sequence numbers in this 
column. This indicates that some control word or words 
have been selected out of this microroutine because the 
feature mix of the system does not require them. 

This column identifies the printed line. Blanks identify 

control words, and asterisks identify full-line comments. 
For additional items that are identified in this column, see 
"Unique Instructions." 

LABEL LEG 

This column contains the symbolic name and leg identifier 

of the statement that appears on the same line. The leg 

identifier may be 1 ,2, or 3 characters depending on the size 
of the branch set the control word belongs to. If the word 

is not a member of a branch set, no leg identifier appears. 

If words in the listing have nothing in this column, they 

are to be executed in sequence. However, these words do 

not necessarily have sequential addresses. The microprogram 
assembler assigns Labels and Next Labels to words that do 
not have them, in order to accomplish the function of 

address assignment. These assembler-assigned labels do not 
appear on the listing; they are used only during the assembly 
of the microprogram. 

NEXT SEQUENCE 

The sequence number of the word being branched to by the 
control word located on this line is printed in this column. 
If the control word is branching to a branch set, multiple 
sequence numbers must be shown. Up to two sequence 

numbers can be printed in this column on the same line as 

the control word performing the branch. If more than two 
sequence numbers are needed to show the branch possibil
ities, the sequence numbers are printed on the next line. This 
additional line is flagged by a row of asterisks leading the 
line. 

If the branch is being made out of the current micro
program routine, the name of the microprogram routine 

being branched to appears in the next sequence column. If 

additional lines were needed, the name of the microprogram 

routine being branched to appears there also. 

NEXT LABEL 

The Next Label column contains the symbolic information 
that produces the next control-word address bits for branch 

operations. The symbolic name of the word being branched 
to, and the branch test fields used to select the leg in the 

branch set, appear in this column. If the word being branched 
to is not a part of a branch set, the branch test symbols do 
not appear. The symbols that are used in these fields may be 
the fixed type (0 or 1) or the type that designates a test of 
some kind. There may be up to three branch test fields, 
separated by commas, to the right of the name in this 
column. If only one branch field appears, it is the branch low 
field, and it affects bit 5 of M3 during the next address for
mation. If there are two branch fields, the rightmost is the 
low and affects bit 5 of M3; the other is the branch high 
field and affects bit 4 of M3. If three fields are present, the 
rightmost affects bit 5, the next affects bit 4, and the other 
affects bits 2 and 3 of M3. X's are used in the branch fields 

for alignment only. The X means nothing to the next 

address, but allows the microprogram assembler to assign 

the proper bits in the branch fields of the control word. 

STAT 

The stat column identifies status-set information. This 

column is used only with the arithmetic and storage control 

words. 

STATEMENT 

The statement column contains the symbolic information 

that indicates the action to be taken on data contained in 

local storage, main storage, or an external register. I n some 
cases only a functional action is indicated by the statement. 

In other statements both data-handling and functional action 
are designated. The statement indicates the the microprogram 

assembler the control-word type that must be generated to 
accomplish the specific function the microprogram mer 
wishes to perform. 

The manner in which the statement is written, the symbols 
used, and the Next Label field, determine the control-word 

type is easily recognized in some statements, but others are 
not as easily distinguishable. The first hex digit of the control 
word can be used to determine the control-word type 

produced by the assembler. I n some cases the bit chart for 

that word type must be used to determine the total function 
performed by the word. 

COMMENTS 

The Comments field is used to describe the function being 
performed by the control word as it pertains to the 

execution of a major function. A double asterisk appearing 
in this field allows the microprogram mer more comments 
space by starting in the area reserved for the statement. 
Full-line comments are flagged by an asterisk to the right of 
the sequence number. 

WA1-WA2 

The WA l-WA2 fields are used to designate the word 
addresses of the symbols used in the statement field. 
WA 1 contains the address of the leftmost addressable 
symbol found in the statement field. WA2 contains the 

rightmost addressable symbol found in the statement 
field. If a local-storage register is specified as a source or 
destination, the symbol printed in either field is Lhh. 

Where L specifies local storage, and hh is the hexadecimal 

address of the local-storage register. If an external is 

specified as a source or a destination, the symbol Ehh is 

printed. Where E specifies external, and hh is the hexa
decimal address of that external. If indirect word addressing 

is specified, the symbol printed in either field is IND. 

Certain selector channel routines are shared by all selector 

channels. The addresses, both local storage and external, 

found in the WA 1 and WA2 columns are for one selector 

channel. The setting of selector-channel hardware determines 
the actual address used. 

Ii At the end of each micro routine, there is a cross-reference 
listing for that microroutine that is useful in determining 
the entry points for this microroutine. 

The first column of this list contains the sequence number 
of every control word in the microroutine that has a name 
in the Label column. 

Adjacent to each entry in the first column is the 
microroutine name and sequence number of any control 
word that could branch to the control word whose sequence 
number is in the first column. 

If there are multiple references to a control word, they are 
listed on the same line as the referenced word. 

If there are too many references to fit on one line, multiple 

lines are used. The additional lines start with the first entry 
aligned with the second column of the cross-reference 
listing. 
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Assembler Instructions Found in the Microprogram 
Listings, (Part 1 ) 

These instructions are used by the microprogram assembler 
during the assembly of the 370 microprogram. Although these 
instructions appear in the microprogram listings, their primary 
purpose is for use by the 370 microprogrammers. 

The first letter of all these instructions appears in the I column 
of the microprogram listings. 

AWORD ADDR=hhhh 

AWORD ADDR=xx,hh 

AWORD ADDR=hh,xx 

ATABLE ADDR=hhhh 

ATABLE ADDR=xx,hh 

AEND 

ASEO ADDR=hhhh 

ASEO 

H hhhhhhhh 

Maaaaaa ssssbbbbbb 

L hhhh 

RESERVE 

RESERVE hhhh 

RESERVE hhhhTH RUhhhh 

RESERVE FROMhhhhTHRUhhhh 

K C PG M' cccccc---------c' 

K XPGM/hhhh-----------h' 

I::;)}/, 

l:>;)' 

I:::::~" 

I:> 

I;.,::,·::':' 

,.;~ 

i::~., 

';:::. 

w'"'' ;';':: 

!.:~::;:,::.: 

I·, 
..... 

} '., 

This instruction assigns a complete address of hhhh to the control word or 
hex data that appears below this instruction in the microprogram listings. 

This instruction assigns only the word address hh to the control word or hex 
data that appears below this instruction in the microprogram listings. The 
X's allow the microprogram assembler to assign the word any module address. 
The two hh digits must specify a word boundary address. 

This instruction assigns only the module address hh to the control word or hex 
data that appears below this instruction in the microprogram listings. The 
X's allow the microprogram assembler to assign any word address. 

This instruction starts a string of address assignments, starting with the 
control word or hex data that follows this instruction. The address hhhh is 
assigned to the first word, and the address is incremented by 4 for each 
subsequent word assigned. 

This instruction starts a string of address assignments starting with the 
control word or hex data that follows this instruction. The address hh is 
assigned to the first word, and the address is incremented by 4 for each 
subsequent word assigned. The X's allow the microprogram assembler to 
assign the word any module address. 

This instruction terminates any ATABLE assignment. 

This instruction is similar to the ATABLE instruction in that all words 
following the ASEQ instruction are assigned starting at address hhhh and 
incremented by 4 until the AEND instruction is reached. 

This instruction starts a string of address assignments starting with the next 
address of the LAST ASEQ table. This instruction would be used to locate 
data in different routines. 

This instruction reselts in the data word hhhhhhhh being stored in control 
storage. The address that the data word is stored into is assigned by a 
preceding AWORD ADDR=hhhh or ATABLE ADDR=hhhh instruction. 

This is a Module Equate instruction. This instruction appears on the listing, 
but is not a part of control storage. The Module Equate is used to indicate 
to the microprogram assembler that the two control words whose labels are 
given must be assigned addresses in the same module. In the instruction 
format, the labels aaaaaa and bbbbbb are assigned the same module 
address. If the label bbbbbb was in another routine, its name would appear 
in the ssss field. 

The Link instruction sets up a return word in control storage. An Assign 
instruction with full address precedes this kind of instruction. This return 
information may be moved into local storage and used by a standard 
Return Control Word. The hhhh field represents the value that is set into 
the Sand P registers. 

The Reserve instructions are used to reserve blocks of control storage that 
are to be used by the microprogram. 

These instructions are used by the microprogrammer to indicate a constant to 
be stored in main storage by the microprogram assembler. The K CPGM cc---c 
type must be printable characters. The K XPGM hh---h type must be valid 
hex characters. 
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Assembler Instructions Found in the Microprogram 
Listings, (Part 2) 

VLABEL 1 

FO RMAT=LOCSTG 

FORMAT=DSECT 

FORMAT=DSECT-END 

FORMAT=CONS-FI LE 

FORMAT=STANDARD 

FORMAT=NO-REF 

FORMAT=XREF 

OVERLAY 

LABEL2 

OVERLAY j-N ADDR=hhhh,ACB+LOW-CS-ADDR 

OVERLAY ±N ADDR=hhhh,H IGH-MS-ADDR 

OVERLAY ±N ADDR=hhhh,CHECKSUM 

OVERLAY ±N ADDR=hhhh,EC-LEVEL 

OVERLAY ±N ADDR=hhhh,CPU-ID 

W 

C 

/' 

;/ 

" " ; 

,,« 

I" 

I:~<):·"·< 

I;> 

I.:"""" .• 

I,,~ 

.). 

1 ~::::~ 

I:;:". 

I;)~:~, 

: This instruction is used to obtain the address of constants in program storage. 

This instruction causes the assembler to format the output for loading into 
local storage instead of control storage. 

This instruction creates a dummy section, by ignoring all hex, assign, and 
. control-word statements. This function is used only by the selector-channel 
microdiagnostics. 

This instruction terminates the FORMAT=DSECT instruction. 

This instruction causes the assembler to change the page header on the 

microprogram listing to represent instructions to be executed from the console 
file. 

This instruction terminates the control of the FORMAT=CONS-FILE 
instructio n. 

This instruction is used to suppress the printing of the cross-reference list 
at the end of each microroutine. 

) This instruction terminates the FORMAT=NO-XREF instruction. 

This instruction is used only in the microprogram index. Its function is to 
separate microroutines that are to be assembled separately. 

In each of the following OVERLAY instructions, the address may be either 
a local-storage or control-storage location. Local storage is specified by the 
symbol LShh, and control storage is specified by hhhh, where the symbol h 
is a hexadecimal digit. 

This instruction places the two-byte ACB register in the two high-order bytes 
of the address indicated, and the low control-storage address in the two 
low-order bytes of the address indicated. The overlay in which the data is 
stored is specified by the ±.N symbol. Where N is the number of overlays 
to be skipped in either the forward or backward direction, depending on the 
+ or - sign. 

This instruction operates the same as the one above except that the 20-bit 
main-storage address is stored in the low 20 bits of the address specified. 

This instruction operates the same as the other overlay instructions except 
that the checksum is stored <1t the address specified. 

This instruction operates the same as the other overlay instructions except 
. that the EC-Ievel of the microprogram is stored at the address specified. 

This instruction operates the same as the other overlay instructions except 
that the CPU-lOis stored at the address specified. 

This instruction, used with console-file operations, indicates that the word on 
this line must be translated from the symbolic statement. 
Refer to "Chapter 6, Console File," for descriptions of the various console-file 
commands. 

This instruction, used with console-file operations, indicates that the word of 
data on that line is a hexadecimal word that requires no translation. 
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Control-Word Address Generation 

The 3145 processing unit does not have an automatic means to 
increment control-storage addresses during the execution of the 

370 microprograms. This means that each control word must set 
up the address of the next control word to be executed. Each 
control word therefore has the capability to branch. 

Some control words are capable of branching to any address in 
control storage. The other control words can branch only within 
the 64-word address module in which they are located. 

The procedure for setting the next control-word address is 

covered in detail in the descriptions of the individual control 

words. 
Some of the terminology used in the control-word descriptions 

is identified and described here. 

Branch Set 

A branch set is composed of 2-16 control words having the same 
symbolic name. Each control word in the branch set is identified 
by a leg identifier that is assigned to the control word by the 
microprogrammer. The leg identifier fixes a portion of the control
word address. All legs of a branch set are assigned addresses in 
the same address module. 

Examples: 

p-'p'p_R_ 
C2FO 

C2F4 
C2F8 
C2FC 

Branch Set 
Name 

J-~§~L_ 
MPYINV 00 

MPYINV 01 
MPYINV 10 

MPYINV U 
Leg Identifier 

This is defined as a four-leg branch set. The leg identifier in 
this example represents the assignment of bits 4 and 5 of the 
control-word address. The 00 leg of the branch set is assigned the 
lowest address of the set; the other members are assigned addresses 
corresponding to their leg identifiers. 

X's appearing in the leg-identifier field indicate that the micro

programmer does not care what the status of the bit corresponding 
to the X is. X's are used for alignment only. 

Low-Order 
Address Byte 

t\PP_R_ _b~~b_ 
DC40 DIGIT 000 
DC10 FTST 0 
DC14 FTST 
DC44 DIGIT 001 
DC48 DIGIT 0'10 
DC4C DIGIT 011 
DC50 DIGIT 100 
DC54 DIGIT 101 
DC58 DIGIT 110 
DC5C DIGIT 111 
DC60 DIGIT 200 
DC2C SEVEN 11 
DC20 EIGHT 0 
DCA4 ADD8 
DC24 EIGHT 
DC28 SEVEN 10 
DC64 DIGIT 201 
DC68 DIGIT 210 
DC6C DIGIT 211 
DC70 DIGIT 300 
DC74 DIGIT 301 
DC78 DIGIT 310 
DC7e DIGIT 311 

The branch set identified by the name DIGIT, is a 16-leg 
branch set. In this example, a branch set does not have to appear 
in sequential order in the microl isting but may be separated by 
other control words or other branch sets within that routine. The 
leg identifiers in the DIGIT branch set indicate the status of bits 
2, 3, 4, and 5 of the control-word address. The number adjacent 

to the name is a hex number that designates the status of bits 2 
and 3 of the control-word address. For example: 

ADDR 

DC68 
./ ..... ,. , ,. ..... 

./ ..... 
./ ..... ,. " 

0 

0 1 

2 3 4 

0 

T 

DC68 
./, 

./ , 

5 

0 

,. ..... 
/' ' 

6 7 

o 0 

./ ' '" "-
o 1 234 567 

01 01000 

T 

LABEL 

DIGIT 210 

/" 
Equals 10 binary 
corresponding to 
bits 2,3 of the low-

address byr. 

DIGIT 210 

7 
Correspond to 
bits 4,5 of the 
low-address byte. 

BRANCH SYMBOLS (BX, BH, BL) 

The branch symbols are found in the Next Label column to the 
right of the name of the control word being branched to. Three 
branch fields are available in the Next Lable column, the BX, 
BH, and BL. 

BX=special branch field 
BH=branch high field 
BL=branch low field 

If only one branch field appears in the Next Lable column, it 
is the BL field. Example; 

TOM S5 

T\ 
Name BL field 

If two branch fields appear in the Next Label column, they 
are the BH and BL fields. Example; 

TOM S6, S5 

T/\ 
Name BH field BL field 

If three branch fields appear in the Next Lable column, they 
are the BX, BH, and BL fields. Example; 

TOM 2, S6, S5 

T/\~ 
Name BX field BH field BL field 

The BL field affects the setting of bit 5 or M3 when the next 
control-word address is formed. 

The BH field affects the setting of bit 4 of M3 when the next 
control:-word address is formed. 

The BX field normally affects the setting of bits 2, 3 of M3. 
There is an exception, which is covered in the word-move 
description. 
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Control-Storage Maps 

The control-storage maps are located at the back of the 
370 microprogram listings. 

The maps are used for tracing directly back to a sequence 
number in a microroutine from any control-storage address. 

HOUT=Microroutine name. 

How to use: 

Given the control-storage address BABB? 

__ ----------Find the 8A module number in the control-storage maps. 

_---------Find address 8ABO. 
Count by word address to 8AB8. 

Entry is GSINOI70. This specifies that the control word 
at address 8AB8 is located in microroutine GSIN at 
sequence number 0170. 

0071=Sequence number in :F~,.",ff·,·.· ... ± .. ·.--------------------------------1----1------------\--------------
HO UT mi c ro r ou tine. Illii!il:!!!!I!!!II!!!.:>.,: 

-8900-
-8920-
-8940-
-8960-
-8980-
-89AO-
-89CO-
-89EO-

::!::::G.:SR'oQ!!4:j:;a: 
CSRD0372 
GHLI0258 
GHLI0249 
GCCB0022 

HOUT0099 
HOUT0085 
CSRD0384 
CSRD0377 
CSRD0379 
GHLI0257 
GHLI0250 
GCCB0021 

CONTROL STORAGE MAP 

HOUT0076 
HOUT0072 
CSR00378 
CSR00381 
GHLI0253 
GHLI0242 
GHLI0240 
GCCB0013 

HOUT0086 
HOUT0083 
CSRD0369 
CSRD0380 
GHLI0254 
GHLI0239 
GCCB0011 
GC C B 0 £h];S';':'.·:::::·:·:·:,::,··· .. · 

:;MODuLE' NO. 
Module L_----~1I""'"-8AOO- GMSR0014 GMSR0013 GMSR0016 GMSROOI7:': 
Starting -8A20- GMSR0024 GMSR0023 GMSR0019 GMSR0018 

*370 EC 128603 PAGE 6/ OVERLAY 4 

OUT0070 HOUT0069 HOUTOO67 
HOUTOO82 HOUT0084 HOUTOO74 
CSRD0366 CSRD0370 CSRD0368 
CSRD0375 CSROO370 CSRD 37 
GHLI0255 GHLI0259 GHLI0260 
GHLI0251 GHLI0252 GHLI0243 
GCCBOO16 GCCBOO18 GCCBOO19 
GCCBOO08 GCCBOOO9 GCCBOOO7 

GMSROO21 GMSR0022 R0026 GMSROO27 
GMSROO25 GMSR0020 R0030 GMSROO15 
GDMD0302 GDM00303 D0304 GDMD0305 
GDM00365 GDMD0361 0 GDMD 9 

Addresses -8A40- GMSR0029 GMSR0028 GDMD0457 GDMD0366 
---~8~A~67.0~-------~GD~MD~~O~3~0~9----~G~0~M~D~0~4~5~6~--~G~0~M~0~0~~37~3--~G~D~M~D~0~3?5~8~---------'~~------~~~~----~~~~~--~~~~=---~~~~~----

-8A80- GDM00367 GOMD0362 GDM00363 GDMD0364 
-8AAO- GSIN0184 GSIN0187 GSIN0177 GSIN0182 
-8ACO- GSIN0172 GSIN0173 GSIN0174 GSIN0175 
-8AEO- GBADOOll GBAD0012 GBA00013 GBAD0014 

MODULE NO. 

-8020-
-8040-
-8D60-
-8D80-
-8DAO-
-8DCO-
-8DEO-

GSOP0487 
GSOP0502 
GSOP0492 

GELL0198 
GKLA0051 
GHLI0212 
GHLI0245 

GSOP0501 
GSER0406 
GSOP0505 
GKDT0532 
GKDT0542 

GHLI0267 
GHLI0264 
GHLI0246 

GSOP0486 
GSOP0493 
GSOP0488 
GKDT0548 

GHLI0265 
GHLI0214 
GHLI0263 

-8EOO- GGAD0044 GGAD0046 GGAD0041 
-8E20- GGAD0036 GGAD0033 GGAD0035 
-8E40- GGAD0026 GGADOOJ.B GGAD0036 
-8E60- HMI00069 HMI00072 HMI00070 

~~7 
Addres~ XXXO Address XXX4 Address XXX8 

GKLA0046 
GELL0204 
GELL0217 
GHLI0271 
GHLI0215 
GHLI0248 

MODULE 
GGAD0037 
GGAD0054 
GGAD0031 
HMI00071 

T 
Address XXXC 

NO. 

-8D10-
-8D30-
-8D50-
-8D70-
-8D90-
-8DBO-
-8DDO-
-8DFO-

8E 
-8EI0-
-8E30-
-8E50-
-8E70:"" 

GSIN0181 
GSIN0183 
GSIN0176 
GBACOO08 

GELL0218 
GELL0197 
GHLI0261 
GHLI0217 
GHLI0219 
GHLI0247 

GGAD0048 
GGAD0083 
GGAD0074 
HMI00097 

7 
Address XXXO 

GSIN0178 
GSIN0185 
GSINOO:h5 
GBACOO06 

GSER0414 
GSOP0504 
GKDT0537 

GELL0200 
GHLI0262 
GHLI0218 
GHLI0220 
GSOP0538 

GGAD0052 
GGAD0078 
GGAD0068 
HMI00076 

:~:":::GS:J:,., .... : ... :$:6:9)}}) 
::·.::·:::·GS:iN6I7o:':.·:::' 
::' :::,:,:::t;':efTN'O':'llfO'S"::':':':':':':': 

GBACOO09 

GELL0208 
GELL0207 
GELL0213 
GELL0212 
GHLI0268 
GSOP0539 

GGAD0043 
GGAD0079 
GGAD0063 
HMI00096 

GSIN0191 
GSIN0171 
GBACOO04 
GBACOO07 

GKLAOO34 
GKLA0036 
GELL0206 
GELL0205 
GELL0215 
GELL0214 
GHLI0269 
GSOP0537 

GGAD0022 
GGAD0073 
GGAD0073 
HMI00075 

TTT 
Address XXX4 Address XXX8 Address XXXC 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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CONTROL WORDS 

• Control the accessing of data from: 
Local Storage 
External Registers 
Main Storage 
Control Storage 
Expanded Local Storage 

• Control the movement of data from one area to another. 

• Perform arithmetic and logical operations on accessed data. 

• Perform the setting and resetting of certain functional circuits. 

Before a control word can perform any of its functions, it must be 
set into the four-byte control register (C-Reg). The outputs of the 
C-Reg activate circuitry that causes the execution of specified 
data-flow functions. 

Control words are normally read from control storage and set 
into the C-Reg. However, control words can be set into the C-Reg 
directly from the console file, local storage, console switches, and 
certain control-word bit combinations may be forced into the 
C-Reg by circuitry. 

The control words and their high-level functions are: 

BRANCH AND MODULE SWITCH 

Functions: 

• Branch 

• Module Switch 

o Destine Data to the So, T-, or L-registers. 

BRANCH WORD 

Functions: 

• Branch 

• Module Switch (Special Function) 

• Set/Reset Bits in local-Storage or external-Registers. 

BRANCH AND LINK OR RETURN 

Functions Branch and Link: 

• Store S, P, N2, N3 into a link register 

• Set P with a value, or, Module Switch 

• Branch. 

Functions Return: 

o Restore S, P, N2, N3 

Q Reset H-register bits 

• Alter the link address in some cases. 

WORD MOVE 

Functions: 

• Move a full word or selected bytes from one local storage/ 
external location to another. 

• Branch. 

STORAGE WORD 

Functions: 

• Read data from or store data into: 
Local Storage 
Main Storage 
Control Storage 
External Registers 
Storage Protect Stack 

• Branch and Link 

• Branch. 

ARITHMETIC WORD 

Functions Type 10: 

• Perform a variety of arithmetic and logical operations. 

• Operate on full words for arithmetic or shifting operations. 

Functions Type 11 : 

• Operates on bytes only 

• Exclusive OR, or, true ADD only 

• A-register input crossing provided. 

Word-Type Recognition 

First Hex Digit 
in Word Column 

o 

2 
3 

4-7 
8-B 
C-F 

Control Word 

Branch and Module Switch 
Branch 
Branch and Link or Return 
Word Move 
Storage 
Arithmetic Type 10 
Arithmetic Type 11 
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Next Control-Word Address Formation 

• Every control word provides all or part of the next control
word address. 

• Control-word addresses may also be formed by: 
Hardware circuits (Trapping) 
Hardware circuits (I-cycles) 
Operators Console Switches 

Some control words have the capability of setting both the M2-
and M3-registers. This provides for the addressing of any control 
word in the control-storage area. This capability is called module
switching. Other control words can set only the M3-register. This 
restricts the addressing capability to control words within the 
current address module. 

For details of M-register setting, refer to the M-register 
description in Chapter 2. 

For control~word setting of the M-register, refer to the 
operational diagrams associated with each word type. 

Local-Storage, External-Address Formation 

The Local Storage and External Address Formation chart on the 
facing page specifies the bit combinations used in source and 
destination address formation. 

If the bit structure of the control word is known, and the 
contents of the P-register are determined, use the flow chart on 
the facing page to determine the line in the chart. 

Two general types of addressing are defined: direct and indirect. 
By definition direct word addressing means that the word address 
is obtained from C- and P-register bits only. Indirect word 
addressing means that bits from the L-register are used with C- and 
P·register bits to form the address. 

Direct byte addressing, again by definition, means that a byte 
of an addressed word facility is addressed by C-register byte 1, 
bits 4 and 5; or C-register byte 2, bits 4 and 5. Indirect byte 
addressing is specified by T-register bits 4 and 5 or bits 6 and 7. 

The X's in the address formation chart indicate positions not 
used to determine the type of addressing used. 

Under the heading Address Decode in the address formation 
chart, columns 2, 3, 4 determine the X line, and columns 5, 6, 7 
determine the Y line. 

The control-word operational diagrams that follow in this 
chapter illustrate the address formation of actual local-storage 
and external registers. 
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Local Storage and External Address Formation 

Special direct access 
of SPTL 

Line 4 

Specia I direct access 
of SPTL 

Line 4 

Yes 

No 

No 

External register 
address 

Line 8 

Yes 

Indirect word, use 
L low 

Line 5 

Start Decode 

Yes 

Yes 

Direct word 2 
ind irect byte 

Line 7 

No 

No 

Direct L.S. 
word address 

I Line 1 

I 
I 
I 
I 
L_ 

Expanded local storage 
is addressed i.f certain 
hardware conditions 
are set. Refer to the de
scription of Expanded 
local storage in Chapter 
2. 

No 

Indirect word, use 
L high 

Line 2 

Direct word 1 
indirect byte 

Line 6 

Yes 

The flow chart indicates which line in the 
address formation chart to use. 

Indirect word, 
Indirect byte 

Line 3 

Line No. 

2 

3 

4 

5 

6 

7 

8 

Byte C1 
or C2 P3 

a 1 2 3 --

0 X X X X 

1 a a X a 

1 0 1 X 0 

1 1 a 0 X 

1 ) 1 0 1 a 

1 1 1 0 0 

1 1 1 1 0 

1 X X X 1 

Local Storage or External Word * 
Defines Address Decode Byte* 

---_ ............. _-_ ...... _--................... _ ................... _----_ ................ __ .......... _--_ ........... _-_ ... _- 0 1 2 3 4 5 6 7 a I 1 

Note Cl or C2 C1 or C2 
Direct Local Storage Word Address a 1 P5 P!, P7 I 1 2 3 4 5 

Note C1 or C2 
I ndirect Local Storage Word Address a 0 P1 P2 La L1 L2 2 

I 4 5 

Note T4 T5 
Indirect Word - Indirect Byte a a P1 P2 La Ll L2 2 

-or-

T6 I T7 

C1 or C2 
Special External Register Set: S P T L I 4 5 

Cl or C2 
Indirect Local Storage Word Address 0 0 Pl P2 L4 L5 L6 L7 

4 I 5 

Cl or C2 T4 I T5 
Direct Word 1 - Indirect Byte 0 a P5 P6 P7 or-

1 2 3 T6 T7 

Cl or C2 T4 I T5 
Direct Word 2 - Indirect Byte 0 a P5 P6 P7 or-

1 2 3 T6 J T7 

Cl or C2 Cl 

External Registers: 8 groups of seven words 0 a PO P1 P2 I 1 2 3 4 5 I, 
~\. 1 

~ ,.r 

~~--

Note 1 Refer to the Expanded local-storage description in Chapter 2. 

Note 2 Cl or C2 bit 3 is ORed with bit 3 of the L-register. 

For source addressing, Cl bits apply to A local storage, Expanded 
local storage, or External registers. 

For source addressing, C2 bits apply to B local storage, or Expanded 
local storage. 

For destination addressing, Cl and C2 bits apply to A and B local 
storage, Expanded local storage, or External registers. 

'/ 
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Branch and Module-Switch Word 

• Provides for addressing any word in control storage. 

• May perform up to four-way branching. 

• Provides the function of setting the S-, T -, or L-Registers with 
the contents of any addressable local-storage or external byte 
source. 

The primary function of this word is to change the entire control
word address in the M2 and M3 address registers. This capability 
allows for branching to any word in the control-storage area. 

The So, T-, and L-registers can be set with the contents of the 
branch source byte. 

Whenever bits of the branch source are being tested in the BH 
field, the cycle time is 247.5 ns. If only S-register bits are being 
tested, or the branch test fields are fixed, the cycle time is 202.5 
ns. 

The following types of statements may appear in the statement 
field of the microlistings: 

BS 
S=BS 
T=BS 
L=BS 
blank 

Where BS is any valid local-storage or external byte source. 

Next Label 

The Next Label field specifies the name of the next control word 
to be executed, and in the case of a branch test, the manner in 
which bits 2, 3, 4, and 5 of M3 are to be set. 

The format of this field is: 
XXXXXX BX, BH, BL 

Where XXXXXX is the name of the word or branch set being 
branched to. BX, BH, BL specify the leg of the branch set being 
branched to. 

The following table indicates the types of symbols that may be 
found in the branch fields: 

BX BH BL 

0 0 0 
1 1 1 
2 Sl ZO 
3 SO NZ 

S2 S3 
S4 S5 
S6 S7 
BH BL 
BO BO 
BO BO 
B7 B7 

BX - In the BX field, the hex numbers fix the status of bits 2 
and 3 of M3 when the next address is formed. 
For example: the value 1 = 01 binary; bit 2 of M3 is set to 0 and 
bit 3 of M3 is set to 1 when the branch address is formed. 

BH - In the BH field, the numbers 0 and 1 fix the status of bit 4 
of M3 when the next address is formed. The S symbols refer to S
register bits. Bit 4 of M3 is set to the status of the S bit tested. The 
symbol BH refers to bits 0-3 of the branch source byte. Bits 0-3 
are tested for a non-zero condition; and if non-zero, bit 4 of 
M3 is set to 1; otherwise set to O. The remaining symbols refer 
to bits in the branch source byte directly. Bit 4 of M3 is set to the 
status of the bit tested. 

BL - In th is field, the Sand B bit symbols are the same as the 
BH field. ZO causes S4 and S5 to be tested for a status of 11. If 
both S4 and S5 are 1, set bit 5 of M3 to 1, otherwise set bit 5 
of M3 to O. NZ causes the test of the branch source byte for a 
non-zero condition. If the branch source is non-zero, set bit 5 of 
M3 to 1, otherwise set bit 5 to O. The BL symbol tests bits 4-7 of 
the branch source for non-zero; if non-zero, set bit 5 of M3 to 1; 
otherwise set bit 5 to O. 
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Branch and Module-Switch Word Execution 

Branch and module 
switch word 

Set module address 
from C2 into M2(N2) 

Set next address 
field into M3(N3) 
BO-3 

Set M3(N3), B4-5 
according to any 
branch test results 

Dest. is S, T, or L 
No 

Yes 

Set branch-source 
byte into S, T, or L 

Execute next 
control word 



Bit Definition of the Branch and Module -Switch Word 

CO Cl C2 

0 I 1 I 2 I 3 4 I 5 I 6 I 7 o I 1 I 2 I 3 I 4 I 5 6 I 7 o I 1 I 2 I 3 I 4 I 
Branch Source Branch 

Module Branch and Branch 
Source 

Address Module Switch High Word Byte Dest 

0 0 0 0 0000=0 
00001=1 
0010=Sl 
0011=SO 
0100=S2 
0101=S4 
0110=S6 
0111=8H 
1000=80 
1001=Bl 
1010=82 
1011=B3 
1100=B4 
1101=85 
1110=86 
1111 =87 

Co Bits 0-3 

This field is a value of 0000 to designate the branch and module 
switch word_ In the microlistings, the branch and module switch 
word can be recognized by the hex digit 0 in the high-order 
position of the word. 

CO Bits 4-7 

This field specifies the branch test or fixed value that determines 
the setting of bit 4 of the M3-address register. The fixed values 
o and 1 designate directly the setting of bit 4 of M3. The Sl, 50, 

52, 54, and 56 symbols refer to bits of the 5-Register to be tested. 
Bit 4 of M3 is set to the value of the tested 5 bit. BH is specified 
by a value of 0111 in this field and refers to the high 4 bits of the 
branch source that is addressed by bits 0-5 of Cl. The high 4 bits 

. are tested for a non-zero condition. If this test is met, bit 4 of 

M3 is set to 1. The remaining symbols in this field refer to specific 
bits of the branch source. M3 bit 4 is set to the value of the branch 
source bit tested. 

00=0 00=- -------01=1 01 =(S=Branch Source) 

10=2 10=(T=8ranch Source) 

11=3 11=(L=8ranch Source) 

Cl Bits 0-5 

This field specifies the local storage or external byte to be accessed 
for branch testing. Bits 0-3 are used to form part of the word 
address at which the byte to be tested is located. Bits 4 and 5 
specify the byte of the word addressed that is to be tested. 

Cl Bits 6, 7 

6,7==00 indicates no branch source destination. 
6,7==01 destine the branch source to the 5-register. 
6,7==10 destine the branch source to theT-register. 
6,7==11 destine the branch source to the L-register. 

C2 Bits 0-7 

This field contains the module address that is placed in M2 when 
the next address formation takes place. 

5 I 
C3 

6 I 7 0 I 1 I 2 I 3 4 I 5 I 6 I 7 

Next Address Branch Low 

0000=0 
0001=1 
0010=20 
0011 =N2 
0100=S3 
0101=S5 
0110=S7 
0111=BL 
1000=BO 
1001 =B1 
1010=82 
1011=B3 
1100=B4 
1101=B5 
1110=B6 
1111 =B7 

C3 Bits 0-3 

This field is part of the word address that is gated to M3. When the 
next address formation takes place, bits 0-3 of C3 are gated to bits 
0-3 of M3. 

If the BX field is indicated in the Next Label field, the fixed 
value specified by the BX field is carried in bits 2, 3 of C3. For 
example, if BX==2, bits 2, 3 of C3 would equal 1, O. 

C3 Bits 4-7 

This field specifies the branch test or fixed value that determines 

the setting of bit 5 of M3. The fixed values 0 and 1 designate 
directly the setting of M3 bit 5. The ZO symbol causes bits 4 and 
5 of the 5-Register to be tested. If 54,5=11, M3 bit 5 is set to 1. 
If either 54 or 55==0, M3 bit 5 is set to O. The NZ symbol causes 

the branch source to be tested for a non-zero status. If the branch 
source is non-zero, M3 bit 5 is set to 1. If the branch source is 
zero, M3 bit 5 is set to O. 53,55, and 57 refer to bits of the 5-
register to be tested. Bit 5 of M3 is set to the value of the tested 
5 bit. The BL symbol refers to the low 4 bits of the branch source. 
If bits 4-7 of the branch source are non-zero, bit 5 of M3 is set to 1. 
If bits 4-7 of the branch source are zero, bit 5 of M3 is set to O. 

The symbols BO-B7 refer to specific bits of the branch source. Bit 
5 of M3 is set to the value of the bit tested. 

5 
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Branch and Module-Switch Word Example (Part 1 of 2) 

NEXT LABEL STAT 

FORMAT BO, B1 

Starting Values: 

P-Reg = 02 

DTX Reg = 08 06 5A 2C 

Address of FORMAT 00 = CEOO 

Objectives: 

Test bits 0 and 1 of DTX2 
Set DTX2 into the S-register 

Description: 

STATEMENT 

S= DTX2 

Read the contents of the DTX register from local storage A. 

Gate byte 2 of DTX to the branch circuits for testing. 
Bit 0, as designated by the branch high field is tested and 
its value is gated to bit 4 of M3. Bit 1, as designated by the 
branch low field is tested, and its value is gated to bit 5 of M3. 

The next Address field (C3 Bits 0-3) is gated to bits 0-3 of M3. 

The contents of C2 are gated to M2. 

Byte 2 of DTX is gated to A LU 2 and 3 and then to the Z
register. 

The contents of byte 0 of the Z-register are gated to the 
S-register to complete the function of this control word. 

CPU cycle time for this word is 247.5 ns. 

Portions of the CPU data flow directly 
affected by this control word. 

Branch Source Access 

A-Register 

A Byte Assembler 

ALU Output 

Z-Register 

S-Register 

M-Register 

Select 

30 
I I I 
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o Time 1 Time 

o Time Delayed 1 Time Delayed 

60 90 120 150 180 210 240 
I I I I I I I I I I I I I I I I I I I I I 

Read OTX 

OTS(08 06 5A 2C) 

5A 5A 5A 5A 

5A 

Z=5A 5A 5A 5A 

S=5A 

M2=CE M3=04 

To ECCL Circuits 

Cycle time = 247.5ns 



Branch-Word Example, Special Module-Switch:Function (Part 2 of 2) 

co 

C1 

C2 

C-REG 

o 0 
1 0 
2 0 
3 __ ..Q 
4 1 
5 0 
6 0 
7 0 
o 0 
1 0 
2 
3 
4 1 
5 0 
6 0 
7 1 
o 1 
1 1 
2 0 
3 
4 
5 

o 

6 1 
7 0 

o 0 

A-LS AD DR 
ASSEMBLER 

o 0 -----
1 o 

P-Reg bits 4·7 -------1 L __ I ~ X2 

5 
LS Ctrl asm C1 bits 1-3 ----1

6 
7 

o 
1-Y3 

1 

LA015.114.115 

A LOCAL STORAGE 

DTX=08 D6 5A 2C 

A-REG 1 I 

08 I D6 
1 5A RA 111-162 I I 

I I 

I Br and MS Word D 
(nod A source indo -_~~ __ -_--I-i A I------------------------X 

C1 bit 4 (not) bit 5 - r 
Branch and Module Switch 

Branch High (bit 0) 

Branch Source Word 

Branch Source Byte 

Branch Source Destination (S·Reg) 

Module Address 

BA011 A BYTE ASM 
BA021·028 

1 I 
1 I 
I I 

5A I 5A 1 5A 
I I 

ALU 2 

Z· REG 
AL117-147 5A 

I 

I 
I 2C I 
I 

I 

I 
I 5A 
I 

I 
I 

I Compare 

I I 

I 5A I 5A 
! J 

JI 

Br and MS Word 

(not) CO bit 3 

(not) Force N to M 

(not) Gate SW to M 

: The 00 input is accomplished by 
/1 suppressing all gates from the 

"I' l B-byte assembler. 

B input = 00 

. CO bits 4·7 (test bit 0)_ 

C3 bits 4·7 (test bit 1)_ BRANCH 
CIRCUITS 

I -' RM111·113, 

ALU 3 
RM2ll·2l6 

L 
I 

I 
I 5A 
I 
I 

1 0 
2 0 
3 0 

Next Address 

Br and MS Word =D 
Cl (not) bit 6,bit 7 A r-------------i _______ ..... 

I C3 
4 
5 0 
6 0 Branch Low (bit 1) 

7 

RC111-191 

RS212 

SPTL 5A 

S-Reg 
RSl15-224 

I 
I 

: 

l-

r-

A 

M2 

0 1 

1 1 

2 0 

C2bitsO·7 -X - 3 0 
4 1 

Bit 0 = 0 

Bit 1 = 1 

5 1 

6 1 

7 0 

RM031 

M3 

o 0 

C3bitsO-3---.1 0 
2 0 
=L __ .Q 

"""------ '!. ___ 0 
'-------- 5 ___ J 

6 0 
7 0 

RM041 ,043, 
044,052,215 
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Branch Word 

• Provides a branching function to address a control word in the 
current module address. 

• May set or reset bits of a specified local·storage or external 
byte location. 

• Provides for module switching, allowing any word in control 
sto rage to be accessed. 

The primary function of the branch word is to branch to another 
control word in control storage. The control-word branch address 
may be selected by testing the status of certain S-register or 
branch-source bits and forming the branch address accordingly, or 
specifying the branch address directly. 

The branch-test function, performed on the S-register or branch
source bits, results in setting bits 4 and 5 of the M3-address 
register. For example; if S6 is specified in the branch high field 
(CO bits 4-7=0110), and S7 is specified in the branch low field 
(C3 bits 4-7=0110), and S6::;1, S7=0, then M3 bit 4 is set to 1 and 
M3 bit 5 is set to O. Any branch testing is done before setting or 
resetting bits in the byte specified by the SIR source field. 

The following kinds of branch word statements may appear in 
the statement field of the microlistings: 

BS (,A-,I,OR,) hh 
S (,A-/,OR,) hh 
P (,A·,I,OR,) hh 
GA (,A-,I,OR,) hh 
BS S (,A-,I,OR,) hh 
BS P (,A-,/,OR,) hh 
BS GA (,A-,/,OR,) hh 

Where BS is any val id local-storage or external byte source, and 
hh represent hexadecimal digits. Because the field in the branch 
control word that contains the hex value is only 4 bits wide, the 
hex value in the statement is restricted to these combinations: 

hh must be equal (77,CC,22,etc) 
hO or Oh or 00 

The format of the hex digits determ ines the bit structure of the 
K HI-LO field (Cl bits 6, 7). 

The operators, in parentheses represent the arithmetic function 
to be p~rformed: 

,A-, specifies the complement AND function. The hex value is 
complemented, then ANDED to the byte that is to the left of the 
,A-, symbol. This function resets any bit of the source that 
corresponds to a bit in the hex number in the statement. 

For example: 

0000 0101 
01234567 

01110111 
01234567 

I f the hex number written is 
05, bits 5 and 7 of the source 
are affected by the operation. 

If the hex number written is 
77, bits 1,2,3,5,6, and 7 of 
the source are affected. 

,OR, specifies the OR function. Bits of the source that 
correspond to bits in the hex number in the statement are set to 
1. See example. 

Next Label 

The Next Label field specifies the name of the next control word 
to be executed, and in the case of a branch test, the manner in 
which bits 2,3,4, and 5 of M3 are to be set. 

The format of th is field is: 

XXXXXX BX, BH, BL 

Where XXXXXX is the name of the word or branch set being 
branched to. BX, BH, BL specify the leg of the branch set being 
branched to. 

The following table indicates the kinds of symbols that may be 
found in the branch fields: 

BX BH BL 

0 a 0 
1 

2 Sl ZO 
3 SO NZ 
TH S2 S3 

S4 S5 
S6 S7 
BH BL 
BO BO 
BO BO 
B7 B7 

BX - I n the BX field, the numerics 0-3 fix the status of bits 2 
and 3 of M3 when the next or branch address is formed. For 
example; the value 2=10 binary, bit 2 of M3 is set to 1 and bit 
3 of M3 is set to a when the branch address is formed. When TH 
is specified in the BX field, the special module-switch function is 
indicated. Module switching is indicated by C1 bits 6, 7=00. The 
module-switch function sets bits 0-7 of C2 into M2. No setting or 
resetting of bits can occur when the module-switch function is 
indicated. The module switch also causes bits 0 and 1 of the T
Reg to be gated to bits 2 and 3 of M3 when the branch address is 
formed. 

BH - In the BH field, the numbers 0 and 1 fix the status of bit 
4 of M3 when the next address is formed. The S symbols refer to 
S-register bits. Bit 4 of M3 is set to the status of the S bit tested. 
The symbol BH refers to bits 0-3 of the branch-source byte. Bits 
0-3 are tested for a non-zero cond ition; and if non-zero, bit 4 of 
M3 is set to 1; otherwise set to O. The remaining symbols refer to 
bits in the branch-source byte directly. Bit 4 of M3 is set to the 
status of the bit tested. 

BL - In this field, the Sand B bit symbols are the same as in 
the BH field. ZO causes S4 and S5 to be tested for a status of 11. 

. If both S4 and S5 are 1, set bit 5 of M3 to 1; otherwise set bit 5 
of M3 to O. NZ causes the test of the branch-source byte for a 
non-zero condition. If the branch source is non-zero, set bit 5 of 
M3 to 1; otherwise set bit 5 to O. The BL symbol tests bits 4-7 
of the branch source for non-zero; if non-zero, set bit 5 of M3 to 
1; otherwise set bit 5 to O. 
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Branch Word Execution 

Branch Word 

Set module (C2) 
into M2(N2) 

T-Reg bits 0,1 to 

.. M3(N3) bits 2,3. C3 bits 
0,1 to M3(N3) bits 0,1. 

Set M3(N3), B4·5 

according to results of 

any branch tests 

Yes 

Execute next 

control word 

No 

Set next address field 

into M3(N3) BO·3 

WherJever bits of the branch source are being t~sted in the BH 
field, the cycle time is 247.5 ns. If only S·register bits are being 
tested, or the branch test fields are fixed, the cycle time is 
202.5 ns. 

No 

Set/Reset S·, p', or Branch·source byte is not changed 
until the next control·word cycle. 

Branch-Word Examples 

NEXT LABEL 

MCHST S2,S3 

STATEMENT 

S,OR,K80 

The function indicated by the statement is to OR the value 80 
with the contents of the S·register. This OR operation results 
in setting bit a of S to 1. 

The Next Label field specifies a branch to the branch set named 
MCHST. The leg in that branch set is determined by the status of 

S-Register bits 2 and 3 as indicated by the BH and BL fields. Assu 
Assume that S2=1 and S3=0, the branch is made to MCHST 10. 

NEXT LABEL 

RETURN TH, 82, 85 

STATEMENT 

T 

The TH in the BX field of the Next Label specifies the special 

module switch function of the branch word. The statement field 
indicates the T-register as the branch source. 

The next control-word address is formed in the following 
manner: 

The contents of byte 2 of the control word (C2) is gated to 
M2. 

Bits a and 1 of C3 are gated to bits a and 1 of M3. 
Bits a and 1 of the T-register are gated to bits 2 and 3 of M3. 

Bit 2 of the T-register determines the setting of bit 4 of M3. 
Bit 5 of the T-register determines the setting of bit 5 of M3 . 

Refer to the Branch Word (Module Switch) operational diagram 
for a detailed description of this word. 
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Bit Definition of the Branch Word 

CO C1 C2 C3 

0 I 1 I 2 I 3 4 I 5 I 6 I 7 0 I 1 I 2 I 3 J 4 I 5 6 I 7 0 1 2 I 3 4 I 5 I 6 I 7 0 I 1 I 2 I 3 4 I 5 I 6 I 
Branch Source K SIR 

Branch 
Word 

0 0 0 1 0000=0 
0001=1 
0010=S1 
0011=SO 
0100=S2 
0101=S4 
0110=S6 
0111=8H 
1000=BO 
1001=81 
1010=82 
1011=B3 
1100=84 
1101=85 
1110=B6 
1111=B7 

CO BITS 0-3 

This field is a value of 0001 to designate the branch word. In the 
microlistings, the branch word can be recognized by the hex digit 
1 in the high-order position in the Word column. 

co BITS 4-7 

This field specifies the branch test or fixed value that determines 
the setting of bit 4 of the M3-address register. The fixed values, 0 
and 1, designate directly the setting of bit 4 of M3. The 51, 50, S2, 
S4, and S6 symbols refer to bits of the 5-register to be tested. Bit 
4 of M3 is set to the value of the tested S bit. BH is specified by a 
value of 0111 in this field and refers to the high 4 bits of the 
branch source that is addressed by bits 0-5 of C1. The high 4 bits 
are tested for a non-zero condition. If this condition is met, bit 
4 of M3 is set to 1. The remaining symbols in this field refer to 
specific bits of the branch source, M3 bit 4 is set to the value of 
the branch-source bit tested. 

C1 BITS 0-5 

This field specifies the local-storage or external byte to be 
accessed for branch testing. Bits 0-3 are used to form part of the 
word address at which the byte to be tested is located. Bits 4 and 
5 specify the byte of the word addressed that is to be tested. 

C1 BITS 6, 7 

These two bits designate the gating of the K value to the ALU for 
the set or reset function. L specifies that only the low 4 bits of 
the ALU are to receive the value in bits 4-7 of C2. H specifies that 
only the high 4 bits of the ALU are to receive the K value. ST 
means a gate of the K value into both the high and low 4 bits of 

Byte HI-LO SIR Source K Next Address Branch Low 

00=0 OO=MS 0=--- O=,OR. 00=8S 0000=0 
01=1 01=L 1=DK 1=,A, 01=S 0001=1. 
10=2 10=H 10=P 0010=ZO 
11=3 11 =St 11=GA 0011 =NZ 

0100=S3 
0101=85 
0110=S7 
0111=8L 
1000=80 
1001=81 
1010=82 
1011=83 
1100=83 
110185 
1101 =85 
1110=86 
1111=87 II 

Module Address 

the ALU. If Cl bits 6, 7 are 00, the special module-switch function 
is designated. This function specifies the following action: 

No setlreset can occur. 
Gate C2 to M2. 
Gate T-Reg bits 9, 1 to M3 bits 2, 3. 
Branch high and low set bits 4,5 of M3 in 
normal fashion. 

C2 BIT 0 

When =0, designates normal operation. When = to 1, the diagnostic 
key is set or reset depending on the setting of bit 1 of C2. 

C2 BIT 1 

This bit=O specifies the ,OR, function for the ALU operation to 
be performed on the source that is designated by bits 2 and 3 of 
C2. The ,OR, function effectively sets the bits of the source that 
correspond to bits in the K field. 

This bit=l specifies the ,A-, function for the ALU operation. 
The ,A-, is a complement AND function that resets bits of the 
source that correspond to bits in the K field. 

C2 BITS 2, 3 

This field specifies the source that is to be set or reset by the K 
field. 

When this field=OO the branch source addressed by bits 0-5 of 
C1 is also the source to be set or reset. When 2,3=01 the 5-register 
is specified as the set/reset source. When 2, 3=10 the P-register is 
specified as the set/reset source. When 2, 3=11 the GA special 
function is specified. 

e2 BITS 4-7 

This field contains the value to be used for setting or resetting 
bits of the source specified by bits 2 and 3 of C2. The hex value 
O-F can be designated in this field. 

C2 BITS 0-7 

When the special module switch function is specified by bits 6 
and 7 of C1, bits 0-7 of C2 contain the module address that is 
gated to the M2 register for the next control-word address 
formation. 

C3 BITS 0-3 

When not module-switching, this field represents part of the next 
control-word address and is gated to bits 0-3 of the M3-register. 

When module-switching, bits 0 and 1 of C3 are gated to bits 0 
and 1 of M3 and bits 0 and 1 of the T-Reg are gated to bits 2 and 
3 of M3. 

If the BX field was used, the fixed value specified by the BX 
field is carried in bits 2 and 3 of C3. For example, if BX=2, bits 2, 
3 of C3 would equal', O. 

C3 BITS 4-7 

This field specifies the branch test or fixed value that will deter
mine the setting of bit 5 of the M3-address register. The fixed 
values 0 and 1 designate directly the setting of M3 bit 5. The ZO 
symbol causes bits 4 and 5 of the 5-register to be tested. If S4, 
5=11, M3 bit 5 is set to 1. If either 54 or S5=0, M3 bit 5 is set to 
O. The NZ symbol causes the branch source to be tested for a non
zero status. If the branch source is non-zero, M3 bit 5 is set to 1. 
If all bits of the branch source are 0, refer to bits of the S-register 

7 
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to be tested. Bit 5 of M3 is set to the value of the tested S-bit. The 
BL symbol refers to the low 4 bits of the branch source. If bits 
4-7 of the branch source are not = to 0, bit 5 of M3 is set to 1. 
If bits 4-7 of the branch source are = to 0, bit 5 of M3 is set to O. 
The symbols BO-B7 refer to specific bits of the branch source. Bit 
5 of M3 is set to the value of the tested branch-source bit. 



GA Special Functions 

The special function GA is used to set or reset hardware in either 
the selector channel or I FA circuits. 

If the I FA feature is not installed, the GA function chart for 
selector channels is used. 

If the I FA feature is installed, and selector channell is specified, 
the GA function chart for I FA is used. If selector channel 2 or 3 is 
specified, use the selector channel GA function chart. 

Example: 
Selector channell is operational, 

Branch Word----- GA, A-, KOA----- is executed, 

Looking at line 2 of the selector-channel chart find GA A
KOhr.i.1 ' " 

Find the K value A in column 1 of the chart. III 
The entry in the GA, A-, KOh column, and the A row is, Reset 
Supp Out. 

Example: 
I FA is operational, 

Branch Word----- GA, OR, KEO----- is executed, 

Looking at line 2 of the I FA chart, find GA, OR, KhO. UI 
Find the K value E in column 1 of the chart. II 
The entry in the GA, OR, KhO column, and the E row is, Set 
Data Field Lch. 

h Set GAL 

(K Field) GA, OR, KOh 

1 Set Poll Control (Soft) 
2 Set Poll Control (Hard) 

3 Set Command Retry 
4 
5 Set Count Ready 

6 Set Protect Check 
7 Set Program Check 

8 Set I ntr Latch 

9 Set Select Out 

m-~A Set Supp Out 

B GI into GR 
C Set OP Out 

D I nfce Ctrl Check 

E Set Diag Mode 
F 

GA Function Chart for Selector Channels 

h Set GAL 

K Field GA, OR, KOh 

1 Set Inc Length 

2 Set Prog Check 

3 Set Prot Check 

4 Set Chan Ctrl Chk 

5 Set Allow Restart 

6 
7 Set Contingent Can 

8 
9 Set Chan Busy 

A Set I ntrp Latch 

B Set CUB 

C Set DCC 

m- D Set La Prior Req 

~E Set IFA Inh Traps 

F 

GA Function Chart for IFA 

~ 
\ Reset GAL Set GAH Reset GAH 

'GA, A·, KOh GA, OR, KhO GA, A-, KhO 

Reset Poll Control Set Channel .1 Channel Reset 
Reset Retry Holdup Set Channel 2 Chain Reset 

Set Channel 3 Machine Reset 
Set Channel 4 

Start I/O Reset Set Channel Loaded Reset Channel Loaded 

Set Control Check Set CC Diag Buffer Shift 
WLR Sample Set PCI Reset Interrupts 
Set DCC Mode Diag Block Share Req Reset DCC Mode and 

Diag Block Share Req 
Reset Sel Out and Set Diag Stat Reset Diag Stat and 
Primed Intr Latch 
Reset Supp Out Set Channel Primed Set Channel Tried 

Set Data Out 
Reset OP Out and Set Command Out Set Addr Out 
Diag Set GR Full 
Diag Serv Signal Set Service Out Reset PCI 
Reset Diag Mode Set Halt I/O Reset Halt I/O 

.~ 
Reset GAL \ Set GAH Reset GAH 

GA, A·, KOh GA, OR, KhO GA, A-, KhO 

Reset FCS Set IFA Chan Gate Rst Command Overrun 
Reset PCI Set Channel 2 Gate 
Rst Trap Req Set Channel 3 Gate Machine Reset 
Rst CCW 0 and WLR 
Rst La Prior Req Set Write Clk Gate Rst Orientation Lch 

Chain End Reset Set CS,CR, In Lchs Rst Cnt Rdy,ln,Out 
Rst Contingent Can Set CS,CR,Out Lchs Set Halt I/O 

Set MS,CR,ln Lchs CE End Op SS 
Reset Chan Busy Set MS,CR,Out Lchs Diag Index 
Rst I ntrp Latch Set Control Pulse Diag Raw Data Pulse 

Reset CUB Diag Read Data Set Diag Read Gate 
Reset DCC Diag Clk Gap Sense Bit Ring Advance 
Rst H/L Comp,CC Er Diag Data Gap Sense Set Diag Mode Latch 
Rst IFA Inh Traps Set Data Field Lch Rst Diag Mode Latch 
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Branch-Word Example (Part 1 of 2) 

NEXT LABEL STAT 

TMODE B7 

Starting Values: 

R.Reg = DC FD 1358 

SPTL = 00 02 00 00 

Address of this word = OC10 

Address of TMODE 0 = OC40 

Address of TMOD E 1 = OC44 

Objectives 

Test bit 7 of R 1 
Set bit 3 of the P.Reg 

Description 

STATEMENT 

R1 P,OR,K10 

The branch control word (Rl P, OR,Kl0), is read from control 
storage and gated to the C-register. CO,Cl, and C2 are gated 
to the loca I-storage control assem bier before the C register is 
set. This aUows a fast access of the branch·source byte from 
local storage. 

The R-register is read out of local storage A, and gated to 
the A-register. 

Byte 1 of the A·register is gated to bytes 0-3 of the A 
byte assembler. 

Byte 3 of the A byte assembler is gated to 
the branch circuits for the test of bit 7. 

The next control-word address is formed in the M-registers. 

SPTL is gated to the B-register. Byte 1 (P-Reg), of the B
register is gated to the B byte assembler. 

The K value (10) and the contents of the P-Reg are ORed in 
the ALUs. The result (12) is gated to the Z-register. 

Byte 1 of the Z-register is gated to the P-register. P-Reg now 
equals 12. 

Branch Source Access 

A-Reg ister 

e Assembler A Byt 

B-Reg 

B Byte 

ister 

Assembler 

ALU 0 utput 

ister Z-Reg 

P-Regi 

M-Reg 

ster 

isters 

Select 

-

30 
I I I 
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OTime Time 

o Time Delayed 1 Time Delayed 

60 90 120 150 180 
I I I I I I I I I I I I I I I I I 

Read R 

R (DC FD 1358) 

FD FD FD FD 

SPTL (000200 00) 

02 02 

12 

Z=12 12 12 12 

P=12 

M2=OC M3=44 

To ECCL Circuits 

Cycle time = 202.5 ns 



Branch-Word Examples (Part 2 of 2) 

P-Reg Bits 4-7 

LS Ctrl Asm C 1 bits 1-3 

C-REG 
! 0 a 

1 a 
2 a f- Branch 

CO f-} ---} 

5 a _ Branch High (fixed 0) 
6 a 
7 a 
o a 
1 1 _ Branch-Source Word 
2 a 

Cl 1-3_ --.1 
4 a f--Branch-Source Byte 

1-5 ____ 1_ 

6 1 
7 0 I- K High Low 

=~~ _--=-~:= ~e~/Reset 
2 1 
3 a I- Set/Reset Source 

C2 f-~- - - 0-
5 a 
6 0 f--K 

7 1 

o 0 
1 1 
2 0 I- Next Address 

3 0 
C3 1-4" - -"1-

5 1 

6 1 I-- Branch Low (bit 7) 

7 1 

RClll-119 

A LOCAL STORAGE M2 A-LS ADDR 
ASSEMBLER 

0 - --j) 
a 

2 a r- X2 3 1 
4 ___ a R = OC FD 1358 

5 
6 a Y5 

7 1 

LA015,113,115 A-REG I 
I RA111-162 CD I FD 
I 

e Ind I --------------------------------------x 
(not) A Sourc ~ 
Branch Word A 

C1 bit 5, (not) bit 4 

BA011 
A BYTE ASM 
BA021-028 FD FD 

I I 
I I 

I 13 : 58 

FD FD 

C2 bit 3, (not) bit 2 
srL 

~--------------------X 
Branch Word -----0--1 

RA011 

B-REG 
RAl13-164 00 02 

(not) Arith Fullword or Storage 1 cycle 

C2 bit 2 (not) bit 3 

1------------ X 
• 

BA012 B BYTE ASM I BB112-123 

C1 bit 6 (no~) bit 7 
A (High Gate) K input = 10 

C2 bits 4-7 

BK013 
I 

C2 bit 1=0 COR,) - ALU 2 C2 bit 1=0 COR,I-

I ~~ Compare 
I 

J 

Z-REG I 
I 

AL117-147 12 I 
I 

00 00 

I 
02 : 02 

I 

1 
ALU 3 

I 
I 12 I 12 

I 

C3 bits 4-7 (test bit 7) 

BRANCH CIRCUITS 

I 

I 
I I 
I SPTL 00 I 12 I 12 

~ I 

o 0 
o 

N2 bits 0-7 = OC 

RM031 

M3 

o a 

C3 bits 0-3 ---- 2 a 
~3 ___ Q. 

CO bits 4-7=0 - f-4 ___ ~ 

Bit 7 = 1 ------_1-5 ____ 1_ 

I I 
I I 00 I I 

I I 

00 

6 0 
7 0 

RM041,043, 
044,052,215 
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Branch-Word Example, Special Module-Switch Function (Part 1 of 2) 

NEXT LABEL 

RXOPS TH,B2,B3 

Starting Values 

SPTL = 00 02 BO 33 

STAT 

Address of RXOPS 000 = F3CO 

Objectives 

STATEMENT 

T 

Perform special module-switch test bits 0-3 of the T-register 

Description 

The branch control word is read from control storage and 
gated to the C-register. 

SPTL is gated to the A-register. Byte 2 (T-Reg), of the A
register is gated to bytes 0-3 of the A byte assembler. 

Byte 3 of the A byte assembler is gated to the branch circuits 
where the branch tests are made. 

The results of the branch tests are gated to M3 along with 
next address bits 0, 1 from C3. 

C2, the module address, is gated to M2. 

Because of the T-register value, and the module address of 
the branch set RXOPS, the address branched to is F3EC. 

I I 

Branch-Source Access 

A-Register 

A Byte Assembler 

M-Registers 

Select 
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OTime 1 Time 

o Time Delayed 1 Time Delayed 

30 60 90 120 150 180 210 240 
I I I I I I I I I I I I I I I I I I I I I I 

Read SPTL 

SPTL = (0002 BO 33) 

8080 BO BO 

M2=F3, M3=EC 

To ECCL Circuits 

Cycle Time 247.6 ns 



Branch-Word Example, Special Module-Switch Function (Part 2 of 2) 

co 

Cl 

C2 

C3 

(not) MB2,MB3,N2,N3 to Ext Asm -----I 
(not) External Source Decode bit 7 

Extern31 Decode Gate --+-.... --1 

(not) Gate N2,N3 for link or force 

C-REG 

a a 
1 
2 
3 
4--

5 
6 
7 
0 
1 

2 
3 __ 

4 
5 __ 

6 
7 

0 
1 
2 
3 
4 
5 
6 
7 

a 
1 
2. 
3 

a 
a 

a 

a 

a 

1 
1 
a 
a 

~--1 

5 a 
6 
7 

RC111-191 

DE003 

(not) A source ind 

Branch Word 

C1 bit 4 (not) bit 5 

Branch 

Branch High (test bit 2) 

Branch-Source Word 

Branch-Source Byte 

Next Address 

Branch Low (test bit 3) 

D 
BAOll 

SPTL 
00 02 80 33 

X 

A-REG 
RAlll-162 

00 02 80 33 

X 

A BYTE ASM 
80 

BA021 - 028 
BO BO BO 

Branch Word 

=Q-Got. bit> 0,1 ofT-R. 
Module Switch 

RM043,044 

bits 0,1 ofT-Reg 

CO bits 4-7 (test bit 2) 

C3 bits 4-7 (test bit 3) 

M2 

a 1 
1 1 
2 1 

C2 bits 0-7 (Module Address) - 3 1 
4 a 
5 a 
6 1 
7 1 

RM031 

M3 

C3 bits 0,1 ____ .. a 1 
~ ___ 1 

t----- BitsO,l = 10 _______ 2 1 

1----- Bit2= 1 1 ___ ~ 
~ ___ l 

Bit 3 = 1 --------_5 1 
"6---0-
7 a 

BRANCH CIRCUITS RM041,043, 
044,052,215 
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Branch and Link or Return Word 

BAL 

• The branch and link function stores the S-, P-, N2-, and N3-
registers into the specified link register. 

• Can set the P-register to some designated value or perform a 
module-switch. 

• Can perform up to four-way branching. 

RTN 

• The return function restores the S, P, M2(N2), and M3(N3) 
registers with the link-register value. 

• Can reset bits of the H-register. 

• Can alter the address from the link register. 

Branch And Link Statements 

The branch-and-link function is specified by either one of two 
statements: 

BAL WS P=Khh 
BALWS 

Where BAL designates branch and link, and WS is any valid word 

source. 
In the first statement, the link information is stored at the word 

location specified by WS. The P·register is set to the value specified 
by hh (any hex number 00 through FF). 

In the second statement, the link information is stored at the 
word location specified by WS. A module-switch function is 

performed when the next address is set up. The lack of a P·register 
set designation enables the module switch to be performed. 

The return function is specified by either one of two statements: 

RTN WS H, A-, Khh 
RTNWS 

Where RTN designates the return function, and WS is any valid 
word source. 

I n the first statement, the data from the word source specified 
is gated to the following registers: 

Byte 0 to S-Reg 
Byte 1 to P- Reg 
Byte 2 to M2(N2) 
Byte 3 to M3(N3) 

The H-register bits corresponding to bits in the field specified by 
hh are reset. For example: 

If hh were 02, the bit reset would be bit 6. 
If hh were CO, bits 0 and 1 would be reset. 

If hh were F F, the entire H-register would be reset. 

I n the second statement, the data from the word source is gated 
in the same manner as for statement one. 

If any value is specified in the BX, BH, BL columns of the next 
label field, M3(N3) is set up by the control word rather than from 
the low byte of the link register. 

BX,BH,BL 

These fields are used in the same manner as in the branch and 

module switch word. BX, however, can be O-F (in return words 
only) to specify the bits 0-3 of C3 that are used to form part of the 
low-address byte. If any value is specified in the BX, BH, BL fields 
for a return word, the next address and branch high and branch 

low fields are used to set M3 bits 0-5. 

BX BH BL 

0 0 0 
1 
2 S1 ZO 
3 SO 10 
4 S2 S3 
4 S4 S5 
F S6 S7 

11 

In the BX field, the fixed values 0-3 can be used in the branch 
and link function to set bits 2 and 3 of the M3-register when the 
next address is set up. The values O-F can be used in the return 
function to set bits 0-3 of M3 when the next address is set up. 
These bits are carried as next address bits in C3, bits 0-3. 

The BH field sets the status of bit 4 of M3, and BL sets the 
status of bit 5 of M3. 

The S symbols refer to specific bits of the S-register to be tested. 
The symbol ZO in the BL field causes bit 5 of M3 to be set to 1 if 

S4, S5=11. 
10 forces an unconditional return to I-cycles. 
11 forces a return to I-cycles if no interrupt is pending. 
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Bal or Rtn Execution 

BAL or return word 

Yes No (Return) 

Set M3(N3) from next Note 1 

address and results of 
any branch tests 

Store contents of So, 
po, N2-, and N3-Regs 

into link location 

Set P-register to 
value in C2 

Execute next 
control word 

Yes 

Set link location bytes 

0,1,2,3 into S,P ,M2(N2 
and M3(N3) 

Set M2(N2) to new 
module address (from 
C2) 

Set the S-,P-, and M2-
registers from.the link 
register. Set M3- from 
C-register. 

address assembler,go 
to GAAI microroutine. 

Use byte 2 of link Reg. 
to set M2. M3 set from 
C-register. Go to G ICM 
interrupt microroutine. 

Note 1 At this time, S, P, N2, and N3 contents are in the Z-register; storing into the 
link location occurs later from the D-register. 

Note 2 N2 and N3 contents stored into the link location are the address of the control 
word that would have been executed if the trap had not occurred. If the BAL 
word is not the first word of a trap rOl,ltine, N2 and N3 contents stored are the 
address of the BAL word. 

Examples 

NEXT LABEL· 

FMPTP 

STATEMENT 

BAL LNK P=K33 

This branch-and-link function stores the So, po, N2-, N3-registers 
in the local-storage register LN K. 

The P-register is set to the value 33, and a branch is made to the 
word at label FMPTP. 

NEXT LABEL 

RNDS S6, S7 

STATEMENT 

BAL X 

This branch-and-link function stores the So, po, N2-, N3-registers 
in the local-storage register X. 

Because no P-register set is given, a module switch takes place. 
The branch to RNDS is made, and the leg of that branch set is 
determined by the status of bits 6 and 7 of the S-register. If S6=0 
and S7=1, the branch is made to the word of the branch set whose 
label is RNDS 01. 

NEXT LABEL STATEMENT 

RTN LNK 

This statement indicates the return function. The contents of the 
LNK register are read out and gated in the following manner: 

LN K byte 0 to S-Register 
LN K byte 1 to P-Register 
LN K byte 2 to M2 (N2) 

LN K byte 3 to M3 (N3) 

NEXT LABEL STATEMENT 

0, SO, S5 RTN X H, A-, K08 

This return function causes the link information to be read from 
the link register X. Because there is an entry in the next label field, 
the link address is altered. 

Bytes 0 and 1 of the I ink register X are gated to Sand P. Byte 2 
of the link register is gated to the M2 (N2) registers. 

M3 bits 0-3 are set from C3 bits 0-3, which are 0000 as specified 
by the 0 in the BX field_ M3 bit 4 is set to the value of SO. M3 bit 
5 is set to the value of S5. 

H-register bit 4 is reset as specified by the 08 in the return 
statement. 
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Bit Definition of the Branch and Link or Return Word 

CO 

a I 1 I 2 I 3 4 5 I 6 1 7 a 1 
Branch 

Link Branch 
and Link 

High 
LS 

Rtn or 
or Return EXT 

o 0 1 0 O=link 0000=0 O=LS 
l=rtn 0001=1 l=EXT 

0010=Sl 
0011=50 
0100=52 
0101=54 
0110=S6 

CO BITS 0-3 

This field has a value of 0010 to designate the branch and link 
or return word. 

COBIT 4 

Bit 4=0 specifies the branch-and-link function. 
Bit 4=1 specifies the return function. 

CO BITS 5-7 

1 

This field specifies the branch test or fixed value that determines 
the setting of bit 4 of the M3-address register. 

The fixed values 0 and 1 designate directly the setting of M3 
bit 4. The S symbols refer to S-Register bits to be tested. Bit 4 of 

M3 is set to the value of the S bit tested. 

C1 BITS 0-6 

This field directly addresses the link register. 
Bit 0=0 indicates the link register to be in local storage. 
Bit 0=1 indicates the link register to be an external. 
Bits 1-6 contain the X- and Y-lines that access the link register. 

C2 BITS 0-7 

For the branch-and-link function, this field is either a value to 
be set into the P-register or a module address to be gated to M2 
(N2) when the next address is formed. 

If bit 4 of C3=0, this field is set into the P-register. 
If bit 4 of C3=1, this field is the module address and is gated to 

M2(N2) for next address formation. 
For the return function, this field provides the bit pattern for 

resetting the H-Register. Any bit in this field that is on for a return 
function causes the corresponding bit in the H-register to be reset. 

J 
C1 C2 

2 J 3 1 4 J 5 I 6 I 7 a I 1 I 2 I 3 I 4 J 5 1 6 1 
Link Address 

Y X Spare K/Module 

BAL-If C3 bit 4=-, this field is set into the P-register. 
If C3 bit 4=1, this field contains the module 
address for M3. 

RTN-Any bit in this field resets the corresponding 
bit in the H-register. 

C3 BITS 0-3 

This field contains part of the next address. When the branch 
and link function is performed this field is gated to bits 0-3 of 
M3(N3) for the next address set up. For the return function, this 
field is used only when bit 4 of C3=1. Otherwise the next address 
bits are gated from the link register. 

C3 BIT 4 

Bit 4=0 for a branch and link causes C2 bits 0-7 to be gated to 

the P-register. 
Bit 4=1 for a branch and link causes C2 bits 0-7 to be gated to 

the M2(N2)-registers during next address set up. 
Bit 4=0 for a return causes the next address tobe set from the 

link register. 
Bit 4=1 for a return causes C3 bits 0-3 and the results of any 

branch tests to be used to set up M3(N3), when the return address 
is gated from the link register. 

C3 BITS 5-7 

This field specifies the branch test or fixed value that determines 
the setting of M3 bit 5 when the next control-word address is 
formed. 

The fixed values 0, 1 designate directly the setting of M3 bit 5. 
The S symbols refer to S-register bits to be tested. ZO causes the 
test of bits 4, 5 of the S-register. If S bits 4, 5 are both = 1, bit 5 
of M3 is set to 1. 

If 10 is specified in the BL field for a RTN word, an uncond
itional branch is made to the I-cycles microroutine. 

If 11 is specified in the BL field for a RTN word, a branch to the 
I-cycles microroutine is made if there is no interrupt pending. If an 
interrupt is pending, the return is to the interrupt-handling 
microroutine. 

If 11 is specified in the BL field for a BAL word, the int~rrupt
pending condition is tested, and the normal branching procedure 
is executed. 
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C3 

7 a 1 1 1 2 1 3 4 5 I 6 I 7 

Next Branch 

Address Low 

0000=0 
0001=1 
0010=ZO ~=p 0011=10 

l=MS 0100=S3 
0101=S5 

RTN 0=-- 0110=57 
l=use NA 0111=11 



REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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Branch and Link Word Example (Part 1 of 2) 

NEXT LABEL 

Starting Values 
SPTL = 00 02 4522 

STAT STATEMENT 

SAL CX P = K33 

Address of control word that was to be executed = C3 80 

Address of BAL word = 0208 

Objectives 

Store S, P, N2, N3 into the link register CX. 

Set the P-register with the new value 33. 

Description 

S, P, N2, N3 are gated to the A-register. 

The A-register is gated to both the A byte assembler 
and the B-register. 

Bytes 2, 3 (N2 , N31 of the A byte assembler are gated 
through the ALUs to bytes 2, 3 of the Z-register. 

Bytes 0, 1 (S, P) of the B-register are gated to bytes 0, 1 
of the Z-register. 

C2 (the K-valuel is gated to the P-register. 

The Z-register is gated to the D-register and then to the CX
register in the next cycle. 

NOTE: The assumption for this example wasthat the BAL 
word was the firs~ word of a t~ap microroutine. If the BAL 
word had not been the first word of a trap microroutine, 
the address stored into the link register would have been' 
the address of the BAL word. 

I I 

Branch-Source Access 

A-Register 

A Byte Assembler 

B-Register 

ALU Output 

Z-Register 

P-Register 

M-Registers 

Select 

Microprogram Concepts 4-34 

OTime Time 

o Time Delayed 1 Time Delayed 

30 60 90 120 150 180 
. I I I I I I I I I I I I I I I I I I 

Read S, P, N2, N3 

0002 C3 80 

00029380 

0002 C380 

ALU 2=C3 ALU 3=80 

0002 C3 80 

P=33 

M2=D2 M3=14 

To ECCL <;:ircuits 

Cycle Time = 202.5 ns 



Branch and Link Word Example (Part 2 of 2) 

N2,N3 (C3 80) r---

Gate N2,N3 for Link or Force -
A 

L..-

BE213-311 

S,P (0002) -

(Not) MB2,MB3,N2,N3 to Ext Asm I -
Ext Decode Gate 3 -------1 X 

(Not) Ext Source Decode Bit 7 - I 
DEO 03 

I I I I I 
A-REG I 

I I I I B-R I I C3 80 02 C3 80 00 I 02 I I 00 ! ! ! RA1 RA111-162 
I I I 

EG 
13 - 164 

C-REG 

0 0 

I I I 
r--

I I I A BYTE ASM 00 I 02 I C3 I 80 10-BA021-028 I I I SA L or Word Move ~ A 

I '--

AC015 

To Z-Reg Bytes 0, 1 

M2 

1 0 
2 1 

f- Branch and Link, or Return 
0 
1 1 

co 
_3 ____ 0_ 

4 0 i- Link/Rtn 

2 0 

N2 (02) 3 1 
'""'::.----

5 0 4 0 

6 0 f--

7 0 

Branch High (fixed 0) 
ALU 2 ALU 3 

5 0 
6 1 

~---~ I-
1 1 

LS or EXT 7 0 

2 1 RM031 

3 1 -1-"----4 0 Cl 
Y- and X-lines for Link Reg M3 

0 0 
5 1 

t-~- __ 2-
7 Ot--
0 0 
1 0 
2 1 
3 1 

Spare 
B-Reg Bytes 0,1 I 

Z-REG I I I 
I I I 

AL117-147 00 ! 02 I C3 l 80 
I 

1 0 
C3 Bits 0-3 

2 0 

~---J-
CO Bits 5-7=0 ~ ___ 0_ 
C3 Bits 5-7=1 .2 ___ L 

6 0 
7 0 

C2 4 01-K/Module 

5 0 
6 1 

RM041 ,043, 
044,052,215 

7 1 

0 0 
1 0 C2 (33) --
2 Ot-

3 1 
1--- - - -

4 0 
I- - -- _-

5 0 
6 Of--
7 1 

C3 

Next Address 

Branch Low (fixed 1) 

(Not) C3 Bit 4 A 

I BAL or RTN Word - - . 
RP015 

r : I 
SPTL I 

00 I 33 I 45 I 22 : ~ I 
I 

P 
RCl11-191 
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Return Word Example (Part 10f 2) 

NEXT LABEL STAT 

LNK = 00 02 34 00 

Starting Values 

LN K = 00 02 34 00 

Objectives (No Interrupt) 

STATEMENT 

RTN LNK 

Set the S. p. T, L registers with the I-cycles hardware. 

S = Op Code 

P = 02 (For Op Codes 00-lF, 40-5F, and 80-FF) 

P = 62 (For Op Codes 20-3F and 60-7F) 

T= 00 

L = Immediate byte except L = Immediate byte +1 for Op 
Codes 20-2F and 35-37. 

Set the M-registers from the I-cycles address assembler. 

Objectives (I nterrupt Pending) 

Restore the S- and P-registers from the LN K register. 

Set M2 from byte 2 of the LNK register. 

Set M3 from C3 bits 0-3, the Branch High field, and the 
interrupt-pending condition. 

Description 

Read the LN K register from A-Local Storage. 

Gate the LN K contents to the A-register, the A byte 
assembler, and the B-register. 

For the (No I nterrupt) condition, set SPTL as specified in 
the Objectives. 

Set the M-registers from the I-cycles address assembler. 

For the (I nterrupt Pending) condition, set the S- and P
registers from bytes 0 and 1 of the B-register. Set M2 from 
byte 2 of the B-register. Set M3 from the Next Address 
field, the Branch High field, and the test of the interrupt 

condition. 

NOTE: If 10 were specified in the BL field, the example 
would be the same as 11 with no interrupt pending. No 
testing is done of the interrupt-pending condition. 

NO INTERRUPT PENDING or (10 branch) 

Link Access 

A-Register 

A Byte Assembler 

B-Register 

SPTL Registers 

M-Registers 

Select 

30 
I I I 
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OTime 1 Time 2Time 

o Time Delayed 1 Time Delayed 2 

60 
I I I I I 

Read LNK 

00023400 

00023400 

90 120 150 180 210 240 
I I I I I I I I I I I I I I I I 

00 o:? 34_00 

~e.e9bjectives 

M2=DF. M3=xx 

Tol;CCL Circuits 

Cycle Time = 247.5 ns 

The difference in the timing chart for an Interrupt 
Pending would be M2=34. M3=OC. 



Return Word Example (Part 2 of 2) 

C1 bits 4,5.6=111 ------I 
X=7----t 

BAL or RTN Word-e_---t 

LA015 

Y=5-----. 
C1 bits 1,2.3;=101---4 

LAl14 

C-REG 
o a 

o 
Branch and Link or Return 

co Link/Rtn 

Branch High (fixed 1) 

LS or EXT 

C1 
Y- and X-lines for Link Reg 

Spare 

C2 K value for H-register reset 

Next Address 

C3 (see Bit Definition Chart) 

Branch Low (11) 

RCl11-191 

A-LS ADDR 
ASSEMBLER 

o 0 
1 0 
2 

LA015.114.115 

I 

A LOCAL STORAGE 

X=7 
LN K = 00 02 34 00 

Y=5 

A-REG I • I 
I 

RAlll-162 00 • 02 34 I I I 

A BYTE ASM I I I 

BA021-028 00 I 02 I 34 I 
I I I 

r-------, 
I (11, Interrupt Pending) I L _______ --' 

,- ---- -, M2 

I (11. no interrupt pending) or (10) I 0 1 

L. - --

00 

00 

SPTL 

SPTL 

- -- - - - .J 

I 
I I I 

00 • 02 : 34 I 00 
I 

SPTL are set by I-cycles hardware 

S=Op Code 
P=02 (For Op Codes 00-1 F. 40-5F , and 
P=62 (For Op Codes 20-3F and 60-7F) 
T=OO 

B-REG 
RA113-164 

80-FF) 

(I-CYCLES) ADDR ASM -

(I-CYCLES) ADDR ASM 

1 1 
2 0 
3 1 
4 1 
5 1 
6 1 
7 1 

RM031 

M3 
o x 

x 
x 
x 
x 
x 

--0 

o 

L=lmmediate byte except Immediate byte +1 for 
Op Codes 20-2F and 35-37 

RM041.043. 
044,052.215 

00 

00 

From A-REG with the same 
gating as the example above .. 

I I I 

I I I 

I 
02 

I 
34 : 00 

I 

I I I 

I 02 I I 

I I 
I 

NOTE: M3 is set up by the I-cycles 
hardware according to the 
status of the I-Buffers, and 
other circuit conditions. 

Refer to the I-cycles 
_______ description in Chapter 2. 

B-REG 
RA 113-164 

I 

M2 
0 U 

1 0 
2 1 
3 1 
4 0 
5 1 
6 0 
7 0 

RM031 

M3 
0 0 
1 0 

C3 bits 0-3 
2 0 
3 0 

CO bits 5-7=1 ___ • 

(lnt Pending=l) 5- - 1 
6 --0 

7 0 

RM041,043, 
('44,052,215 
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Word-Move Word 

• Can move a fullword or selected bytes of a word from one 
local-storage or external location to another. 

• Can branch to a word in the current address module. 

• Can designate the special 5TOP function. 

The primary function of the word-move word is to move data 
from one local-storage or external word location to another. A 
fullword or any combination of selected bytes of the word source 
can be moved to the designated destination. 

The selection of bytes is done through the use of a mask, the 
value of which is specified in the statement field by a hex digit. 

The mask is defined as a four-bit binary value, designated by a 
hex digit (O-F) in the statement field. The mask bits are labeled 0, 
1, 2,3. The bit numbers correspond to the byte numbers of the 
word source to be moved. Any bit of the mask that is on specifies 
a move of the corresponding byte of the source. For example, a 
hex 9 in the statement is represented by bits 0 and 3 of the mask 
field on. The move would involve bytes 0 and 3 of the word 
source. Bytes 0 and 3 of the word source would be moved to 
bytes 0 and 3 of the destination word. Bytes 1 and 2 of the 
destination are unchanged. 

The Word Move has the facility to branch to any control.word 
in the current address module. Branch testing is limited to bits of 
the 5-register. 

The special 5TOP function causes the following: 

• Registers M and N are not set with the next address. 

• Access to control storage is not allowed. 

• CPU clock continues to run. 

• Execute the word-move function each clock cycle. 

Word-Move Word Statements 

The following types of statements may appear in the statement 
field of the microlistings: 

W5=W5, Dh 
W5=W5,5h 
W5=W5, 5h 5TOP 
WS=WS, Dh STOP 

Where W5 is any valid word source, and h isthe hex digit 
specifying the mask. The D and 5 designate which of the words 
is to be addressed by X and Y values contained in byte 1 of the 
control word. D specifies destination, S specifies the source. STOP 
specifies the special-stop function. 

Next Label Field 

The Next Label field determines the next address formation by 
the control word. This field is formed in the following manner: 

YYYYYY BX, BH,BL 

YYYYYY is the name of the word or branch set being branched 
to. BX, BH, BL are the Branch Test fields that specify the leg 

address of the control word in a branch set. 
The following table indicates the types of symbols that may be 

found in the branch fields: 

BX BH BL 

0 0 0 
1 

2 51 ZO 

3 50 53 

52 55 

54 S7 
56 

BX - I n the BX field, the hex numbers fix the status of bits 2 and 
3 of M3 when the next address is formed. The hex value specified 
by this field is carried in bits 2 and 3 of C3 of the control word. 

BH - I n the BH field, the numbers a and 1 fix the status of bit 4 
of M3 when the next address is formed. The 5 symbols refer to 
5-register bits. Bit 4 of M3 is set to the status of the 5 bit tested. 

BL - In the BL field, the numbers a and 1 fix the status of bit 5 
of M3 when the next address is formed. The symbol ZO causes a 
test of 54 and 55 to be made. If 54, 55 = 11, bit 5 of M3 is set to 
1 when the next address is formed. The 5 symbols refer to S
register bits. Bit 5 of M3 is set to the value of the S bit tested. 
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Word-Move Execution 

Yes 

Yes 

Yes 

No 

Set M3 from next add· 
ress field and branch 

test. Set M2 from N2. 

Set source info. 

into Z-register. 

No 

Execute next 
control word 

Word-Move Examples 

NEXT LABEL 

RSTRT SO, S3 

STATEMENT 

The statement designates a move of the Y-register to the R-register 
under a mask of 6. The mask of 6 indicates that only bytes 1 and 
2 of the V-register are to be moved to R. Bytes 0 and 3 of the 
R-register are not changed. 

The D in the statement specifies that the X- and Y -I ines of the 
destination are to be carried in the control.word. 

The next address is formed by testing bits 0 and 3 of the S
register, and branching to the branch set labeled RSTRT, the leg 
of which is identified by the status of bits 0 and 3 of the S-register. 

NEXT LABEL 

RTDTG 

STATEMENT 

Q=MCKA,SF 

This statement designates a move of the external register MCKA 
to the local-storage register Q. 

A mask of F, indication a fullword move is carried in the mask 
field of the control word. 

The S specifies that the source X- and Y-lines are to be carried 
in the control word. 

The branch is made unconditionally to the control word named 
RTDTG. 
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Bit Definition of the Word-Move Word 

CO Cl C2 C3 

0 1 1 I 2 I 3 4 5 I 6 I 7 o I 1 I 2 I 3 I 4 I 5 I 6 I 7 0 I 1 I 2 I 3 4 I 5 I 6 I 7 0 I 1 I 2 I 3 4 5 I 6 I 
Word Move c Branch 

Destination 
0 Source Mask Branch . iii High LS Next Address ... LS Note 1 Low Q) V X > or 

ELS 
EXT 

0 0 1 1 0 000;;0 O;;LS ~ O;;LS 0=-- 000;;0 

001=1 l=EXT l=ELS l=Stop 001=1 

010-Sl 010=ZO 

011=SO 011=-

100=S2- 100=S3 

101=S4 101=S5 

110=S6 110=57 

Bit Definition of the Word-Move Word (Version 0) Note 1 The source cannot specify an external register. 
SPT L, however, can be specified by C2, BO·3. 

CO Cl C2 C3 

o I 1 I 2 I 3 4 5 I 6 I 7 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 o I 1 I 2 I 3 4 I 5 I 6 I 7 0 I 1 I 2 I 3 4, 5 I 6 I 
c 
0 Branch Next Branch 

Word Move 
. iii LS Q) Destination ... ... Mask Q) High V X co Address Low > or c. 

EXT 
en 

0 0 1 1 1 000=0 0=L5 ~ ___ 0;;-·· 000=0 
001=1 -~'"'-I:;'f..7""\ 1 =Stop 001=1 
010=S1 O=LS 
011=SO l=EXT 
100=S2 
101=S4 
110=S6 

Bit Definition of the Word-Move Word (Version 1) 

CO BITS 0·3 

This field is a value of 0011 to designate the word-move word. 

COBIT 4 

This bit specifies the version of the word to be used. Bit 4=0 
specifies version 0, which contains the X- and V-lines of the 
de'stination. Bit 4= 1 specifies version 1, which contains the X
and V-lines for the source. 

CO BITS 5-7 

This field specifies the branch test or fixed value that determines 
the setting of bit 4 of M3 when the next address is formed. The 
values 0 and 1 designate directly the setting of bit 4 of M3. The S 
symbols refer to bits of the S-register to be tested. Bit 4 fa M3 is 
set to the value of the S bit tested. 

Cl BITS 0·6 

This field carries the X- and V-lines of the source or destination 
word depending on the setting of bit 4 of CO. C1 bit 0=0 desig· 
nates that the X- and V·lines are for a local-storage word. C1 bit 
0=1 designates that the X- and V-lines are for an external word. 

Cl BIT 7 

In the 0 version of the word, bit 7=0 specifies that the X- and 
V·lines are for a local·storage register. Bit 7=1 specifies that the 
X· and V-lines are for an expanded local·storage register. 

C2 BITS 0·3 

If bit 4 of CO is 0, this field specifies the local'storage word that 
is to be the source of data to be moved. 

If bit 4 of CO is 1, this field specifies the local·storage or external 
word that is to be the destination of the data. 

The external SPTL is the only external that can be a source in 
version O. 

010=ZO 
011 =--
100=S3 
101=S5 
110=S7 

C2 BITS 4·7 

This is the mask field. Bits in the mask field correspond to bytes 
of the source word to be moved. A mask bit ON specifies that the 

corresponding byte of the source is moved. 

C2 bit 4 points to byte 0 
C2 bit 5 points to byte 1 
C2 bit 6 points to byte 2 
C2 bit 7 points to byte 3 

C3 BITS 0-3 

This field is part of the next word address that is set up when 
this word is executed. Bits 0-3 of C3 are gated to M3 bits 0-3. 

C3 BIT 4 

When this bit is on, the special STOP function is specified. 
When this bit is off, normal word-move operation takes place. 

7 

7 

Microprogram Concepts 4~40 

C3 BITS 5-7 

This field specifies the branch test or fixed value that determines 
the setting of bit 5 of M3 when the next address is formed. The 
values 0 and 1 designate directly the setting of bit 5 of M3. ZO 
causes the test of S4 and S5. If S4, S5 = 11, bit 5 of M3 is set to 
1. The S symbols refer to bits of the S-register. Bit 5 of M3 is set 
to the value of the S bit tested. 



REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 

, .. 
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Word-Move Word Example {Part 1 of 2) 

NEXT LABEL 

LXMD 

Starting Values 

MX :::; 00 57 83 61 

MF = 09 FS CD SA 

Address of LXMD = 512 C 

Objectives 

STAT STATEMENT 

MX:::; MF, S7 

Move bytes 1, 2, 3 of the M F-register to bytes 1, 2, 3 of 
the MX-register. 

Branch to LXMD. 

Description 

Read the MF register from local storage A. Gate MF to the 
A-register. 

The A-register is gated to both the A byte assembler and the 
B -register. 

Bytes 2, 3 of the A byte assembler are gated through the 
ALUs to bytes 2, 3 of the Z-register. 

Bytes 0, 1 of the B-register are gated to bytes 0, 1 of the 
Z-register 

Set M3 with the address bits from the C-register. 

Set M2 from N2. 

I n the cycle following the word-move word, the D-register 
is set from the Z-register. The D-register is then gated to the 
MX-register. 

30 
I J 1 

Source Access 

A-Register 

A Byte Assembler 

S-Register 

ALU Output 

Z-Register 

M-Registers 

Select 
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o Time Time 

o Time Delayed 1 Time Delayed 

60 90 120 150 180 

1 1 I I I I I I I 1 1 I I I I I I 

Read MF 

09 F5 CD SA 

09 F5 CD!3A 

09 F5 Cp SA 

ALU 2-CD ALU 3-BA 

09 F5 CD SA 

M2=51, M3-2C 

To ECCL Circuits 

Cycle Time = 202.5 ns 



Word-Move Example (Part 2 of 2) 

CO 

C1 

C2 

C3 

0 
1 
2 

2 
3 
4 
5 
6 

A-LS AD DR 
ASSEMBLER 
f-O ___ <2. 
r-1 ___ 0 

LS Ctrl Asm C1 bits 4-6 - 2 0 
3 X3 

r3--_J 
5 1 

LS Ctrl Asm Cl bits 1-3 - 6 

7 
Ot----Y5 

LA015,114,115 

C-REG 
0 
0 Word-Move Word 

Version (1) 

Branch High (Fixed 1) 

LS or EXT 

0 
1 Y- and X-lines of Source 
0 
1 
1 - --

7 0 Spare 

0 0 
0 

2 Destination 

3 0 
4 0 
5 

Mask 
6 
7 

0 0 
1 0 
2 Next Address 

3 0 
4 0 (See Bit Definition) 
5 0 
6 0 Branch Low (Fixed 1) 

7 

RClll-191 

A LOCAL STORAGE 

MF '" 09 F5 CD BA -

A-REG I I I 
09 

I F5 
I 

CD I BA RA111-162 I I I I 

A BYTE ASM I I I 

BA021-028 09 I F5 I CD I BA 
I I I , I 

I 

B-Reg Bytes 0,1 

Z-REG 
AL 117-147 

I 
09 l 

ALU 2 

I 
I 

I : 
I I , 

09 I F5 I CD I I 
~ 

, 

I I 
I I F5 : CD I BA 

BAL or Word Move-

B-R EG 
13-164 RAl 

~ 

A ~ To Z-Reg Bytes 0,1 

....... 
AC015 

ALU 3 

N2 bits 0-7 -

BA 

C3 bits 0-3 

CO bits 5-7=1 
C3 bits 5-7=1 

M2 
0 0 
1 1 
2 0 
3 1 
4 0 
5 0 
6 0 
7 1 

RM031 

M3 
0 0 
1 0 
2 1 

3 0 
4 --1 
5 
---y 

6 
---0-

7 0 

RM04l ,043, 
044,052,215 
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Storage Word 

• Can read data from or store data into: 
Main storage 
Control storage 
Local storage 
External registers 
Protect stack 

• Can perform a Branch and Link. 

• Capable of up to four-way branching. 

• Two versions: 
Non-K -Add ressable 
K -Add ressable 

The main function of the storage word is to move data between a 
storage location and some working area in the CPU. 

In the non-K-addressable type, the data address is located in a 
local storage register. No external register may be used as an 
address source except the SPTL register. The address contained in 
the address-source register may be a control-storage address or a 
main-storage address. In the case of a control-storage address, only 
the low 16 bits of the address-source register are used in setting 
the M-register. For main-storage addressing, the low 20 bits are 
used to set the M-register. 

The facility to update the address in the address-source register 
is available for the non-K-addressable version only. The address 
update may be an increment or a decrement operation. The value 
of the update is normally implied by the subform of the word. 
For example: 

Word operation, update by 4. 
Halfword operation, update by 2. 
Byte operation, update by 1. 

The update function applies to the address-source register. After 
the contents of the address-source register are used to set the M
register, an update of the address-source contents can occur. 

A special case where the update value is not implied occurs when 
the special stat set TH is specified. The update value is indicated by 
the'value of bits 0-3 of the T-register. 

T Bits 0-3 Update Value 

0 0 
1,2,4,5,8,A . 
3,6,C 2 

7,E 3 
9,B,D,F 4 

In the K-addressable type, the data address is formed by: 

• Forcing parts of the M-Regs to a specified value. 

• Setting the remainder of the M-Regs from the K field of the 
storage word. 

Storage Word Statement 

The form of the statement area for a non-K-addressable word is: 

(Stat Set) (Subform) (Data Reg) (Mode, Addr Source; Update, 
Special) 

The Stat Set field applies only to the non-K-addressable word, 
with the decrement-count function specified. 

Valid Stat Set symbols are: 

S2 
S45 
Z6 

Refer to the bit-definition description for details of the Stat Set 
symbols. 

The valid subforms for the non-K-addressable word are: 

RDW Read word 
STW Store word 
RDH Read halfword 
STH Store halfword 
RDB Read byte 
STB Store byte 
SSK Store protect key 
ISK Read protect key 

The Data Register can be any local-storage or valid external
register location. 

The mode of addressing control storage is indicated by the 
symbol CS written before the address-source symbol. This specifies 
that the low two bytes of the address-source register are to be 
used to set M2 and M3 for a control-storage access. 

The non·K-addressable word normally operates in address-adjust 
mode. Storage protect may be suppressed by the symbol NPR 
written after the address-source symbol. 

No address-adjust with storage protection is active wheri the 
symbol ADJ is not found in front of the address-source register 
symbol. 

Example 

STW Q ADJ, R 

If local mode is active, address-adjustment circuits provide address 
to M-register instead of directly from B·register. See as/DOS 
compatibility description for details of address-adjustment hardware. 

STWQR 

Storage protect active, no address-adjustment. 
The address-source register may be any local-storage location; 

In address-adjust mode, only the expanded local-storage registers 
I, U, V, W, and TR may be used for the address-source register. 
Externals cannot be used as an address source, with the exception 
of the SPTL register. 

The update function is indicated by a plus or minus sign and a 
value written after the address-source symbol. The update value is 
actually implied by the subform: 

Word operation -- update value 4. 
Halfword operation -- update value 2. 

Byte operation -- update value 1. 

The form of the statement area for a K-addressable storage word 
is: 

(Subform) (Data Reg) (Mode, K-value) 

The valid subforms for the K-addressable word are: 

RDW Read word 
STW Store word 
RDH Read halfword 
STH Store halfword 
ROB Read byte 
STB Store byte 

The data register can be any local-storage or valid external
register location. 

The modes that can be specified are: 

DM,hh 

CM,hh 

DC,hh 

Ch,WS 

Address main storage, M 1 and M2 set to O. 
M3 set with K field value. 
Address control storage, using current module 
address in M2, set M3 with hh. 
Address control storage, setting M2==FF and 
set M3 with hh. 
Address.control storage, setting M2==Fh and 
set M3 with contents of byte 3 of the address
source register indicated by the WS symbol. 
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Storage-Word Execution 

Yes 

Set byte(s) from 
storage into data
register location 

Set byte(s) from 
data-register location 
into storage 

Set M3(N3) from 
next address field and 
results of any branch 
tests 

No 

Yes 

Byte 3 from data
register location into 
add ressed protect 
stack byte_ 

Yes 

No 

Addressed protect 
stack byte into byte 
3 of data-register 
location 

Set M3(N3) from 
next address field 
and results of any 
branch tests 

Store byte(s), from 
data-register location 
as specified by TH 
Reset bits 0-3 of the 
T-register. 

MS or CPU Protect CS 16BitA~d~d~r~e~ss~ ____ -L __________________________________ -, 

Set M2 and M3 with 
16 low-order bits from 
the Address-Source 
Reg. 

Store byte(s) I from 
data-register location 
as specified by 
subform 

Set M3{N3) to next 
control-word address 

Update count if 
specified; setlreset 
S-reg. bits if specified 

Yes 

Set M1, M2, and 
M3 with low 20 
bits from the Addr
Source R~g. 

Set byte( s) from 
storage into data
register location 

No 

Yes 

No 

Set M1, M2, and M3 
from Address Adjust 
hardware. 
(See OSIOOS com-
patibility) . 

Set TA (or T8) to 
value of two low-order 
address bits 
Reset bits 0-3 -of the 
T-register. 
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Non-K-Addressable Examples 

RDWUV 

Read a word from main storage, using the address found in the 
V-register to set the M-register. The word read from main storage 
is placed into the U-register 

RDH I W+2 

Read the halfword, addressed by the contents of the W-register, 

from main storage and place the halfword into bytes 2 and 3 of the 
I-register. 

After the halfword has been accessed, increment the contents 
of the W-register by 2. 

ROB R Y-1 

Read the byte, addressed by the contents of the V-register, from 
main storage and place the byte into the byte-3 location of the 
R-register. 

After the byte has been accessed, decrement the contents of the 
V-register by 1. 

STwa U+TH 

This word is the store-under-mask version. The contents of the 
a-register are stored at the location specified by the address 
found in U, under the mask designated by bits 0-3 of the T-register. 
Any of the mask bits ON causes the corresponding byte of the 
a-register to be stored. If bits 0-3 of T were 0110, bytes 1 and 2 
of a would be stored. If bits 0-3 of T were 1011, bytes 0, 2, and 
3 of the O-register would be stored. 

The update for this word is not done in the normal manner. 
The value of the update is specified by the bit setting of the T
register bits 0-3. Refer to the table showing the T-register setting 
and the update values. 

If this statement had been written STW a U, TH the operation 
would be identical, but no update would be performed. 

ROW U CS, V+4 

. Read a word from control storage, addressed by the contents of 
the V-register, and place the word into the U-register. The low 
bytes of V, 2 and 3, set M2 and M3 to address control storage. 

After the read is performed, update the contents of the V
register by 4. 

RDWV R, TA 

Read a word from main storage, addressed by the contents of the 
R-register, and place that word into the V-register. 

The symbol TA means, set bits 4 and 5 of the T-register to the 
value of bits 6 and 7 of byte 3 of the address used to access storage. 
This setting occurs before any update to the address has been 
performed. In this example, no address update was called for. 

If the statement were RDW V R, TB the operation would be the 
same except that bits 6 and 7 of the T-register would be set to 
the value of the low-order address bits. 

When T A or TB are called for as shown, the high bits (0-3) of 
the T-register are reset. 

Z6 STW Q W, DeNT 

Store the word from the a-register, at the location in main storage, 
addressed by the contents of the W-register. 

The symbol DeNT specifies the decrement-count operation. The 

count is contained in bytes 2 and 3 of the odd register of the event 
odd pair formed by the address-source and the count registers. 
In this example the address of the address-source register W is 12; 
the count register therefore, is at address 13. 

The count is always decremented. The value of the decrement 
is the same as that used to update the address-source register. If 
an address update is not called for, the decrement value is still the 

same as if an address update were to be performed. 
The stat set symbol Z6 causes the following action: 

Set S4=1 if bits 0-5 of the low-order byte of the count register, 
after the update, are all zero. 

Set S4=0 if bits 0-5 of the low-order byte of the count register, 
after the update, are not all zero. 

Set S5=1 if bits 4-7 of the low-order byte of the count register, 
after the update, are all zero. 

Set S5=0 if bits 4-7 of the low-order byte of the count register, 
after the update, are not all zero. 

Microprogram Concepts 4-46 



K-Addressable Examples 

RDwa DM,C4 

Read the word from main storage, directly addressed in the follow
ing manner: 

M 1 forced to 0 
M2 forced to 00 
M3 set to C4 

The symbol OM specifies a direct main-storage access. The K
mode field (c1bits 6, 7) in the control word contains 00 to 
indicate this function. 

The word read from 0 00 C4 is placed into the Q-register. 

STB V3CM, FE 

Store byte 3 of the V-register into control storage, addressed in 
the following manner: 

M2 retains current module address 
M3 set to FE 

The symbol CM specifies a control-storage access using the 
current module address. Byte 3 of the V-register is stored at 
address FE in the current address module. This is the module 
that contains the storage word being executed. 

STB EXTDST DC, B3 

Store the external byte (EXTOST) in control storage, addressed 
in the following manner: 

M2 forced to FF 
M3 set to B3 

The symbol OC indicates a direct access of control storage. The 
module address FF is the area specified as the directly addressable 
control-storage area. 

RDW R C7, V3 

Read a word from control storage addressed in the following 
manner: 

M2 high 4 bits forced to Flow 4 bits set to 7 
M3 set from byte 3 of the V-register 

The symbol Ch (h=hex digit), specifies a control-storage access 
using an indirect word address and a direct means of specifying 
the module address. 

The word read from control storage is placed into the R-register. 

RDH DK DC, D8 

Read a halfword from control storage addressed by: 

Forcing M2 to FF 
Setting the K field 08 into M3 

Set the halfword read out of control storage into bytes 2, 3 of 
the expanded local-storage register OK, address (7CI. 
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Microprogram Concepts 4-48 
Bit Definition of the Storage Word (Non·K·Addressable) 

CO C1 C2 C3 

a I 1 2 1 3 I 4 5 I 6 I 7 0 I 1 I 2 I 3 4 1 5 6 I 7 a I 1 I 2 1 3 4 1 5 6 1 7 0 1 1 1 2 I 3 4 5 I 6 I 7 

Storage Branch Data Kor Stat Special Branch 
Subform Register Inc/Dec Set 

Address Source Modes Stat Next Address 
Low Word High Set 

0 1 OOO=Read Word 000=0 

001=Store Word 001=1 

010=Read Half Wd 010=Sl 

011 =Store Half Wd 011=SO 

100=Read Byte 100=S2 

101 =Store Byte 101=S4 

110=RDWRL/RDMP 110=S6 
111 =M6 

100=Read Key 
101 =Store Key 

Subform for (special) 
stat set 

Co BITS 0,1 

This field identifies the control word as a storage word. 

CO BITS 2-4 

This field specifies the subform of the storage word. The desig
nations for reading or storing, and the size of the data to be 
handled, are specified by this field_ 

Read Word - The fullword read from main or control storage is 
set into the data-register location. 

Store Word - The contents of the entire data register are stored 
at the location in storage specified by the address-source register. 

Read Halfword - The halfword read from main or control storage 
is set into bytes 2 and 3 of the data register. 

Store Halfword - Bytes 2 and 3 of the data register are stored at'\ i 
the halfword location specified by the address-source register. J) 

j 
Read Byte- The byte read from main or control storage is set into 
byte 3 of the data register. 

Store Byte - Byte 3 of the data register is stored at the location 
specified by the address-source register_ 

RDWLR/RDMP - Word operation for fetching matrix printer 
word 1 and word 2 for decode. 

Read Key - The byte in the storage protect stack is set into byte 3 
of the data-register location. 

Store Key - Byte 3 of the data register is stored at the location in 
the stack that is specified by the address-source register. 

CO BITS 5-7 

This field specifies the branch test or fixed value that determines 
the setting of bit 4 of M3 when the next address is formed. The 
fixed values, 0 and 1, designate directly the setting of bit 4 of M3. 
The S symbols refer to bits of the S-register. Bit 4 of M3 is set to 
the value of the tested S bit_ M6 refers to bit 6 of the low-order 
byte of the address-source register after address updating has been 
performed. Bits 4 of M3 is set to the value of bit 6 of the low
order byte of the updated address. 

OO=K·Addr 00=- OO=CS 16 bit 00=- 0=- '\ 000=0 

01=No Adr 01=S2 address 01=TA 1 "'Dec Cnt 001=1 

OO=K-Addr 10=S45 01=MS 10=TB 010=ZO 

01=No Addr 11=Z6 10=ADR ADJ 11 =special 011=SDC/VAL(0) 

update 11=CPU prot 100=S3 

10=+ 
11 =-

Cl BITS 0-3 

This field designates the local-storage or external register that is 
to be the source or destination of data. On read operations, this 
field specifies the destination of the data read from storage_ On 
store operations, this field specifies the source of data to be stored_ 

Cl BITS 4, 5 

This field specifies the address-update operation_ The update 
constant is implied by the subform of the word: 

Word operations, constant is 4 
Halfword operations, constant is 2 
Byte operations, constant is 1 

Bits 4, 5=01 means no address update, 
Bits 4, 5= 1 a means an increment update_ 
Bits 4, 5= 11 means a decrement update. 
Bits 4, 5=00 designates the K-addressable version of the storage 
word. 

Cl BITS 6, 7 

This is the Status Set field_ The status-set facility applies to storage 
words using the decrement-count facility_ 
S2 - S2 is set to 1 if the count is not zero after update. S2 is set 

to 0 if the count is zero after update. 
S45- S4=1 if bits 0-3 of count byte 3 are zero after update, set 

S4 to a otherwise. 
S5=1 if bits 4-7 of count byte 3 are zero after update, set 
S5 to a otherwise. 

Z6 - S4=1 if bits 0-5 of count byte 3 are zero after update, set 
S4 to a otherwise. 
S5=1 if bits 4-7 of count byte 3 are zero after update, set 
S5 to a otherwise. 

C2 BITS 0-3 

This field designates the local-storage register that contains the 
address (main or control storage) that data is read from or stored 
into. 

The external register SPTL can be addressed by this field. No 
other external can be used as an address-source register. 

00=-- 101=S5 

01=TH 110=S7 
111=M7 

11 =special 

C2 BITS 4,5 

This field specifies the kind of addressing that is to be performed 
by the address from the address-source register_ 
Bits 4, 5=00 specifies that the control-storage area is to be 

addressed. Bytes 2 and 3 of the address-source 
register set M2 and M3. 

Bits 4, 5=01 specifies a main-storage access with no storage 
protection in effect. Bytes 1,2, and 3 of the 
address-source register are used to set M 1, M2, 
and M3. 

Bits 4,5=10 specifies address-adjust mode. M1, M2, and M3 
are set from the address-adjustment hardware_ 
See OS/DOS compatibility for a description Gf 
address adjustment_ 

Bits 4, 5=11 specifies a main-storage access with storage 
protection_ Bits 0-5 of byte 0 of the address-source 
source register contain the protect key. Byte 
1, 2, and 3 of the address-source register are 
used to set M 1, M2, and M3. 

C2 BITS 6, 7 

This field contains special status-set information. 
For Read Operations: 

6, 7=00 no special status set. 
6, 7=01 set bits 4 and 5 of the T-register with the value of bits 

6 and 7 of byte 3 of the address source, before address 
update. T-register bits 0-3 are reset. 

6, 7=10 set bits 6 and 7 of the T-register ~ith the value of bits 
6 and 7 of byte 3 of the address source, before address 
update. T-register bits 0-3 are reset. 

6, 7=11 allows the subform field to specify the read-key 
operation. 

For Store Operations: 
6, 7=00 no special status set. 
6, 7=01 used with store-word operations only. The bytes that 

are stored depend on the setting of bits 0-3 of the T
register. Each bit of the T-register corresponds to a 
byte of the source. Any bit, 0-3 of T that is on, results 
in the corresponding byte of the source being stored. 

6, 7=10 Reserved 
6, 7=11 allows the subform field to specify the store-key 

operation. 



C3 BITS 0-3 

This field represents part of the next control-word address and is 
gated to bits 0-3 of the M3 register when the next address is 
formed. 

C3 BITS4 

When bit 4:;;:;1, the decrement-count facility is in effect. The count 
is always decremented by the value that the address is updated by. 
The address and count must be in an even/odd pair of local-storage 
registers: the address in the even register and the count in the odd 
register. The count is in bytes 2 and 3 of the odd register. When 
only decrement count is specified, the coun,t must still be in an odd 
local-storage register. 

C3 BITS 5-7 

This field specifies the branch test or fixed value that determines 
the setting of bit 5 of M3 when the next address is formed. The 
fixed values 0 and 1 designate directly the setting of M3 bit 5. 

ZO causes bits 4 and 5 of the 5-register to be tested. If 54, 
55:;;:;11, M3 bit 5 is set to 1. If either 54 or 55 is 0, set M3 bit 5 
to O. 

53, S5, and S7 refer to 5-register bits. M3 bit 5 is set to the value 
of the tested 5 bit. 

M7 refers to bit 7 of the low-order byte of the address-source 
register after updating has been performed. Bit 5 of M3 is set to 
the value of bit 7 of the low-order updated address. 

soc (SUPPRESS DATA CHECK) 

When C3, B5-7:;;:; 011, 50C (5uppress Data Check) is specified. 
By bringing up the validate line to memory, this function prevents 
setting an ECC single- and double-error indication for data stored 
into storage, and results in good ECC for both new data being 
stored and unchanged data in storage. Note, however, that other 
checks, such as a P-register parity check, will be indicated if they 
occur, even through SOC is specified. 50C is applicable to 
diagnostic microprogram operations. It is used mainly to disable 
the ECC circuitry so that storage can be validated. 

If 50C is specified on a read operation, the setting of MCKB 
bit 5 (double error) is prevented and MCKB bit 1 is set in the 
case of a double error. This prevents a double error from causing 
a machine check. With MCKB bit 1 set, the next read operation 
with SOC specified allows the data with the double error to be 
read from storage by bringing up the maintain-data line to storage. 

The branch-low bit is 0 when 50C is specified. That is, M3(N31, 
B5 is set to 0 when the next-control-word address is set into the 
M-register. 

VAL (VALIDATE) 

Validate is active only with a "store word" subform. When active, 
Validate forces good ECC bits on the doubleword in storage, 
specified by the storage address. 
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Bit Definition of the Storage Word (K-Addressable Type) 

CO 

o I 1 2 I 3 I 4 5 I 6 I 7 0 I 1 I 2 

Storage Subform Branch Data 
Word High Register 

0 1 OOO=Read Word 000=0 
001 =Store Word 001=1 
010=Read Half Wd 01O=Sl 
011 = 011=SO 
all =Store Half Wd 100=S2 
100=Read Byte 101=S4 
101 =Store Byte 110=S6 

111 =M6 

CO BITS 0,1 

This field identifies the control word as a storage word. 

CO BITS 2-4 

This field specifies the subform of the storage word. The 

designations for reading or storing, and the size of the data to be 
handled, are specified by this field. 

Read Word - The fullword read from main or control storage is 
set into the data-register location. 

Store Word - The contents of the entire data register are stored 

at the location specified by the mode and K values indicated. 

Read Halfvvord - The halfword read from main or control storage 

is set into bytes 2 and 3 of the data register. 

Store Halfword - Bytes 2 and 3 of the data register are stored at 
the halfword location specified by the mode and K values 
indicated. 

Read Byte - The byte read from main or control storage is set 
into byte 3 of the data register. 

Store Byte - Byte 3 of the data register is stored at the location 
specified by the mode and K values indicated. 

CO BITS 5-7 

This field specifies the branch test or fixed value that determines 

the setting of bit 4 of M3 when the next address is formed. The 

fixed values, 0 and 1, designate directly the setting of bit 4 of M3. 

The S symbols refer to bits of the S-register. Bit 4 of M3 is set to 
the value of the tested S bit. 

M6 - Although no address update can be called for in the K

addressable version, an update to the K value does occur in the 

ALU. The symbol M6 causes bit 6 of Z-register 3 to be tested_ 

Bit 4 of M3 is set to the value of bit 6 of Z3. 

I 
Cl C2 

3 4 I 5 6 I 7 o I 1 I 2 I 3 4 I 
K Addr K MOdes~Addre55 

Source 

00 OO=MS (0 00 KK) 
01=CS (eM KK) 
10=CS (FF KK) 
11=CS (FK 8 bit ADO Addr) 

Cl BITS 0-3 

This field designates the local-storage or external register that is 

to be the source or destination of data. On read operations, this 

field specifies the destination of the data read from storage. On 

store operations, this field specifies the source of the data to be 

stored. 

Cl BITS 4,5 

This field is 00 to indicate the K-addressable version. 

Cl BITS 6,7 

This field specifies the K-addressable mode and M-register settings. 

MS 0 00 KK - This mode provides for accessing of the low 256 
bytes of main storage. The M -register is set in the followi ng 
manner: 

M1=0 

M2=00 

M3=KK (C2 bits 0-7) 

CS Current Module + KK - This mode specifies an access of 
control storage. The set of the M-register is made in the following 
manner. 

M2=N2 

M3=KK (C2 bits 0-7) 

Any word in the current address module can be accessed. 

CS F F K K - Th is mode specifies an access of control storage, 
setting M in the following manner: 

M2=FF 

M3=KK (C2 bits 0-7) 

CS FK + 8-bit address - This mode specifies an aCcess of control 

storage, setting M in the following manner: 

M2=FK, K is C2 bits 4-7. 

M3=low byte of address-source register. 

5 I 
K 

C3 

6 I 7 0 I 1 I 2 I 3 4 5 J 6 J 
Next Address Branch 

Low 

0=--- 000=0 
001=1 
010=ZO 
011=--
100=53 
101=S5 
110=S7 
111 =M7 

C2 BITS 0-3 

This field normally contains the high hex digit of the K value. 

When the CS FK + 8-bit address mode is specified, this field 
designates the local-storage register that contains the byte of 

address that is used to set M3 for a control storage access. 

C2 BITS 4-7 

This field contains the low hex digit of the K value specified. 

C3 BITS 0-3 

7 

This field represents part of the next control-word address and is 

gated to bits 0-3 of M3 when the next address is formed. 

C3 BITS 5-7 

This field specifies the branch test or fixed value that determines 

the setting of bit 5 of M3 when the next address is formed. The 

fixed values '0 and 1 designate directly the setting of M3 bit 5. 
ZO causes a test of bits 4 and 5 of the S-register to be made. If 

S4, S5=11, M3 bit 5 is set to 1. If either S4 or S5 is 0, set M3 bit 

5 to O. 
, The S symbols refer to S-register bits. M3 bit 5 is set to the 

value of the tested S bit. 
M7-Although no address update can be called for in the K

addressable version, an update to the K value does occur in the 

AlU. The symbol M7 causes bit 7 of byte 3 of the Z-register to be 

tested. Bit 5 of M3 is set to the value of bit 7 of the Z-register. 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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Storage-Word Example, Read Halfword (Part 1 of 4) 

NEXT LABEL STAT STATEMENT 

BOUND M7 RDH R Q + 2 

Starting Values 

Q - Reg = 00 01 C3 FO 

Contents of 1 C3 FO = 2E CF B7 9A 

Objectives 

Read the halfword from main storage as specified by the 
address in the a-register. 

Set the halfword read from main storage into bytes 2, 3 
of the data register R. 

Update the address in the a-register by +2. 

Branch to the leg of the branch set BOUND, as specified 
by the low bit of the updated address found in the a-register. 

Description FIRST CYCLE 

Read the contents of the a-Reg from B local storage and 
gate to the B-register. This is the main-storage address. 

Gate the address from the B-register to the M-registers 
and send the select pulse to the storage circuits. 

Read the contents of the R-Reg from A local storage and 
gate to the A-register and A byte assembler. This data is 
not used, but the access is just not prevented. 

Gate bytes 2, 3 of the B-register to the B byte assembler and 
to the ALUs. 

Perform the update (+2) on the low-order address bytes 
and gate the result to the Z-register_ 

Gate bytes 0, 1 of the B-register to the B byte assembler 
and to the ALUs. 

Perform an update to the high-order address bits if there 
was a carry from the update of the low-order address 
bytes. 

Gate the result to bytes 0, 1 of the Z-register (done in the 
first part of the 2nd cycle)_ 

30 
I I I 

Local-Storage Access 

A-Register 

A Byte Assembler 

B-Register 

B Byte Assembler 

ALU Output 

Z-Register 

M-Registers 

Select 

Microprogram Concepts 4-52 

OTime 1 Time 

o Time Delayed 1 Time Delayed 

60 90 120 150 180 210 240 
I I I I I I I I I I I I I' I I I I I I I I 

Read R. Read Q 

XX XX XX XX 

XX XX XX XX 

00 01 C3 Fa 

C3 Fa 00 01 

0001 C3 F2 

Z=OO 01 C3 F2 

M1=1. M2-C3. M3=FO 

To ECCL Circuits 

First Cycle = 247.5 ns 



Storage-Word Example, Read Halfword (Part 2 of 4) 

Description SECOND CYCLE 

Gate the Z-register contents (updated address) to the D
register. 

Gate the D-register contents through the SDBO assembler 
to the O-register in both local storages. 

Gate the data from main 'Storage to the SDBO pre-assembler. 

Perform the halfword selection and gate the halfword to 
bytes 2,3 of the SDBO assembler. 

Access both A and B local storage and store the halfword 
from the SDBO assembler into bytes 2, 3 of the R-register. 

Set the M-registers with the next control-word address. 

30 
1 J -' 

Local-Storage Access 

D-Register 

M-Registers 

Select 

OTime 1 Time 2Time 

o Time Delayed 1 Time Delayed 2 Time Delayed 

60 90 120 150 180 210 240 270 290 
I I I I I I I I I I I I I I 1 I I I I 1 1 I 1 1 1 

Write Updated Address Write Data From Main Storage 

0001 C3 F2 

M2=1 C, M3=48 

To ECCL Circuits 

Second CYcle = 292.5 ns 
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Storage-Word Example, Read Halfword (Part 3 of 4) 

C-REG 

a a 

CO 

a a 
1 
2 a 

C1 
3 __ .J 
4 1 
5 __ ~ 

6 a 
7 a 

a 

C2 

a 

0 
1 
2 
3 

C3 

7 

RC111-191 

A-LS ADDR 
ASSEMBLER 

LA015,114,115 

Storage Word 

Subform (Read Halfword) 

Branch High (Fixed 1) 

Data Register (R) 

Address Update (+) 

Stat Set 

Address-Source Register (Q) 

Mode (CPU Protect) 

Special Stat Set 

Next Address 

(See Bit Definition) 

Branch Low (M7) 

A LOCAL STORAGE 

R = XX XX XX XX 

A-REG I 
RA111-162 XX I 

A BYTE ASM I 
BA021-028 XX ! 

• 

I 
XX I 

I 
XX I 

B-REG 
RA113 

Z-REG 
AL 117-147 

P-Reg bits 4-7 

B-LS ADDR 
ASSEMBLER 

t----- X2,----I 

B LOCAL STORAGE 

Q = 00 01 C3 Fa 

LE Ctrl Asm C2 bi ts 1-3------1 t----- Y7---~ 

LA 121-126 

I 
XX I XX 

B-REG 
RA 113-164 00 I 01 

I 
C3 I I 

I 

I 
XX I XX 

B 8YTE ASM C3 
BB112-123 

I 

I 
I 

Carry 
ALU 2 t-- - ----

I 

00 I 01 I C3 I Fa 
-164 I I I 

I 
I 
I 

I 1 

8 BYTE ASM I 

8B112-123 00 I 01 I 

I Z-REG I 
I 

AL117-147 C3 I F2 I 
C3 

I 
I 

I 

I 
I 

ALU2 ALU 3 

I I I 
00 I 01 

I 
C3 I 

I I I F2 
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Ml 

--{D]0 

B-Reg byte 1 bits 4-7 5 a 
6 a 
7 1 

MCOll-022 

M2 

a 
I 
I Fa 1 
I 2 a 

B-Reg byte 2 bits 0-7 3 a 
4 a 
5 a 
6 

I 
I 7 
I Fa I RM031 
I 

M3 

a 1 

ALU 3 1 
2 

8-Reg byte 3 bits 0-7 
3 1 
4 a 
5 a 
6 a 
7 n 

RM041,043, 
044,052,215 

I 
I F2 : 



Storage-Word Example, Read Halfword (Part 4 of 4) 

Z-REG 
AL117-147 

D-REG 
RA145-166 

00 

00 

Second Half of Second Cycle 

SDBO 

01 

I I 

~ 
01 : 

SDBO PRE 
ASM 

2E 

CF 

B7 

--_. 
9A 

RC113-193 

C3 F2 

I 
C3 I F2 

I 

SELECTION 
CIRCUITS 

Dest Latches X2, Y7 -

SDBO 
ASM 

00 

---
01 

---
C3 

- --
F2 

RCl14-194 

o L t h X2 Y5 est aces 

SDBO 
ASM 

2E 

- --
CF 

----
2E 

----
CF 

RC114-194 

A LOCAL STORAGE 
B LOCAL STORAGE 

Q = 00 01 C3 F2 

-

A LOCAL STORAGE 
B LOCAL STORAGE 

R = XX XX 2E CF 

Z-Reg bit 7=0 

C3 bits 5-7=111 

Stor 2 cycle ---I 

RM216 

M2 

0 0 
a 

2 a 
N2 bits 0-7 3 

4 
5 1 
6 a 
7 0 

RM031 

M3 

o 0 
1 

C3 bits 0-3 ---.2 
o 

CO bits 5-7=001 
3 0 
4 1 
5 0 ---
6 0 
7 0 

RM041 ,043, 
044,052,215 
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Storage-Word Example, TB Function (Part 1 of 4) 

.NEXT LABEL 

BOUND 2, MG, M7 

Starting Values 

Q= 0000 OC 92 

p = 02 

T= 83 

R = XX XX XX XX 

STAT 

Address of BOUND 200 = DF20 

Address of this word = 3E20 

STATEMENT 

RDW R Q+4, TB 

Contents of address 0 OC 90 = XX XX FC DE 

Objectives 

Read the word from main storage as specified by the address 

in the O-register. 

Set the word read from main storage into the R-register. 

Update the address in the O-register by +4. 

Branch to the leg of the branch set BOUND, as specified 
by the low two bits of the address used to access main 
storage. 

Set bits 6, 7 of the T-register with the status of the two low
order main-storage address bits. 

Reset bits 0-3 of the T-register. 

Description FIRST CYCLE 

Read the contents of the O-register from local storage B, 
and gate to the B-register. 

Gate the low 20 bits of the B-register to the M-register. 
Send the select pulse to the storage circuits. 

Read the contents of the R-register from local storage A, 
and gate to the A-register. 

Perform the address update on the O-register contents. Gate 
the result to the Z-register. 

The high-order two bytes of the updated address are not 
gated to the Z-register until the early part of the second 
cycle. 

30 
I I I 

Local-Storage Access 

A-Register 

A Byte Assembler 

B-Register 

B Byte Assembler 

ALU Output 

Z-Register 

M-Registers 

Select 

Microprogram Concepts 4-56 

o Time Time 2Time 

o Time Delayed 1 Time Delayed 2 

60 90 120 150 180 210 240 
I I I I I I I I I I I I I I I I I I I I I 

8ead R, Read Q 

XX XX XX XX 

XX XX XX XX 

0000 DC 92 

DC 92 0000 

00 00 OC 96 

z=oo 00 DC sr:i 

M 1 "'a, M2=OC, M3"'92 

To ECCL Circuits 

First Cycle = 247.5 ns 



Storage-Word Example, TB Function (Part 2 of 4) 

Description SECOND CYCLE 

Gate the Z-register contents (updated address) to the D
register. 

Gate the D-register through the SDBO assembler to the Q

register in both local storages. 

Gate the data from main storage through the SDBO pre
assembler to the SDBO assembler. 

Gate the SDBO assembler contents to the R-register in both 
local storages. 

Set the M2-register from N2. 

Set the M3-register with the next address bits and the result 
of the low address bits test. 

Set bits 6, 7 of the T-register with the two low-order address 
bits from MB3. 

Reset bits 0-3 of the T-register. 

NOTE: The address that was used to access main storage 
was not on a word boundary. If the program wanted the fullword 
starting at the address 0 OC 92. another access of main storage 
will have to be made to get the 2 low order bytes of that 
word. 

OTime 

30 60 
I I I I I I I 

Local-Storage Access 
00 00 OC 96 

D-Register 

M-Registers 

Select 

1 Time 2Time 

o Time Delayed 1 Time Delayed 2 Time Delayed 

90 120 150 180 210 240 270 290 
I I I I I I I I I I I I I I I I I I J I 1 

Write Updated Address Write Data From Main Storage 
it ;qmi M"M)li 11WtU· iffl"· 1 "'SM ,e. 

M2=3E. M3=28 

To ECCL Circuits 

Second Cycle = 292.5 ns 

3145 TM 4-57 



Storage-Word Example, TB Function (Part 3 of 4) 

P-Reg bits 4-7 ___ ---' 
1----- X2 

~ 
P-Reg bits 4-7 

R = XX xx xx XX 
LS Ctrl Asm C1 bits 1-3 t----- Y5 LS Ctrl Asm C2 bits 1-3 

LA015,144,l15 

A-REG I r I 
RA111-162 XX I XX I XX I XX 

I I 

A BYTE ASM I 
BA021-028 XX XX I XX I XX ! ! ! 

C-REG 

0 0 
1 

Storage Word 

2"-- 0 
3 Subform (Read Word) 

CO 1.. __ I 
5 
6 Branch High (M6) 

7 1 
0 0 

2 0 
Data Register (R) 

3 

Cl 4--
Address Update (+) 

5 
6"--
7 

Stat Set 

0 

I 
B-REG 

I RA113 

I 
I 
I 

I I 
-164 00 I 00 I 

I 

B BYTE ASM 
B8112-123 

2 
Address-Source Register (Q) 

3 
C2 4"--

5 
Mode (CPU Protect) 

6--
7 

Special Stat Set (TB) 

I 
I 
I 

I 
ALU 2 

0 0 

1 0 

2 1 Next Address I 
3 0 

C3 (See Bit Definition) I 
Branch Low (M7) I Z-REG 

I 

I I 
47 00 I 00 I AL117-1 . 

RClll-191 

OC 

1 

00 

I 

I 
DC I 

I 

B-LS ADDR 
ASSEMBLER 

~-_..Q Ll __ ..9_ 
2 0 

3 1 

4 0 """----5 1 

6 1 

7 1 

LA 121-126 

I 
l 92 

I 
I 00 
I 

ALU 3 

96 

I 
I 

~ 
I 
I 

I 
I 

B LOCAL STORAGE 

X2----..... -Q= 00 00 OC 92 

Y7-----I 

B-REG 
RA113-164 00 : 00 : DC : 92 

I 

I 
8 BYTE ASM OC I 92 
8B112-123 I 

I 
ALU 2 

__ Carry ___ 
ALU3 

1 

I 
Z-REG I I I 
ALl17-147 DC I 96 I DC I 96 

I 
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M1 

-{[]

o 
B-Reg byte 1 bits 4-7 5 0 

6 0 
7 0 

a-Reg byte 2 bits 0-7 -

B-Reg byte 3 bits 0-7, -

MC011-022 

M2 

0 0 
1 0 
2 0 
3 0 
4 1 
5 1 
6 0 
7 0 

RM031 

M3 

0 1 
1 0 
2 0 
3 1 
4 0 
5 0 
6 1 
7 0 

RM041 ,043, 
044,052,215 



Storage-Word Example, TB Function (Part 4 of 4) 

Z-REG 

AL117-147 

D·REG 
RA 145-166 

SDBO 

00 

00 

00 

I I 
I I 
I 00 I 
I 

SDBO PRE· 
ASM 

23 

---

45 

---
FC 

---
DE 

RC113·193 

OC 96 

I 

OC 
I 

96 I 
I 

SELECTION 
CIRCUITS 

Dest Latches X2,Y7 --, 

SDBO 
ASM 

00 

---
DO 

---
DC 

----
96 

RC114·194 

Dest Latches X2 Y5 

SDBO 
ASM 

23 

---

45 

---
FC 

---
DE 

RC114-194 

A LOCAL STORAGE 
B LOCAL STORAGE 

Q == 0000 DC 96 

A LOCAL STORAGE 
B LOCAL STORAGE 

R == 23 45 FC DE 

M2 

0 0 
0 

2 
3 

N2 bits 0-7 4 
5 
6 1 
7 0 

RM031 

M3 
o 0 

Z Reg byte 3 bit 6 ---orr---

1 0 
C3 bits 0-3 ---.2 1 

3 0 1------Stor 2 cycle ------1 I-------------... ~- __ 1_ 
A 1-5 ____ 0_ 

Branch High Decode 111 -'-- 6 a 
RM216 7 0 

Z Reg byte 3 bit 7 --_-tr--

Stor 2 cycle 
A 

Branch Low Decode 111 - '-

RM216 

1 Time Diy Bfr 

RT015 

Rst THigh 

RM041 ,043, 
044,052,215 

T REG 

4 o 
5 0 
6 1 

---. 7 a 

RT012,013, 
RP014 

Stor 2 cycle ------I MB Reg bits 6,7 (10) 

Stor Wd not K Addr Stor Set T6,T7 ... -----------1 
C2 bit 6, not bit 7 ----I RT013 

RT015 
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Storage-Word Example, Direct Control Storage (Part 1 of 4) 

NEXT LABEL 

Starting Values 

p= 02 

L= 40 

STAT STATEMENT 

ROW LH DC, 30 

Contents of Control-Storage Address FF30 = 2C 90 F5 AB 

Objectives 

Read the word from control-storage address FF30. 

Set the word read from control storage into the indirectly 
addressed local-storage register. 

Set the next control-storage address into the M-register. 

Description FIRST CYCLE 

Access local storage A by setting up the indirect word address. 
Nothing is done with the data read out. 

Set the M2-register with the force circuits. 

Set M3 from C2 of the control word. 

30 
I I I 

Local-Storage Access 

A-Register 

A Byte Assembler 

M-Registers 

Select 

Microprogram Concepts 4-60 

OTime 1 Time 

o Time Delaved 1 Time Delaved 

60 90 120 150 180 210 240 
I I I I I I I I I I I I I I I I I I I I I 

Read General Reg 4 

XX XX XX XX 

XX XX XX XX 

M2=FF, M3=30 

To ECCL Circuits 

First Cycle = 247.5 ns 



Storage-Word Example, Direct Control Storage (Part 2 of 4) 

Description SECOND CYCLE 

Gate the word read from control storage through the SDBO 
preassembler to the SDBO assembler. 

Write the data word into the general-register location 4 of 
both local storages. 

Set the M-register to the next control-word address. 

4-59 

Local-Storage Access 

M-Registers 

Select 

I 

OTime 

30 60 
I I I I I I 

1 Time 2Time 

o Time Delayed 1 Time Delayed 2 Time Delayed 

90 120 150 180 210 240 270 290 
I I I I I I I I I I I I I I I I I I I I I 

Write Data From Main Storage 

M2=56, M3=48 

To ECCL Circuits 

Second Cycle = 292.5 ns 
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Storage-Word Example, Direct Control Storage (Part 3 of 4) 

C-REG 

0 0 
L __ l 

2 0 

CO 
3 0 
!.. __ O 

5 0 
6 0 
7 
0 1 
1 0 
2 0 

3 0 
Cl 

1 
0 

0 
1 0 
2 

C2 
3 
4 0 
5 0 
6 0 
7 0 

0 0 
1 

2 0 

3 0 
C3 

7 0 

RC111-191 

Storage Word 

Subform (Read Word) 

Branch High (Fixed 1) 

A-LS ADDR 
ASSEMBLER 

I-~-~ 
1 0 

P-Reg bits 0-3 -------1 2 0 I-xo 
L-Reg bits 4-7 bits 1-3 ---.....j 6 00 I- Y4 

... ""'-7_....w... 

LA015,114,115 

Data Register (I ndirect Address) 

K Addressable 

K Mode (CS FF KK) 

K Value 

Next Address 

(See Bit Definition) 

Branch Low (Fixed 0) 

A LOCAL STORAGE 

General Register 4 = 

XX XX XX XX 

A-REG I 

RA 111-162 XX I 
I 

A BYTE ASM I 

XX 
I 

BA021-028 I 

-

I I 
I I 

XX ~ XX ! XX 

I I 

XX I I 
I XX I XX 

Stg. Wd. K Addr Mode ------8
A 

1-___ _ 

Star 1 cycle _ _ ForceM2EqFF 

Cl bit 6, not bit 7 ---_--

RM012 

Stg Wd. K Addr Mode ____ -I 

Star 1 cycle ---------1 Gate C2 to M3 

C1 bit 6, not bit 7 _____ --1 

RMll1 

o 
1 

2 
3 
4 
5 
6 
7 

M2 

RM031 

M3 

0 0 
0 

2 1 

C2 bits 0-7 3 1 
4 

_x _____ ... 
0 

5 0 
6 0 
7 0 

RM041 ,043, 
044,052,215 

Microprogram Concepts 4~62 

Read Control Storage 

Address FF30. 



Storage-Word Example. Direct Control Storage (Part 4 of 4) 

Oest Latch es XO Y4 -
5080 PRE SOSO 
ASM A5M 

2C 2C 

90 90 
5080 

SELECTION CIRCUITS 

F5 
F5 

AS AB 

RC113-193 RC114-194 

A LOCAL STORAGE 
8 LOCAL STORAGE 

General Register 4 = 
2C 90 F5 AS 

N2 bits 0-7 

C3 bits 0-3 

M2 

0 0 
1 1 
2 0 
3 1 
4 0 
5 
6 
7 0 

RM031 

M3 

o 0 
1 ---------------2 1 

o 
3 0 

CO bits 5-7 = 1 ______ .... ~ = = =-..1 
C3 bits 5-7 = 0 r2-- __ 12-

6 0 
7 0 

RM041, 043, 044 
052,215 
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Storage-Word Example, Store Under Mask and Decrement Count 

NEXT LABEL 

NUMZN S7 

Starting Values 

p= 02 

S= OC 

T= 20 

Y = 00 01 FO 000 

Q= 3F CO 0108 

R = F7 F3 F2 C3 

STAT 

Z6 

Address of NUMZN 0 = FCEO 

Objectives 

STATEMENT 

STW R Y + TH,OCNT 

Store the contents of the R-register into main storage as 
addressed by the V-register. Store the R-register under the 
mask bits provided by bits 0-3 of the T-register. 

Update by 1 the address found in the V-register (specified 
by the contents of bits 0-3 of the T-Register). 

Decrement the count register, which is the next highest 
address in local storage (Q-register). by the same value as the 
address update. 

Reset bits 0-3 of the T-register. 

Set bit 4 of the S-register if bits 0-5 of the low-order byte 
of the updated count are O. Set bit 5 of the S-register if bits 
4-7 of the low-order byte of the updated count are O. 

Set the next control-word address in the M-register. 

Description FIRST CYCLE 

Read the data register (R) from the A local storage. Gate 
to the A-register, through the A byte assembler to the SOB!. 

Read the address-source register (Y) from B local storage, 
and gate to the B-reglster. 

Gate the low 20 bits of the B-register to the M-register, and 
gate the M-register to the SAR. 

Gate bytes 2 and 3 of the B-register to its B byte assembler. 
Gate byte 2 to ALU2, and byte 3 to ALU3. Add in the K 
assembler input (1) to ALU3. 

Gate the resu It to bytes 0 and 1, and 2 and 3, of the Z
register. 

Gate bytes 0 and 1 of the B-register to the B byte assembler. 
Gate byte 0 to ALU2, and byte 1 to ALU3. Add in any carry 
from the previous ALU operation. Gate the result to bytes 
o and 1 of the Z-register. 

Local-Storage Access 

A-Register 

A Byte Assembler 

B-Register 

B By!e Assembler 

ALU Output 

Z-Register 

M-Registers 

Select 

30 

1 1 1 

Microprogram Concepts 4-64 

o Time 1 Time 2Time 

o Time Delayed 1 Time Delayed 2 Time Delayed· 

60 90 120 150 180 210 240 270 300 
1 I I I I I I I I I L J I I J I I I I L 1 I 1 1 1 ~ 1 1 

Read R. Read Y 

F7 F3 F2 C3 

F7 F3 F2 C3 

0001 FD 00 

FD 00 0001 

FD 01 0001 

Z=FD01FD01 

M1=1. M2=FD, M3=00 

To ECCL Circuits 

First Cycle = 315 ns 



Storage-Word Example, Store Under Mask and Decrement Count (Part 2 of 4) 

Description SECON D CYCLE 

Force the Y -line of the B destination latches odd. This addresses 
the count register (0). 

Read the O-register from B local storage and gate to the B
register. Gate bytes 2 and 3 of the B-register to bytes 2 
and 3 of the B byte assembler. Gate to the ALUs. 

Gate the Z-register (updated address) to the D-register to the 
SDBO assembler. 

Gate the SDBO assembler to A and B local storage. Write 
the updated address into the R-register of both local storages. 

Decrement the contents of the ALUs by the value of the address 
update (1). Gate the result to bytes 0 and 1, and 2 and 3, 
of the Z-register. 

Set up the next control-word address in the M2 and M3 
registers. 

Local-Storage Access 

B-Register 

B Byte Assembler 

ALU Output 

Z-Register 

D-Register 

M-Registers 

Select 

30 
I I . I 

0001 Fd 01 

o Time Time 2Time 
I 

o Time Delayed 1 Time Delayed 2 Time Delayed 

60 90 120 150 180 210 240 270 290 
I I I I I I I I I I I I I I I I I I I I I I I I I 

Read Q Write Up~ated Address Write Data From Main Storage 

3F CD 01 08 

01 08 

01 07 

(updated address) Z-01 0701 07 (updated count) 

0001 FD 01 

M2 FC, M3-EO 

To ECCL circuits 

Second Cycle = 292.5 ns 
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Storage-Word Example, Store Under Mask and Decrement Count (Part 3 of 4) 

A-LS ADDR 
ASSEMBLER 

o 0 

P-Reg bits 4-7 -----I 
X2 

LS Ctrl Asm C1 bits 1- V5 

LA015,114,115 

·C-REG 

0 0 3. __ Storage Word 

2 

A LOCAL STORAGE 

R '" F7 F3 F2 C3 

/~ 

A-REG I 
RAl11-162 F7 I 

I 

A BVTE ASM I 

BA021-028 F7 : 

.. 

F3 

F3 

, 
: F2 

I 
I F2 

B-L 
ASS 

SADDR 
EMBLER 

.Q 
___ 0 

~ 
2 0 

P-Reg bits 4-7- 3 1 
4 -

__ 0 

LS Ctrl Asm 5 
C2 bits 1-3 - 6 1 

7 0 

LA 121-126 

I 
I C3 I 

I 
I 
I 

C3 

SDBI 

CO Subform (Store Word) r:--- ----- --, 
7 
00 
1 
2 

C1 

7 

0 

2 

C2 3 

7 

0 
1 
2 
3 

C3 4"-
'5-
6 
7 

RC111-191 

Branch High (Fixed 0) 

Data Register (R) 

Address Update (+) 

Stat Set (Z6) 

Address-Source 
Register (V) 

Mode (CPU Protect) 

Special Stat Set (TH) 

Next Address 

DCNT 

Branch Low (S7) 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Second Half of First Cycle 

B-REG 
RA113 -164 

Z-REG 
Al117 

ALU 2 

-147 

I I 

00 I 01 • I I 

I 

B BVTE 
BB112-123 

I I 
00 I 01 I 

I . 

I 
C3 I 

I 

I 

~ 
00 t 

: 
I 

I 
FD I 

I 

FO 

01 

ALU3 

01 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

X2 

V6 

B LOCAL STORAGE 

~ 

Y = 00 01 FD 00 

-.--

I B-REG 
RA113-164 

I 
00 I 

I 01 ~ 

B BVTE ASM 
BB112-123 

Store Word 

TH function 

-
_ Decode I--

T-Reg bits 0-3 - ___ -' 

I 
FD ! 00 

i 
FD I 00 

I 

BK011-014 

~ K-Asm bits 0-7=1 _ 

ALU 2 i+- - - Carry - -- ALU 3 

Z-REG 
AL117-147 

I I I 

FD : 01 : FD ~ 01 

Stg Wd Store vyord 

T-Reg bits 0-3 =f}-
A 0-3 -------' 

C2 bits 6,7=01 (TH) 

MC021 

MC021 

Microprogram Concepts 4-66 

M1 

B-Reg byte 1 bits 4-7 5 0 -lIJ0 

B-Reg byte 2 bits 0-7 

B-Reg byte 3 bits 0-7 

Store Byte Lines to Storage circuits 

6 0 
7 1 

MC011-022 

M2 

0 1 
1 1 
2 1 
3 1 
4 1 
5 1 
6 0 
7 1 

RM031 

M3 

0 0 
1 0 
2 0 
3 0 
4 0 
5 0 
6 0 
7 0 

RM041 ,043, 
044,052,215 



Storage-Word Example, Store Under Mask and Decrement Count (Part 4 of 4) 

Store 2 CYcle-=E-
Force Count _ 

2.Time Diy A (Make V-Line odd) 

Z-REG 
AL117-147 

D-REG 
RA145-166 

00 

00 

01 

I 

~ 
01 

DE006 

FD 01 

I I 
I FD ~ 01 
I 

1---- X2---------------~ 
Dest 

Latches 1---- Y7--------------, 

Dest La t h X2 Y6 c es , .-

SDBO 
ASM 

00 

-_. 
01 

.-. 
FD 

---
01 

RC114-194 

B LOCAL STORAGE 

Q = 3F CD 01 08 

A LOCAL STORAGE 
B LOCAL STORAGE 

R = 00 01 FD 01 

B-REG 
RA113-164 

Z-REG 
AL117-147 

ALU 2 

01 

I 
3F I CD 

• 

B BYTE ASM 
BB112-123 

I 
! 01 

01 

Carry 
~------

I 

I 
I I I 
I I I 

: 07 
~ 

01 I 
I 

t 
: 08 

I 
I 
I 
~ 

08 

ALU 3 

07 

M2 

0 
1 
2 

N2 bits 0-7 3 
4 
5 
6 0 
7 0 

RM031 
The count is decremented by 
the same value as the address 
update (1). 

M3 

0 1 
1 1 

C3bitsO-3-
2 1 
3 0 

CO bits 5-7=0_ 4'- - -0-
5' - --0-
-6---0" 
7 0 

RM041,043, 
C3 bits 5-7= 6 (Test S7)- 044,052,215 

Branch 

S-Reg bit 7 Circuits 
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Arithmetic Word 

• There are two types of arithmetic words: 

Type 10, recognized by a first hex digit of 8, 9, A, or B. Can 
specify a variety of arithmetic and logical functions, including 
fullword binary arithmetic and fullword shifting. 

Type 11, recognized by a first hex digit of C, 0, E, or F. Can 
perform exclusive OR or true add functions on a byte basis 
only. Provides for crossing portions of the A-register inputs. 

The arithmetic word operates on data from local storage or from 
certain externals. When an external is used, it is always the A 
source of the operation. The B source is either local-storage data 
or a hex value that is specified by the K-field of the word. 

Both arithmetic-word types can utilize the indirect-byte address
ing and branching facility. This facility is explained in the descrip

tions that follow. 
There are four bit-breakdown charts used to describe the 

various functions of the two arithmetic-word types. The first chart 
indicates the fields and functions associated with the la-type byte 
version with no indirect·byte function designated. The second 
chart represents the 1 O·type fullword capability with the optional
shift function. The third chart represents the ll-type byte version 
with no indirect·byte function designated. The fourth chart rep
resents either the 10- or ll-type with indirect-byte addressing 

and branching used. 

Arithmetic Word Execution 

No 

Yes 

Set B source into B
register; A source into 
A-register 

Set M3(N3) from next 
address field and results 
of any branch tests 

Perform ALU operation; 
set/reset S-reg bits, 
store resu I t * 

Yes 

Set A source 
into A'register 

B source into 
B-register 

High four bits into ** 
Z-register: 0000, or 
from SO, or from TH 

Yes 

Execute next 
control word 

No 

Set B source into 
B-register; A source 
into A-register 

Set M3(N3) from next 
address field and results 
of any branch tests 

Perform ALU operation 
and set/reset S-reg bits 
if specified 
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Arithmetic Word, Bit-Definition Diagram Selection 

0,1,2 

10 

10·Type Arithmetic 
Fullword Version. 
Page 4·71 

11 

START 

Other 

10 

10-Type Arithmetic 
Byte Version. 
Page 4-70 

No 

Yes 

11 

Yes 

ll-Type Arithmetic 
Byte Version. 
Page 4-72 

No 

No 

10- or ll-Type Arith· 
metic Indirect-Byte 
Version. Page 4·73 
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Bit Definition, Type-10 Byte Version 

CO C1 C2 C3 

o 1 1 2 1 3 4 I 5 I 6 I 7 0 1 
1 I 2 I 3 4 I 5 6 I 7 0 

1 
1 I 2 1 3 4 I 5 6 \ 7 o I 1 

1 2\ 3 I 4 I 5 6 I 7 

Arith A Source Stat 
B Source 

A 
OP Form Operation 

Form 

1 0 OO=A=A/K 0011=,OE, 
01=Z=A/B 0100=+ 
10=A=A/B 0101 =+ (+1) 
11=B=A/B 011 O=C + (Rst SO] 

0111 =,A,. 
OO=Z=A/K 1000=,OR, 

1001=C+ 
1001=C + - (+C) 
1010= C,D+-, (+C) 
1011=B 
1011=ABCK 
1100= -
1101= - (+1) 
1110= C - (+1) (Set SO) 
1111=,A, 

CO BITS 0,1 

This field specifies the arithmetic-word type 10. 

co BITS 2,3 

Word 

The Form Field specifies what inputs are to be used and where the 
ALU result is to be destined. There are five forms provided. 
CO bits 2, 3=00 The form can be either A=A/K or Z=A/K 

depending on the operation field. The form 
A=A/K is used when the Operation Field is a 
value of 0000-1011. The form Z=A/K is used 
when the Operation Field is a value of 
1100-1111. 

CO bits 2, 3=01 The Z=A/B form is designated. 
CO bits 2,3=10 The A=A/B form is designated. 
CO bits 2, 3=11 The B=A/B form is designated. 

I n the A=A/K and A=A/B forms, the ALU result is set into byte 
specified by the A-Source Field (Cl bits 0-5). 

I n the B=A/B form, the ALU result is set into the byte specified 
by the B-Source Field (C2 bits 0-5). 

In the Z=A/B and Z=A/K forms, the ALU result is not destined. 
The result is gated to the Z-register where the data can qe tested 
to set certain S-register positions. The S-register can be set also by 
the other word forms. 

co BITS 4-7 

This is the Operation Field. Control of certain ALUinputs and 
ALU functions is determined by the value of this field. Setting or 
resetting of certain S bits is also controlled by this field. 
CO 4-7=0011 Exclusive OR the A and B sources. 
CO 4-7=0100 True binary add, no carry-in: 
CO 4-7=0101 True binary add, carry-in of 1. 
CO 4-7=0110 True binary add, set S bit 0 to 0, no carry-in, set 

S bit 3 to the value of the carry-out. 

Set Next Address Branch 
Byte Word Byte Hi-La 

00=0 00=- 00=0 OO=block 00=-
01=1 01=S12 01=1 01=L 01=S2,S3 
10=2 10=S45 
11=3 11=Z6 

CO 4-7=0111 AND the A and B sources. 
CO 4·7=1000 OR the A and B sources. 
CO 4-7=1001 Binary add, true add if SO=O, complement add if 

SO=l, add in the status of S3, set S3 with the value 
of the carry-out. 

CO 4-7=1010 Decimal add, true add if SO=O, complement add if 
SO=l, add in the status of S3, set S3 with the value 
of the carry-out. 

CO 4·7=1011 Exclusive OR. If a parity error is detected on the 
A input to the ALUs, S4 is set to 1.54 is not 
changed if no parity is detected. 

CO 4-7=1100 Complement binary add, no carry-in. 
CO 4-7=1101 Complement binary add, carry-in of 1. 
CO 4-7=1110 Complement binary add, set 50 to 1, carry-in of 1, 

53 set to the value of the carry-out. 
CO 4-7=1111 Complement AND, the B input is complemented 

before ANDing with the A input. 

C1 BITS 0-5 

This field specifies the local storage or external byte that is to be 
the A input to the ALU. 

C1 BITS 6,7 

C1 Bits 6, 7=00 
C1 Bits 6, 7=01 

No status set. 
In binary operations, Sl is set to the value of 
the carry-out of bit 1 of the result. S2 is set to 
1 if the ALU result is no zero. 52 is unchanged 
if the result is zero. 

In decimal operations, 51 is set to 1 if an invalid 
invalid decimal digit is detected on either the A 
or B inputs. Sl is not changed if inputs are valid. 
S2 is set to 1 if the ALU result is not zero. S2 
is not changed if the ALU result is zero. 

10=2 10=H 10=S4,S5 
11=3 11=St 11=S6,S7 

Cl BITS 6, 7=10 54 set to 1 if bits 0-3 of the ALU result are all 
zero. 

S4 set to 0 if bits 0-3 of the ALU result are 
not all zero. 

S5 set to 1 if bits 4-7 of the ALU result are 
all zero. 

55 set to 0 if bits 4-7 of the ALU result are 
not all zero. 

C1 BITS 6,7:::11 54 set to 1 if bits 0-5 of the ALU result are all 
zero. 

54 set to 0 if bits 0-5 of the ALU result are 
not all zero. 

55 set to 1 if bits 4-7 of the ALU result are 
all zero. 

55 set to 0 if bits 4-7 of the ALU result are 
not all zero. 

Note: If S bit branching is specified by the control word, the 
branch testing is done before the S bits are modified by the 
operation. 

C2 BITS 0·5 

This field specifies the local-storage byte that is to be the B input 
to the ALU. 

C2 BITS 6, 7 

This field specifies the type of gating for the A input to ALU. 
C2 bits 6, 7=00 Present 0 as the A input. 
C2 bits 6, 7=01 Gate the low four bits of the A source only. 

Gate zeros as the high four bits. 
C2 bits 6, 7=10 Gate the high four bits of the A source only. 

Gate zeros as the low four bits. 
C2 bits 6, 7=11 Gate all eight bits of the A-source to the ALU. 

Microprogram Concepts 4-70 

C2 BITS 0-7 

For the forms A=A/K or Z=A/K, this field represents the value to 
be used as the B input to the ALU. 

C3 BITS 0-5 

This field is part of the next control-word address that is gated to 
the M3-register when the next address formation takes place. C3 
bits 0-5 are gated to bits 0-5 of M3. If branching is specified by 
bits 6, 7 of C3, the status of the bits tested is ORed with bits 4 
and 5 of C3 as the next address is set up. 

C3 BITS 6, 7 

This field specifies the type of branch testing to be done to set 
up part of the next control-word address. 
C3 bits 6, 7=00 No branch testing. 
C3 bits 6, 7=01 OR the value of bits 2 and 3 of the S-register 

with bits 4 and 5 of C3 and set this result in 
bits 4 and 5 of M3. 

C3 bits 6, 7=10 OR the value of bits 4 and 5 of the S-register 
with bits 4 and 5 of C3 and set the result in 
bits 4 and 5 of M3. 

C3 bits 6, 7=11 0 R the value of bits 6 and 7 of the S-register 
with bits 4 and 5 of C3 and set the result in 
bits 4 and 5 of M3. 



Bit-Definiton, Type-10 Fullword Version 

CO 

o I 1 2 I 3 4 I 5 I 6 I 7 0 I 1 I 
Arith 
OP Form Operation 
Form Word 

1 0 OOA=A/K 0000= C + (Rst SO) 
01=Z=A/B 0001= C - (+1) (Set SO) 
10=A=A/B 0010= C +- (+C) 
11=B=A/B 

CO BITS 0,1 

This field specifies the arithmetic-word type 10. 

CO BITS 2, 3 

The Form Field specifies what inputs are to be used, and where 
the ALU result is to be gated. There are four forms provided for 
the fullword version. 

CO BITS 4-7 

There are only three operations provided with the fullword version. 
CO bits 4-7=0000 True binary add, set SO to 0, no carry-in, set S3 

with the status of the carry-out of the high-order 
bit pf)sition_ 

CO bits 4-7=0001 Complement binary add, set SO to 1, carry-in of 
1, set S3 with the status of the carry-out of the 
high-order bit position. 

CO bits 4-7=0010 Binary add, true if SO=O, complement if 50=1, 
add in value of 53, set S3 with the status of the 
carry-out of the high-order bit position. 

C1 BITS 0-3 

This field specifies the local-storage or external word that is to be 
the A input to the ALU. 

Cl BITS 4, 5 

This field specifies what portion of the A-source word is to be 
gated to the ALU. 
C1 bits 4, 5=00 Gate all zeros to ALU. 
C1 bits 4, 5=01 Gate the low 16 bits of the word addressed by 

the A-source field to the ALU. 
C1 bits 4,5=10 Gate the low 24 bits of the word addressed by 

the A-source field to the ALU. 
C1 bits 4, 5=11 Gate the full A-source word to the ALU. 

.- . 

C1 C2 C3 

2 I 3 I 4 I 5 6 I 7 o I 1 I 2 I 3 I 4 I 5 6 I 7 o I 1 I 2 I 3 I 4 I 5 6 I 7 

A Source 
Stat 

B Source 
Shift Next Address Branch 

A Input Set Word B Input 

OO=block 00=--- 00=4 bits 00=-- 00=-
10=16 bits 01=S12 01=8 bits 01=(SR4,0) 01 =S2,S3 
10=24 bits 10=124 10=12 bits 10=(SR4,SO) 10=S4,S5 
11=32 bits 11=Z24 11=32 bits 11=(SR4,TH} 11=S6,S7 

C1 BITS 6, 7 

This field specifies the status-set functions. 
C1 bits 6, 7=00 No status set. 
C1 bits 6, 7=01 Sl is set to the value of the carry-out of bit 

position 1 of byte 0 of the result. 52 is set to 
1 if the entire result is not zero. 52 is not 
changed if the result is zero. S3 is set to the 
value of the carry-out of bit 0 of byte 0 of the 
result. 

C1 bits 6,7=10 Only the low-order 24 bits of the result are 
stored. No 5 bits are changed, even if specified. 

C1 bits 6, 7=11 S2 is set to 1 if the low 24 bits of the result are 
not all zero. S2 is not changed if the result is 
zero. 53 is set to the value of the carry-out of 
bit 0 of byte 1 of the ALU result. Only the low 
24 bits of the result are stored. If the R4, SO 
shift is specified, SO is not altered even if 
specified by the Operation Field. 

C2 BITS 0-3 

This field specifies the local-storage word that is to be the B input 
to the ALU. 

C2 BITS 4,5 

This field specifies what portion of the B-source word is to be 
gated to the ALU. 

C2 bits 4, 5=00 Gate the low 4 bits of the B-source word to 
the ALU. 

C2 bits 4, 5=01 Gate the low 8 bits of the B-source word to 
the ALU. 

C2 bits 4, 5= 1 0 Gate the low 12 bits of the B.-source word to 
the ALU. 

C2 bits 4,5=11 Gate the entire B-source word to the ALU. 

C2 BITS 6,7 

This field specifies the shifting function. Shifting is performed 
at the B'inputs to the ALUs. The result can be a fullword or the 
low 24 bits of the shifted result. The low-order four bits of the 
original B-source word are always set into bits 0-3 of the T
register. 
C2 bits 6, 7=00 
C2 bits 6, 7=01 

C2 bits 6, 7=10 

C2 bits 6, 7=11 

No shifting. 
Shift right 4 bit positions, the low 4 bits are 
set into bits 0-3 of T, the high 4 bits of the result 
are set to zero. 
Shift right 4 bit positions, the low 4 bits are set 
into bits 0-3 of T, the high 4 bits of the result 
are set according to the status of 50; if 50=0, 
set the high 4 bits to 0; if SO=l , set the high 4 
bits to 1 s. 
Shift right 4 bit positions, the low 4 bits are set 
into bits 0-3 of T, the high 4 bits are set with the 
original value of bits 0-3 of the T-register. 

Note: Shift-in bits from SO or bits 0-3 of the T-register are not 
allowed if the status Set Field = 10 or 11. In this case the high 4 
bits are set to zero. 

C2 BITS 0-7 

For the forms A=A/K or Z=A/K, this field represents the value to 
be used as the B input to the ALU. 

I 

C3 BITS 0-5 

This field is part of the next control-word address that is gated to 
the M3-register when the next address formation takes place. C3 
bits 0-5 are gated to bits 0-5 of M3. If branching is specified by 
bits 6, 7 of C3, the status of the bits tested is ORed with the bits 
4 and 5 of C3 as the next address is set up. 

C3 BITS 6, 7 

This field specifies the kind of branch testing to be done to set up 
part of the next control-word address. 
C3 bits 6, 7=00 No branch testing. 
C3 bits 6, 7=01 OR the value of S bits 2 and 3 with bits 4 and 5 

of C3 and set the result in bits 4 and 5 of M3. 
C3 bits 6, 7=10 OR the value of S bits 4 and 5 with bits 4 and 

5 of C3 and set the result in bits 4 and 5 of M3. 
C3 bits 6, 7=11 OR the value of 5 bits 6 and 7 with bits 4 and 5 

of C3 arid set the result in bits 4 and 5 of M3. 
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Bit Definition, Type 11 

CO C1 C2 \ 

0 I 1 2 I 3 4 5 1 6 I 7 0 1 1 I 2 I 3 I 4 I 5 6 I 7 0 I 1 I 2 I 3 1 4 I 
Arith A Source B Source Stat 
Op Form Op A --

Form Gating Word Byte Set Word Byte 

"- OOO=block 1 1 OO=A=A/K O=,OE, 
01=L=A/B 1=C+ 001=L 
10=A=A/B (RstSO) 010=H011=St 
11=8=A/B 1 OO=X block 

101=XL 
110=XH 
111=X 

CO BITS 0,1 

This field specifies the arithmetic-word Type 11. 

CO BITS 2, 3 

The Form Field specifies what inputs are to be used, and where 
the ALU result is to be destined. There are four forms available 
with the Type 11 arithmetic word. 

In the A=A/K and A=A/B forms, the ALU result is set into the 
byte specified by the A·source field (Cl bits 0-5). 

In the B=A/B form, the ALU result is set into the byte specified 
by the B-source field (C2 bits 0-5). 

In the L=A/B form, the ALU result is set into the L-register. 

co BIT 4 

CO bit 4=0 

CO bit 4=1 

co BITS 5-7 

Perform an exclusive OR on the A and B source 
inputs. 
True binary add, set S bit 0 to 0, no carry-in, set S 
bit 3 to the value of the carry-out. 

This field specifies how the A input is to be presented to the ALUs. 
CO bits 5-7=001 Gate bits 4-7 of the A-source byte to the ALUs. 

Gate zeros as the high four bits of the A-source 
input. 

CO bits 5-7=010 Gate bits 0-3 of the A-source byte to the ALUs. 
Gate zeros as the low four bits of the A-source 
input. 

CO bits 5-7=011 Gate the eight bits for the A-source byte straight 
to the ALUs. 

CO bits 5-7=100 Same as 5-7=000 

CO bits 5-7=101 The A-source byte is crossed before gating. After 
crossing, gate A input bits 4-7 to the ALUs. Gate 
zeros as the high four bits of the A input. 

CO bits 5-7=110 The A source is crossed before gating. After 
crossing, gate the high four bits to the ALUs. 
Gate zeros as the low four bits of A input. 

00=0 00=--- 00=0 
01=1 01=S12 01=1 
10=2 10=S45 10=2 
11=3 11=Z6 11=3 

CO bits 5-7= 111 The A-source byte is crossed; then gated to the 
ALUs. Original bits 0-3 are gated in as bits 4-7, 
original bits 4-7 are gated in as bits 0-3. 

Cl BITS 0-5 

This field specifies the local-storage or external byte that is to be 
the A input to the ALU. 

Cl BITS 6,7 

C1 Bits 6, 7=00 
C1 Bits 6, 7=01 

No status set. 
In binary operations, Sl is set to the value of 
the carry-out of bit 1 of the result. S2 is set to 
1 if the ALU result is not zero. S2 is unchanged 
if the result is zero. 

In decimal operations, Sl is set to 1 if an 
invalid decimal digit is detected on either the 
A or B inputs. Sl is not changed if inputs are 
valid. S2 is set to 1 if the ALU result is not zero. 
S2 is not changed if the ALU result is zero. 

C1 Bits 6, 7=10 S4 set to 1 if bits 0-3 of the ALU result are all 
zero. 

S4 set to 0 if bits 0-3 of the ALU result are 
not all zero. 

S5 set to 1 if bits 4-7 of the ALU result are 
all zero. 

S5 set to 0 if bits 4-7 of the ALU result are 
not all zero. 

C1 Bits 6, 7=11 S4 set to 1 if bits 0-5 of the ALU result are all 
zero. 

S4 set to 0 if bits 0-5 of the ALU result are 
not all zero. 

S5 set to 1 if bits 4-7 of the ALU result are 
all zero. 

S5 set to 0 if bits 4-7 of the ALU result are 
not all zero. 

Note: If S bit branching is specified by the control word, the 
branch testing is done before the S bits are modified by the 
operation. 

5 

C3 

6 I 7 o I 1 I 2 I 3 I 4 I 5 6 1 7 

B 

Hi - Lo Next Address Branch 

OO=block 00=---
01=L 01=S2,S3 
10=H 10=S4,S5 
11=St 11=S6,S7 

C2 BITS 0-5 

This field specifies the local-storage byte that is to be the B input 
to the ALU. 

C2 BITS 6,7 

This field specifies the kind of gating for the B input to ALU. 
C2 bits 6, 7=00 Present 0 as the B input. 
C2 bits 6, 7=01 Gate the low four bits of the B-source only. 

Gate zeros as the high four bits. 
C2 bits 6, 7=10 Gate the high four bits of the B source only. 

Gate zeros as the low four bits. 
C2 bits 6, 7=11 Gate all eight bits of the B source to the ALU. 

C2 BITS 0-7 

For the forms A=A/K or Z=A/K, this field represents the value 
to be used as the B input to the ALU. 

C3 BITS 0-5 

This field is part of the next control·word address that is gated to 
the M3-register when the next address formation takes place. C3 
bits 0·5 are gated to bits 0-5 of M3. If branching is specified by 
bits 6, 7 of C3, the status of the bits tested is ORed with bits 4 
and 5 of C3 as the next address is set up. 

C3 BITS 6, 7 

This field specifies the kind of branch testing to be done to set 
up part of the next control-word address. 
C3 bits 6, 7=00 No branch testing. 
C3 bits 6, 7=01 OR the value of bits 2 and 3 of the S-register 

with bits 4 and 5 of C3 and set this result in bits 
4and50fM3. 

C3 bits 6, 7=10 OR the value of bits 4 and 5 of the S-register 
with bits 4 and 5 of C3 and set the result in bits 
4and50fM3. 

C3 bits 6, 7=11 OR the value of bits 6 and 7 of the S-register 
with bits 4 and 5 of C3 and set the result in bits 
4 and 5 of M3. 
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Bit Definition, Indirect-Byte Type 10 or 11 

CO C1 C2 

a I 1 2 I 3 4 I 5 I 6 I 7 a I 1 I 2 I 3 I 4 I 5 6 I 7 a I 1 I 2 I 3 4 I 5 

Arith Operation A Source B Source 
OP Form or Stat 

Form Op/AXHL Word 
Set Word 

10 or 11 Refer to bit Refer to bit definition Indirect byte addressing 00=-- 00=--- I ndirect byte addressing 00=--
definition for 10 or 11 word is specified by the value 01=-- 01=S12 is specified by the value 01=--
for 10 or 1010 10=+TA 10=S45 1010 10=+TB 
11 word 1011 

1110 
1111 

Indirect-byte operations apply to both types of arithmetic words. 
Indirect byte means that the byte source A or B is addressed by 
T-register bits rather than bits in the control word itself. 

The A-source byte is addressed by TA (bits 4 and 5 of the T
register). The B-source byte is addressed by TB (Bits 6 and 7 of the 

T-register). 

T4,5=OO 
T4,5=01 

T4,5=10 
T4,5=11 

address byte a of A-source 
address byte 1 of A-source 
address byte 2 of A-source 

address byte 3 of A·source. 

The B-source is addressed in the same way by bits 6 and 7 of the 

T-register. 
TA and TB can be incremented or decremented during the 

operation of the indirect-byte function. This updating is specified 
by the value in C1 bits 4,5 and C2 bits 4, 5. 

The A-source or B-source field must be at a value of A, B, E, 
or F to specify the indirect-byte addressing facility. If the A- or 
B-source fields are at any other value, Cl or C2 bits 4, 5 specify 
the byte di rectly. 

If indirect-byte addressing is specified for a source that is also 
the destination, the byte address specified by TA or TB causes a 
bit to be set in Thigh in the following manner: 

TA.oI=-TB 

00 
01 
10 
11 

Tal 2 3 

x x x 
x 1 x x 
x x 1 x 
x x x 

Another facility of the indirect-byte operation is the repeated 
execution of the arithmetic word until some branch test condition 

11=-TA 11=Z6 1011 
1110 
1111 

is met. The branch conditions are determined by the values in TA 
or TB and in some cases, by 5-register bits. 

If no branch condition is met, the address in the M- and N
re~isters remains unchanged, and the arithmetic word is re-read 
out of control storage, set into the C-register and re·executed. 
TA and TB are updated each time the word is executed, and the 
bit in T-high is set according to the destination byte. 

Indirect-byte branching can be masked off by bits in the next 
address field. If C3 bits 2 and 3 are 11, then indirect branching is 
inoperative even if specified by C1 and C3 bits 4,5. If C1 bits 4,5 
specify no action and C2 bits 4, 5 specify + TB or - TB, and C3 

11=-TB 

bit 3=1, indirect branching is inoperative and the next control-word 
address is set up during the first execution of the word. This would 
also be true for the case where a + TA or - TA is specified, C2 bits 

4, 5 call for no action, and C3 bit 2=1. 
If indirect-byte branching and S-register bit branching are both 

specified, S·register bit branching can be. masked off by C3 bits 
4 and 5. For example, if 52S3 (C3 bits 6, 7=01) is specified, and 
indirect branching is specified, C3 bit 4=1 prevents a branch due 
to the S2=1 condition. C3 bit 5=1 prevents a branch due to the 
S3=1 condition. 

S·register bit branching operates differently if indirect branching 
is not specified. In this case, the S bits specified by C3 bits 6 and 
7 are ORed with C3 bits 4 and 5 to form next address bits 4 and 
5 regardless of the status of the S bits. That is, change of the next 
control-word address may be prevented only when indirect·byte 
branching is specified. 

EXCEPTION: If indirect·byte branching is specified for both 
the A and B sources and 54,5=11, C3 bits 0·5 are set into M3(N3) 
bits 0-5 and no ~Ring with any branch bits takes place. 

C3 

6 I 7 a I 1 I 2 I 3 4 I 5 6 I 7 

AlB 
Next Address Branch 

Hi-Lo 

OO=block 00=---
01=L 01=S2,S3 
10=H 10=S4,S5 

11 =St 11=S6,S7 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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Examples of Indirect-Byte Arithmetic-Control Words 

WORD 

A3E8F80C 

NEXT LABEL 

ALIGN AB, 1, 1 

STAT STATEMENT 

YI=YIO, DE, 01, +TA+TB 

In this example the indirectly addressed byte of the Q-register 
is exclusively 0 Red with the indirectly addressed byte of the Y
register (which is blocked from entering ALU). The operation, in 
effect, is a move of bytes of the O-register to bytes of the Y
register. 

The operation calls for incrementing both TA and TB and 
branching on TA and TB specified in the Next Label field as AB. 
The branch test in this case is for either TA or TB at a value of 11. 

Assu me that the value in T A and TB is 00 at the start of the 
execution of this word. The operation would be as follows: 

Test TA and TB; if not equal to 11, M3(N3) are not changed 
(unless S4S5=11). 

Execute; move byte 0 of Q to byte 0 of Y, increment TA 
and TB by 1 (TA=Ol, TB=01). Set bit 0 of T to 1. 

Reread this word from control storage, test TA and TB; if 
not equal to 11, M3(N3) are not changed. 

Execute; move byte 1 of Q to byte 1 of Y, increment TA 
and TB by 1 (TA=10, TB=10). Set bit 1 of T to 1. 

Reread this word from control storage, test TA and TB; if 
not equal to 11, M3(N3) are not changed. 

Execute; move byte 2 of Q to byte 2 of Y, increment TA 
and TB by 1 (TA=11, TB=ll). Set bit 2 of T to 1. 

Reread this word from control storage, test TA and TB; both 
are new equal to 11. Set up the next control-storage address 
in the M(N) registers .. 

Execute; move byte 3 of Q to byte 3 of Y, increment TA 
and TB by 1 (TA=OO, TB=OO). Set bit 3 of T to 1. Read out 
next control word. 

The T-register = 11110000 after this word has finished execution. 
The entire O-register has been moved to the V-register. 

WORD 

E1FOE264 

NEXT LABEL 

LAST 

STAT STATEMENT 

OI=OIL, DE, YIH 

This example shows an arithmetic word that specifies indirect
byte addressing, but no indirect-byte branching. Assuming that 
the T·register is 00000111 at the start of this word execution, 
the high four bits of byte 3 of the Y -register are combined with 
the low four bits of byte 1 of the O·register and the result is 
gated to byte 1 of the Q-register. The word labeled LAST is then 
branched to. 

WORD 

8DAE9097 

NEXT LABEL STAT STATEMENT 

UPL1 A1,S6, 1 S45 Z=LHI-K90+1,-TA 

This arithmetic word specifies indirect-word, indirect-byte 
addressing of the A source, and indirect branching on TA. The A 1 
in the Next Label field designates the test of TA and the fixing of 
next address bit 3=1. 

Assume that TA=Ol and S6=0 at the start of this word: 
Read out the arithmetic word; test TA for a value of 00, TA 

not 00. M3(N3) are not changed. 
Execute; add the complement of 90 plus 1 with the contents 

of byte 1 of the indirectly addressed word, and place the result 
in the Z-register. Set: 

S4=0 if high 4 bits not zero. 
S4=1 if high 4 bits equal zero. 
S5=0 if low 4 bits not zero. 
S5=1 if low 4 bits equal zero. 

Decrement TA by 1 (TA=OO). 
Reread this word from control storage, TA now equal to 00. 

Set next control·word address into M (N) registers. 
Execute; add the complement of 90 plus 1 with the contents 

of byte 0 of the indirectly addressed word, and place the result 
in the Z-register. Set S4 and S5 as explained. Decrement TA by 
1 (TA=11). Read out the next control word. 

Note: Because the result is destined only to the Z-register, the T· 
high bits are not set to indicate the destination bytes. 
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Arithmetic-Word Example, Byte Operation (Part 1 of 2) 

.NEXT LABEL 

DECOP 54, 55 

Starting Values 

P-Reg = 03 

S-Reg = FC 

MA = 56 71 BF 57 

MW = A6 D5 BO 28 

STAT 

Address of DECOP 00 = FC90 

Objectives 

STATEMENT 

MW3C = MA3XL + MW3 

Add the value of MA byte 3 (crossed and gated low) to the 
value of MW byte 3. 

Gate the result to MW byte 3. 

Set S3 with the value of the carry from the ALU operation. 

Branch to the leg of DECOP as a result of the ORing of 
S4, S5 with the next address bits 4, 5. 

Description 

Read the MA-register from A local storage, gate to the A
register. 

Read the MW·register from B local storage, gate to the B
register. 

Gate byte 3 of the A-register to bytes 2, 3 of the A byte 
assembler. 

Gate byte 3 of the B-register to both bytes of the B byte 
assembler. 

Perform the cross and low gate on byte 3 of the A input. 
Gate to both ALUs. 

Gate the B input to both ALUs. 

Perform the ADD and gate the resu It to all bytes of the 
Z-register. 

Set M2 from N2. Set M3 from the Next Address field and 
the result of the OR function with the S4, S5 bits. 

Local-Storage Access 

A-Register 

A Byte Assembler 

B-Register 

B Byte Assembler 

ALU Output 

Z-Register 

M-Registers 

Select 

30 
1 I I 
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o Time 1 Time 

o Time Delayed 1 Time Delayed 

60 90 120 150 180 
I I I .1 I I 1 I I I I 1 I I I I 

Read MA, Read MW 

5671 BF 57 

5671 BF 57 

A6 05 BO 28 

2828 

20 

Z=20 20 20 20 

M2=FC, M3=9C 

To ECCL Circuits 

Cycle Time = 202.5 ns 



Arithmetic-Word Example, Byte. Operation (Part 2 of 2) 

A·LS AOOR 
ASSEMBLER 

P-Reg bits 4-7-----4 

LS Ctrl Asm C1 bits 1-3 o 

C-REG 

o l __ 

co 

C1 

7 

0 
1 
2 

C2 
3 
4--

7 
0 

2 
3 

C3 4 
5 

6 
7 

o 
o 
o 
o 

7 0 

LA015,114,115 

Arith Op Form 

Form 

Operation 

A Gating 

A Word Source 

A Byte Source 

Stat Set 

B Word Source 

B Byte Source 

B Hi-Lo 

Next Address 

Branch 

A LOCAL STORAGE 

X3-------t MA = 56 71 B F 57 

YO-------I 

A-REG 
RA111-162 

A BYTE ASM 
BA021-028 

56 

xx 

71 BF 

xx 57 

B-LS AOOR 
ASSEMBLER 

o 0 -,- - - it -2---0 

B LOCAL STORAGE 

P-Reg bits 4-7 - 3 1 I--X3 -------1 MW = A6 05 BO 28 
4 1 

15-- - T 
LS C'trl Asm 
C2 bits 1-3 - 6 1 - Y6 -------1 

57 

57 

Cross and Gate 
Circuits 

(05) 

Z-REG 
AL114-147 

7 0 

LA121-126 

Shift and Gate 
Circuits , 

(28) 

ALU 2 

20 20 20 

B-REG 
RAl13-164 

I 
A6 I 05 

I 

B BYTE ASM 
BB112-123 

I 
Cross and Gate 
Circuits 

Shift and Gate 

Circuits 

I 
(28).-J 

ALU 3 

20 

I I 
I BO I 28 . 

I . 
I 

28 I 
I 

28 

I 

I 

54----..... 

C3 bit 4 

RM214-216 

55 ____ -I 

C3 bit 5 ----I 

RM214-216 

N2 bits 0-7 

C3 bits 0-3 

M2 

0 

2 
3 
4 
5 
6 0 
7 0 

RM031 

o 
M3 

o 
o 

__ 1 

o 
7 0 

RM041,043, 
044,052,215 
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Arithmetic-Word Example, Indirect-Byte Operation (Part 1 of 2) 

NEXT LABEL 

LDPPI AB,X,X 

Starting Values 

5=00 

P= 02 

L=70 

T=OA 

STAT 

Address of this word = 1 CFO 

Objectives 

STATEMENT 

LHI=LHIO,OE,YI.+TA+TB 

Exclusive OR the indirectly addressed byte of the V-register 
with the blocked A input to the ALUs. 

Gate the result to the indirectly addressed byte of the 
indirectly addressed word in local storage, as specified 
by the symbol LH 1_ 

Set a bit in T-high as specified by. bits 4,5 of the T-register. 
This is done for both executions of this arithmetic word. 

Increment T A and TB by 1 each time the word is executed. 

Description 

Test TA and TB for a value of 11. Condition is not met, 
the next control-word address is not set. N2,N3 are gated 
to M2,M3. 

Read the indirectly addressed word (general register 7) 
from A local storage. Gate to the A-register. Gate byte 
2 of the A-register to bytes 0-3 of the A byte assembler. 

Read the V-register from B local storage and gate to the 
B-register. Gate byte 2 of the B-register to bytes 2,3 of the 
B byte assembler. 

Perform the exclusive OR of the blocked A input and byte 
2 of the B source. Gate the result to bytes 0-3 of the 
Z-register. 

Set bit 2 of the T-register. 

Increment TA and TB by 1, TA and TB=11. 

Read the arithmetic-control word from control storage 
and place it in the C-register. 

Test TA and TB for a value of 11. Condition is met, set 
the next control-word address in the M-register. 

Gate the first execution resu It to byte 2 of general register 7. 

Perform the exclusive OR of the blocked A input and byte 3 
of the B sou rce. 

Gate the result to bytes 0-3 of the Z-register. 

Set bit 3 of the T-register. 

Increment TA and TB. After the second execution of 
th is word, the T -reg = 0011 0000. 

Branch to the next control word. 

Local-Storage Access 

A-Register 

A Byte Assembler 

B-Register 

B Byte Assembler 

ALU Output 

Z-Register 

M-Registers 

Select 

30 
I I I 
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o Time 1 Time 

o Time Delayed 1 Time Delayed 

60 90 120 150 180 
I I I I I I I I I I I I 1 I I I I 

Read GR 7, Read Y 

2973 A5 01 

A4A5 A5 A5 
,. 

32 F7 1239 

1212 

12 

Z=12 12 12 12 

M2=1C, M3=FO 

To ECCL Circuits 

Cycle Time = 202.5 ns 



Arithmetic-Word Example, Indirect -Byte Operation (Part 2 of 2) 

A-LS ADDR 
ASSEMBLER 

0 ___ 0 
1 ___ 0 

P-Reg bits 0-2 -- 2 0 

L-Reg bits 0-3 

3 0 
4 __ .9 
5 1 
6 
7 

LA015, 114, 115 

XO 

Y7 

A LOCAL STORAGE 

General Register 7= 
2973 A5 01 

A-REG 1 

RA111-162 29 I 
I . 

-

I 
73 1 A5 

! 

I A Source Ind ---n 
T-Reg bit 4, not bit 5~ Gate byte 2 to A Byte Asm 0-3 -- X 

C-REG 

0 1 
1.. ___ 0 

2 

CO 
~ ___ O 

4 
5 
6 
7 

0 

C1 4 

7 

0 

2 

C2 3 4--
1 

2.... __ 0 

6 0 
7 0 

0 0 
1 
2 0 
3 0 

C3 4 0 
5 
6-- 0 
7 0 

RC111-119 

Arithmetic Word 

Form (A=A/B) 

Operation (,OE,1 

A Source Word Address 

+TA 

Stat Set 

B Source Word Address 

+TB 

A HI LO (block) 

Next Address 

Branch (nonel 

BAOll 

A BYTE ASM 
BA021-028 A5 A5 A5 

B-LS ADDR 
ASSEMBLER 

0 __ --2 
1 0 

B LOCAL STORAGE 

P-Reg bits 4-7 ------1 2- - - 0 
3 ~---- X~b_------I 

LS Ctrl Asm C2 bits 1-3 

1 
1 01 
I 

4 0 
5 
6 
7 

1----- Y::;6-------1 

LA121-126 

B-REG 

Y=32F71239 -

I 1 
39 

T-Reg bit 5, not bit 7 _____ A Gate byte 2 to B Byte ~sm 3 -I -- X 
B Source Ind ~A 113-164 32 I F7 I 12 

(----""'" 

A5 

not Gate byte 1 to B Byte Asm 2 A B BYTE ASM I 
I 

12 

not Gate byte 0 to B Byte Asm 2fV Gate byte 2 to B Byte Asm 2- i I 

notGatebyte3toBByteAsm2 BB112-123 12 I 
I 

BA012 ~~I--~~--~ 

A input = 00 

Z-REG 
AL 117-147 

Arith A Dest -n 
T4,5=10 ~SetT -Reg bit 2 

A Source Ind ______ nA RT012 

C1 bit 4, not bit 5 - LJ 
ncrement T4,5 

RT015 

B Source Ind --------:& 
_____ --1 A. Increment T6,7 

C2 bit 4, not bit 5 . 

RT015 

ALU 2 

12 

A input = 00 

ALU 3 

12 12 12 

T REG 

Q... -_Q 
1 0 - ---

~2 __ .; 
3 0 - ---
4 1 
5 1 -----
6 1 

7 1 

RT012,013, 
RP014 

~st =ution of -

the arithmetic word. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
L-

N2 bits 0-7 

N3 bits 0-7 

Perform Exclusive OR operation 
with the blocked A input (00). 

M2 

0 0 
0 

2 0 
3 
4 
5 
6 0 
7 0 

RM031 

M3 

0 1 
1 1 

2 1 

3 1 
4 0 
5 0 
6 0 
7 0 

RM041,043, 
044,052,215 

r;:c:-:;-execution -:;--
-- ---

I 
the arithmetic word. 

M2 

0 0 

I 1 0 
2 0 

I 
N2 bits 0-7 ~ 

4 
5 

I 
6 0 
7 0 

I 
RM031 

I M3 

0 0 

I 
1 1 

C3 bits 0-5 
2 0 
3 0 

I 4 0 
!2.. __ .1.. 

I 
6 0 
7 0 

L 
RM041 ,043, 

------- 044,Q2l..215 

3145 TM 4-79 



Arithmetic-Word Example, Fullword Operation (Part 1 of 2) 

NEXT LABEL 

Starting Values 

P=02 

STAT 

124 

R-Reg = 1497 C5 A2 

Q-Reg = 20 EC 59 72 

Address of this word = 1C80 

Objectives 

STATEMENT 

R = R+Q8 

Add the low 8 bits of the O-register to the contents of the 
R -register. 

Gate the low 24 bits of the result to the R-register. 

Branch to the next control word. 

Description 

In the first half of the cycle, read out the R- and O-registers 
and gate them to the A- and B-registers. 

Gate the A-register to the A byte assembler. 

Gate bytes 2, 3 of the B-register to bytes 2, 3 of the B byte 
assembler. 

Gate byte 2 of the A byte assembler to ALU2. Gate byte 
3 of the A byte assembler to ALU 3_ Gate byte 3 of the B 
byte assembler to ALU3. The B input to ALU 2 is 00 
because the B-source gating specifies low 8 bits only. 

Perform the true ADD in both ALUs. Gate the ALU 3 
result to bytes 1 and 3 of the Z-register. Gate the ALU 2 
result to bytes 0 and 2 of the Z-register. 

Set the next control-word address in the M-register. 

In the second half of the cycle, gate bytes 0 and 1 of the 
B-register to bytes 2, 3 of the B byte assembler. Gate 
bytes 0 and 1 of the A-register to bytes 2, 3 of the A byte 
assembler. 

Gate byte 2 of the A byte assembler to ALU 2. Gate byte 3 
of the A byte assembler to A LU 3. 

The B inputs to both ALUs are 00 because of the B-source 
gating. 

Perform the true ADD in both ALUs. 

In the cycle following this control word, gate the ALU 3 
result to byte 1 of the Z-register. Gate the ALU 2 result to 
byte 0 of the Z-register. 

The Z-register is gated to the D-register through the SDBO 
assembler to both local storages. Only the low 24 bits of 
the result are stored in the R-register. Byte 0 of the R
register is not disturbed. 

Local-Storage Access 

A-Register 

A Byte Assembler 

B-Register 

B Byte Assembler 

ALU Output 

Z-Register 

M-Registers 

Select 

30 
I I I 

Microprogram Concepts 4-80 

o Time 1 Time 2Time 

o Time Delayed 1 Time Delayed 2 

60 90 120 150 180 210 240 
I I I I I I I I I I I I I I I I I I I I I 

Read R, Read Q 

1497C5A2 

1497 C5 A2 14971497 

20 EC 59 72 

5972 20 EC 

C614 1497 

Z=C6 14 C6 14 

M2= 1 C, M3=AC 

To ECCL Circuits 

Cycle Time = 247.5 ns 



Arithmetic-Word Example, Fullword Operation (Part 2 of 2) 

A·LS ADDR 
ASSEMBLER 

o 

A LOCAL STORAGE 
B·LS ADDR 

ASSEMBLER 

a 0 
~---o 
2- --0-

B LOCAL STORAGE 

A-REG 
RAlll-162 

P·Reg bits 4-7 ----I 
X2- R= 14 97 C5 A2 _ P·Reg bits 4·7 ----~ 3 1 !--X2-

4 0 

I 

I 

co 

C1 

C2 

C3 

LS Ctrl Asm C1 
bits 1·3 

C-REG 

0 
1 a 
2 1 
3 1 
4 a 
5 ci 
6 a 
7 a 
0 a 
1 1 
2 a 
3 __ ..1 
4 
5 __ ..J 
6 
7 a 
0 0 

2 
3 1 
4 0 
5 1 
6 --0 
7 0 

a 
1 0 
2 1 
3 a 
4 
5 1 
6 0 
7 a 

RC111·191 

Y5-

LA015,114,l15 

Arithmetic Word 

Form (B = A/B) 

Operation (Fullword +) 

A Source Word Address 

Gate 32 Bits 

Stat Set (124) 

B Source Word Address 

Gate Low 8 Bits 

No Shift 

Next Address 

No Branch Test 

A·REG 
RA111·162 

A BYTE ASM 
BA021-028 

14 97 

14 I 

: 97 

1-5 - - ,- Q=20 EC 59 72 

LS Ctrl Asm C2 ----I 6 1 f-Y7-
bits 1-3 7 1 

LA121-126 

C5 A2 

C5 A2 

B·REG 
RA 113-164 

1 
20 , EC 

I 

B BYTE ASM 
BBl12-123 

C2 bits 4,5 block the high 
24 bits of the B source. 

B inp t = 00 

I 

A BYTE AS 
BA021-028 I 

L_ 

59 72 

59 72 

I 

ALU 2 
L...... Carry = 1 
r-- - - - - - - ALU 3 

FIRST HALF CYCLE I 

I 
I I I 

Z-REG I I I 

ALl17-147 C6 I 14 , C6 I 14 , 
I • 

M 

I , I 
14 , 97 , C5 I A2 

I I I 

I 
I 

I' I I 
I I I 
I I I 

14 I 97 I 14 I 97 

l 

I 

I 

I 

I 

I 

I 

B-REG I I I 
20 I EC I 59 I 72 RA 113·1G4 I I I 

I 
I 

I 

B BYTE ASM I 

BB112-123 20 I EC I 

C2 bits 4,5 block the high I I 
24 bits of the B source. 

B input = 00 B input = 00 

Carry = a 
ALU 2 f4- - - - - --- ALU 3 

Z·REG 
AL 117-147 

I 
I 

14 I 97 
I 

I C6 

I 
I 
I 14 
I 

I SECOND HALF CYCLE L ___ ___ ___ _ __ 

N2 bits 0-7 

C3 bits 0-5 

M2 

a 
, 1 

a 
o 
a 2 

RM031 

M3 

0 
1 a 

-', 
2 
3 a 
4 

:I-!L --1-
6 a 
7 a 

RM041 ,043, 
044,052,215 
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Arithmetic-Word Example, Shift Operation (Part 1 of 2) 

NEXT LABEL 

LENGTH 0,1 

Starting Values 

P = 02 

T= FO 

R-Reg = 20 3C EE 33 

Objectives 

STAT 

Shift the R-register right four bits. 

STATEMENT 

RC=O+R (SR4,TH) 

Save the low-order bits shifted out, in the high four 

bits of the T-register. 

Shift the original high four bits of the T-register into the 
high four bits of the R-register_ 

Reset bit 3 of the S-register. 

Description 

Read the R-register from local-storage A and B into the 
A- and B-registers. 

Gate the A-register to the A byte assembler. Gate the low 
four bits of byte 1 of the B-register, to the high four bits of 
ALU 2. Gate bytes 2, 3 of the B-register to bytes 2, 3 of the 
B byte assembler. 

Gate the high four bits of byte 2 of the B byte assembler 
to the low four bits of ALU 2. 

Gate the low four bits of byte 2, and the high four bits of 
byte 3 of the B byte assembler, to ALU 3. 

Perform the ADD of the B inputs and the 00 A inputs in both 
ALUs. 

Gate the ALU 2 result to bytes 0, 2 of the Z-register. Gate 
the ALU 3 result to bytes 1,3 of the Z-register. 

Gate bytes 0, 1 of the B-register to bytes 2, 3 of the B byte 
assembler. 

Gate the high four bits of the T-register to the high four 
bits of ALU 2. Gate the high four bits of byte 2 of the 
B byte assembler to the low four bits of ALU 2. 

Gate the low four bits of byte 2, and the high four bits of 
byte 3 of the B byte assembler to ALU 3. 

Perform the ADD of the B inputs and the 00 A inputs in both 
ALUs. 

I n the cycle that follows, the ALU 2 result is gated to byte 0 
of the Z-register. The ALU 3 result is gated to byte 1 of the 
Z-re gi ster . 

30 , I I 

Local-Storage Access 

A-Register 

A Byte Assembler 

B-Register 

B Byte Assembler 

ALU Output 

Z-Register 

M-Registers 

Select 

Microprogram Concepts 4-82 

o Time 1 Time 

o Time Delayed 1 Time Delayed 

60 90 120 150 180 210 240 
I I I I I I I , , I I I I I I , I I I 1 J 

Read R 

20 3C EE 33 

20 3C EE 33 
-' 

2D 3C EE 33 

EE 33 2D 3C 

CE E3 F203 

Z=CE E3 CE E3 

M2=1C. M3-44 

To ECCL Circuits 

Cycle Time = 247.5 ns 



Arithmetic-Word Example, Shift Operation (Part 2 of 2) 

P-Reg bits 4-7 

LS Ctrl Asm C1 
bits 1-3 

co 

C1 

C2 

C3 

0 
1 
2 
3 
4 

5 
6 
7 
0 
1 
2 
3 
4 
5 
6 
7 

0 
1 
2 
3 
4 
5 
6 
7 

0 

2 
3 
4 
5 
6 
7 

C-REG 

1 
0 
1 
0 

- --0 

0 
0 
0 
0 
1 
0 
1 

--0 
0 
0 
0 

o 
1 

o 

o 

o 
o 
o 
1 

o 
o 

RClll-191 

A-LS AOOR A LOCAL STORAGE 

ASSEMBLER 

0 ___ 0 

1 0 
2 - --0 
3 X2 
4 0 

P-Reg bits 4-7 - R = 20 3C EE 33 II-
5 1 
6 0 Y5 LS Ctrl Asm C2 B 

7 

LAO 1 5, 114, 11 5 

Arithmetic Word 

Form (A = A/B) 

-

A 
R 

-REG 
Al11-162 

A BYTE ASM 
BA021-028 

Operation (Fullword +) 

A Source Word Address 

Block A Input 

Stat Set (no ne) 

B Source Word Address 

Gate 32 Bits 

Right Shift 4 bits, TH 

Next Address 

No Branch Test 

20 

20 

I . I 
I 3C I EE I 
I I I 

3C EE 

A I nput is blocked by 
C1 bits 4,5-00. 

33 

33 

B-LS AOOR B LOCAL STORAGE 

ASSEMBLER 

0 ___ 0 

--.2 
2 0 
3 X2 

4 __ ...9_ 
- R = 20 3C EE 33 ... 

5 1 
its 1-3 6 0 Y5 -

7 1 

LA121-126 

B-REG I I I I 
RA113-164 20 I 

3 : C 
I EE I 

I I I 

I 

I 
I 

I I 
E I E I 

I I 

I 
BB011 (Not) Second Pass G ate --x 

Z-REG 
AL117-147 

hif X Gate 8 S t Ckt 1 
-- BB111 --x 

ALU 2 

CE E3 CE 

33 

I 

3 I 3 
I 

..... 

ALU 3 

E3 

8 8YTE ASM 
B8112-123 

To THigh 

B-REG 
RA113-164 

From· T.High -

The results of the last ALU 
operations are not gated to 
bytes 0,1 of the Z-register 
until the next control-word 
cycle. 

Z-REG 
AL117-14 7 

ALU 2 

20 3C EE 

B BYTE ASM 
88112-123 

X- Gate B Shift Ckt Lx 

I 
8B111 I 

I I I 

I I I 

F2 I 03 I CE I 
I I 

I I I 

33 

C 

ALU 3 

E3 

The T-Register = FO at the start. 
The T-Register = 30 at the finish. M2 

o 
1 

2 

N2 bits 0-7 ____ ... 3 
4 

5 
6 
7 

o 

2 
C3 bits 0-5 ----- 3 

0 
0 
0 

1 
0 
0 

RM031 

M3 

0 
1 
0 

0 
4 0 
5 1 .----
6 0 
7 0 

RM041, 043, 044, 
052,215 

3145 TM 4-83 



Microprogram Reference Material 

Branch Symbols 

SYMBOL DEFINITION 

·0-------------------------------------- Insert a 0 in bit/bits of M3 
·1-------------------------------------- I nsert a 1 in bit/bits of M3 
BO-B7 ------------------------------ I nsert val ue of specified bit 
BH---------------------------c------ Insert a 1 if bits 0-3 of the branch 

source are not equal to zero 
BL---------------------------------- Insert a 1 if bits 4-7 of the branch 

source are not equal to zero 
IO----------------------------------- Force a return to I-Cycles 
!1------------------------------------ Force a return to I-Cycl es if no i nterru pt 

pending. 
M 6---------------------------------- I nsert val ue of M 6 after the address 

update 
M7 ---------------------------------- I nsert value of M7 after the address 

update 

NZ ------------------- -----~-------- I nsert a 1 if bits 0-7 of the branch 
source are not zero 

SO-S7------------------------------ Insert value of specified S-Register bit 
ZO------------------------------------ I nsert a 1 if S4 and S5 are both 1 
TH----------------------------------- Special case- this symbol causes bits 0 

and 1 of the T-Register to replace bits 
2 and 3 in M3 and causes a module
switch function to occur 

AB----------------------------------- Used in arithmetic words that are 
indirectly addressing byte facilities. If 
TA is decrementing, allow a branch to 
occur when TA=OO. If TA is increment
ing, allow a branch to occur when 
TA=11. If TB is decrementing, allow a 
branch to occur when TB=OO. If TB is 
incrementing, allow a branch to occur 
when TB=11. 

Stat Set Symbols 

SYMBOL 

S2 

S12 

S45 

SYMBOL 

Z6 

Z24 

124 

DEFINITION 

In a storage-word operation, S2 is set 
to 1 if the count field is not zero. If 
the count field is zero, S2 is set to O. 
In binary-byte operations, Sl is set to 
the value of the carry from the l-bit 
position. S2 is set to 1 if the result is 
not zero. 
In binary fullword operations, Sl is set 
to the value of the carry from the 1-
bit position of byte 0 of the result. S2 
is set to 1 if the result is not zero. 
In decimal operations, Sl is set to 1 if 
an invalid decimal digit is detected in 
either the A or B source. Sl is not 
changed if digits are valid. S2 is set to 
1 if the result is not zero. S2 is not 
changed if the result is zero. 
In arithmetic operations, S4 and S5 
are set in the following manner: 

S4=1 if bits 0-3 of Z-Bus=O 
S4=0 if bits 0-3 of Z-Bus not=O 
S5=1 if bits 4-7 of Z-Bus=O 
S5=0 if bits 4-7 of Z-Bus not=O 

In the storage-word operation, S4 and 
S5 are set in the manner described, 
except that the test is made on the 
low byte of the count field after the 
count update. 

DEFINITION 

This stat set causes S4 and S5 to be set 
in the same manner as the S45 stat set 
definition except that the setting of S4 
depends on the status of bits 0-5 of 
the result instead of bits 0-3. 
In the storage word, S4 and S5 are set 
by testing bits 0-5 and 4-7 of the low 
byte of the count field. 
In the fullword arithmetic operation, 
S2 is set to 1 if the low 24 bits of the 
result are not zero. If the low 24 bits 
are zero, S2 is not changed. S3 is set 
to the value of the carry-out of the 
bit 0 position of byte 1 of the result. 
Only the low 24 bits of the result are 
gated to the destination. 
Used in arithmetic operations to indicate 
that only the low 24 bits of the result 
will be gated to the destination. 
124 inhibits the setting of any S-bits 
even if they are designated to be set. 
If 124 is specified with an arithmetic 
shift operation the high four bits of the 
result are O's no matter what shift 
type is indicated. 

Microprogram Concepts 4-84 



Control-Word Bit Charts (Part 1) 

Bit Definition of the Branch and Module-Switch Word 

CO Cl C2 C3 

0 I 1 I 2 I 3 4 I 5 I 6 I 7 o I 1 I 2 I 3 I 4 I 5 6 I 7 o I 1 I 2 I 3 I 4 l 5 J 6 I 7 0 I 1 I 2 I 3 4 I 5 1 6 I 7 

Branch Source Branch 
Branch and Branch Source 

Module 
Next Address Branch Low 

Module Switch High Word Byte Dest Address 

0 0 0 0 0000=0 00=0 00"-- ~ 0000=-
0001=1 01=1 01 =(5=8ranch 50urce) 0001=1 
0010=51 10=2 1 0=(T=8ranch 50urce) 0010=ZO 
0011=50 11=3 11 =(L=8ranch Source) 0011=NZ 
0100=52 0100=S3 
0101=54 0101=55 
0110=S6 0110=57 
0111=8H 0111=BL 
1000=BO 1000=80 
1001=81 1001=81 
101O=B2 1010=B2 
1011=83 1011=83 
1100=84 1100=84 
1101=85 1101=85 
1110=86 1110=86 
1111=87 1111 =87 

Bit Definition of the Branch and Link or Return Word 

CO Cl C2 C3 

0 I 1 I 2 3 4 I 5 I 6 I 7 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 o I 1 I 2 I 3 I 4 I 5 I 6 I 7 0 I 1 I 2 I 3 4 5 I 6 I 7 

Branch 
Link Address 

and Link 
Link Branch LS K/Module 

Next Branch 

Rtn High or V X Spare Address Low 
or Return 

EXT 

0 0 1 0 O=link 0000=0 O=LS ............. ~ 0000=0 
1=rtn 0001=1 l=EXT 

BAL- If C3 bit 4=0, this field is set into the P-register. 0001=1 
0010=Sl If C3 bit 4=1, this field contains the Module 8AL l=MS 0010=ZO 
0011=50 address for M3. 0011=10 
0100=52 

RTN 0=---
0100=53 

0101"'S4 RTN-Anv bit in this field resets the corresponding bit 0101=55 
in the H-register 1=use NA 

0110=S6 0110=57 
0111=11 

3145 TM 4-85 



Control-Word Bit Charts (Part 2) 

Bit Definition of the Branch Word -

.CO C1 

0 I 1 I 2 I 3 4 I 5 I 6 I 7 0 I 1 I 2 I 3 I 4 I 5 

Branch Branch Source 
Branch 

--

High Word Byte 

0 0 0 1 0000=0 00=0 
0001=1 01=1 
0010=51 10=2 
0011=50 11=3 
0100=52 
0101=54 
0110=56 
0111=8H 
1000=80 
1001=81 
1010=82 
1011=83 
1100=84 
1101=85 
1110=86 
1111=87 

Bit Definition of the Word-Move (Version 0) 

CO C1 

o I 1 I 2 I 3 4 5 I 6 I 7 0 I 1 I 2 J 3 J 4 I 5 I 
Destination 

c 
0 Branch LS Word Move 'iii .. High Q) V X > or 

EXT 
....... 

o 0 1 1 0 000=0 0=L5 
001=1 1=EXT 
010=Sl 
011=SO 
100=S2 
101=S4 
110=S6 

Bit Definition of the Word-Move Word (Version 1) 

CO Cl 

o I 1 I 2 I 3 4 5 I 6 I 7 0 I 1 I 2 I 3 I 4 I 5 I 
SoJrce 

c 
0 Branch Word Move 'iii LS .. High Q) V X > or . 

EXT 
..... 

o 0 1 1 1 000=0 O=LS 
001=1 l=EXT 
010=Sl 
011=SO 
100=S2 
101=S4 
110=56 

C2 

6 I 7 0 1 2 I 3 4 I 5 I 6 I 7 

K SIR 
SIR K 

Hi-La Source 

00=M5 0=-- O=,OR, 00=85 

01=L l=DK 'l=,A, 01=S 
10=P 

10=H 11=GA 
11=5t 

14 -- -- - - - Module Address - - - - --- .... 

C2 

6 I 7 0 I 1 I 2 I 3 4 I 5 I 6 I 7 

Source 
Mask LS Note 1 

ELS 

,/' 

0=L5 
1=EL5 

C2 

6 I 7 o I 1 I 2 I 3 4 1 5 I 6 I 7 

Mask Destination Spare 

0 I 1 I 2 I 3 

Next Address 

o I 1 I 2 I 3 

Next Address 

0 I 1 I 2 I 3 

Next 
Address 

C3 

4 I 5 I 6 I 7 

Branch Low 

0000=0 
0001=1 
0010=20 
0011=N2 
0100=63 
0101=65 
0110=67 
0111=8L 
1000=80 
1001=81 
1010=82 
1011=83 
1100=84 
1101=85 
1110=86 
1111=87 

C3 

4 5 I 6 I 7 

Branch 
Low 

....... 
0=- 000=0 
1=Stop 011=1 

010=20 
011=--
100=S3 
101=S5 
110=S7 

C3 

4 5 I 6 I 7 

Branch 
Low 

...... 
0=- 000=0 
l=Stop 001=1 

010=20 
011=-
100=S3 
101=55 
110=57 

Microprogram Concepts 4-86 

Note 1. The source cannot specify an external register. 
SPTL, however, can be specified by C2, 80-3. 



Control-Word Bit Charts (Part 3) 

Bit definition of the Storage Word (Non-K-Addressable) 

CO Cl C2 C3 

0 I 1 2 I 3 I 4 5 I 6 I 7 0 I 1 I 2 I 3 4 I 5 6 I 7 0 I 1 I 2 I 3 4 I 5 6 I 7 0 I 1 I 2 I 3 4 1 5 I 6 I 7 

Storage Branch Data K or Stat 
Special \ Branch 

Word Subform High Register Inc/Dec Set Address Source Modes 
Stat 

Next Address Low 
Set 

0 1 OOO=Read Word 000=0 OO=K-Addr 00=- OO-CS 16 bit 00=- o~--- 000=0 
001 =Store Word 001=1 01=No Addr 01=S2 address 01=TA l=Dec Cnt 001=1 
010=Read Half Wd 010=Sl update 10=S45 01=MS 10=TB >Read 010=ZO 
011 =Store Half Wd 011=SO 10=+ 11=Z6 10=ADR ADJ 11=special 011 =SDC/VAL(O) 
100=Read Byte 100=52 11 =- 11=CPU prot 1'< 100=S3 
101=Store Byte 101=54 00=-- 101=S5 
110=RDWRL/RDMP 110=S6 01=TH > Store 110=S7 

111=M6 10=- 111 =M7 
100= Read Key 11= special 
101=Store Key 1.1 

5ubform for (special-
stat set 

Bit Definition of the Storage Word (K-Addressable) 
- -

CO Cl C2 C3 

o I 1 2 I 3 I 4 5 I 6 I 7 0 I 1 I 2 I 3 4 I 5 6 I 7 0 I 1 I 2 1 3 4 J 5 I 6 J 7 0 I 1 I 2 I 3 4 5 I 6 I 7 

Storage 
Subform 

Branch Data 
K Modes 

Address 
K Next Address 

Branch 
Word High Register 

KAddr 
Source low 

0 1 000= Read Word 000=0 /' 0=-- 000=0 
001=Store Word 001=1 001=1 
010= Read Half Wd 01O=Sl 010=ZO 
011 =$tore Half Wd 011=SO OO=MS (0 00 KK) 011 =--
100= Read Byte 100=S2 

01=CS (CM KK) 
100=S3 

101=Store Byte 101=S4 101=S5 
110=56 10=CS (FF KK) 110=S7 
111 =M6 11=CS (FK 8 bit Addr) 111=M7 

Bit Definition of the Arithmetic Word (Type 10 Byte Version) 

CO Cl C2 C3 

o I 1 2 I 3 4 I 5 I 6 I 7 a I 1 I 2 I 3 I 4 I 5 6 I 7 a I 1 I 2 I 3 I 4 I 5 6 I 7 a I 1 I 2 I 3 I 4 I 5 6 I 7 

Arith A Sour~e B Source A 
OP Form Operation Stat Next Address Branch 

Form Word Byte Set Word Byte Hi-Lo 

1 0 OO=A=A/K 0011=,OE, 00=0 00=-- 00=0 OO=block 00=-

01=Z=A/B 0100=+ 01=1 01=S12 01=1 01=L 01=S2,S3 

10=A=A/B 0101=+ (+1) 10=2 10=S45 10"'2 10=H 10=S4,S5 
11=8=A/8 011 Q=C + IRst SO) 11=3 11=Z6 11=3 11=St 11=$6,S7 

0111=,A, 
OO=Z=A/K 1000=,OR, 

1001=C + - (+C) 
1010=C ,D+-, I+C) 
1011=ABCK 
1100=-
1101=-(+1 ) 
111 O=C-(+l) (Set SO) 
1111=,A-. 

3145 TM 4-87 



Microprogram Concepts 4-88 

Control-Word Bit Charts (Part 4) 

Bit Definition of the Arithmetic Word (Type 10 Fullword Version) 

CO Cl C2 C3 

o I 1 2 I 3 4 I 5 I 6 I 7 0 1 1 J 2 J 3 I 4 I 5 6 I 7 o I 1 I 2 I 3 I 4 I 5 6 I 7 0 1 1 1 2 I 3 J 4 I 5 6 I 7 

Arith A Source B Source 
OP Form Operation Stat Shift Next Address Branch 
Form' A Input 

Set 
Word Word B Input 

1 0 OO=A=A/K OOOO=C + (Rst 50) OO=block 00=- 00=4 bits 00=- 00=--
01=2=A/B 0001=C - (+1) (5et 50) 01=16 bits 01=512 01=8 bits 01=(5R4,O) 01=52,53 
10=A=A/B 0010=C+-(+C) 10=24 bits 10=124 10=12 bits 10=(5R4,50) 10=54,55 
11=B=A/B 11=32 bits 11=224 11=32 bits 11=(5R4,TH) 11=56,57 

Bit Definition of the Arithmetic Word (Type 11) 

CO Cl C2 C3 

o I 1 2 I 3 4 5 I 6 I 7 0 I 1 J 2 I 3 J 4 I 5 6 I 7 o I 1 I 2 I 3 I 4 1 5 6 J 7 0 J 1 1 2J 3 J 4 I 5 6 I 7 

Arith A A Source 
Stat 

B Source B 
Op Form Op Next Address Branch Gating Set Hi-Lo 
Form Word Byte Word Byte 

1 1 OO=A=A/K 0= ,OE, ~ OOO=block 00=0 00=- 00=0 OO=block 00=--
01=L=A/B l=C + (Rst 50) 001=L 01=1 01=$12 01=1 01=L 01=52,53 
10=A=A/B 010=H 10=2 10=S45 10=2 10=H 10=S4,55 
11=B=A/B 011=St 11=3 11=26 11=3 11=5t 11=S6,S7 

100=X block 
101=XL 
110=XH 
111=X 

Bit Definition of the Arithmetic Word (Indirect Byte. Type 10 or 11) 

CO Cl C2 C3 

o I 1 2 1 3 I 4 I 5 I 6 1 7 0 1 1 1 2 1 3 1 4 J 5 6 I 7 o I 1 I 2 I 3 I 4 I 5 6 1 7 o I 1 I 2 I 3 I 4 I 5 6 I 7 

Arith ~ Operation A Source B Source AlB Stat Op Form or Next Address Branch 
Form Set Hi-Lo 

Op/AXHL Word Word 

10 or 11 Refer to bit definition Refer to bit definition Indirect byte addressing 00=- 00=- Indirect byte addressing 00=-- OO=block 00=--
for 10 or 11 word for 10 or 11 word is specified by the value 01=- 01=S12 is specified by the value 01=-- 01=L 01=52,53 

1010 10=+TA 10=S45 1010 10=+TB 10=H 10=S4,55 
1011 11=-TA 11=Z6 1011 11=-TB 11=5t 11=56,57 
1110 1110 
1111 1111 



Microprogram Temporary Fix Procedure 

PURPOSE: 
Provide the capability for making temporary fixes to the 370 
microprograms, stored in reloadable control storage. Macro 
program 3FD2 is used in conjunction with microprogrgms GGAD 
and G RST to accomplish this task. 3FD2·MPTF (card deck 
shipped with machine). GGAD* - contains diagnose instruction 
and patch routine. GRST* - system reset program checks to see if 
a patch is required. 

* - on IMPL DISK 

Card Coordinates 

To designate a patch required, 
move the jumper in row 5 
from R 0 to QP; th is makes 
TOD low bit 3 = 1 
Bits 4-7 are spares. 

\\-----......... RO Q P 

LL 5 
6 
7 

8 
9 

The BC module in control storage is reserved for microprogram 
patches. All patches to the microprogram should be made in this· 
area to prevent inadvertent overlay of existing control words. 

Patch example 
Control word at address C080 .is to be replaced with patch. 

ADDR 

C024 
C080 
C028 

WORD 

D66C7D80 
F56C7C9C 
C07600CO 

C02C C07CFOCO 

Store control word OOOOBCOO at address C080. 
This is a branch and module switch to the first 
word of the reserved patch area. 

Patch words have been loaded into the BC module by the patch program. 

BC Module 

ADDR 

BCOO 
BC04 
BC08 
BCOC 

WORD 

F56C7C04 
D6677D08 
843EFFOC 
0000C028 Branch and module switch to C028 to continue 

processing. 

Yes 

Reader Error 
Correct Error. 
Restart Procedure. 

Trouble traced to 
Microprogram. 
Patch required. 

I nformation is 
received from 
Area or Retain. 

Punch the Cards 
required. Alter 
the listings to 
reflect changes. 

Load reader with 
patch program 
(3FD2) followed 
by the patch cards. 

Operate the req uest 
key on the PR-KB. 
Patch cards are 
loaded. 

AAAA,WWWWWWWW 

PATCH PROGRAM 
3FD2 

---- AUTOMATIC ON POWER ON 

- - - AAAA is displayed 
in the A-register 
Display indicators. 

---

No 

--, -------

I nform operator of 
patch. Instruct 
when and how to 

run. 

System has stopped 
with AAAA display-
ed. The request key 
on the PR-KB causes 
an interrupt and 
results in the loading 
of the patch cards". 

The diagnose instruc-· 
tion in the patch 
program has the 
following condition 
code settings possible: 

CC-O Patch made 
correctly 

CC-1 Invalid control
storage address 

CC-2 Jumper not 
removed 

CC-3 Disabled 

Patch Cards - AAAA is the 16 BIT address in 
H EX where the control word is 
to be stored. WWWWWWWW 
is the hexidecimal representa
tion of the 32 B IT control 
word to be stored at the 
address specified in the card. 

First Card - D is the decimal number of 
control words to be changed. 
One control word per card, 
Up to 256 Patch cards may be 
loaded. 

EXAMPLE: Punch NOWORDS = 2 for a 
change of two (2) control 
words. Statement may be 
punched anywhere in the card; 
but with no intervening blanks. 

"CONTROL STORE PATCH ACCEPTED" 

NOTE: 
No more patches can be made 
until control storage is loaded 
again. Prevents control storage 
from being altered accidently. 
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INTRODUCTION 

The System/370 Model 145 Central Processing Unit (CPU) has 
indicators and manual controls that permit operation of the 

system and observation of the results of any operation. These 

I 
LAMP 

I TEST 

OFF 

D TEST 

I 

I CHAN TO CHAN ADPT I 

I 
1/0 j 

INTERFACE 

D ENABLE 

DISABLE 

1/0 
INFC 

8 
DSBLD 

CONSOLE FILE J 
REGISTER DISPLAY 

SHIFT DISK 
REG ADR 

D DISK D 
A[)R 

BYTE 
CMND CNTR 

~ ADDRESS j ~ INTERVAL I COMPARE 
TIMER 

CONTROL 

HARD NORMAL 

D 
STOP 

D SYNCI 
NORM 

DISABLE 
STOP 

indicators and controls are assembled on a panel that serves as 
both an operator's system control console and a maintenance 

control panel. 
System Control Panel 

SYSTEM CHECKS 

STaR STaR 
CLOCK OIAGN M REG BYTE CTRL STaR SEL 

800000000000000000 
I' PARITY CHECK = 'I 

CPU STATUS 
~R ~ 

EXE CaMP CLOCK STaR TRAP TRAP ECC EC 
AOR TOO 

CS X·LA TE CLOCK LOG sr.G 
CF 

pwn IMPL 

000066660800000000 
o CYCLE n 

SYSTEM CHECKS 

CYCLE ~UAD~~~LTATE ~ 

EMERGENCY 
PULL 

000008000000000000 
LI ________ ~~~C~O~N~S~O~LE~F~IL~E~------------~I LI ______ ~C~O~N=S~O~L~E~F~I~L~E~R~E~G~IS~T~E~R~S~ __________ ~I 

DISK CPU 

8~80000ot38666616666 

1 ~ ____________ ~II~ ____________ ~I 
I BYTE a I I BYTE 1 I I BYTE 2 II BYTE 3 I 

06666166660666616666 06666166660666616666 
1 ~----------~I~I ____________ ~I 

I BYTE 0 II BYTE 1 I I BYTE 2 I I BYTE 3 I 

86666166668666616666 cb 6666166660666616666 

Introduction 5-2 

DPLY ASMBLR OUT 

1 M REGISTER 
2 S D B 0 
3 CONTROL REGISTER 
4 MB2, MB3, N2, N3 
5 B REGISTER 
6 2 REGISTER 
7 D REGISTER 
8 MC REGISTER 

A REGISTER DISPLAY 

1 STORAGEIEXT REGS 
2 DOCUMENTARY CNSL 
3 S, P, T, L REGISTERS 
4 SYSTEM REGISTER 
5 CHAN INTERFACE 
6 CHAN WORD A 
7 CHAN WORD B 
8 CHAN WORD C 



ADDRESS COMPARE I 

AD'R "@AO""" II 

LOGICAL 

L!= I COUNTER. 0 · 1/0 REAL 
ADR 

CTRL WORD ADR • . • I COU;HEfl il 
CTRLWORD • .DATA COMP T~ 
ADR TRAP • 

D 
D 

o I "'''CAY I B 

STORAGE SELECT 
MAIN STORAGE 

)f :::"::@(Q).C:N;;;;~S::RAGE 
REG CHAN 2 • EXP LOCAL 

II 

STOR REGS 

CHAN 3. • 
~======= CHAN 4 

RATE 

PROCESS 

~~~~RUCTIO@C9J. ;j':~~~;;;LE 

O · CONSOLE FILE 
BYTE COUNT 
HARD STOP 

CHECK CONTROL 

HO' 'm"co~o "m' 

"''''''.~ .""0 HO' 

r-:::l 
~ 

DIAGNOSTICICONSOLE FILE CONTROL 

PROCESS/lMPl 

II SCA(Q)N.. READ II 
STOlL LOAD. 0 .RECYCLE CONSOLE 

SWS A·H FILE 

EXE CTRL WORD. • CE MODE ~ 
SWS A-H 

I TOD ClK I 

D• SECURE 

• ENABLE 
SET 

r-:::l 
~ 

MAIN STORAGE ADDRESS 

CONTROL STORAGE ADDRESS 

CONSOLE FILE ADDRESS CONSOLE FILE BYTE COUNT WORD ADDRESS BYTE/XLATE REGS 

STOREIDISPLAY ADDRESS 

I "'mT I BG SYS MAN WAIT TEST lOAD 

00000 
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FIXED INDICATORS 

LOGIC PAGE REFERENCE CHART 

SYSTEM CH ECKS 
CPU STATUS 
CONSOLE FILE 
CONSOLE FILE REGISTERS 

POWER 
ON 

YE280 

IND 
NAME 

00000 
SYS MAN WAIT TEST LOAD 

DRIVER PL132 PL132 PL132 PL132 PL132 

SOURCE PM021 KM024 KM024 PM021 RS013 

Fixed Indicators 5-4 

~ ______________________________ ~S~Y~S~T~E~M ____ C __ H_E_C_K~S ____________________________________ ~I ~I ________________________________ ~S~Y~S~T~E~M~ __ ~C~H~E~C~K~S~ __________________________________ JI 

00 00 00000000 00000000000000000000000 
STOR STOR 

'" 
ECC • rADDR X-LATE, 

IND DIAGN BYTE CTRL STOR 
I 

CPU RETRY CLOCK M REG SAR SEL 
NAME SDBI SDBO MARKS LINES HOW DBL BIT BUSY CYCLE LRU MULTI NO 

SYNC STOP PROT I CHAN POWER THERM 
CDMP I HOW INVALI[ MATCH MATCH PARITY CHECK 

DRIVER PL142 PL152 PL142 PL 142 PL141 PL142 PL142 PL142 PL142 PL151 PL142 PL142 PL151 PL151 PL151 PL151 PL152 PL15l PL151 YD6l2 Y06l2 

SOURCE REOll RS011 RE045 KF025 RE046 rlE041 RE04l RE04l ,RE04l RE051 RE043 GAll1 RE051 RE05l RE051 RE051 RE044 RE044 RE044 Y0721 YD721 

CPU STATUS II CONSOLE FILE II CONSOLE FILE REGISTERS I 

00000000000000000000 0000000000000000 
ADR 

CLOCK STOR TRAP TRAP SNG ADR TOO SNG CF DISK CPU 
IND EXE CS COMP 1 1 2 ECC EC LOG ECC PWR IMPL CMND BYTE CLOCK CNTR 

NAME CPLT MATCH 
STOP • CORR I SHARE • ADR X-LATE CLOCK ADR 

CYCLE THLO MODE MODE INVLD PRES ON REQD OATA REG REG CNTR PAUSE START MATCH P 0 1 2 3 4 5 6 7 

DRIVER PL141 PL141 PL141 PL141 PL141 PL152 PL161 PL152 PL152 PL161 PL141 PL152 PL152 PL151 PL141 PL151 PL141 PL141 PL161 PL161 PU6l PL161 PL161 PU61 PU6l PL162 PL162 PL162 PL162 PL162 PL162 PL162 PL162 PL162 

SOURCE KM024 KM024 PM021 PM022 KM024 KM024 RE053 RU054 JG032 RE062 REOll RE053 RM074 CT112 RSOll RE051 KF042 RS013 KF042 KF036 KF036 KF071 KF022 KF022 KF071 KF035 KF072 KF072 KF072 KFon KF072 KF072 KF072 KF072 



SYSTEM INDICATORS 

Power On 

The power-on key is backlighted by a two-color indicator. A 
red indicator lights five seconds after pressing of the key. 
When the power-up cycle is complete, the red indicator 
changes to white. 

SYS (System) 

Indicates that one of the two CPU use-meters is running. 

MAN (Manual) 

Indicates that the CPU clock is stopped or that a word-move 
STOP word is being executed. Several of the manual console 
controls are operative only when this indicator is on. (Note: 
If the CPU clock is stopped between the first and second cycles 
of a storage word or after a trap-1 cycle or a trap-2 cycle of a 
trapping sequence, the manual indicator is off. If the clock is 
stopped, the clock stop indicator will be on. 

Wait 

Indicates that the CPU clock is running but that program 
instruction processing is not occurring. The current PSW has 
the wait bit on. If an interrupt occurs (and is allowed, such 
as an I/O interrupt), processing is initiated as required by the 
program and WAIT turns off. 

Test 

Indicates that one or more of the following switches are not in 
the PROCESS or NORMAL position: 

1. Address compare control toggle 

2. Rate 

3. Check control 

4. Diagnostic/console file control 

5. CE meter key 

Load 

This indicator is turned on when system register byte 2 bit 4 is 
set by the system-reset routine (GRST). The indicator and the 
system register are reset by the GMMS microroutine after 
successfu I comp letion of the I P L. 

SYSTEM CHECKS 

CPU 
(MCKB byte 1, bit 7) 

I ndicates that a machine error has occurred and that a bit has 
been set ON in the machine-check registers (MCKA-MCKB). To 
determine the kind of error, display MCKA in the upper roller 
position 8, and MCKB in the system check indicators. (Note: 
MCKB byte 2, bits 1, 6, 7 and byte 3, bits 0-7 are not error 
conditions and are not displayed directly on the console. To 
investigate these bits manually, display external storage word 06.) 

Retry 

Indicates that the retry microroutine (GHRT) has determined that 
a machine-check error is either uncorrectable or unretryable. A 
branch to the hard machine-check routine (GHEC) takes place 

and RETRY is set ON along with system register byte 0 bit 1 and 
a word-move STOP is executed. 

CLOCK SYNC 
(MCKB byte 0 bits 6, 7) 

This indicator turns on if any of the system clocks located on each 
of the logic boards is out of synchronism with the rest of the system 
clocks. The check is made at 135 to 180 to ensure that' 1 Ti me 
Delay' is active and that '0 Time is not active. ('0 Time' is actually 
delayed 16 ns before being checked.) 

DIAGN STOP (Diagnostic Stop) 

This indicator is controlled by the diagnostic and system-reset 
microprograms. The indicator is turned on by a nonzero ALU 
output if the following conditions exist. 

1. System is in diagnostic mode, 

2. DIAGO, Bit 0-1, and 

3. S12 or Z24 STAT SET is specified in the microword. 

DIAGN STOP also turns on if a three-bit compare error is 
detected when the console file is executing a compare-type com
mand. The console file ANDs each of the following checks with 
a specific file command to turn on the indicator: 

1. C-register parity. 

2. S-register Dup check. 

3. M-register compare. 

4. ALU logical check. 

M-REG COMP 
(MCKB byte 1 bits 0, 1,2,3) 

Indicates a parity error in the control lines to the M- and 
N-Registers. See M-Register Dup Check in Chapter 13. 

SAR Parity Check (Storage Address Register) 
(MCKB byte 0 bit 0) 

Indicates an error on the address lines from the M-register to 
storage. The check is performed on the output of the storage 
address register. 

SDBI Parity Check (Storage Data Bus In) 
(MCKB byte 0 bit 1) 

Indicates a parity error detected on data issued to storage 
during a store operation. The data check is performed in the 
parity-out generator. 

SDBO Parity Check (Storage Data Bus-Out) 
(MCKB byte 0 bit 2) 

Indicates a parity error detected on data fetched from storage 
(storage data bus-out). 

Star Byte Marks Parity Check (Storage Byte Marks) 
(MC KB byte 0 bit 3) 

Indicates an error detected (during a store operation) on the 
four byte-store lines to storage. 

Star Ctrl Lines Parity Check (Storage Control Lines) 
(MCKB byte 2 bit 2) 
Indicates that the generated parity bit does not compare with the 
instruction parity bit gated from the CP.U. 

Star Prot Parity Check (Storage Protect) 
(MCKB byte 0 bit 5) 

I ndicates that a storage-protect key with incorrect parity has 
been accessed from the storage-protect stack. The error can 
occur only on a storage 2 cycle to main storage. 

Sel Chan (Selector Channel) 

Indicates detection of one or more of the following checks in a 
selector channel: 

1. Channel data check. 

2. Channel control check. 

3. Interface control check. 

To determine which channel caused the error, display upper 

roller position 1 (byte 1 bit 0-3). To define which kind of error 
occurred, set STORAGE SELECT to the failing channel and 
set the lower roller to position 6 (byte 1 bit 4-6)_ 

ECC Hdw (Hardware) 
(MCKB byte 2, bit 4) 

Indicates a logical error in either the read or write generator. The 
check is performed only during the read cycle of a storage operation. 

ECC DBL Bit (Double Bit) 
(MC KB byte 2 bit 5) 

Indicates a double-bit data error detected by the ECC logic, a 
double-bit error in the check bit logic, or a double-bit error 
involving a data bit and a check bit. 

ECC Busy 

(MC KB byte 2 bit 3) 

Indicates that the storage ECC logic received a select but did not 
cycle. 

I-Cycle Hdw 
(MCKB byte 2 bit 0) 

Indicates that a parity-check error in I BFR 0, I BFR 1, Op 
Regs, IMM byte Regs, or that an ALU half sum error, has 
occurred. To determine which error has occurred, display EXP 
LS 56 bytes 2 and 3. (For bit definition, see EXP LS map in 
Chapter 2). 

ADR X-Late LRU Inval (Address Translate LRU 
Invalid) 
(MCKB byte 1 bit 6) 

Indicates that the LR U array has degraded (because of hardware 
failures) to a point where the LRU does not function. It also 
turns on when the LRU address indicated by an invalid LRU 
position is accessed again. 

Adr X-Late Mult Match (Address Translate Multiple 
Match) 
(MCKB byte 1 bit 5) 

I ndicates that the array of real addresses had more than one 
match with the logical address used as its source. (The input 
matches more than one output.) 

Adr X-Late No Match (Address Translate No Match) 
(MCKB byte 1 bit 4) 

I ndicates that the array of real addresses does not match the 
logical address that was used as its source. (The input does not 
match the value in the address-array registers.) 

Power 

This indicator turns on whenever any of the following conditions 
exist in any frame. 

1. Power incomplete to the system. 

2. CB trip. 

3. Open thermal. 

4. MG check. 

5. CE2 switch set to ERROR OVERRIDE. 

6. CE5 switch set to either I/O HOLD or I/O OFF. 

TH ERM (Thermal) 

Indicates that an overtemperature switch has opened. A power
off sequence is initiated, and the power check indicator is 
turned on. The THERM indicator stays lit until the over
temperature condition no longer exists. 
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CPU STATUS 

CLOCK STaR TRAP TRAP 

0066660 
n CYCLE n 

EXE CPL T (Execution Complete) 

Indicates that a CPU stopped state (STOP word recycling) was 
reached as a resu It of: 

1. Pressing STOP. 

2. I nstruction-step mode. 

3. Obtaining a match with the address-compare control 
switch in stop-mode operation. 

EXE CPL T turns off when START is pressed. 

ADR COMP MATCH (Address Compare) 

The signal that turns on this indicator also provides a 
sync pulse. The signal activates when a compare address from 
switches CDEFGH (or EFGH for control storage) matches the 

contents of the M-register for an address in control or 

main storage_ 

Clock Stop 

I ndicates that the CPU is in a hard stop. 

Carr Cycle (Correction Cycle) 

I ndicates that the CPU is performing a dummy cycle because of 
an ECC check in control storage_ 

Stor-' Cycle (Storage-' Cycle) 

I ndicates that the CPU clock is stopped between the first and 
second cycles of a storage word_ Manual operations using the 
store or display keys are not allowed when STOR 1 CYCLE is on. 

Trap-' Cycle 

I nd icates that the CPU clock is stopped between the first and 
second cycles of a trap sequence. Manual operations using the 
store or display keys are not allowed when TRAP l' CYCLE is on. 
If a trap occurs during execution of a control word, the M
register is set to the trap address value. The N-register is not 
changed_ 

Trap-2 Cycle 

I ndicates that the first word of a trap routine has been executed. 

I-Cycle 

Indicates that hardware I-cycles are in use (DFXX). 

Share Cycle 

Indicates that the CPU is servicing a selector-channel share 
cycle. The indicator is on from the beginn ing of SHAR E-1 
through the end of SHARE-2. To determine which channel, 
display upper roller position 1 (byte 1, bit 0-3). 

SNG ECC TH LD (Single ECC Threshold) 

I ndicates that single ECC checks are occurring 3% of the time, 
while control storage is being accessed. 

CS ADR (Control-Storage Address) 

Indicates that control storage is being accessed. The actual 
address in M2 and M3 registers. 

Addr X-Late Mode {Address Translate ModtiJ 

Indicates that LEX (local execute) mode is set (EXP LS 
location 53 byte 1, bit 3) for OS/DOS compatibility_ 

TOO Clock Invld (Time-of-Day Clock Invalid) 

Indicates that the TOO clock has stopped or missed a time 
increment. The i'1dicator is turned off when a set clock 
instruction causes the clock to be set_ 

LOG Pres (Present) 

Indicates that a log is present in the log area of main storage 
(location 232-511). Run SEREP to obtain edited printout. 

SNG ECC (Single ECC) 

Indicates that one of the 72 bits from storage has been corrected. 
This could have been one of eight check bits or one of 64 data 
bits (active on Iy when in record or threshold mode). 

CF PWR On (Console-File Power On) 

Indicates that power is applied to the console file. (Except 
when DIAGNOSTIC/CONSOLE FI LE CONTROL is in CE 
mode.) 

IMPL Reqd (lMPL Required) 

I ndicates that control storage may have to be reloaded because 
the system-reset routine did not go to successful completion. The 
indicator is turned on early in the system-reset routine, and 
turned off after successful completion of the internal diagnostic. 
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CONSOLE FILE 

0000666 
/llj)i<-

,\ 

Data 

The four conditions that can turn on this indicator are: 

1. Failure to find both start bit and data latch on in a byte. 

2. Odd/even byte-count check. 

3. An even number of bits in the console-file shift register. 

4. A data bit was read when not expected. 

Cmnd Reg (Command Register) 

Indicates that incorrect parity was detected in the console
file command register. 

Disk Adr Reg (Disk Address Register) 

I ndicates incorrect parity in the console-file disk-address 
register. 

Byte Cntr (Byte Counter) 

I ndicates that the console file tried to read beyond the end of a 
sector. 

Pause 

Indicates that a file-pause operation did not end before the 
next command byte was read. 

CPU Clock Start 

I ndicates that the CPU clock failed to start when instructed by 
the console file. 

Cntr Match (Counter Match) 

I ndicates a match between the value set into switches C and 0 
and the byte counter. The sector address is set into switches 

A and B. 

CONSOLE-FI LE REGISTERS 

I ndicate the bit values contained in either the console-file 
disk-address register, the console-file command register, the 
console-file shift register, or the console-file byte counter. 
The display is controlled by the console-file register-display 
toggle switches. See "CONSOLE FILE REGISTER DISPLAY" 
toggle switch. 

Note: The shift register is displayed through the command 
register. Always display the command register first or command 
data will be lost. 
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ROLLER INDICATORS 

DPL Y ASMBLR OUT (DISPLAY ASSEMBLER)-UPPER ROLLER 

Displays major machine registers in thirty-six console indicators_ 

The register displayed is gated to the indicators by the roller switch setting. 

CPU clocks must be stopped for indicators to be valid. 

The storage select switch must be in the main-storage position to display 

positions 4 and 8. 

The storage-protect stack is displayed only if a storage word is executed 
from the switches, or the OK (displayed key) is initiated on the console 

writer. 

Logic Page Reference Chart 

DPLY ASMBLR OUT 

1 M REGISTER 
2 SDBO 

3 CONTROL REGISTER 
4 MB2, MB3, N2, N3 
5 B REGISTER 
6 Z REGISTER 
7 D REGISTER 

8 MC REGISTER 

Roller Adapters 5-8 

~ ________________ B_Y_T_E_O ________________ ~I 1~ ________________ B_YT_E_l ________________ ~1 ~I _________________ B_y_TE_2 ________________ ~1 1~ ________________ B_Y_TE_3 ________________ ~ 

p 0 2 3 4 5 6 7 P 0 2 3 4 5 6 7 P 0 2::! 4 5 6 7 P 0 2 3 4 5 6 7 

000000000000000000000000000000000000 

Position 1. M Register 

STO~ STORAGE PROTECT STACK SE~ SELECTOR CHANNEL M REG> BYTE 1 (P & 4·7) M\ M-REGISTER BYTE 2 I P I M-REGISTER BYTE 3 
PROT> STORAGE KEY FETCH REFER CHNG 

CHAN;4 
SAR REG/ STOR 1 CYCLE OFF~M-REG = NEXT MICRO INSTR ADR; STOR 1 CYCLE ON-.M-REG = DATA ADR 

STK/I 8 I 4 . I 2 I 1 PROT BIT BIT 1 2 3 4 17 16 15 14 SAR > 13 12 11 10 9 8 7 6 I P I ·5 4 3 2 1 U-l BYTE SELECT 
MS201 I MS201 I MS201 I MS201 I MS201 MS201 MS201 MS201 MC017 GAlll GA111 GAlll GA 111 MC017 I MC017 I MC0171 MC017 RM0331RM031I RM031 I RM031 I RM031 I RM0321 RM0321 RM0321 R0032 I RM041/ RM0431 RM044/ RM043/ RM044/ RM215/ RM215/ RM052/ RM052 

Note: Parity bit is only associated with M-Reg bit 4-7. 

Position 2. SDBO 

\ STORAGE DATA BUSOUT BYTEO I P I STORAGE DATA BUS OUT BYTE 1 P I STORAGE DATA BUS OUT BYTE 2 I p I STORAGE DATA BUS OUT BYTE 3 

SOB; NO"fE: 
IF ClK STOP·NORMAL MODE SDBO = lAST CTRL WD EXE OR DATA ACCESSED FROM STOR FOR WD TYPES 4-7 

IF STaR/DISPLAY-MANUAL MODE SDBO DATA ACCESSED FROM MAIN OR CONTROL STORAGE 
RCl131 KC1231 RC1231 RC1431 RC153 I RC1631 RC1731 RC183 I RC193 I RCl131 RC123 I RC1331 RX1431 RC1531 RC1631 RC1731 RC183\ RC193 RCl13 I RC123 I RC1331 RC1431 RC153 I RC1631 RC1731 RC1831 RC193 I RC1131 RC123 I RC1331 RC1431 RC1531 RC163 I RC1731 RC1831 RC193 



Position 3. Control Register 

C \ MICROPROGRAM CONTROL REG BYTE 0 P P MICROPROGRAM CONTROL REG BYTE 2 1 P I M'ICROPROGRAM CONTROL REG BYTE 3 

REG) 
WORD TYPE MICROPROGRAM CONTROL REG BYTE 1 IF STOR 1 CYCLE OFF C REG = NEXT CONTROL WORD 

0 1 2 3 NOTE: IF STOR 1 CYCLE ON C REG = CURRENT CONTROL WORD 
RC111 IRC12l I RC13l I RC141 I RC1511 RC161 I RC17l I RC18l I RC19l RClll RC13l I RC131 I RC141 I RC151 I RC161 I RC171 JAC181 I RC191 RC111 RC1211 RC131 I RC141 I RC151 I RC161 I RC171 I RC181 I RC191 I RC111 I RC121 I RC131 I RC141 I RC151 I RC1611 RC171 I RC181 I RC191 

Position 4. MB 2, MB 3, N2, N3 

MB\ STORAGE BACKUP ADR REG BYTE 2 I P I STORAGE BACKUP ADR REG BYTE 3 \ NEXT CONTROL WORD ADR REG BYTE 2 I P I NEXT CONTROL WORD ADR REG BYTE 3 

REG) 
IF NOT IN STOR t CYCLE MB REG = ADDRESS OF LAST CONTROL WORD EXECUTED R~) I F TRAP 1 CYCLE OFF N REG = NEXT CONTROL WORD ADDRESS 

NOTE: IF IN STOR 2 CYCLE (AFTER STOR 1 CYCLE ON) MB REG = BYTE 2 and 3 OF DATA ADDRESS NOTE: IF TRAP 1 CYCLE ON N REG = LINK ADDRESS FOR TRAP 
RM035 IRM0351 RM035 I RM035 I RM036 IRM0351RM0351 RM0351 RM0351 RM0731RM073 IRM073 IRM0731RM0731 RM0511RM051 I RM052 I RM052 RM033 IRM0331 RM033 I RM033 I RM034 I RM0341RM0341 RM034 IRM0341RM0451 RM045 I RM045 I RM04'5IRM0451 RM051 I RM051 I RM0521 RM052 

Position 5. B-Register 

B \ B REGISTER BYTE 0 P B REGISTER BYTE 1 P B REGISTER BYTE 2 1 P I B REGISTER BYTE 3 

REG) B-REGISTER BYTES 0-1 = INPUT TO Z REG BYTES 0-1 
NOTE: B·REGISTER BYTES 0-3 = B SOURCE INPUT TO ALU!OUTPUT FROM B LOCAL STORAGE 

RAl131RA1131RAl131RAl141 RA1141RAl141RA1231RA1231 RA123 RA124 RA1241 RA142 I RA1331 RA1331 RA1331 RA1341 RA1341 RA134 RA143 RA1431 RA1431 RA1441 RA1441 RA1441 RA1531RA153 IRA1531RA1541 RA1541 RA1541 RA1631 RA1631 RA1631RA164I TA1641 RA164 

Position 6. Z-Register 

Z\ Z REGISTER BYTE 0 P Z REGISTER BYTE 1 P Z REGISTER BYTE 2 1 P 1 Z REGISTER BYTE 3 

REG) 
Z-REG BYTES 0-3 = OUTPUT OF ALU IN PRESENT CYCLE 

NOTE: Z-REG BYTES 0-3 = INPUT TO SPTL REGS AND DREG 
AL147 IAL 1441 AL 1441 AL 1441 AL144 IAL134 1 AL134 1 AL134 1 AL134 AL127 AL124 IAL124 IAL1241AL124 1 AL114 IAL1141AL114 IAL114 AL137 AL1441 AL1441 AL1441 AL1441 AL1341 AL134 1 AL1341 AL134 1 AL1171 AL1241 AL 1241 AL 1241 AL 1241 AL 1141 AL 1141 AL1141 AL114 

Position 7. D-Register 

D\ D REGISTER BYTE 0 P D REGISTER BYTE 1 P D REGISTER BYTE 2 I P I D REGISTER BYTE 3 

REG) NOTE: D REGISTER BYTES 0-3 = OUTPUT FROM Z REGISTER IN LSST CYCLE 

RAl151RA1151 RAl151 RAl151 RA1161RAll6 IRA1251RA1251RA125 RA125 RA 1261 RA1261 RA1351 RA 135 IRA 1351RA 1351 RA136 I RA 136 RA145 RA 1451 RA 1451 RA 1451 RA 1461 RA 1461 RA 1551 RA 1551 RA 1551 RA 1551 RA 1561RA 1561 RA 1651 RA 1651 RA 1651 RA 1651 RA 1661 RA 166 

Position 8. MC Register (MCKA External Address 06) 

MCKj LSA LS B LSA LS B DEST LAA,B LS C ACB COMP H P T L ALU 2 ALU 2 B A B Z D EXT EXT TXT EXT INTV S 
SORC SORC DEST DEST BYTE DEST CTRL REG P REG LS FLUSH REG REG REG REG P HALF HALF ALU REG REG REG REG REG P DEST ESDT SORC CTRL TIMER REG TOD CS 
ADR ADR ADR ADR CTRL ADR ASM PTY PTY COMP THRU PTY PTY PTY PTY SUM SUM LOGL SHIFT SHIFT SHIFT PTY PTY X Y Y AMS PTY DUP CLOCK ADR 

RE022 RE021 RE021 RE021 RE021 REon RE021 RE021 RE021 RE022 RE023 RE023 RE023 RE023 RE024 RE024 RE024 RE036 RE031 RE031 RE032 RE031 RE033 RE033 RE033 RE033 RE036 RE035 RE035 RE035 RE035 RE034 RE034 RE034 RE034 
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Display Assembler Out Data Flow 

STG PROT 

~S201 3 

B 23 

I 
M Bfr 

1 I 2 I 3 

RMOxx Roller Sw Pas 2 

Selr 1 Gate 
Selr 2 Gate 
Selr 3 Gate 
Selr 4 Gate 

Roller Sw Pas 1 X 

I 
36 

0 

o 

SDBO 

2 

SQ9xx 

B 
Pre Asm 

Roller Sw Pas 2 X 

o Reg 

3 o I 1 2 
1

3 

RMOxx 

~ __ .X __ 
Roller Sw Pas 7 

SOBO Asm 

o 2 3 

RC1x4 

0 

Roller Sw Pas 3 

Ext Bus In 

o 2 3 

RC211· Roller Sw Pas 2 or 7 

_____ X_36 ___ _ 

0 

0 

Roller Adapters 5-10 

C Reg 

~ ~ \1 2 I 3 2 3 2 3 

RC1xl RMOxx RMOxx REOxx 

B Reg 

01 2 1 3 

RA1xx 

Z Reg 

o \ 2 I 3 

ALxxx 

18 18 

X Roller Sw Pas 8 

i 
I 

Roller Sw Pas 4 X x 36 

Ext Asm 

o 2 3 

BElxx 

Roller Sw Pas 4 or 8 X 

I X 

I 
36 36 

X 

I 
Roller Sw Pas 5 

36 

X Roller Sw Pas 6 

I 
36 

Notes 
Oply Asmbler 

1. Storage-protect stack is displayed only if a 
2 3 storage word is executed from the switches, 

or the OK (display key) is initiated on the 
PBxxx console printer keyboard. 

2. STORAGE SE LECT must not be in the Ext 
Regs position to display roller positions 4 

Indicators and 8. 

3 3. Indicators are meaningful only if CPU clock is 

PL xxx 
stopped. 



REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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A-REGISTER DISPLAY-LOWER ROLLER 

Continually displays the contents of the A-Register. 

When the CPU clock is stopped, data can be gated to the 
A-Register for display. 

The data to be displayed in the A-Register is gated by the 
roller switch, the storage select switch, and the store/display 
address switches. 

Logic Page Reference Chart 

Notes: 
1 Line 1 = A-Register 

Line 2 = Local Storage 
Line 3 = Expanded local storage 
Line 4 = External assembler 

2 Linel=IFA 
Line 2 = Selector channel 
Line 3:::;; Multiplexer channel 

3 Linel=IFA 
Line 2 = Selector channel 

4 Selector Channell is shown· 
Channel 2 use G F-GG logics 
Channel 3 use GK-GL logics 
Channel 4 use GP-GQ logics 

A-R EGISTER DISPLAY 

1 STORAGE/EXT REGS 
2 DOCUMENTARY CNSL 
3 S, P, T, L, REGISTERS 
4 SYSTEM REGISTER 
5 CHAN INTERFACE 
6 CHAN WORD A 
7 CHAN WORD B 
8 CHAN WORD C 

Roller Adapters 5-12 

~ _________________ B_Y_T_E_O ____ ~ __________ ~II~ __________________ B_Y_T_E_l ________________ ~1 ~I __________________ B_Y_TE_2 __________________ ~I~1 __________________ B_Y_T_E_3 ________________ ~ 

000008000000008000000008000000008000 

Position 1. Storage/Ext Regs (See Note 1) 

A\ A REGISTER BYTE 0 P A REGISTER BYTE 1 P A REGISTER BYTE 2 P A tit:l:l I:"> ~R RYTE 3 

REG) INSTRUCTION COUNTER DISPLAY 
IF CLOCK STOPPED NORMAL MODE A-REG = SOURCE INPUT TO ALU 

NOTE: IF STORE/DISPLAY MANUAL MODE A-REG = EXT DATA/EXPANDED OR LOCAL STOR REGS 
RA 111 RA111 RA 111 RAl12 RAl12 RAl12 RA121 RA121 RA121 RA122 RA122 RAl22 RA131 RA131 RA131 RA132 RA132 RA132 RA141 RA141 RA141 RA142 RA142 RA142 RA151 RA151 RA 151 RA152 RA152 RA152 RA 161 RA161 RA161 RA162 RA162 RA162 
LA312 LA312 LA313 LA313 LA314 LA314 LA315 LA315 LA316 LA312 LA312 LA313 LA313 LA314 LA314 LA315 LA315 LA316 LA322 LA322 LA323 LA323 LA324 LA324 LA325 LA325 LA326 LA322 LA322 LA323 LA323 LA324 LA324 LA325 LA325 LA326 
RVl15 RVl14 RV114 RV114 RVl14 RV124 RV124 RV124 RV124 RV125 RV215 RV215 RV215 RV215 RV225 RV225 RV225 RV225 RV115 RV235 RV235 RV235 RV235 RV245 RV245 RV245 RV245 RV125 RV255 RV255 RV255 RV255 RV315 RV315 RV315 RV315 
BE112 BEl12 BE113 BE113 BE114 BE114 BE122 BE122 BE123 BE132 BE132 BE133 BE123 BE124 BE124 BE133 BE134 BE134 BE142 BE142 BE143 BE143 BE144 BE144 BE152 BE152 BE153 BE162 BE162 BE163 BE153 BE154 BE154 BE163 BE164 BE164 

Position 2. Documentary CNSL 

3210 \ OO:LC I 321V 3215 3210 ) AID TIME UPPER END REO-I CNCL 3210) T1 T2 Rl R2 R2A R5 8YC CLU UC 
TI [ 11:UC I B A 8 4 2 1 ITAl RD WRITE STKD SHARE ATTN SENSE DIAG !Til ATTN OPL MODE OUT CASEI OO:NO CK 10:TIME OUT .2£..J > 10:WIRE FIRE PE PE NEW ZERO FDBK INHIB 
3215 ) 0 1 2 3 4 5 6 7 3215 LTH LTH RESET l TH RESET LTH RESET ALARM 3215) NOTE: IF 3215 BIT3 &4=CKS ~ 01:DATACK 11:SYNCCK 3215 11 : GAT E LI N EST 1M E ENV LINE COUNT EMIT PRINT 
PD025 IPD025 I PD025 I PD025 I PD025 I PD025 I PD025 I PD025 I PD025 PD041 I PD041 I PD041 I PD041 I PD041 I PD041 I PD041 I PD041 I PD041 PD0431PD025 IPD025 IPD043 IPD043 IPD043 IPD043 IPD043I PD043 PD042 I PD042 I PD042 I PD042 I PD042 I PD042 I PD042 I PD042 I PD042 



Position 3. S,P,T,L Registers 

S\ 
p\ LOCAL STORAGE OR EXTERNAL ADDRESSING 

T\ L \ LOCAL STORAGE INDIRECT ADDRESSING 
!TRUE BIT 1 BITO Z HI Z LO GENERAL A EXP B EXP THIGH TA TB 

REG} CPMT CARRY z=o CARRY ZERO ZERO PURPOSE REGj LS ' P HIGH 
LS 

PLOW REGJ 0 1 2 3 2 1 2 1 REG L HIGH L LOW 

RS116 RS115 RS115 RS124 RS115 RS214 RS214 RS214 1 RS214 RP011 RP011 RP011 I RP011 I RP011 RP012 RP0121 RP012 J RP012 RP014 RT012j RT012j RT012jRT012 RT013.1 RT013 RT013j RT013 RL011 RL011j RL011 JRL0111RLOll1 RL0111RL011 JRL011 IRL011 

Position 4. System Register 

SYS~\ MACH MACH 3210 SUB SELR LS SYS \ CPU SAR SYS TIMER SYS\ CNSL 01 :PWR RST 
H \ 

NO IFA 
REG IRPT RETRY CHK MOD LOG ; BLOCK I/O CS R~G / JADR IRPT IRPT PSW CTRL IRPT R~GI SYS FILE CE lO:SUB LOAD /INST 

REG J MACH :CPU SXl SX4 DOCM 
0/ PEND RTNE MARK 2 ' PRES IMODE OP MODE CNTS FORCE FORCE RST IAPT FORCE CLEAR IMPL WAIT MODE 11 :SYS LOAD PROC CHECK RETRY HIGH IFA SX2,3 MPX IFA A/D 

HS011 RS011 RS011 RS011 RS011 RS011 RS011 RS011 RS011 RS012 RS012 RS012 RS012 RS012 N/A I RS012 RS012 N/A RS013 RS013 RS013 RS013 KM012 RS013 I RS013 N/A RS013 RH025 RH022 RH022 RH022 RH022 RH022 RH022 RH023 RH023 

Positton 5. Chan Interface, See Notes 2 and 4. (Page 5-12) 

FTO CYL HEAD DIFF CTRL CUA LD{ SPF TAGS FTI 128 64 32 16 8 4 2 1 FBO FILE BUS-OUT FOR FILE DATA REGISTER 

GTO OP-O SEL-) ADR-O CMD-) SERV-O DATA-OSUP-O /TAGS GTI OP·I ADR·I STAT·I SERV-I SEL·I DATA·I REO·I DISC·I GO SELECTOR CHANNEL BUS OUT GR SELECTOR CHANNEL DATA REGISTER 
MTO Op·O SEL·O ADR-O CMD·O SERV·O IRPT SUp·O \OUT MTI OP·I , ADR-I STAT-I SERV-I .SEL-I REO-I TRAP DISC-I MBI MULTIPLEX CHANNEL BUS IN MBO MULTIPLEX CHANNEL BUS-OUT 

JK114 JKl12 JK112 JK112 JK112 JK112 JKl12 JK112 JK112 JK214 WF101 WF101 WF101 WF101 WF101 WF101 WF101 WF101 JK311 JK311 JK311 JK311 JK311 JK311 JK311 JK311 JK311 JK412 JK411 JK411 JK411 JK411 JK411 JK411 JK412 JK412 
GB612 GB313 GB213 GB312 GB312 GB113 GB113 GB212 GB612 ' GB622 GB621 GB621 GB621 GB621 GB621 GB621 GB621 GB621 GB082 GB082 GB082 GB082 GB082 GB082 GB082 GB082 GB082 GB611 GB611 GB611 GB611 GB611 GB611 GB611 GB611 GB611 
FA013 FA013 FA013 FA013 FA013 FA013 FA013 FA013 FA013 FA012 FA012 FA 131 FA 131 FA131 FA141 FA 141 FA012 FA 141 FA 111 FA 111 FA 111 FA 111 FA 121 FA121 FA 121 FA121 FA131 FA014 FA014 FA014 FA014 FA014 FA014 FA014 FA014 FA014 

Position 6. Chan Word A, See Notes 3 and 4 (Page 5-121 

, FFL\, CS CT 
FCS ~ FST\ CHAN IRPT CUE CUB GATE GATE FGL \ COUNT COUNT GR IRPT SHARE POSITION 

ALLOW, IN READY PROG PROT DATA CTRL INTF CHAIN ~USY LTH POLL DCC CMD A B READY ZERO FULL CND ERROR CODE 
GEl 

SLI I OUT 7;;7 GSj. , GL/ 
CD CC SKIP 

HALT N FWD IN BWD 
PCI IL 

CHK CHK CHK CHK CHK CHK CTRL PRIME MODE RETRY 
JK114 JK 111 JK111 JK 111 JK111 N/A JK512 JK512 JK512 .JK214 JK 111 JK513 JK212 JK212 JK212 JK212 JK212 N/A JK314 JK313 JK313 JK313 JK313 N/A N/A JK313 JK313 JK414 JK512 JK512 JK511 JK416 JK513 N/A JK612 I JK612 
GB611 GB712 GB712 GB712 GB712 GB313 GB412 GB412 GB412 GB621 GB721 GB411 GB411 GB411 GB411 GB412 GB114 GB513 GB631 GB213 GB213 GB313 GB211 GB213 GB513 GB633 GB643 GB641 GB413 GB413 GB311 GB413 GB412 N/A GB711 I GB711 

Position 7. Chan Word B, See Notes 3 and 4 (Page 5-12) 

\ DISK STATUS 
FHC \ 

HEAD CYLINDER SWITCHES ,FED CE INLINE DISPLAY REGISTER \ MODULE SELECTED SELECTED MODULE 

FDS
j 

ON PACK I MULTI SEEK ) 128 64 32 16 8 4 2 1 , BFR CD BFR GCL I FMODj 0 1 2 3 4 5 6 7 
BUSY LINE UNSA E CHNG EOC MOD ICPTL GBF BF-6 BF-5 BF·4 BF·3 BF-2 BF-1 BF-O GCT /' ICTL CI< REO PTN 0 1 2 3 GDL·O GDL-1 GBP 0 1 2 3 

JK114 WF101 WF101 WF10l N/A WF10l WF10l JK511 WF101 JK214 WF1021 WF1021 WF1021 WF1021 WF1021 WF1021 WF1021 WF102 IJK314 JK312 JK312 JK312 JK312 JK312 JK312 JK312 JK312 JK414 JK611 JK611 JK611 JK611 JL511 JK511 JK511 JK511 
N/A N/A N/A N/A N/A N/A N/A N/A N/A GC621 N/A I GC3111 GC3111 GC3111 GC3111 GC3121 GC3121 GC312 IGC632 GC513 N/A GC413 GC412 GC412 GC412 GC412 GC412 N/A N/A GC414 GC414 N/A GC411 GC411 GC411 GC411 

Position 8. Chan Word C, See Notes 3 and 4 (Page 5-12) 

FCH \ COUNTER HIGH FCL \ COUNTER LOW FOP \ ADR INDEX 

I 32K 16K 8K 4K 2K 1K 512 256 L 128 64 32 16 8 4 2 1 / READ WRITE MARK SRCH SCAN START FORMAT SKIP 
GB-O SEL CHAN BUFFER BYTE 0 GB-l GB·2 SEL CHAN BUFFER BYTE 2 GB-3 SEL CHAN BUFFER BYTE 3 
N/A N/A N/A I N/A I N/A I N/A I N/A I N/A I N/A JK211 JK211 I JK2111 JK211 I JK211 I JK2111 JK211 I JK211 I JK211 JK311 JK311 I JK311 r JK311 I JK311 I JK311 I JK311 I JK311 I JK311 JK412 JK411 rJK411 rJK411 rJK4111JK411 rJK411 JK412 I JK412 

GC115 'GC115 GCl151GCl151 GC1151 GC1151GC1151 GC1151GC115 GCl15 GC1151 GC1151 GC1151 GC1151 GCl151 GCl151 GC1151 GCl15 GC114 GC1141 GC1141 GC1141 GC1141 GCl141 GC1141 GC1141 GC114 GC114 GCl141 GCl141 GC1141 GCl141 GCl141GC114 GC1141 GC114 
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A-Register Display Data Flow (Position 1 of Roller) 

Local 

I----X 

Display 
Key KM013 

r 
Or 
Ext 
Regs 

L 

Regs--~ 

A t----, 

Not Store-'-
Intlk Cy RA011 

Local 
Storage 

A 

Local 
Storage 

B 

LA3xx 

X 

X 

o I 

Storage Select 

Local 
Storage 

Exp 
Local 

Storage 

36 

See Note 5 

8-Reg 

1 I 2 I 3 

RAxxx 

I Exp Local 
LStor 

Clock Stop----I 

A 

LC021 

Disp Exp 
Local Stor 

X--------------------------~ 

Exp 
~ Local Q) 

_X -c Storage 
"C 
~ 

RVxxx 

36 

A-Reg 

0 I 1 2 I 3 

RAxxx 

Indicators 

0 I 1 I 2 I 3 

PLxxx 

A 

A 
~ 

Page 5-15 

Word Address 

Clock 
Stop ---___ 

OR 
Note~--------~ 

Not---____ 
A 

1 

KM031 Stor KM011 

I-----X 

<II External '" Q) 

-c Assembler 
"C 
~ 

BElxx 

FG=2E 

Xlate 

H 0-7 Regs 

MT3xx 

Notes 

1. Any external register position. 

2. In instruction-step mode, the I 
Counter is displayed in the A-Register. 

3. When operating in single cycle mode, set 
STORAGE SE LECT to main storage or 
A-register data will be destroyed. 

4. It is not necessary to operate the display 
key to display expanded local storage 
or the external assembler. 

5. 8-register is displayed in upper roller 
position 5. 

Display External 

.X 

Roller Adapters 5-14 

Byte/X-Late Regs 



A-Register Display Data Flow Positions 2-8 of Roller 

External Address 04 

S P T L 

RSxxx RLxxx 

RPxxx 

A-Register Display 
Roller Switch 

Pos_ 1 : Pas. 2 

Pas. 3 

Pos_ 4 

Pas. 5 v 

Pos_ 6 -
Pas. 7 v 

Pos_ 8 

~ 

L-

\ 

Page 5-14 

Word External Assembler Pas 

OF Documentary Console 2 

\ \ \ \ \ 
05 System Register 4 

DE MPX 
23 SX1/IFA 

Manual 2B SX4/1 FA Chan Interface (GTAG) 5 

External 33 SX2 

Address 3B SX3 

Asmblr 

22 SX1/IFA 
2A SX4/IFA Chan Word A (GSTAT) 6 

32 SX2 
3A SX3 

21 SX1 /1 FA 

29 SX4/1 FA Chan Word B (GBS) 7 

31 SX2 
39 SX3 

20 SX1/1 FA 

See 28 SX4/1 FA Chan Word C (GBUF) 8 

Note 1 
30 SX2 

38 SX3 

KM031 BE112 

"_III OR 1----------------1 A 

Clock Stop ----I Disp External 

KM031 
Not Star Cy - '---

KM011 

A \------, 

............. po.~ ...... l ...................................... x ................ .. 

A-Register 

o 2 

RAxxx 

Indicators 

o 
PL 121-133 

(36) 

3 

3 

Notes 

1. Decodes setting of roller switch and storage select 
switch to force address to external assembler. 

2. I ndicators are meaningful only if CPU clock is 
stopped and STORE 1 is off. 

3. In INST STEP,A-Register equals I counter. 
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ROTARY CONTROL SWITCHES 

ADDRESS COMPARE 

8 
:§]~ 

~. 

~0~0~~~0CjS5~~~~~~~~ ~~O~OO~~OOO~C5 In I 
l5e~Q29_@6<'lOi"'006M. 00,"6<'50005060600660 I I 

. . I 

B @:1GB 
E:JO 

~ O§J 

00 
o BEl @:J El GG El 65000 G 

ADDRESS COMPARE 

I ANCQ). '.' eo.,,,,", i lOGICAL 

A~ I COUNTER • .110 REAL 
ADR 

CT" wa,a Aa,. 0 .Ioau"",, il 
CTRLWORD • .DATA CaMP T~ 
ADR TRAP • 

I 

• Works in conjunction with address compare control, 
storage select, and storage address switches C - H to provide 
control of CPU operations for diagnostic purposes. 

• ADDRESS COMPARE selects the type of storage operation 
for which the match may occur and where the compare will 
be performed. (M-Register contents of Pre-Address 

Assembler.) 

• ADDRESS COMPARE CONTROL determines how the 
operation will terminate after a match occurs. HARD 
STOP: Stops at the end of a micro-step. 
STOP: Stops at the end of E·phase of the current instruction. 
SYNC/NORM: Continues processing and provides a sync 

signal. 

• STORAGE SELECT chooses either main or control storage 
to match against. 

• STORAGE ADDRESS switches C-H (E-H for control 
storage) are set to the address to be matched. 

Real Adr Positions 

Address match can occur only during a storage word (word 
types 4-7). The compare is made between the M-Reg contents 
and the address switches C-H (E-H for control storage). 

EXAMPLE 

Example: Main Storage Match 

C090 ROW R V+4 

Read a word into local storage 
Location R using local storage 

Location V to address main storage. 

Stop Here 

STG 1 Cycle STG 2 Cycle \ 

M-Reg 
Contents of V 

Match 

Note: These positions can not be used to match on a control
word address unless the control-storage address is fetched during 

the storage 1 cycle. 

Any (Real Address) 

A compare between the M-register contents and the value of 
address switches C·H is made on any storage·word operation 
to either main or control storage. This position does not 
guarantee a match on an instruction address. Use the I-counter 
position to match on an instruction address. 

Data Stor (Real Address) 

A compare between the M-register contents and the value of 
address switches C-H is made only when data is being stored 
into main or control storage. 

I/O (Real Address) 

A compare between the M-register contents and the value of 
address switches C-H is made during a share cycle or an 1/0 
operation. 1/0 operations are determined by H-register bits. 

I-Counter (Real Address) 

A compare between the M-register contents and the value of 
address switches C-H is made when the I-register (Exp LS 

loc. 50) is used to access storage. 

Note: I n order for this position to be effective, I-CYC LES 
PREFETCH must be blocked. This is accomplished by having 
the address compare control switch set to either STOP or 
HARD STOP. BLOCKING PREFETCH causes the I-buffers 

to be reloaded each time the microprogram returns to I-Cycles 
(return to microword DFOC). If PREFETCH was not blocked 
(address compare control switch set on SYNC/NORM) an 
address match could occur only on a doubleword boundary. 

Service Aid: 
1. If blocking of PREFETCH is desired as a troubleshooting aid, 

set ADDRESS COMPARE to I-COUNTER, ADDRESS 
COMPARE CONTROL to STOP or HARD STOP, and set an 
address that is not used by the program into address 
switches C·H. A stop will not occur, but PREFETCH will 
be disabled. 

2. To block PREFETCH and obtain an address sync, add a 
juniper on B·gate 83G2004 to B3V3B08 (PM013) and 
set ADDRESS COMPARE CONTROL to SYNC/NORM. 

Rotary Control Switches 5-16 

Data Comp Trap (Real Address) 

Compares the M-register against address switches C-H during a 
store operation (main storage only). If compare is equal, a 

trap is taken to 0308 and DATA switches A,B are com pared 
against the data just stored. If the data compares, the address 
match indicator is turned on and the machine soft-stops. The 
address of the control word that would have been executed next 
had the data trap not occurred is displayed in the A-register 
display roller switch indicators. 

To determine the address of the instruction that modified 
the storage byte, display the current PSW (refer to "Console 

PR-KB Manual Operations") and subtract the current instruc
tion length code from the instruction address in the current . 

PSW. The instruction found wi.th this procedure may not have 
modified the data. An 1/0 data trap occurring during execution 
of this instruction could have modified the data. To determine 
which I/O data trap modified the data, lookup the address 
displayed in the A-register display roller switch indicators in 
the module charts in the back of the microlisting. 

M Reg = SW C· H A 
STG Word 

Store Cycle -------~ 
Addr Compare = Data Camp Trap 
Addr Camp Control = Stop 

1. Save link address IN AX 
2. Store switches in Y-Reg 
3. Use the Y-Reg to read out 

the matched location 
4. Compare the selected byte 

against switches A'S 

FL 

Yes 

Match indicator 
Soft stop 
AX in A·Reg display 



Service Aid: 
By altering the microprogram in the GKCC routine, it is 
possible to stop when the data mismatches. 

Example: Exchange the words for the 20 branch in the 
following microinstruction. 

XXXX, YYYY match 20 ROW Y CM F8 

Using the microlisting, find the location of the statements xxxx 
(match 20) and yyyy (match 21). Alter the statement at yyyy 
to the word at xxxx. Then alter the statement at xxxx to the 
word at yyyy. Now, when the trap is executed and the compare 
is not equal, a stop will occur. 

Logical Addr Positions 

Address match can occur only during a storage word (word types 
4-7). The compare is made between the address switches C-H 
(E-H for control storage), and the address gated to the pre
address assembler. This is the logical address before address 
adjustment occurs. Logical address positions apply only to 
instruction and operand addresses; not addresses used by channel 
operations. 

Any (Logical Address) 

Compare between PAA and the value of address switches C-H is 
made when any register is gated to the PAA. This position does 
not guarantee a match on an instruction address. Use 1-
COUNTER position to match on an instruction address. 

Immediate 
Stop Here 

STD 2 Cycle \, 

Example: 

STG 1 Cycle 

Match 

I-Counter (Logical Address) 

Compare is made between the I-register and the value of address 
switches CoHo The match occurs when the microprogram 
returns to I-cycles to execute the matched I-counter value. The 
first word of I-cycles could be any DF address depending upon 
the kind of instruction and the prefetch conditions. The 
address does not have to be on a doubleword boundary, and 
therefore prefetch is not blocked in this position. 

Example: 

Match 

Return to 
I-Cycle 

DFXX 
I-Cycle 

Immediate 
Stop Here 

"'I 

Ctrl Word Adr 

Address match can occur only on a control-storage word. The 
compare is made between the contents of the M-register and 
address switches E-H. The position of the address compare 
control switch determines when the CPU cycle will be stopped. 

Examples: 

1. SYNC/NORM 

Using microwords A, B, C, D, match on address of word B. 

C-Reg A B C D 

M-Reg B C o E 

Match -
Sync pulse occurs at 0-45 time of word B. 

When in local storage control storage mode, two sync 
pulses occur because of the dummy cycle. 

C-Reg A I DUMMY, B I DUMMY, 

M-Reg B B C C 

Match -
Use the second pulse for scope sync. 

2. HARD STOP 

Using microwords A, B, C, 0, match on address of word B. 
Stop occurs after match word is executed. 

C-Reg A B I C o 
\ 

Match Stop Here 

If HARD STOP is used while in LSCS Mode, the stop 
occurs before the word is executed. The status of the 
roller indicators after a hard stop is: 

Upper Roller 
1 M-Reg Address of word C 
2 SDBO Microword just executed (B) 

3 C-Reg Microword C 
4 MB,N MB: Addr of word B 

N: Addr of word C 
5 B-Reg B: source of word B 

6 2-Reg ALU: results of word B 
7 D-Reg ALU: results of word A 

Lower Roller 
1 A-Reg A-source of word B 
Display External Address 1A byte 2-3 (M-RTY) for 
address of word A. 

C I 

3. STOP 

Performing an RX Add instruction. Machine soft-stops after 
the current instruction is executed. 

Instruction RX ADD 

C-Reg A B C o E 
I I 1 

Match - Soft Stop Here / 

If an ECC error occurs, the first B word becomes a dummy 
cycle. 

C-Reg A B I B C 

DUMMY 

Match -
If the microword is a storage word. 

C-Reg A B 
I 
STG 

Match -
Ctrl Word Adr Trap 

B C 
I 1 

\STG 2 

Stop Here 

Compares the control word address in the M-register against 
address switches E-H. If the compare is equal, a trap is taken 
to 0304. The microroutine forces a branch to the address in 
the address switches A-D. ADDRESS COMPARE CONTROL 
must be in STOP. This position is used to set up microprogram 
loops for seoping. 

M·Reg = SW E·H ---------i A 
Not St9 I ntlk Cycle --------1 
Addr Compare= Control Word AddrTrap 

Request 2 

FL 

Addr Camp Control = Stop ------{ 

G KCC Routine 

1. Save link address 
2. Read switches A·D 
3. Branch to control word 

specified by switches A·D 

Note: It is possible to alter the 
microcode in the G KCC 
routine to perform other 
diagnostic functions. 
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Address Compare Switch Logic 

EV 

Pre Address ___ • 

Assembler 

-
RV2x4 

Address _ 

Switches C-H 

EV 

M-Register ---. 

PMOll 

PAA = SW C-H 

r-_________ M_=_S_W __ C_-H ______ ,~ 

Main Store A 
Stg Intlk Cy-

Main Store ---411~ N 
Access 

Control Store 
Stg Intlk Cy 
M = Sw E-H 

""'---

PM012 

A!------I 

""--

PM012 

Address Compare 

2 

Address 

Compare 
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Control Hard Stop 
~~~~~~~~~~ ~--------,~ 

SW I I 
ORf---J 

StlLP L-____ r-=,~----~""'---
A I---Block I-Cycle 

Prefetch 
I.....-

~ 
o~~ 

4t ~4~ ... ~-+-+-~---------------..... --------1----------------------n0~a~ta~C~0~m~pOR~eq~------------t------i---------..... ~ 
... ... Ql 

PA081 KM023 KM022 Mpte 1 

... 
Ql 

C 
> ::J 
c:: 0 « c.J 

~ I- § 
-c Co ~ 0 

o ] ~ 8 y 
3: 3: -.::: - -c 
u 131~ 

Ql 

o 
ci5 

!9 > 
(1J c: 
o « 

lIamm 

Fa 
I 

II 
I 

Stg Intlk Cycle 

-
A 

'--

PM013 

r---

A 
Return To I-Cycles ----i 

'---
PM013 

-
Store Cycle - A U 

~ 

A 

~ 

'---
KM022 

I r---

OR 
(Match Pulse) 

J 
""'---

PM013 

FL 

PM013 

Req 2 

FL 

RH012 

I-- Trap To 
Addr 0308 

f-- Trap To 
Addr 0304 

Adr 
Comp 
Match 
Ind -

System Reg 
Byte 1 Bit 0 

FL 

~ 
:y%l\~witches equal the address of word B~i1jW? 

OT;me-~~~ 
'---

KM022 

Process 

Stop 

FL 

Wm Stop 
Latch 

-
A 

'---

KM024 

Exe 

Cplt 
Ind 

rr 
(Soft Stop) 
Note 2 

m 
[ r-- Not Stg Intlk Cycle _r--- '---~ 0 

(Match Pulse) ~ Add M h S • OR 1-------------------1 A .----------~~:.!..!..=~-------------_1 OR ,.. ~ r atc ync -------' 

1 ...----"",---

RS012 KM023 
Addr Match 
Sync Pt. 
Cl02G13 

.-
'---

PM013 

Gate I _-+--1 A 

-
PM013 

1 l~ ______ ~~ qf 
II 

I.o-r-- Share Cycle Or I/O Op -I--- A 

OR 1-----4_------------~.___L __ .J 

r--,-- m PM013 

PM012 IL... .. -----4~-
Store Cycle I-- A 

t~"-
PM013 

r---

A 

'--I.....-

PM013 qq 

e PM013 

(Match Pulse) 

~-~OR~~·~l------~ 
~-

PM013 e 

PM013 

Notes: 

1. Block ing Prefetch enables an address 
match on any instruction address. 

2. Soft stop occurs in GICM routine 
with instruction address displayed 
in A-Register. 

3. Address of word A can be displayed in 
external location lA. byte 2. 3 (MRTY). 



STORAGE SELECT 

8 

~0i'lo/!lo~M~~~oooito ~63oo~o~-6i!looooooC'ii'i 
M~1'ioo_2i6(")M6bIMMit i'l(S~~~~6606CP666 

:-"J [ElJ t;:J 
J O~ 0_. 

MAIN STORAGE 

)r- :::,C'::@(Q)_ C:N;;;;~S::RAGE 
REG CHAN 2 _ EXP LOCAL 

II 

STOR REGS 

CHAN 3. 

• l!====== CHAN 4 

• The storage select switch chooses the storage area to be 
used on manual store/display operations and address
compare operations. 

• This switch is used in conjunction with: ADDRESS COM
PAR E, the upper and lower roller indicators, and the store 
and display keys. 

• Moving this switch while the CPU clock is running has no 
effect on the system if ADDRESS COMPARE CONTROL is 
set to SYNC/NORMAL. 

Note: 

1. On a manual store operation, only one byte of data is 
stored. 

2. When the System/370 microprogram is in control storage, 
it is normally much faster to store/display local, main- and 
control-storage locations from the console printer/keyboard 
(see the GKAD microroutine). The CE key must be used to 
store/d isplay control storage (AS/DS) and local storage 

(AL/DL). 

3. Store/display operations are inhibited during storage words 
and trap 1 and 2 cycles. 

4. CPU clock must be stopped to store/display. 

Main Storage 

This position allows access to main storage for manual store/ 
display operations, and gates main-storage addresses to the 
compare circuits for address-compare operations. 

To perform a manual store operation: 

1. Set the main-storage destination address into address 
switches CoHo (Switch H selects which byte will be altered.) 

2. Set the data to be stored into switches A-B. 

3. Press STORE. 

4. The fullword containing the altered byte is displayed in 
SDBO (upper roller position 2). 

To perform a manual display operation: 

1. Set the main-storage source address into address switches 
C-H (byte selection bits of switch H are ignored). 

2. Press DISPLAY 

3. The fu IIword at the selected main-storage location is 
displayed in SDBO (upper roller position 2). 

Control Storage 

This position allows access to control storage for manual store/ 
display operations and gates control-storage addresses to the 
compare circuits for address-compare operations. 

To perform a manual store operation: 

1. Set the control-storage destination address into address 
switches E-H. (Switch H selects which byte will be 
altered) . 

2. Set the data to be stored into switches A-B. 

3. Press STO R E. 

4. The fullword containing the altered byte is displayed in 
SDBO (upper roller position 2). 

To perform a manual display operation: 

1. Set the control-storage source address into address 
switches E-H. (Byte selection bits of switch Hare 
ignored.) 

2. Press DISPLAY. 

'3. The fullword at the selected control-storage location is 
displayed in SDBO (upper roller position 2). 

Local Storage 

This position allows access to local storage for manual store/ 
display operations. A-local storage is displayed in the A-register; 
B-Iocal storage is displayed in the B-register. Both should be 
identical on manual store/display operations. The P-register 
setting has no effect. 

To perform a manual store operation: 

1. Set the local-storage destination address into address 
switches F-H (switch H selects the byte to be altered). 

2. Set the data to be stored into switches A-B. 

3. Press STORE. 

4. The fullword containing the altered byte is displayed in the 
A-register (lower roller any position). 

To perform a manual display operation: 

1. Set the local-storage source address into address switches 
F-G. (Switch H is not used to display.) 

2. Press DISPLAY. 

3. The fu IIword at the selected local-storage location is 
displayed in the A-register (lower roller any position). 

Note: Normal machine operation does not destine data to LS 
or an Ext Reg until the following cycle. 

Example: C Reg LSOOO=O,OE,KFF 
Data=FF 

Assume that the machine was stopped after the microword 
LSOOO=O,OE,KFF was executed. Displaying LSOO would force 
the destination of LSOO with new data=F F. To see what the 
contents of LSOO were before updated, the machine would 
have to be stopped one cycle earlier. Another method would 
be to display the A- or B-register (depending upon the micro
word) to see the source data before LS was displayed. 

Exp Local-Storage Registers 

This position allows display of the expanded local-storage 
registers. These registers can not be stored manually (that 
is, using the store key, address switches, and the data switches). 
They are hardware registers--not monolithic array cards such as 
the local-storage registers. 

To alter the expanded local storage registers: 
Execute the AL mnemonic on the console printer/keyboard. 
The CE meter switch must be on. 

To perform a manual display operation: 

1. Set the expanded local-storage source address into address 
switches FG (switch H is not used). 

2. It is not necessary to press DISPLAY. 

3. The selected expanded local storage register is displayed in 
the A-register (lower roller any position). 

External Registers Store/Display Operation 

Setting STORAGE SELECT to any EXT REG position (MPX, 
CHAN 1, CHAN2, etc.) allows access to the externtll registers 
for manual store/display operations. 

Note: Many external registers are "source onlY" registers; 
therefore, data cannot be stored into all of them. See External 
Regs map in Chapter 2 for "source onlY" registers. 

To perform a manual store operation: 

1. Set the external register destination address into address 
switches FG. Switch H selects which byte will be affected. 
(Ensure that the selected register is not a "source only" 
type.) 

2. Set the data to be stored into switches A-B. 

3. Press STO R E. 

4. External register containing altered byte is displayed in the 
A-register ( lower roller, position 1). 

To perform a manual display operation: 

1. Set external register source address into address switches 
FG (switch H is not used). 

2. I t is not necessary to press D I SPLAY. 

3. Selected external register is displayed in the A-register 
(lower roller position 1). 

CAUTION 

Upper roller positions 4 and 8 use the same display path 
as the external registers and are degated if STO R AG E 
SELECT is in the EXT REGS position. Turn STORAGE 
SELECT back to MAIN STORAGE before displaying 
upper roller position 4 or 8. 
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Lower Roller Positions 2-8 Store/Display Operation 

Documentary Cnsl; S, P, T, L Registers; System Register; Chan 
I nterface; and Chan Words A, B, C are frequently used external 
registers that may be stored/displayed without using the store/ 
display keys and address switches FG. They are displayed in 
lower roller positions 2-8 and are gated by setting the roller 
to the desired position when STORAGE SELECT is in EXT 
REGS positions. 

Note: When roller positions 5-8 (Chan Wordsl are selected, 
STORAGE SELECT must be set to the channel for which 
store/display is desired. 

To perform a manual store operation: 

1. Set the roller to the desired external register. 

2. Select the byte to be altered, using switch H. It is not 
necessary to set address switches F and G. 

3. Set the data to be stored into switches AB. 

4. Press STOR E (first ensure that the selected register is not 
a "source only" type). 

5. Selected register containing altered byte is displayed in 
lower roller. 

To perform a manual display operation: 

1. Set the roller to the desired external register. 

2. I t is not necessary to set address switches F G or press 
DISPLAY. 

3. Selected external register is displayed in lower roller. 

Address X/Late Regs Display Operation 

These are special external registers that modify the logical 
address to a real address for OS/DOS compatability. These 
registers can only be displayed. STORAGE SELECT must be 
in EXT REGS and the lower roller in position 1. 

To perform a manual display operation: 

1. Set an address of 2E into switches FG. 

2. Set switch H to the register (0-7) to be displayed. 

3. It is not necessary to press DISPLAY. 

4. The selected register is displayed in the A-register (lower 
roller position 11. 

CAUTION 

These registers may be out of parity. Bytes 0, 1 could be 
blank without parity_ Byte 3 may be out of parity. This 
is normal operation. The reset state of bytes 0, 1 is all 
bits off including parity. If bytes 0, 1 are blank, ignore the 
parity of byte 3. If bytes 0, 1 have bits on, then the parity 
<;>f byte 3 is only for bits 0-5 of byte 3. 

Rotary Control Switches 5-20 



RATE 

PROCESS 

~~i~RUCTIO@©. ~I:~~~;~~LE 

O · CONSOLE FILE 
BYTE COUNT 
HARD STOP 

Process 

Allows normal CPU operation. 

Instruction Step 

In this position, one macroinstruction is executed each time 
START is pressed. If interruptions are pending, they are 
processed. EXE CPL T is on, and the next instruction 
address is displayed in the A-register (lower roller position 1). 

The process stop latch is turned on by the instruction-step 
position. This latch is tested at the end of each instruction by 

the 11 RTN Lnk word in the microde. The 11 branch condition 
is met, and control is transferred to the GICM routine, where 
a stop word is executed until the next pressing of START. 

Note_' When the extended microdiagnostics are in control 
storage, INSTRUCTION STEP performs another function. 
The m icromon itor tests the process stop latch and if on, 
causes the printout "cycle each test yes, no". More information 
on the microdiagnostics is located in the diagnostics user guide. 

Process Stop 
I nstruction Step 

FL 

Start Key----~ 

.r--- Enter I-Cycles 

~ 1 MACROinstruction 

I 

I 
I 
I 

I DFXX I MICR~code 

Process Stop On Caus,es 
Branch to GICM Routine 

: ~cute Word-move Word Stop 
I Display I-counter in A-reg 

L ______ _ 

Return to I-cycles 

Single-Cycle Hard Stop 

LinV 

--, 

Interrupt : 
Return I 

I 
I 

I 

__.J 

This position causes the CPU clock to stop at the end of the 
current microword in operation. I f I/O devices are operating, 
overruns will occur. 

This position is effective while stepping through a microroutine. 
Each pressing of START causes the CPU clock to run for one cycle. 
Because storage words require two cycles, two pressings of START 
are required to execute storage microwords. 

Assume that the following microwords are in control storage, 
the RATE switch is in SINGLE CYCLE HARD STOP, and that the 
address in the M Reg-COOS. 

COOO P = 0, OE, K02 

C004 V = V+W 
COOS STW I R+4 

The roller positions would contain the following information: 

Upper Roller 
(1) M-Reg COOS 
(2) SDBO V=V+W (word just executed) 
(3) C-Reg STW I R+4 
(4) MB-Reg C004 

N-Reg C004 
(5) B-Reg Contents of W-Reg 
(6) Z-Reg Results of V+W . 

(7) D-Reg 02 02 02 02 (Previous operation P=O, 
OE, K02) 

Lower Roller 
(1) A-Reg = Contents of V-Reg 

Note that the M-Reg, N-Reg and C-Reg are pointing to the 
next microword to be executed. MB contains the address of 
the microword just compl.eted. The A-Reg, B-Reg and Z-Reg 
contain the arithmetic data of the microword just completed. The 
D-Reg has the arithmetic results of the previous microword. 
External.address " 1A" byte 2,3 (MRTY) contains the backup 

address COOO. This address can be used to back trace through 
the microcode. 

Notes: 

1. All store/display operations shou Id be done while in 
single-cycle mode. See the write-up on the storage select 
switch. 

2. The store and display keys are not functional during store 
2, trap 1, trap 2 cycles. 

3, I n local storage control storage mode (LSCS), a dummy 

cycle is taken after every microword. To find where in 
local storage the microprogram is, use the microlisting, far 
left column. 

M/LS 
OF /3C -- The address in the M-Reg byte 3 is 'OF', the actual 
local STG address is 3C (M-Reg bytes 1-2 are not used). 

Console-File Byte Count Hard Stop 

This position is used when troubleshooting the CPU with the 
basic microdiagnostics. In this position the console file stops 
reading data when the byte counter matches the value set in 
switches C,D. A complete write-up on how to use the byte 
counter follows DIAGNOSTIC/CONSOLE FILE CONTROL 
description. 

CHECK CONTROL 

~000~O~~;~~OOO~O S6o~ae~oooooo~~ 
68~~op~~b06665 ~&0~&00566Z6ro666 

,-------Irl ------
(!)6(53'roo(5(5~~ 6c£600666Cii"3"06006Qo 

~~~~====n==11 ~ 
6606ro66o66Z66C660 66066p66o66o66f)oo6 

"O'M""O~O en" 

'''A'''\9J -"" '"0' 

Process 

This is the normal processing position. Microinstruction retry 
traps are unconditionally allowed, and machine check traps are 
taken if allowed by PSW bit 13. 

No Retry 

Microinstruction retry traps are not allowed. When an error 
occurs, a machine-check trap is taken if allowed by PSW bit 

13 and a machine-check interrupt is taken. 

Hard Stop 

In this position detection of a machine check causes the CPU 
clock to stop at the end of the cycle in wh ich the error is 
detected. The error appears either in the upper row of lights 
(SYSTEM CHECKS) or position S of the upper roller (MCKA). 
Pressing START after the error stop causes the CPU to resume 
operation by conditioning with a retry trap. (To prevent 
-retry, press CHECK RESET.) I/O operations may overrun when 
the stop occurs. 

The machine stops in the cycle in which the error was detected, 
not necessarily the cycle in which the error occurred. To determine 

the failing microword, after the error occurs and the clock is 
stopped, set RATE to SINGLE CYCLE HARD STOP and then 
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press START once. Display external address 'lA' (MRTY), bytes 2 The following charts indicate the error type for each 
and 3 contain the address of the failing microword for all types of machine-check bit. 
errors (type 1,2, or 3). 

Type 1: Clock stops in the same .cycle. 

ERROR SAMPLE ~91-1 0-~-A-1-3-5-1+-' __ / __ B-il 

Clock May Stop At 
End Of Cycle A or B. 

Note: 

In this tYpe of error, pressing START once loads MRTY with 
the failing microword address; however, destination gate that 
would have occurred is prevented. 

Type 2: Clock stops in the following cycle. 

A B 

II I 
ERRORSAMPLE--""'25i--;'80 / 

Clock stops here, one 
cycle later_ 

MRTY has been loaded with the failing 
microword address. 

FTC (Flush-Through Check), LS Comp (Local Store Compare) 
Clock stops two cycles later. 

A B C 

I 
FLUSH THROUGH CK __ ~~125 r-----t 1801, 1190 
FOR WORD A - 45 

Error sampled here. 

Clock stops here 

MRTY has been loaded with the failing microword address. 

Type 3 errors: These are uncorrectable errrors. The retry 
hardware cannot attempt to reconstruct and repeat the failing 
microword. 

Note: 

.1. E!rors that occur while the machine is in I-Cycles (OF 
module) are handled differently. Instead of repeating the 
failing microword and continuing from that point, the 
entire I-Cycles operation is repeated from DFOC. 

2. If diagnostic, register bit 3 (suppress all traps) is on, the 
hard-stop position is degated. The machine does not stop on 
errors. This function is used by the microdiagnostics. 

3. Single ECC errors do not cause hard stop. To stop, jumper 
A-B2N2D07 to A-B2M2B07 (RE061). See Appendix A .. 

Bit MCKAO MCKAl MCKA2 

0 LSA Source 1 ACB Register 2 ALU2 Half-Sum 
Address Check Parity Check Check 

1 LSB Source 1 LS Compare ALU3 Half-Sum 
Address Check Check Check 

2 LSA Destine 2 F lush-Through ALU Logical 
Address Check Check Check 

3 LSB Destine 2 H-Register 2 B-Register 
Address Check Parity Check Shift Check 

4 Destine Byte 2 A-Register 
Control Check Parity Check 

5 LSA, B Destine 2 P-Register 2 B-Register 
Address Comp Parity Check Parity Check 

6 LS Control 1 T-Register 2 Z-Register 
Asmblr Check ParitY Check Parity Check 

7 C-Register 1 L-Register 2 D-Register 
Parity Check Parity Check Parity Check 

These indicators are shown in position 8 of the upper roller. 

Bit MCKBO MCKBl MCKB2 

Storage Address 
1-2 

M-Register 2 I-Cycle 
0 

Check Comp Check A Hardware 
SDBI Parity 

2 
M-Register 

2 
Double ECC 

1 
Check Comp Check B Error-SOC 
SDBO Parity 

2 
M-Register 

2 
Control-Line 

2 
Check Comp Check C Parity Check 
Store Parity 

2 
M-Register 2 ECC Busy 

3 
Check Comp Check 0 Check 

Addr X-Late 
2 

ECC Hardware 
4 Spare 

No Match Check 
Store Protect 

2 
Addr X-Late 

2 
Double ECC 

5 
Parity Check Multi Match Error 
Clock Sync 

3 
Addr X-Late 

2 
Single ECC 

6 
Check A LRU Invalid Error Correct 

7 
Clock Sync 

3 
Any Machine Single Data 

Check B Check Bit Correct 

These indicators are located in the SYSTEM CHECKS portion 
of the console. The indicators on the console are grouped into 
functional areas, not as they appear in MCKB. MCKB is an 
external register and can be displayed by setting address 06 
in switches F, G, and STORAGE SELECT to EXT REGS. 

Stop After Log 

The CPU soft-stops (word move, stop word cycling) after the 
machine-check logout is placed in main storage. LOG PRESENT 
and RETRY is on to indicate that the log has occurred. After 
the logout occurs, either run SER EP to obtain the edited log
out or use the alter/display capability of the console printer/ 
keyboard to dump the unedited logout. Refer to the error-

MCKA3 

2 Ext Destine 3 
X Comp Check 

2 Ext Destine 3 
Y Comp Check 

2 Ext Source 1 
Y Check 

2 Ext Control 1 
Asmbl Parity 

1 Interval Time 3 
Parity Check 

1 S-Register 2 
Dup Check 

2 Time-Of-Day 3 
Clock Check 

2 Control Stg 2 
Address Check 

MCKB3 

CT Error 
Correction 

2 
C32 Data Bit 
Corrected 

2 
C16 Data Bit 
Corrected 

2 
C8 Data Bit 
Corrected 

2 
C4 Data Bit 
Corrected 

2 
C2 Data Bit 
Corrected 
C1 Data Bit 
Corrected 
CO Data Bit 
Corrected 
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handling section to determine what areas to display: (machine 
dependent or independent, or both). The machine-dependent 
logout pertains to the Model 145 only. The machine independent 
logout pertains to registers and data that is common to all 
System 370's. 

Note: 

1. The main purpose of this switch position is to enable you to 
get a handle on intermittent problems even though the OS 
or DOS error-handling facilities may not be available. 

I 

2. CAUTION 

Some System 360 programs may have data or instructions 
in lower storage. After the logout occurs. run SE R EP and 
re-I PL. Do not attempt to continue processing. 

3. The retry mechanism is fully functional and is not affected 

by the stop-after-Iog position. 

Disable 

No microinstruction retry, machine-check traps, or machine

check interrupts are taken. The machine-check register is still 
set as a result of the error (logic pages RExxx). 

The main functions of disable are: 

1. Allows the error latch(es) to be set (all errors are 
accumulated). 

2. Allows normal operation such as destination gating lines 
to be active. 

3. Prevents the CPU clock from stopping. 

4. Prevents the machine-check trap request. 

5. Allows writing into Phase 21 storage (blocks the cancel line from 
coming on during storage errors). 

6. The function of restoring control storage when single ECC errors 
occur, is blocked. No attempt is made to correct the failing bit; 
the bad data remains in control storage. 

A brief summary of the check control switch follows. A detailed 
operation can be found in the error-handling section. 

Error occurs I 
J 

Hard stop (Stops here) 

.. Disable (Ignores error) 

I Retry 1 to 256 times 
I 
I 

No retry (Skip this operation) 

I 
Machine-check I interrupt 

Stop after log (Stops here) 

I Continue processing I 
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PROCESS/IMPL 

II SCA(Q)(Q)-READ II STORAGE 

It-.. LOAD. 0 _.RECYCLE CONSOLE SWS AH FILE 

EXE CTRL WORD. • CE MODE ~ 
SWSA-H 

Process /IMPL 

Allows normal CPU operation and console-file loading. 

Scan (Storage) 

e 

Forces a trap to microroutine CSTS, where every word of main 
and control storage is read out and checked for errors. If any 
errors occur (except single ECC errors), the machine stops with 
DIAGNOSTIC STOP on. The microroutine is initiated when 
RATE is in PROCESS, and START is pressed. The following 
action occurs. This position is functional, only when the 
System 370 microprogram is in control storage. 

Notes: 

1. Comments in the CSRD routine provide helpful information 
such as: looping on a selected address and preventing address 
update; how to determine the failing address and data; how to 
loop the entire test. 

Force CSTS Routine 
Trap Address 

Diag stop 

2. It is possible to hard-stop on single ECC errors by adding a 
jumper from A-B2N2D07 to A-B2M2B07 ('Clock Tie Up', 
logic RE061). With the jumper on, set the mode register bits 
for full recording mode (Ext Adr 08 byte O-Bit 3, main
storage full recording; bit 4, CTR L STG-Full recording). The 
mode register bits being on allow the ECC check bits to be 
displayed in MCKB (Ext Addr 06 Byte 3) Register to 
determine the failing bit. 

See CPU service aids in Appendix A. 

MCKB Byte 3 

Load Switches A-H (Storage) 

Forces a trap to microroutine CSRD where the contents of 
switches A through H are loaded into main storage. Control 
storage is neither loaded nor scanned. The microroutine is 
initiated when RATE is in PROCESS and START is pressed. The 
following action occurs. This position is functional only when the 
System 370 microprogram is in control storage. 

CSTS Routine 

Notes 

1. Comments in the CSRD routine provide information on how to 
loop this test, loop a single word, etc. 

2. The storage-protect keys are not cleared by this routine. 

3. Storing all zeros generates ECC bits of "3C"; storing all ones 
generates ECC bits of "FF". 

4. DIAGNOSTIC STOP comes on for double ECC errors or any 
other machine checks. Single ECC errors do not stop the 
machine unless the jumper is on. (See Note 2 under SCAN.) 

Exe Ctrl Word SWS A-H (Execute Control) 

. With the switch in this position, the C'register executes the 
control word in switches A through H. Instead of the C-register 
being loaded from control storage, word in the switches A-H is 
gated to the C-register. All other machine functions are normal. 
The M-register is loaded with the next address, and storage is 
cycled to fetch the next control word. However, the next con
trol word is not gated into the C reg. 

Notes 

1. If a failure is caused by a single microword, set the failing 
microword in swi~ches (A-H). Set RATE to PROCESS and 
press START. The word in the switches will be repeatedly 
executed. Sync the scope on 0 time. 

2. If the word being executed from the switches calls for a local
storage address or external address be sure the P-register is 
set up properly. 

3. Because storage is cycled, it is possible to have single ECC 
errors. Even though the data from storage is not used, a 
correction cycle still occurs. 

4. The 'Exec Cntrl Word' position can be used to clear main or 
control storage as follows. 

a. Zero the P-Register. 
b. Zero LS 0 and LS 1. 
c. Set switches to 48081003 

"STW, LSOO CS LS01&4, VAL", 
this word clears control storage. 

d. Set switches to 48081403 
"STW, LSOO LS01&4, VAL" 
this word clears main ·storage. 

e., VAL in the two words above allow storage to loaded 
while ignoring ECC errors. 
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Read (Console File) 

This switch position enables the console file to begin reading at the 
sector address determ ined by switches AB. 
. When a sector pulse arrives, the track/sector address is read from 

the disk. This address is compared with the value set in switches 
A, B. If a mismatch occurs and the switches (bits 0-4) are higher 
than the address read from the disk, the head is incremented to the 
next track to wait for a sector pulse. Conversely, if the switches are 
lower, the head decrements to the next lower track and waits for a 
sector pulse. This continues until an equal compare is generated. 
The head is now positioned properly, bits 5-7 are compared so that 
reading can begin at the correct sector. Data is read from the disk, 

and the normal reading operation continues. 

Notes: This position can be used when it becomes necessary to 
bypass a sector or test because of a bad spot on a diagnostic disk 
or if an REA is installed and it invalidates a test. Use the micro
listing to determine the sector address of the next sector or test 
and set the A, B switches to this value. This should be a temporary 

measure. Order a new disk from the plant. 

CAUTION 

If a diagnostic test is bypassed, the fault-locating data may not 

be valid. 

Recycle (Console File) 

The console file recycles the entire sector address set in switches 
A-B. This position is used to loop a diagnostic test. The head is 
incremented/decremented as explained under READ. Reading 
from the sector begins with sector start and continues reading 
until an error occurs (diagnostic stop) or until sector end is 
reached. Reading resumes again on the next revolution. 

CE Mode (Console File) 

CE mode turns on the console-file power to allow working on 
the console-file offline (data from the file is not gated to the 
CPU). For removal and replacement procedures see Chapter 6. 

For adjustment procedures see the 23FD manual. 

Console-File Byte-Counter Operation 

The byte counter is a diagnostic aid that enables the console-file 
circuits to stop reading data anywhere in the sector. Without the 
byte counter, the only way to troubleshoot failures that occur in 
the basic microtests would be to sync the scope on the sector start 
pulse and use delayed sweep to locate the failure. By using the 
byte counter, the failing microword can be isolated and then 
placed in switches A-H and troubleshot using the EXE CTR L 

WORD SWS A-H position. 
To stop or sync on a byte-coupter match: 

1. Set DIAGNOSTIC/CONSOLE FI LE CONTROL to READ 
or RECYCLE. 

2. Set switches A-B to the track/sector. 

3. Set switches CoD to the byte value (other than zero) desired 

to stop or sync on. 

4. To stop, set RATE to CONSOLE FI LE BYTE COUNT 

HARD STOP. 

Console-File Displays 

Console-F ile 
Register Display 
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5. Press START CON~OLE FILE. 
Shift Reg ~ DiskAdr! ~ ___________________ c_o_n_so_l_e-_F_il_e_R_eg_i_st_e_rs ____________________ ~ 

Example: To stop after the microword LS01=SPTL,DF is 
executed, set switches CoD to "OF" and set RATE to CONSOLE 

FI LE BYTE COUNT STOP. 

CNT CMD 

05 70 
OA 70 
OF 70 

WORD 

OOOOAAOO 
3890CFOO 
3010CFOO 

STATEMENT 

SPTL=NOREG,SF 
LS01=SPTL,DF 
P=O, OE, K30. 

The console-file displays provide useful information when 
you troubleshoot console-file attachment circuits. Two spring
loaded toggle switches are used to display the disk address 
register, shift register, command register, and byte counter. 
Both switches must be in the normal position to display the 
disk address register. Moving either switch off the normal 
position displays the selected register. 

Note: The shift register is displayed through the command 
register. Always be sure to display the command register first, 

or command data will be lost. 

Example 1, using the previous example of the byte counter. 

Disk address = Sector address set into switches A, B. 
Byte counter = 'OF' (switches CD-OF). 
Command Register = 70 (The 70 preceding 3010CFOO). 

Shift Register == 00 (3890CFOO). 

Read or RecYcie i CFDA Reg Track 

~ Disk Adr 
Cmnd 

Byte Cntr 

Example 2, assume a byte-counter stop at OE (Switches CD=OE). 

Byte counter = OE (switches CD==OE). 
Command Reg = 70 (The 70 preceding 3890CFOO). 

Shift Register = 00 (3890CFOO). 

Notes: 

1. Even though RATE is in SINGLE-CYCLE HARD STOP or 
CONSOLE-FILE BYTE-COUNT HARD STOP, the CPU 
clock is cycled and the microwords being gated to the 
C-register are executed. (The console-file attachment con
trols the CPU clock.) In the previous example (stop at 
OE), the word LS01==SPTL,DF would be gated to the C 

register and executed. 

2. To scope the CPU operation of the microword LSOl =SPTL,DF 
while the console file is in recycle, set switches C,D to OE 

and sync the scope on A4N4G05. To observe the console-
file circuits, sync minus; to observe the CPU operation, 
sync plus. (Set RATE to PROCESS). 

~x 
FL Comp High (Increment Head) 

80 
Switches 

LSI2S 255 Bytes \<JS7 11 Sectod 

CFDA Byte 

Shift Reg 

FL 

Buf Bit 0 

Low (Decrement Head) 

Equal 

Sector Pulse 
(Set to FF) 

Start Bit 

FL 

Byte 
Cntr 

Advance Pulse 

Sect 
Comp 

Switches 

Equal (Cont Reading) 

Unequal (Stop Reading) 

Byte 
Cntr 
Comp 

Console-File Byte
Cou nt Hard Stop 

1--_---1 __ Sync 

A-A4n4G05 

A 

Sync (+) to scope 

CPU circuits 

/ 
SYNC PULSE 5 /1L-l_0_U_s --.-Jlr------If 

Sync (-) to scope 
console file circuits 

3. A byte counter setting of 00 should not be used to sync or stop. 

Cntr 
Match 
Ind 

CF Clock Stop 
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I STORE'DISPLAY ADDRESS I 

Operating any of these eight 16-position switches during machine 
processing does not affect machine operation_ Switch functions 
are: 

Switches Function 

AS These two switches are set to the hexadecimal value 
of data to be entered during manual store operations. 
These switches also specify the disk address of the 
console file during certain microprogram load 
operations. See writeup of DIAGNOSTIC/CONSOLE 
FI LE CONTROL Read and Recycle positions_ 

CD With the rate switch set to SINGLE-CYCLE HARD 
STOP, the byte number set into these two switches 
causes the console file to stop when that byte of 
a sector is read from the disk. See writeup of 
DIAGNOSTIC/CONSOLE FILE CONTROL 
Read and Recycle positions. 

CDEFGH A main-storage address (in hexadecimal) is set into 
those switches for: 

EFGH 

a. Manual store or display operations for main storage. 
(The two low-order bits from switch H specify 
the desired byte.) 

b. Functions specified by the address-compare 
switch. 

A control-storage address (in hexadecimal) is set 
into these switches for: 

a. Manual store or display operations for control 
storage. (The two low-order bits in switch H 
specify the byte for a store operation.) 

b. Functions specified by the address-compare 

switch. 

FG These switches are set to the word address for store or 

display operations (see "Store and Display Keys"). 
The two low-order bits from switch H specify the 
byte for store operations. 

FGH These switches are set to the load-unit address for an 
Initial Program Load (IPL) operation. 
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TOGGLE SWITCHES 

TIME-OF-DAY CLOCK 

Secure 

The switch is spring-loaded in this position. If-the set clock 
instruction is executed with the switch in this position, the 
value of the clock remains unchanged and the counting 

operation continues normally. 

Enable Set 

The switch must be momentarily held in this position to allow 
the set clock instruction to change the value of the clock. 

CONSOLE-FI LE REGISTER DISPLAY 

These spring-loaded toggle switches control the data displayed in 
the console-file register indicators. Four console-file registers are 

selectable: 

1. Disk-address 

2. Shift 

3. Command 

4. Byte counter 

When both switches are in the normal position, the disk
address register is displayed. Moving either switch off the 
normal position displays the selected register. 

Note: The shift register is displayed through the command 
register. Always display the command register first or 

command data will be lost. 

LAMP TEST 

Console indicators should light when this toggle switch is 
operated. This function can be performed without affecting 
system operation. 

ADDRESS COMPARE CONTROL 

This three-position toggle switch is used in conjunction with the 
address-compare rotary switch. See write-up of ADDRESS 
COMPARE. The CPU should be in MANUAL state before this 
switch is operated so that contact bounce does not cause false 
indications. 

Hard Stop 

The CPU clock stops after completing the machine cycle in 
which the match occurs. The address of the word on which 
the match occurred is available in the MB2 and MB3 registers. 

CAUTION 

If an Alter/Display function is performed on the console 
printer keyboard after a hard stop, the CPU will return to 
Run mode. 

Sync/Norm 

This is the normal position for this switch. With the switch in 
this position, each address-compare match generates a sync pulse. 

Stop 

With the switch in this position, a soft stop (executing a STOP 
word) occurs whenever an address-compare match occurs. The 
action required is the sarY1e as if STOP had been pressed. 

INTERVAL TIMER 

Normal 

This position allows a value to be set into or read out of the 
interval timer (MS loc. 80). The value set is decremented, and 
an External interrupt is initiated (if allowed by PSW bit 7) when 
the count decrements through zero. 

Disable 

With the switch in this position, the timer continues to decrement. 
An interruption is not sent to the CPU if the count decrements 
through zero. The contents of the timer is not available to the 
data flow for interval-timer functions; but the timer location 
(hex address 50, decimal address 80) is available for program use. 
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CHECK RESET 

Operation of this key resets all machine-check circuitry, including 
the machine-check register, regardless of the mode of operation 
the machine is in. 

START CONSOLE FILE 

(See System/370 Microprogram Load flowchart in Appendix A) 
Operation of this key causes a circuit system reset. Console-file 
power turns on. Loading from the console file starts at track 0 
sector 0 if the diagnostic/console-file control switch is set to 
PROCESS. If the diagnostic/console-file control switch is set to 
CONSOLE FILE READ, loading starts at the console-file address 
specified by console switches A and B. (The System/370 disk 
must be loaded starting at the track/sector 00.) 

The start-console-file key turns red from the time it is pressed 
until the console file is ready to start reading. This time 
includes the five-second delay necessary to ensure that the disk 
is up to speed. The key stays red if no disk is mounted or if the 
disk does not turn. 

When the file is ready to start reading, the key turns from red 
to white. At file-end time, the white indicator turns off if the 
machine-check latch is not set. 

If a data check occurs that causes the file to stop or if the 
machine-check latch is on at file-end time, the key turns red. 
(Data checks are retried 15 times before a stop occurs.) 

When loading (that is, I MPL or diagnostic operation) is 
completed, console-file power turns off.- After a normal IMPL, 
the system-reset microcode executes, and the CPU enters the 
stopped state (Word-Move Word, Stop function executing). 

CONTROL ADDRESS SET 

Pressing this key causes no action unless: 

1. The CPU is in a stopped state (that is, a Word Move STOP 
Word is being cycled), or 

2. The CPU clock is stopped (that is, no CPU cycles are 
occurring) . 

If either condition exists (Manual indicator on), pressing SET 
CONTROL ADDRESS conditions the circuitry to load the values 
indicated by switches EFGH into both the M- and N-registers 
when START is pressed. The address set into M and N is for 
control storage only 

ENABLE SYSTEM CLEAR 

Operating this key while pressing LOAD or SYSTEM RESET, 

clears the following areas to zero with good parity or ECC bits. 

1. General registers 

2. Floating-point registers 

3_ Keys in storage 

4. Main storage 

SET IC (INSTRUCTION COUNTER) 

Pressing this key causes no action unless: 

1. The CPU is in a stopped state (Word Move Word, Stop 
function is being executed). 

2. The CPU clock is stopped (that is, no CPU cycles are 
occurring). 

If either condition exists (Manual indicator on), pressing 
SET I C causes a trap to the G KCC routine, which gates the 
contents of console switches CDEFGH into the instruction 
counter (Exp LS loc. 50). If the CPU clock is stopped, SET IC 
restarts the clock so that the trap can execute. 

The CPU then enters the soft-stop state (Word Move Word, 
Stop function executing). If START is pressed, instruction 
processing starts at the instruction specified by the address in I 
(Exp LS lac. 50). The current PSW is not disturbed (except 
for the next-instruction address) by the Set-I C procedure. 

Therefore, the current PSW at the time of the Set-IC procedure 
is the one used when instruction processing is started. At least 
one instruction is executed before any interrupts are handled 
when START is pressed after the Set-IC operation. 

DISPLAY 

This key is used in conjunction with STORAGE SELECT. It 
initiates two clock cycles (292.5 ns) to provide gating lines for 
displaying the contents of the storage location selected by 
STORAGE SELECT, and address switches CoHo One fullword 
(switch H byte select is ignored) is displayed in the A-register 
(lower roller position 1) for each pressing of the key. Proce'dures 
for manual display operations are discussed under STORAGE 
SELECT. 

STORE 

This key is used in conjunction with STORAGE SELECT. It 

initiates three clock cycles (292.5 ns) to provide gating lines 
for placing the value of data switches. AB into the storage 
location selected by STORAGE SELECT, and Address switches 
C-H.· One byte of data is stored (switch H selects which byte) 
for each pressing of the key while the fullword containing the 
newly stored byte is displayed in SDBO (upper roller position 
2). Procedures for manual store operations are discussed under 
STORAGE SELECT. 
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SYSTEM RESET 

Pressing this key turns on the IMPL REaD indicator, resets CPU 
clock registers, circuit registers, controls in the CPU, and online 
1/0 units (including outstanding sense and status information). 
This hardware reset is independent of any microprogram. In 
addition, releasing SYSTEM RESET initiates a system-reset micro
program (GRST routine) by starting the CPU clock. This 
microprogram: 

1; Resets word one of every multiplexer channel UCW in 
control storage. (Word one of a UCW contains the op's 
and flags, UCWlchannel status, and high- and low-count 
bytes.) 

2. Sets S, P, T, and L registers to 00. 

3. Sets machine-check A-register, machine-check B-register, 
and diagnostic register to alia's. 

4. Sets ACB-register to a constant determined by the size of 
the control storage. 

5. Restores LN K area of loca I storage to I-cycles address. 

6. Resets MPX registers MTO and MBa and also DOC 
registers TA and TE. 

7. Drops Operational Out to online 1/0 devices. Raises 
Operational Out to online 1/0 devices after at least six 
microseconds. 

8. Sets to zero the UCWs used with the disconnected command 
chaining (DCC) selector channel (block-multiplexer 
channel). 

9. Sets control registers to the initial state. 

10. Sets current PSW to zeros. 

11. When ENABLE SYSTEM CLEAR is operated at the same 
time as SYSTEM RESET, clears the following areas to 
zero with good parity or ECC bits. 

General registers 
Floating-point registers 
Keys in storage 
Main storage 

12. Sets the contents of the TOO clock to zero and places the 
clock in the not-set state during a system reset initiated 
by power on. 

Main-storage is not affected by the system-reset microprogram. 
The resident-diagnostic microprogram (CSRD routine) executes 
near the end of the system-reset microprogram. The resident
diagnostic microprogram: 

1. Checks CPU hardware that cou Id prevent system operation by 
the customer. 

2. Scans local storage for correct parity. 

3. Scans control storage for double errors detected by the ECC 
circuitry. 

Any errors detected during the resident-diagnostic micro
program turn on the diagnostic-stop indicator. 

After successful completion of the resident-diagnostic micro
program, control returns to the system-reset routine, which 

turns off IMPL REaD. IMPL REQD can serve, therefore, as 
an indication that the microprograms are not present in control 

storage. 
After IMPL REaD turns off, the system-reset microprogram 

tests the I PL indicator. If the indicator is on, the system-reset 
microprogram branches to the IPL microprogram. If the indicator 
is off, the system-reset microprogram branches to a Word-Move 
STOP Word, which places the machine in the stopped state. 

The hardware reset can be performed without execution of 
the system-reset microprogram with the following procedure: 

1. Set the rate switch to SINGLE-CYCLE HARD STOP. 

2. Press SYSTEM RESET. 

3. Press SET CONTROL ADDRESS before the CPU clock 

starts. 

The microprogram executed depends upon the control-storage 
location addressed by switches EFGH when SET CONTROL 
ADDRESS is pressed. 

RESTART 

This key is effective when the machine is running or when it 
is in the soft-stop mode. Pressing REST ART causes a trap to 
the GRST routine. The GRST routine branches to GICM, 
where the current PSW stores into main-storage locations 8 
through 15. The new PSW loads from location a and the CPU 
operation start under control of the PSW. 

START 

Various CPU stop conditions reset when START is pressed. 
When START is released, at least one machine cycle occurs 
(that is, the CPU clock is started, but other conditions, such as 
the rate switch set to SINGLE-CYCLE HARD STOP, may cause 
it to stop after one cycle). 

The CPU clock must be stopped or the machine must be in 
the soft-stop state for START to be effective. 

STOP 

This key is effective, only if the CPU is running (CPU machine 
cycles are occurring). When STOP is pressed: 

1. PROCESS STOP is set. This causes a trap to the GICM 
routine. 

2. Execution of the current instruction is completed. 

3. Any outstanding interrupts are taken to the point of storing 
and loading the appropriate PSWs. 

4. The CPU recycles a Word Move STOP Word. 

5. The instruction counter (EXP LS loc. 50) displays in the 
lower roller switch indicators (that is, in the A-register) 
while the Word Move STOP Word recycles. (The lower roller 
switch can be set to any position in order for the instruction 
address to be displayed, but the clock-stop indicator must be 
off.) 

Even though the CPU is in the soft-stop state, channel traps 
for chaining, data handling, or status handling execute if 
requested. Other traps (such as for a machine check) that occur 
because of errors detected during the 1/0 traps are also exeucted. 

(The use meter runs and the SYS indicator is on for any of 
these operations for at least 400 ms. 

However, after the word-move STOP word is first executed, 
no further interrupts (1/0, machine-check, etc) can be taken 
until the CPU is restarted (such as by pressing START). If 
START is pressed, one instruction processes before any interrupts 
are handled, even if the interrupt(s) islare pending before START 
is pressed. 

Because 110 operations can occur during the CPU stop 
condition just described, the operator should not initiate a 
single-cycle hard-stop operation unless it is certain that either: 

1. All 1/0 operations are completed, or 

2. Loss of 1/0 information is not important. 

INTERRUPT 

Pressing this key turns on bit 1 of the external-interrupt (EXTINT) 
register. If PSW bit 7 is on, the interrupt latch is set. At the 
completion of instruction execution, the RETURN microword 
interrogates the interrupt latch. If the latch is on, a branch to the 
GICM routine is taken, where the interrupt is executed. 

LOAD 

When this key is pressed, a circuit system-reset is performed; when 
it is released, the system-reset, the resident-diagnostic, and the I PL 
(Initial Program Load) microprograms execute. LOAD is on 
during the I PL operation. This indicator turns off after success
ful completion of the IPL operation. 

The load unit is specified as follows: 

1. Rotary switches GH specify the unit address. 

2. Rotary switch F specifies the channel (MPX, SX 1, SX2, 
SX3, SX4, depending upon the system configuration and 
the channel desired). 

POWER ON 

This key turns red when operated. It turns white at the end of a 
successful power-on sequence. The power-on sequence for the CPU 
and all online 1/0 units starts when this key is pressed. A circuit 
system reset occurs. The information in storage is not valid 
after a power-on sequence. An IMPL operation is performed 
after the power-on operation to initialize main and control 
storage, if all switches are in PROCESS position and the proper 
disk is mounted. 

Main storage clears to zeros and validates as part of the system
reset microprogram after power-on. A solid double-bit check 
detected when attempting to store zeros in bytes 4, 5, 6, and 7 
of a doubleword causes a machine check. 

1/0 units are power-on sequenced, one by one. If power cannot 
be brought up for a unit, power-on sequencing stops until 
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corrective action is completed for that unit. All online 1/0 
units reset. The power-on sequence bypasses offline 1/0 units. 
The time required for a power-on sequence depends on the number 
of online 1/0 units that are powered on. 

POWER OFF 

Pressing this key removes power to the CPU and to online 1/0 
units. Main-storage and control-storage information is)ost. 

1/0 interrupt conditions reset when POWER OFF is pressed. 
Therefore, any pending interrupts are lost during a power-off 
operation. 

Power to 1/0 units drops without regard to sequencing. 
The power-off key takes precedence over the power-on key. 
The recommended power-off procedure is: 

1. Press STOP. 

2. Press POWER OFF 

A power-supply failure or an overtemperature condition 
causes a power-off sequence and turns on the power-check 
indicator on the console. Pressing CHECK RESET turn,s off 
the indicator and allows a retry of power-on. If the condition 
that caused the power-off sequence is temporary, such as a 
temporary loss of input power or a temporary overtemperature 
condition, pressing POWER OFF resets the power check and 
allows the power-on sequence to operate. If the check was 
caused by some condition that would damage the machine, 
such as a tripped CB, the power-check indicator turns on again. 



USE METERS 

The console has two direct-reading (usage) meters that measure 
operating time: a customer meter and a CE (customer engineer) 
meter. The position of a key switch (below the meters on the 
console) determines wh ich of the two meters records operating 
time. The customer engineer has the key for this switch. When
ever he is performing either scheduled or unscheduled maintenance 
in the CPU, he will set the switch to cause the CE meter to operate. 
One of these meters (determined by the key-switch setting) 
operates whenever the CPU clock is running and: 

1. A word-move STOP word is not being recycled, 

2. The CPU is not performing a soft stop that results from a 
single-cycle operation, and 

3. The CPU is not in the wait state. 

The usage meter runs for a manual store or display operation 
because the CPU clock runs for such an operation. 

Either usage meter runs for a minimum of about 400 ms each 
time it is started. 
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INTRODUCTION 

The console file (I BM 23FD Disk Drive) is the microprogram 
loading device for the 3145. The console file adapter is the 
communication and control link between the CPU and the console 
file (CFl. 

The adapter has its own set of commands for controlling the 
console file, for internal diagnostics, and for CPU diagnostics. 

An initial microprogram load (I MPL), or a diagnostic operation 
initiated from the CPU console, turns console-file power on. 
Console-file power turns off at the completion of the load or 
diagnostic operation. 

Note: This chapter does not contain theory or maintenance 
information for the IBM 23FD or 23FD II Disk Drives. For this 
information, refer to the Theory-Maintenance Manual, IBM 23FD 
Disk Drive, SY26-4154, or the Theory·Maintenance Manual, IBM 
23FD II Disk Drive, SY26-4175. 

23FD DISK FI LE 

• Single read-only head. 

• Track-to-track accessing. 

• Prerecorded interchangeable disks. 

CONSOLE FI LE ADAPTER 

• Controls 23FD 

Power on/off 
Reading 
Accessing 

• Automatic IMPL when system is powered on. 

• Loads data from the 23FD into the CPU. 

• Loads control words directly into the C-register and initiates 
execution. 

• Comparison checks certain next-control-word address bits. 

• Loads starting at any console-file disk address. 

• Recycles specific sectors for scoping. 

• Controls the CPU clock. 

• Automatic retries on data checks (read errors). 

• Stop mode on errors. 

• Parity checking. 

• Odd/even byte check. 

• Sector byte-counter match stop. 

• Sector byte-cou nter sync. 

• The console-file adapter circuitry is checked with a diagnostic 
disk. 

CPU 

Control lines and data from the console-file 
adapter go to CPU: 

• Secondary control assembler. 

• C-register. 

• Expanded local-storage address assembler. 

• External control assembler. 

• Local-storage control assembler. 

• B-Iocal-storage address assembler. 

• External facilities assembler. 
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Disk Format 

• 32 tracks (0 to 31) per disk. 

• 8 sectors (0 to 7) per track. 

• 256 sectors (00 to FF) per disk. 

• Rotation time of 666.7 ms. 

• Sector pulse every 83.3 ms. 

• Sector·pulse duration: 

1.2 ms. - metal base 23FD. 
80 ~s. - 23FD Model II (plastic base). 

Track 31 Track 0 -.-32 Tracks " 

/ _L", , 
/ / , \ 

/ "-
/ II \ \ 

I I 0 \ \ 
I \ I I 
\ \ / I 

\ / / 
\', ./ / " -_.-' / 

, Recording band on 

",,- back. ././ ----
Sector·pulse hole 

Front View 

Data- and Clock-Bit Timing 

L. 
j 

Clock bits are recorded over the entire track, including the area 
that passes the read head during sector-pulse time. 

Data bits, when present, are recorded between clock bits. 

r- 30US.-1 ~ 15 us~ 
Jl n n n n fl 

Clock Data Clock No Clock Data Clock 
Bit Bit Bit Bit 8it 8it Bit 

Byte Format 

• Ten bit positions for each byte. 

• Bytes are read serially, by bit. 

Start bit. Indicates 
the beginning of a 
byte. This bit is 

/

present for every byte. 

Start 

Clock bits 

P-bit. Maintains odd 
parity (excluding 
start bit) 

Data-bit position3 

~ 

Start bit. Indicates 
the end of the current 
byte and the beginning 

of the next byte. 

\ 
C C C C D C o C C D C D C C D C C 

I 0 
I 

I 
L .... ..... 

Sector Format 

..... 

0~1 
Data-bit value (0 or 1) 

..... ..... -....... ..... ..... 

• Maximum of 255 bytes per sector. 

.......... 1 
I 

I 0 
I 

I 
I 

!\ 
3 J 6 ; -

Hexadecimal value for 
example shown 

One byte 

0 
I 
I 
I 
I .--------- -\0 

;' 

IQ U' ,';:-.:;. /' 
/. .--"' .... \ :r, ~ ..... 

,If':' I.:;) ~/ /::..~ 
... I 

One Sector (83.3 ms.l 

Sector 
pulse 

Track and 
sector 
address 

Always a console-file 
disk address (CFOA) 
byte. 

Data Byte 

Byte number 

Command 

Always a command 
byte. 

GO 
'/' 

\----.3 
Data Data 

Arrangement of byte types varies. The adapter recognizes byte types in this 
area by their sequence. The three byte types are: 

1. Console-file disk address (CFDA). 
2. Data. 
3. Command. 

Command Byte 

Data bytes are recorded in groups of four. Each group is preceded 
by either a command byte or, when in compact data mode, by 
another group of four data bytes. For further information about 
compact data mode operation see 'CF Commands'. 

Command bytes specify adapter circuitry action. A command 
byte has the same bit pattern as any other byte. The second byte 
read after a sector pulse is always recognized as a command byte. 
After the second byte, recognition of command bytes depends 
upon the sector format and the command being executed. 

Console-File Disk Address (C FDA) Byte 

• First byte read in any sector. 

• Contains sector address (track and sector). 

• Address range is 00 to F F (256 sectors). 

CFDA BYTE FORMAT 

TRACK SECTOR 

I BIT 0 1121314 516 17 

lBIT VALUE 16 8141211 4 1 2 /1 
- - . -

Track and Sector Determination Examples 

Using assigned bit values: 
CFDA byte = 1010 1100 (bin); AC (hex) 
1. Track = 21 (total value of bits 01234). 
2. Sector = 4 (total value of bits 567). 

Using CFDA Track/Sector table: 
CFDA byte = 1010 1100 (bin); AC (hex) 
1. Locate "AC" in the table, or find bit configuration in left 

column and top row . 
2. Get corresponding number from "TRACK" column on 

right (track = 21). 
3. Get corresponding number from "SECTOR" row on the 

bottom (sector = 4) 

CFDA TRACK/SECTOR TABLE 

Bits Bits 5 6 7 
01234 000 001 010 01110() 101 110 111 TRACK 

00000 00 01 02 03 04 05 06 07 00 

00001 08 09 OA OB OC 00 OE OF 01 

00010 10 11 12 13 14 15 16 17 02 
00011 18 19 lA lB lC 10 lE IF 03 
00100 20 21 22 23 24 25 26 27 04 
00101 28 29 2A 2B 2C 20 2E 2F 05 
00110 30 31 32 33 34 35 36 37 06 
00111 38 39 3A 3B 3C 3D 3E 3F 07 
01000 40 41 42 43 44 45 46 47 08 
01001 48 49 4A 4B 4C 40 4E 4F 09 
01010 50 51 52 53 54 55 56 57 10 
01011 58 59 5A 5B 5C 50 5E 5F 11 
01100 60 61 62 63 64 65 66 67 12 
01101 68 69 6A 68 6C 6D 6E 6F 13 
01110 70 71 72 73 74 75 76 77 14 
01111 78 79 7A 7B 7C 7D 7E 7F 15 
10000 80 81 82 83 84 85 86 87 16 
10001 88 89 8A 88 8C 80 8E 8F 17 
10010 90 91 92 93 94 95 96 97 18 
10011 98 99 9A 9B 9C 9D 9E 9F 19 
10100 AO A1 A2 A3 A4 A5 A6 A7 20 
;0101/ A8 

::.; ................ :::: 

\.?~. .............. ::--: ............. A9 AA AB •... p.c:;:y AD AE AF 
10110 BO 81 B2 83 84 85 B6 B7 22 
10111 B8 89 BA 8B 8C BO BE BF 23 
11000 CO" Cl C2 C3 C4 C5 C6 C7 24 
11001 C8 (C9) CA CB CC CD CE CF 25 
11010 DO b"1 D2 03 04 05 06 D7 26 
11011 D8 09 OA DB DC DD DE DF 27 
11100 EO El E2 E3 E4 E5 E6 E7 28 
11101 E8 E9 EA EB EC ED EE EF 29 
11110 FO Fl F2 F3 F4 F5 F6 F7 30 
11111 F8 F9 FA FB FC FD FE FF 31 

X 0 i 2 3 5 6 7 [X SECTOR 
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DATA FLOW 
For detailed diagrams of console-file functional units and controls 
refer to Diagrams 1-40 and 1-41 in I BM Maintenance Library, , 
3145 Processing Unit Maintenance Diagrams, SY24-3580, 

For power sequencing, refer to "Power On Flow Chart YE024. 

SYS 
osc 

CF 

CLOCK 

I KF041 

CF 
DISK 
55011 

..r-' 
KF051 

IfKF022 

I
CF DISK 
ADDR -
CONTROLS 

DATA :. 
BIT FORCE 00 ~ 

KF012 . ---'" 
~ws A&B 0-7P~ 

. 01)':. EBI 0-7P _~ 
(\ -. 

0-7P -, D~-:i~ 
,~1iI /1. 

p ('Ii< k .;~, 
--' . 

c: ~ (S~~". 
w-

KF033 

INC-DEC iii 
CONTROLS 

FILE 
'CONTROLS ~ 

II 
p 

-o -
C!l 1 

~~2 
~ 0:3" 
00_ 
u.. 0 4 u «_ 

5 
'6" --

7 

KF031 

KF021 
KF025 

5-7 

CONSOLE FILE ADAPTER 

/ From CPU 

'{'-ALUCHKS .~ M3 • ~ \- S-REG CHKS .~ 
3.4.5 .... BRANCH DIAG 

COMPARE 
M-REG ~ UNEQUAL STOP 

~.DUPCHK ~~ ____ ~ 

CMND - REG . 
rf'- CTRLS 

CMND 

9 REG 
DECODE 

KF047 
KF048 

KF032 0-7 

KF024 
KF025 

KF046 

II Refer to CF Operation 

Commands 78 to 7F. 
p -o 

- SW B LS 
00: 1 F G r---__ ADDR 
Zw -- . -_ .... 
ct:1- 2.. --.. DECODE 

~& 2)---./ L-._-.,I_ .. ~ ASM 11111111111111111111111111111 

ow 4 ~ ~-2--7--'''' uo: _ '--__ ~ 
~ 
6 -
7 

KF034 

KF043 
LA041 

o 
ffi-
II- Ii; 5 

~ a-_~4~~~~~~~:'~::::::::::::::::::::::~~::::~~::~::::::::::::::~~~::::::::=!~~:::::::::0:-7:P::::~ 'J:w 
tnc: 3 ' 

ct:~ 1 

~8 - ~------.. - .. --.---2 -
00: 2 

-
1~---+-+-----..../1"'~--.... GATE DATA REG 
• TOCREG 

-1. 
o m CD SWS1 ~~NcG~~E 

START I BYTE ~ 
BIT II--~--I;" CTR 'TMATCH STOP 

0-255 

KF071 KM012 

KF014 

;-________________________ ~~~~BYTE 3 
~ CONTROL r-~---~---r_---------------~ ~ ____ -JI 

KF014-KF017 KF012 
KF013 

r--~:""""'.., 

KF071 KM023 

~---------I.~START 
~ CF CLOCK 

-----~ CLOCK STOP 
~Eg~Kc~~RLS • CTRLS t--------.... CLOCK 

'--.J DATA J RE.TRY I DATA CK STOP-RESET POWER ON 
~I ~~~~ COUNTERt------------------~ 

----------I-.~ CHECK 1 I (15)1 

KF011 KF011 
REREAD FROM 

'---------I.~ BEGINNING OF 
SECTOR 
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for storage word. Then 
dropped at end of 1st Cycle 
and Into 2nd Cycle, AlloWS 
2nd storage cYcle. 

TO CPU 
CLOCK 
CTRLS 
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SHIFT REGISTER II 
Serial-read data from the file shifts through the single-byte shift 
register until the register is full (the start bit turns on). 

When the byte in the shift register is a command byte, it is 
transferred to the command register. At the proper time, the 
command is decoded and executed. Bits 5, 6, and 7 are also used 
in the branch compare circuits. See "CF Commands," commands 
78 to 7F. 

When the byte in the shift register is a data byte, it is 
transferred to the four-byte console file data register (CFDR). 
The byte position entered in the CFDR depends upon the byte 
position within the console-file five-byte word. The word stored 
in the data register is normally a microprogram control word that 
is entered into the C-register or stored in control storage, local 
storage, or if running ASCP, main storage. 

When the byte in the shift register is a console file disk address 
(CFDA) byte, it may be entered into the CFDA register or made 
available to the disk-address compare circuits to determine head 
movement. 

CF DISK ADDRESS (CFDA) REGISTER m 
The CFDA register consists of nine polarity holds and contains 
the address of the track and sector being read. A disk address may 
be entered into the register from the shift register, CPU switches 
A and 8, microprogram (external bus-in), or forced to 00 by the 
adapter. 

Initial entry is determined by the setting of the diagnostic/ 
console file control switch. With the switch set to PROCESS/ 
I MPL, the CFDA is forced to 00 when power is applied to the 
system or when the start console file key is operated. With the 
switch set to READ or RECYCLE, the CFDA register is set to the 
contents of CPU switches A and B. 

When an I MPL is performed, the CFDA register is forced to 00 
and the first sector is read. The address of the next sector to be 
read is set into the register by a control command that may be at 
any position in the sector or, by sector end at the end of each 
sector. After the address enters the register, it is available to the 
disk-address compare circuits at the next sector-address compare 
time. 

Signals entering the disk-address compare circuits are available 
from the CFDA register and .the shift register. Signals leaving the 
compare circuits are available to the head-control circuits and the 
command register. 

COMPARE CIRCUITS II 
The first CFDA byte read from the file enters the shift register 
and is compared to the CFDA register contents. If the track 
portion of the addresses do not compare equally, the 'sector 
ready' latch (which was set by a sector pulse to gate reading) 
resets, and reading stops. The read head moves one track before 
reading resumes. This operation continues until a track equal 
compare occurs. 

When a track equal compare occurs, a sector search starts. After 
each sector pulse, the track and sector address byte is compared 
to the CFDA register contents. If the sector portions of the' 
addresses are not equal, the 'sector latch' resets and reading stops 
until the next sector pulse. 

When a sector equal compare occurs, reading continues and the 
next byte (always a command byte) enters the command register. 
Further operation is then determined by the command in the 
command register. 

HEAD CONTROL AND TRACK ACCESSING m 
No command is provided to move the head assembly from track 
to track. Track accessing occurs when the CFDA byte read from 
the file (into the shift register) and the address in the CFDA 
register do not compare equally. 

When the track address read is higher than the address in the 
CFDA register, the head assembly moves one track toward the 
outside of the disk. A high compare sets the decrement latch, 
which energizes the OUT solenoid to start head movement. 

When the comparison is low, the increment latch sets. This 
energizes the IN solenoid, and the head assembly moves one track 
toward the center of the disk. 

The head lifts from the disk surface when either the 'ready' 
latch resets or the 'head' latch resets. Either of these conditions 
de-energizes the head magnet, which lifts the head from the disk 
surface. 

CF DATA REGISTER (CFDR) II 
. The four-byte CFD R consists of 36 polarity holds (nine per 
byte). An operation command with bit 1 on must be in the 
command register to gate data into the CFDR. The first data byte 
read enters byte 0 of the CFDR. The second byte enters byte 1, 
etc. 

Byte Control 

Two flip flops control the gating of bytes from the shift register 
tothe CFDR. When a command specifies that four bytes of data 
are following, both fl ip flops are set on (11). When the first data 
byte is in the shift register, both flip flops are set off (OO). This 
gates the first data byte (byte 0) into the CFDR. 

When the second byte of data is in the shift register, the first 
flip flop is set on (10) and gates byte 1. The flip flop sequence is. 

Flip Flops Condition 

11 Reset 
00 Gate byte 0 
10 Gate byte 1 
01 Gate byte 2 
11 Gate byte 3 

After the CFD R is full, its contents may be sent to the CPU. 

COMMAND REGISTER II 
The command register consists of nine polarity holds. Setting a 
byte into the command register is determined by three latches: 
'command byte time', 'command register active', and 'command 
finished'. 

After the CFDA byte is read and compared with the contents 
of the CFDA register, the next byte (always a command byte) 
enters the command register. 

When the first command byte is in the shift register, the 
'command byte time' latch sets. At CF clock-2 time, the 
command register and the 'command register active' latch set. 
The command being executed determines when the 'command 
finished' latch will be set. When 'command finished' sets, 
'command active' resets. The next byte coming from the file is a 
command byte, and it is always set into the command register. 

If the command being executed is a control command 1-byte 
op (next byte coming from the file is a command byte), the 
'command finished' latch sets with 'CF control command 
finished'. 

If the command being executed indicates that the next four 
bytes are data bytes, the 'command finished' latch sets after the 
last byte of data enters byte 3 of the CFDR. 

If the command being executed is a control command 2-byte 
op (next byte coming from the file is a CFDA byte), the 
'command finished' latch sets after the track and sector address 
enters the CFDA register. 

When operating with the 'compact data mode' latch set, the 
'command finished' latch may set when, or sometime after, the 
byte counter contains hex F9. 

BYTE COUNTER m 
The byte counter is a binarily coupled ring (1 resetting sets 2, 2 
resetting sets 4, etc.). The counter is reset to FF before each 
sector is read. When a data byte, CFDA byte, or command byte 
enters the sh ift register, the counter advances by 1. The counter 
reaching FF with the file still reading sets the 'counter check' 
latch. 

During some diagnostic tests, the byte counter is advanced by 
17. This function is controlled by a CF command. 

When the 'start bit' latch is on, the byte counter is compared 
with console file byte count switches C and D. A sync pulse is 
available as a maintenance aid when they compare equal. If the 
rate switch on the system control panel is set to CONSOLE FI LE 
BYTE COUNT HARD STOP, the console file reading stops on an 
equal compare. For use of the byte counter as a maintenance aid, 
refer to "Chapter 5, System Control PaneL" 
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CONSOLE FILE CLOCK 

• The console-file clock supplies basic timings for controlling 
adapter functions. Clock timings are: 

CF clock 1 
CF clock 2 
CF clock 3 
CF miscellaneous pulse 

• Console-file clock timing is based on system-oscillator timing. 

The clock is started either by the 'CF short sector pulse' line (see 
"Sector Ready") or by a clock pulse read from the file. Each 
time the clock starts, it runs for one cycle (one bit time) and then 
stops. The next clock pulse from the file restarts the clock for 
another cycle. Restarting the clock with each clock pulse synchron
izes the attachment circuitry with the data reading from the file. 

Using system oscillator pulses, console-file attachment circuitry 
develops 'CF Osc Diy 14 ns', 'CF time A', and 'CF time B'. The 
first clock bit read sets the 'clock bit' latch and starts the clock. 
The X- and V-latches, and seven flip flops (CF sample-times 1 
through 64) develop 'CF clock 1 time', 'CF clock 2 time', 'CF 
clock 3 time', and 'CF mise pulse'. The CF sample time flip flops 
are binarily coupled, and their advance is controlled by the 'CF 
time A' line. 

No. Name 
ALD 

Turn On 

1. CF Osc Pulse KF041 

2. CF Osc Diy 14 ns KF043 

3. CF Time A KF041 1,2 

lJ.u.u CF Osc Pulse 

1lll1J CF Osc Diy 

11111 ATime 

-..j t-- 90 nsee - - ---1';;14= __ 

- - - -
Misc. pulse and 1-time 

through 64-time turn on 
at A-time. They remain 
on until the next clock 
bit starts the clock. 

Console File Clock 6-6 

Turn Off 

- -4. CF Time B KF041 

5. CF Serial Data In KF051 

1,2,9 I B Time .""':: .. I 

~~~~~~--~~~~------~L----------------------------------------------------------7I----,:~~==~==-J 
I 16,orSectorReady 6. Clock-Bit Latch KF042 5,1£i .. 

7 X-Latch KF042 4,6 L~~~~----------JL~~~~~~------~~ ............................................................................ __ ~I ______ ~I 4,15,13,14,15 

J 
c_ 

8. Y Latch KF042 4,7.10,11,13M \ 4,7,10 

9. CF Sample Time 1 KF041 ~~~~~~~~ __ _J~£Q!L~----------~~"~ •• .u •• L~ •• ~.~JL.I.L •• ~ •• ~.u •• ~.~~.-L~·.U.L~ •• U.L •• ~.·L.u··L~·.U.L.u •• ~.~.u •• L~ •• L.·R.u··L.·~ •• ~~ •• L •• ~ •• ~~ •• ~.~~.I.U' ... -u.~.~.mrZt~'.§Qmz8~4'~ ____________ ~ 
I r 

10. CF Sample Time 2 KF041 .. -----------------~~--------- ( 

11. CF Sample Time 4 KF041 

------~-------- r 

12. CF Sample Time 8 KF041 
r 

13. CF Sample Time 16 KF041 
c 

~4. CF Sample Time 32 KF041 - c 
15. CF Sample Time_64 KF041 

16. CF Misc Pulse KF043 '15 11£J~~~~~ __________ ~~£Q~~~3~1,,~8,,1~5------~-------------------------------------------------________________________ ~2~O~.8~8QOu~s~*~~ ...... ~,~------------~ 
j7. CF Clock 1 Time KF043 ~LJ~~~LI~~--~~]1~~~~,11'3~,Mi--------+_-----~2.~8~80~u~s~ .......... ~~5~.7~6~0~us~* _________________________________________________________________________________ ~~~------------------------------~ 

18. CF Clock 2 Time KF043 11~~~~1J~~ __ _J~£Q~~-7L,~8------~~--------------------------~9~.~64~4~U~S~*~ ........................................ ~~2~0~.4~3~Ou~~~*~~~ _______________ ~ 
.19. CF Clock 3 Time KF043 7,8,9 20 506us * • 20.686us * ~ ~-------------l 

1 

20 CF Sector Pulse KF051 L~~~~~~~ _______ ~~~L-~ _____________ ~ ............. -\~O~n~f~or~1.~2m~s~{8~O~u~s±~2~0~us~2~3~F~D~II~) __________________________________________________________________ ~~.~ _______ ~ __ ~ 

19 Ind SHT SECT 
21. CF Short-Sector Pulse KF042 1~~~~~~~~~JL~~~~2~0~ ______ -l~ .......................................................................... L-______ -i:~~2~Ou~sF~l~----__l 

/ 
/ 

/ 

/ 
/ 

/ 

/ 
/ 

/ 
/ 

/ 

I 
/ 

I 
/ 

/ 

/ ...--

/ 
/ 

/ 

, 
/1 

-- - -...--

--
...-- - ...-...--

*Time elapsed from start of 

-...--

clock pulse (Serial Data In), _---
-...--

-

1-1 Bit Time-j-

~C~F~C~IO~C~k_-1_T~i~m_e __ ~ff.~~·L...---------~I~.L---------------------~--_________ ~L-________ ~~ ______________ ~L... ________ ~ ________ ~L_ ________ ~· ____________ nmL_ ______________ ~n~-----it 

CFClock-2Time ~I __ ~ .. ~ _____ ~I~~ .. ~ ________ .. L-_________ .... ________ .. L-______ .... ______ ~ .. ________ .... ______ ~ .. ________ ~ppg"L' ______ ~mmn~_.~? 
• • - • • • 

----------~fR I 
CFClock-3Time !cI,'L-____ ~.L-~I~ ______ L-________ ~ ________ ~L_ ________ ~ ___________ ~L_ ________ ~ ________ ~L_ ________ ~.L_ ________ ~I~ ________ ~ 

--"----'--'--------1, l I 
~C~F~M~iS~C_P_ul_se __________ ~f~~------~ .. tl--------.. ------~ .. L-------~~------~ .. ________ .. L_ ______ ~ ________ ~ .. ________ ... ~ ______ ~m=g~ .. w_ _________ ~mq~ 

I I 
CF Serial Data In ~ • '- • 

--=----=....;..;....--------~: f C J C 
Start 0 

I. I 

• • • • • • • - - - - - - -
• • • • • • • • • • • • • 
C C 2 C 3 C 4 C 5 C 6 C 

1 Byte Time 
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SHIFT REGISTER 

The shift register consists of ten buffer polarity holds, nine shift
register polarity holds (P and 0-7), the 'start bit' latch, and the 
'data bit' latch. Serial-read data coming from the file enters the 

shift register via the 'data bit' latch. Only data bits enter the shift 
register (clock-2 time). 

The first bit read is the start bit. The start bit is followed in order 
by bits 0 through 7 and the P-bit. The shift register is full when 
the 'start bit latch' is set. 

Ten clock cycles are needed to fill the shift register. The shift 
register is gated to the data register, command register, disk
address register, or the compare circuits between clock-1 and 
clock-3 time of the eleventh clock cycle. 

When data is being shifted through the shift register, the buffer 
polarity holds are set and reset' a clock-3 time. When the shift 
register is full, the buffer polarity holds are zeroed by 'CF S-R 

valid clock 3'. During shifting, the shift-register polarity holds 

are set and reset by clock 1. When the shift register is full, it is 
zeroed by the first clock-1 time after 'CF S-R valid clock 3'. 

Clo:;k 1 I II II • • 
Clock 2 - - - - -
Clock 3 I I I I 

Data Bit Latch -
Buffer StoP 

Shift ReC) P 

Buffer P 

Shift Rea 7 

Buffer 7 

Shift Rea 6 

Buffer 6 

Shift ReC) 5 

Buffer 5 

Shift ReC) 4 

Buffer 4 

Shift Rea 3 

Buffer 3 

Shift Reg 2 

Buffer 2 

Shift Rea 1 

Buffer 1 

Shift Reg 0 

Buffer 0 

Start Bit Latch 

Shift Reg Valid 

Reset Shift Reg 

Reset Buffer 

I 

• 

CF Serial Data I 
CF Cloek-2 Tim 

CF Mise Pulse 

n 

e 

Data Bit Latch 

IA 
L.- FL 

A 
(Not) CF Data C heck Stop 

• • - -
I I 

ALD 
KF012 
KF013 

• - -
I 

-

• -
I 

Buffer Stop 

PH 

CF Cloek-' Time __ -J 

• • -
I I -

• 

Shift Register 

I P 
I P~7 

7"-;6 
6<5 
5~4 
4'----: 3 -3"""-:2 
2"""-: 1 
,.....--; 0 
0/ 

CF Shift-Register Bits P, 0-7 

CF Buffer Bit 0 

Clock Cycle 

Time 

S=Shift 
8=8uffer 

Data-8it Latch 

8uffer Stop 

PS 

P8 

7S 

78 

6S 

68 

5S 

58 

4S 

48 

3S 

38 

2S 

28 

lS 

18 

OS 

08 

Start 8it 
Latch 

1 

1,2 

S 

2 

3,M 1,2 3,M 1,2 

8 S 8 S 

This chart can be used with the diagram and timing chart to 

trace various byte configurations through the shift register . 

3 4 5 -6 7 8 

3,M 1,2 3,M 1,2 3,M 1,2 3,M 1,2 3,M 1,2 3,M 

8 S 8 S 8 S 8 S 8 S 8 

9 10 11 

1,2 3,M 1,2 3,M 1,2 3,M 

S 8 S 8 S 8 
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SECTOR READY 

1. When power is applied to the console-file attachment circuitry, 
the 'sector latch' is set and the 'head latch' is reset by '(not) 
CF ready,.m 

2. The first sector pulse activates 'CF short sector pulse'. iii 
3. 'CF sh~sector pulse' starts the clock and resets the 'sector 

latch'.1II See note. 
4. Resetting the 'sector latch' sets the 'head latch'. m 
5. At 'CF clock-3 time', the 'Sht Sct 20 us' latch is set deactivating 

'CF .short sector pulse'.11 
B. When 'CF sector pulse' drops, the 'Sht Sct 20 us' latch is reset.1I 

The clock cycles only once for the first sector pulse. When 
the clock is started by 'CF short sector pulse', the clock 
bit coming from the file may be seen on the 'CF serial data 
in' line after the clock has started. This is normal operation 
when 'CF short sector pulse' starts the clock. 

7. The second sector pulse activates'CF short sector pulse'.m 
8. 'CF short sector pulse' sets the 'sector latch' and starts the 

clock.1I 
9. At 'CF clock-3 time' the 'Sht Sct 20 us' latch is set and the 

'CF short sector pulse' line drops. The conditions needed to 
turn on the 'sector ready' latch are satisfied when 'CF short 
sector pulse' drops·1I II 

After the 'sector ready' latch is set, the clock is started by the 
clock bit coming from the file ('CF .serial data in' line). 

'Sector ready' remains on until'CF mise pulse' time of the cycle 
that either the 'sector Latch' or·the 'head latch' resets. 

Note: The presence of a disk on the file is indicated when the 
'sector' and 'head' latches count two sector pulses. 

Clk Bit Lth -
OR 

CF Short-Se ctor Pulse ----

Set Sect 
CF Short-Sector PuIs 

A 

(Notl CF Sector Ready 

Sht Sct 20U-S 
CF Clock-3 Time 

(Not) CF Sector Ready (Not) System Reg Byte 2 Bit 2 

CF Sector Pulse----4__.. 

(not) CF Ready 

Sector Ready 6-8 

X-Latch 
CF Time B I 

(Clock Start) I A FL 
--.. 

KF042 

Sector Ready 

Sector Latch FL 
A 

FF 

KF021 

KF021 

Rst Head m 
Head Latch 

FF 
CF 
Misc Pulse 

(Reset Head)---"'-------_ .. 
KF021 



CF COMMANDS 

Console-file commands are of two kinds: operation commands 
and control commands. Operation commands perform operations 
with data that has been read from the file (not necessarily data 
immediately following the command byte). Control commands 
initiate direct action within the console-file adapter or perform 
diagnostic functions. 

OPERATION COMMANDS 

Command 

CFDR to C-Register 

CFDR to C-Register and Execute 

Disk to C-Register 

Disk to C-Register and Execute 

Disk to C-Register and Execute 
C-Register in compare mode 

Execute C-Register with Direct 
Local Store Addressing, CFDR data 

Execute C-Register with Direct 
Local Store Addressing, Disk Data 

20 CFDR to C-Register 
C=R 

Mnemonic Hex 

C=R 20 

C=R,X 30 

C=LR 60 

C=LR,X 70 

C=LR,mmm 78 
to 
7F 

X,LS 80 

LR,X,LS CO 

This command moves the four bytes in the CFDR into the 
C-register. This byte is followed by another command byte. 

30 CFDR to C-Register and Execute 
C=R,X 

Function 

Move CFDR to C-Register 

Move CFDR to C-Register and 
execute C-register 

Move disk data to CFDR to 
C-Register 

Move disk data to CFDR to 
C-Register and execute C-Register 

Move disk data to CFDR to C-Register 
and execute C-Register in compare mode 

Execute C-Register, use CFDR data, 
supply LS address from CF command 
bits 2-7 

Execute C-Register, use disk data, 
supply LS address from CF command 
bits 2-7 

Th is command causes the four bytes following the command byte 
on the disk to read into the CFDR, transfer into the C-register, 
and then execute as a control word. The C-register is not changed 
after execution of the control word_ 

This command moves the four bytes in the CFDR to the 
C-register and executes them as a control word. The C-register is 
not changed after execution of the control word. This byte is 
followed by another command byte. 

78 to 7F Disk to C-Register and Execute 
C-Register in Compare Mode 
C=LR,mmm 

These commands cause the four bytes following the command 
byte on the disk to read into the CFDR, transfer into the 
C-register, and then execute, in compare mode, as a control word. 

Bit 4 equal to 1 indicates to the adapter circuitry that this 
function is to be performed in compare mode_ 60 Disk to C-Register 

C=LR 

This command causes the four bytes following this command to 
read into the CFD R and then transfer into the C-register_ 

70 Disk to C-Register and Execute 
C-Register 
C=LR,X 

Execution of a word in the C-register results in setting up the 
next control-word address in the M (N) register even though that 
address is not used to access the next control word. 

M3 bits 3, 4, and 5 are frequently set according to the resu Its of 
branch testing. Bits 5, 6, and 7 of commands 78 to 7F are 
compared with M3 bits 3, 4, and 5 so that the setting of M3 bits 
3,4, and 5 can be checked. To use comparison checking, the CF 
command byte bits 5, 6, and 7 are set up so that the next 

control-word address is checked. Bits 5, 6, and 7 of the CF 
command byte correspond to M3 bits 3, 4, and 5 as follows: 

Command Bvte Bits M3 Bits 

567 345 

000 000 
001 001 
010 010 
o 1 1 o 1 1 

o 0 o 0 
o 1 o 1 
1 0 1 0 
1 1 1 1 

If a mismatch occurs in compare-mode checking, the 'diagnostic 
stop' latch sets, CF and CPU operations stop (if diagnostic mode 
3 is off), and the system diagnostic-stop check indicator turns on. 
If the command byte bits 5,6, 7 match M3 bits 3, 4, 5, the 
console-file operation continues. 

80 Execute C-Register with Direct Local Store 
Addressing, Console-File Register Data 
X,LS 

This command causes the CPU to execute the control word in the 
C-register (the C-register must contain a word-move word. The 
local-storage address for storage of CFDR data is decoded directly 
from bits 2 through 7 of the CF command byte. The four bytes 
in the CFDR are used as data. The C-register is not changed after 
the command is executed. This byte is followed by another 
command byte. 

CO Execute C-Register with Direct 
Local Store Addressing, Disk Data 
LR,X,LS 

This command causes the CPU to execute the control word in the 
C-register. Bits 2 through 7 of this command byte are the direct 
address of a local-storage register. This register contains the 
control- or main-storage address into which the CFDR data is to 
be stored. The four bytes following the command byte on the 
disk are read into the CFDR and used as data to be stored in this 
operation_ The C-register is not changed after the command is 
executed_ The four data bytes are followed by another command 
byte. 

CONTROL COMMANDS 

00/10 Compact Data Mode 
MODE=DATA 

This command sets the 'compact data' latch to allow data to load 
into the CPU without a command every four bytes (one control 
word). The byte following this command is another command 
byte. It is retained in the command register (Command Finished 

is inhibited) until the 'compact data' latch is reset. During 
reading, data-register byte-control flip flops control the 
operation. The 'compact data' latch resets when the byte counter 
equals F9 (250 bytes read), and normal operation resumes. The 
C-register must contain a storage word for this operation. 

01/11 File Pause 
FILEPAUSE 

This command is normally used in diagnostic operations to 
execute a few control words from A local storage while waiting 
for the file to read the next byte. This command sets the 'file 
wait' latch (Sys 2, bit 2). The CPU clock starts, and the word 
currently in the C-register determines CPU operation. The address 
contained in the disk-address register is not changed by the 
microprogram routine. 

The byte following a file-pause control command is always a 
command byte. If the microprogram does not turn off the 'file 
wait' latch before the next command byte is read, (300 us. 
nominal), the 'pause check' latch sets_ (See "CF Error Checks.") 

02/12 Byte Check 
NOP 

This command performs the odd/even byte-count check. (See 
"CF Error Checks.") It is always followed by another command 
byte. 

03/13 Diagnostic Mode 3 
MODE=D3 

This command inhibits CF power off with diagnostic stop on to 
allow testing of the 'diagnostic stop' latch. Sys 2 bit 2 must be 
off. 

Diagnostic mode 3 followed by File Pause forces Special File 
Pause; that is, same as File Pause except that file power may not 
be turned off on a diagnostic-stop condition. 

Diagnostic mode 3 followed by File Wait forces Special File 
Wait; that is, same as File Wait except that Diagnostic Stop is 
inhibited. 

If Diagnostic Stop is not reset when the storage microprogram 
resets file wait, the CF powers off. 
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Command Mnemonic Hex· Function 

Compact Data Mode MODE=DATA 00/10 Sets 'compact data' latch. 

File Pause FI LEPAUSE 01111 Sets file-wait bit (Sys 2 bit 2) 
and continues reading. (300 us. max). 

Byte Check NOP 02/12 Performs odd-even byte check. 

Diagnostic Mode 3 MODE=D3 03/13 Inhibits power off with Diag stop on. 
Followed by File Pause forces 
Special File Pause. Followed by File 
Wait forces Special File Wait. 

M-Register Duplicate Check STP=M-DUP 04/14 Stop if M-Reg duplicate check active. 

S-Register Duplicate Check STP=S-DUP 05/15 Stop if S-Reg duplicate check active. 

ALU Check STP=ALU 06/16 Stop if ALU logical check. 

C-Register Parity Check STP=C-PTY 07/17 Stop if C-Reg parity check (not Diag 
mode -1), or no C-Reg parity check 
(Diag mode-l). 

Advance Byte Counter By + 17 BYTCTR + 17 08/18 Advance the byte counter an extra 
16 counts. 

Diagnostic Stop DIAG=STOP 09/19 Branch on Diagnostic Stop. 
If on: no action. If off: CF power off. 

Force Parity CFDA/CMMD Regs. CMD&ADR-P OA/1A Force P-bits in command and address Regs. 

Error Check STP=NO-CK OB/l B Stop if a console-file check not on. 

Diagnostic Mode 1 MODE=Dl OC/1C Set diagnostic mode 1, force P bits in 
CFDR, and inhibit CF checks except data check. 

Diagnostic Mode 2 MODE=D2 OD/1D Set diagnostic mode 2, inhibit CPU clock 
start, and inhibit CF checks except data check. 

Diagnostic Mode Normal MODE=NORM OE/l E Reset all CF diagnostic modes. 

Reset CF checks RST-CHKS OF/1 F Reset all CF checks except data check. 

File End FILE-END 40/50 Turn off CF power and start CPU clock. 

File Wait FILEWAIT 41/51 Gate next byte into CFDA Reg. Set wait 
bit (sys 2 bit 2) and stop reading. 

Sector End SEND 42/52 Gate next byte into CFDA reg. Stop 
reading and seek to new address. 

Conditional Sector End SEND-IFMM 44/54 If bits 6 & 7 match M-Reg byte 3, bits 
4 & 5, perform sector end; if not, 
continue reading. 

Set CFDA No Sector End SET-CFDA 4A/5A Set CFDA Reg with next data byte and 
inhibit sector end. 

Extra Bit Check EXTRA-BIT 4C/5C Force extra-bit check: data check. 

Shift-Register Parity SHIFT-PTY 4D/5D Allow only start and stop bits to enter 
shift register. Force data check. 

Block Stop Bit NO-STPBIT 4E/5E Block start bit of next byte: data check. 

Odd-Even Byte Check INVRTBIT3 4F/5F Force odd-even byte check: data check. 

*Bit 3 of each control command byte is formatted to permit an odd-even-count check of 
the bytes written in the sector. All bytes (CFDA, command, and data) are included in 
the count. The status of bit 3 is checked each time a control-command byte is read (see 
"CF Error Checks"). 

04/14 M-Register Duplicate Check 
STP=M-DUP 

If an M-register duplicate check is present when this command is 
executed, the 'diagnostic stop' latch sets and the CF powers off. 

05/15 S-Register Duplicate Check 
STP=S-DUP 

If an S-register duplicate check is present when this command is 
executed, the 'diagnostic stop' latch sets and the CF powers off. 

06/16 ALU Check 
STP=ALU 

If an ALU check is present when this command is executed, the 
'diagnostic stop' latch sets and the CF powers off. 

07/17 C-Register Parity Check 
STP=C-PTY 

This command sets the 'diagnostic stop' latch if either of the 
follQwing conditions exists. 

1. Correct C-register parity and diagnostic mode 1 is set. 
2. Incorrect C-register parity and diagnostic mode 1 is not set. 

08/18 Advance Byte Counter by +17 
BYTCTR+17 

This command is used to check the operation of the byte counter 
and the 'counter check' latch. This command advances the byte 
counter by 17. The counter is advanced by only +1 if bit 4 of the 
byte counter (value of 8 hex) is equal to a 1. 

09/19 Diagnostic Stop 
DIAG=STOP 

This command branches on Diagnostic Stop: if on, no action; if 
off (diagnostic mode 3 must be off), CF powers off. 

OA/1A Force Parity CFDA and Command Registers 
CMD&ADR-P 

This command forces parity bits on the outputs of the CFDA and 
command registers. If the parity bit is not present in either or 
both registers, a command register andlor CFDA register check 
should occur. If diagnostic mode 1 is not set, the CF powers off. 

OBllB Error Check 
STP=NO-CK 

This command tests for a CF error condition (address, command, 
byte counter, CPV clock start, or pause check). If no error 
condition exists, and if diagnostic mode 3 is reset, the 'diagnostic 
stop' latch sets and the CF powers off. 

CF Commands 6-10 

OC/lC Diagnostic Mode 1 
MODE=Dl 

This command forces the parity bit ON in all bytes of the CFDR. 
If a CFDR to C-register operation is executed, a C-register parity 
check should occur. All error-stop conditions (except Diagnostic 
Stop if diagnostic mode 3 is off) are inhibited from removing 
power from the file. Data checks are recycled. 

OD/lD ·Diagnostic Mode 2 
MODE=D2 

Allows all commands to be performed within the CF adapter 
circuitry and inhibits the following: 

1. All error conditions (except Diagnostic Stop if diagnostic 
mode 3 is off) from turning off power. 

2. CF 'operational' latch. 
3. CF 'clock start' latch. 
4. CPU 'clock start' line. 

Data checks are recycled. 

OEll E Diagnostic Mode Normal 
MODE=NORM 

This command resets all three of the diagnostic modes. 

OF/lF Reset CF Checks 
RST-CHKS 

This command resets File Wait (Sys 2 bit 2), Diagnostic Stop, and 
all CF error-check latches except data check. 

40/50 File End 
FILE-END 

The file operation terminates, and console-file power turns off. 
The next byte is an address byte, and it enters the CFDA register. 
If no machine checks have occurred, the 'CF operational' latch 
resets and the CPU clock starts. The word in the C-register 
determines CPU operation. 



41/51 File Wait 
FILEWAIT 

This command sets the file-wait latch (Sys 2, bit 2). This byte is 
followed by an address byte. After the address byte is stored in 
the CFDA register, the sector latch turns off to end reading, the 
CPU clock starts, and the word in the C-register determines CPU 
operation. Console-file power remains on. If the wait latch is not 
turned off before the next sector pulse is read, the head retracts 
from the disk surface. 

This type of command byte is normally used in a diagnostic 
operation after A local storage or control storage is loaded with a 
set of control words. The control-word set is executed (from the 
A local storage) after the 'sector' latch is turned off. (Refer to 
"Operating Control Storage From Local Storage.") The address in 
the CFDA may be changed (only if CF power is on) during 
execution of the control words. At the end of the execution of 
the control words, the last control word executed turns off the 
'file wait' latch so that reading from the file can resume. 

42/52 Sector End 
SEND 

This command, normally, the last command byte in a sector, 
enters the next byte into the CFDA register. This indicates that 
the next sector is to be read. After the sector-end command byte 
is read, the 'sector' latch turns off until the next sector. 

44/54 Conditional Sector End 
SEND-IFMM 

This command compares M3 bits 4 and 5 to bits 6 and 7 of the 
command byte. If the bits are the same, this command performs 
the same function as the sector-end command. If the comparison 
is unequal, the CFDA byte is ignored and the next command is 
taken from the byte following the CFDA byte. 

4A/5A Set CFDA No Sector End 
SET-CFDA 

This command gates the next byte of data into the CFDA register 
and inhibits sector end. This command must be executed one 
byte before a force data-check command is performed. 

4C/5C Extra·Bit Check 
EXTRA-BIT 

This command forces an extra bit at 1-time when the next byte is 
read. A data check is conditioned at start-bit and 3-time of this 
byte, and a recycle is performed to the address contained in the 
CFDA register. If the 'extra bit check' latch does not set, the 
'diagnostic stop' latch sets and the CF powers off. 

40/50 Shift Reg Parity 
SHIFT·PTY 

This command allows only start and stop bits to enter the shift 
register. A shift-register parity check is generated, which forces a 
data check. Data check causes a recycle to the address contained 
in the CFDA register. If no parity check occurs, the 'diagnostic 
stop' latch sets and the CF powers off. 

4E/5E Block Stop Bit 
NO·STPBIT 

This command blocks the start bit of the next byte from entering 
the shift register. This causes a data check and a recycle to the 
address contained in the CFDA register. If no data check occurs, 
the 'diagnostic stop' latch sets and the CF powers off. 

4F/5F Odd/Even Byte Check 
INVRTBIT3 

The microprogram assembler inverts the true value of bit 3 of this 
command byte before it is written on the file. When it is read 
from the file, it forces an odd/even byte check. This causes a data 
check and a recycle to the address contained in the CFDA 
register. If no check occurs, the 'diagnostic stop' latch sets and 
the CF powers off. 
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CF ERROR CHECKS 

The action that occurs when a CF error is detected depends upon 
the settings of the diagnostic/console file control and check 
control switches. Results for each combination of switch settings 
are shown in the following chart. 

CF ERROR CONDITIONS AND RESULTS 

I DIAG. CF/CONTROL SW READ OR Process RECYCLE 
(j 
I-

~ CHECK CONTROL SW 
en 

BYTE CNTR 

CMND REG 

2 
DISK ADR REG 

a PAUSE 
f= 
0 CPU CLOCK START 
2 a DATA CHECKS 
(j 

~ Even-Odd Check 
(j 

Out of Sync/Missing Bit w 
:c Extra-Bit Check u 

Shift-Reg Parity Error 

DIAGNOSTIC STOP 

(See 3145 MOM 

Diag.1-41) 

DATA CHECKS 

Even-Odd Check m 

PROCESS HARD PROCESS 

STOP 

STOP STOP RESTART 

STOP STOP RESTART 

16 STOP 16 

retries (Read) retries 

16 

retries 

(Process) 

STOP STOP RESTART 

• Indicates incorrect number of bytes read from a sector. 

• Checked each time a control-command byte is read. 

• Can be tested by the force data-check command: 
INVRTBIT3 (hex 4F/5F). 

HARD 

STOP 

STOP 

STOP 

STOP 

STOP 

Bit 3 of each control-command byte indicates whether the number 
of bytes from the beginning of the sector to the control-command 
byte is even (bit-3 = 0) or odd (bit-3 = 1). The byte-counter trigger-
1 setting alternates as each byte (CFDA, command, or data) reads 
from a sector: 0 for byte 0, 1 for byte 1, 0 for byte 2, 1 for byte 
3, etc. An unequal compare (trigger 1 ON and bit 3 OFF, or 
trigger 1 OFF and bit 3 ON) activates the 'CF Data Check' line. 

Out-of-Sync or Missing-Bit Check iii 
• Indicates a failure to detect a start bit for the following byte. 

• Checked when the start bit of the byte being read shifts from 
the shift-register buffer-O position to the 'start bit' latch. 

• Can be tested by the force data-check command: 
NO-STPBIT (hex 4E/5E). 

CF Counter Display 1 

(Not) CF Shift Reg Bit 3 

CF Control Command 

CF Cmmd Byte Time Lth 

Even-Odd 
Check 

CF Command Reg Good Parity 

mm 
Shift Reg ParitY Error -----l-r' 
(not) CF Stop Bit 

OR 
A ~---------------~ 

A 

CF Start Bit 
KF011 

CF Clock 3 Time 

(Not) Wait Bit Buffered ------t. 
KF011 

Counter Match 

(Not) Ctrl Source Diag Sw Process 

Check Control Hard Stop Sw --~-"L-L..J 

CF Data Check 

Data 
Check 
Cntr 

KF011 

KFOll 8 

CF Error Checks 6-12 

Data -
KF011 

Set CFDA Reg -----I Reset 
CF Reset Ort-._-----__ --------------...... 

CF Cmnd 4-5 11 

CF Clock 1 Time --------1 A 
CF Decode 00 
(Not) CF Block Data In _____ • 

A 
CF Serial Data In 

(Not) CF Y Time ---~ 

CF Sample Time 64 ------i ..... -----tL_--' CF Reset B 

KF043 

Extra-Bit Check Ii 
• Indicates detection of a bit on the 'CF Serial Data' In line 

during sample-extra time (between clock-bit time and data-bit 
sample time). 

• Can be tested by the force data-check command: EXTRA-BIT 
(hex 4C/5C). 

Shift-Register Parity Error m 
• Indicates incorrect (even) parity in the shift register. 

• Can be tested by the force data-check command: SHIFT-PTY 
(hex 40/50). 

CF Serial Data In 

Extra 
Bit Chk 

FL 

KF043 



BYTE CNTR 

• Indicates that the count in the byte counter has reached 255 
and that the file is still reading. 

• Can be tested by the control command: BYTCTR+17 
(hex 08/18). 

CF Clock 2 Time 
CF Start Bit ---I 
128------1 
64-------1 
32 --------1 
16-------t 
8------~ 

4-------1 
·2------~ 

KF073 

Counter 

FL 

CF Error Lth Rst ---tL_-' 

KF036 

CMND REG 

o Indicates command register incorrect parity. 

• Checked each 'S·R Valid and Clock 3' time. 

Byte 
Cntr 

l!!!! 

o Can be tested by the control command: CMD&ADDR-P 
(hex OA/1 A). 

Cmd Reg 
P,0-7 

Parity

Checking 

Circuits 

KF034 

CF Command 
Reg Good Parity 

Cmd Reg 
Check 

CF S-R Valid Clock 3 -----,,-'--'-_ 
FL 

CF Error Lth Rst -----tL_....J 
KF036 

PL161 

Cmnd Reg 

• 
PL161 

DISK ADR REG 

• Indicates CF data address register incorrect parity. 

• Checked each time CFDA register is set. 

• Can be tested by the control command: CMD&ADR-P 
(hex 08118). 

CFDA 
P,0-7 

Parity

Checking 

Circuits 

CFDA Reg 
I----.--Parity Good Disk 

Adr Reg 

PAUSE 

KF032 

CF Set T-S From Shift Reg 
CF S-R Valid Clock 3 

CF Error Lth Res 

CFDA Reg 
Check 

FL 

KF036 

• Indicates that a file-pause operation did not end before the 
next command byte was read from the file. 

1. 'CF Set File Wait' (decoded from the file command) sets 
'System Reg Byte 2 Bit 2' latch. B 

2. 'Wait Buffered' sets when 'CF Set File Wait' becomes 

inactive. m 
3. Reset to 'Wait Buffered' is not effective because the set 

remains active. II 
4. If microprogram does not reset 'System Reg Byte 2 Bit 2' 

to allow the reset of 'Wait Buffered', 'CF Start Bit And 

-

Clk l' ANDed with 'CFDA Compare' sets 'Pause Check'. m 

PL 161 

Start Clk 1 

CF Start Bit And Clk 1 -----4 
(Not) Cmd Reg Active 

(System Reg 
Byte 2 Bit 2) 

Wait 
Buffered 

CF Set File Wait ----L .... --~-------___t 

1 Time AA4 -----, 

Ext Dest Byte 2 --------4 

Ext Dest Dec Y 5 Bfr 

FL 

RS013 

FL 

CF Mise Pulse ---'L-_...J 
KF022 

CFDA Compare 

CF Error Lth Rst 

CPU CLOCK START 

• Indicates that the CPU clock failed to start as requested by the 
console-file adapter. 

1. Console-file request for a CPU clock cycle sets 'Clock 

Start'. B 
2. The next 'CF Misc Pulse' brings up 'CPU Clock Start' to 

the CPU. m 
3. If the CPU clock fails to start, CPU clock '0 Time' does 

not reset 'Clock Start'. II 
4. Clock Start' remaining on allows the next 'CF Clock 2 

Time' to set 'CPU Clk St Ck'. m 

Clk Start 
Set 

Clock 
Start 

m 

CPU Clock 
Start 

CPU Clk 
St Ck 

CF Clock 2 Time A 

OTime 

Pause 
Check 

FL 

KF022 

FL 

KF024 

Pause 

• 
P L 161 

FL 

CF Error Lth Rst 

KF022 

m 
CF Misc Pulse CF Clock Start 
(Not) CF Mode 2 

KF024 
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INITIAL MICROPROGRAM PROGRAM LOAD (IMPL) EXAMPLE 

Objectives: 

• Initialize CPU. 

• Set up beginning control-storage address. 

• Set storage word into C-register. 

• Load control words into control storage. 

o Update control-storage address for each control word loaded. 

Note: This example IMPL is used to illustrate the data flow, 
control, and interaction between the console file and the CPU. 
I MPL routines may vary depending upon the EC level of the 
console file IMPL disk. 

mCQmmands and data (CPU control words) in this area initialize: 
LSDl H-register 
SPTL registers ACB register 

These control words load directly into the C-register. They do 
not enter into local or control storage. 

mCommand 60 (Disk to C-Register). 

1. Gate the next four bytes (38 80 OF 00) from the disk 
through the secondary control assembler to the C-register. 

2. The CPU clock is not started. 

Shift Register Command Register 

Console-File 

Secondary 
Control 

Assembler 

3 
8 

8 8 

'--___ X -t-_O_f-- X _~I--0~ 
a a 
F F 

a 
a 

Track 00, Sector a of IMPL Disk 

I " j 
60 : 38800~:~0 CO: 00008000 60 48C80000 CO xxxxxxxx co I xxxxxxxx 

---g---

rlCommand CO (Execute C-Register with Direct Local Store 
Addressing, Disk Data). 

1. Read next four bytes (00008000) into CFDR. 
2. Start CPU clock. 
3. Word-move Word 38800FOO (previously set in C-register) 

executes, destining the CFDR contents to LSOO. 
a. External source of CFDR is selected by CF command 

register bit 0 = 1. 
b. Destination of LSOO is selected by CF command 

register bits 2 through 7 = 000000. 

Bits 2-7 = 000000 LS-B Address 
1-----tt--------.:---~-___1 Assembler (X

Console File 
Data Register 

~ ...... -+--.., 

Bit 0 = 1 

A- R egiste,.f_' -.--1_.,......., 

Z-Register 

and Y-line) 

LSOO 

LS-B 
Destination 
Latches 

- ---

Initial Microprogram Program Load (IMPL) Example 6-14 

IDCommand 60 (Disk to C-Register). 

1. Gate the next four bytes (48 C8 00 00) from the disk 
through the secondary control assembler to the C-register. 

2. The CPU clock is not started. 

Secondary 
Control 

Assembler 

~---X -fo--t- X 



III Command CO (Execute C-Register with Direct Local-Store 
Addressing, Disk Data). 

1. Read the next four bytes (first control word to be loaded) 
into CFDR. 

2. Start CPU clock. 
3. Storage Word 48C80000 ( previously set in C-register) 

executes, destining the CFDR contents to control storage. 

a. External source of CF D R is sleeted by CF command 

Store 1 Cycle 

Console File 

Data Register,.........---i_.....-...., 

Bytes 1,2,3 

D -Reg i ,...st_e...,r r---r---,r-.. 

register bit 0 = 1. 

b. CF command register bits 2 through 7 = 000000 indicate 

that the contents of LSOO is the control storage destinat

ion address. Because the Z-reg contains the address 
destined to LSOO the control storage address is gated 

directly from the Z-register. (Refer to "Chapter 2. 

Functional Units, Local Storage", under the heading 

"Destination Look Ahead".) 

Bit a ~ 1 

External 
Address 
Assembler 

External 
Data Asm. 

A-Register 

Z-Register 

A Byte Assembler 

Control 

Storage 

ALU 1-------, 
Inc+4 -----f 3 

LS-A 
Destination 

Latches 

LS-B 
Destination 

Latches 

Local 

Storage A 

Local 
Storage B 

04 

First Half Store 2-Cycle 

B-Register 

Command 
Register 

B Byte 
Assembler 

LS-A 

LS-B Address 
Assembler (X
and Y-line) 

Destination 
Latches 

Z-Register 

LS-B 
Destination 

Latches 

LS-A 
Destination 

Latches 

LS-8 
Destination 

Latches 

Second Half Store 2-Cycle 

Storage A 

Local 
Storage B 
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CF REMOVAL and REPLACEMENT 

Note: These procedures are for the removal and replacement of 
the console file only. For removal, replacement, and adjustment 
procedures for components of the console file, refer to the 
Theory-Maintenance Manual, IBM 23FD Disk Drive, SY26-4154, 
or the Theory-Maintenance Manual, IBM 23FDJI Disk Drive, 
SY26-4175. 

REMOVAL FOR SERVICE 

1. Swing out the file assembly gate. 

2. Raise the file assembly until the hinge pins disengage. 

3. Set the file assembly on a working surface. 

REMOVAL FOR REPLACEMENT 

1. Swing out the file assembly. 

2. Raise the file assembly until the hinge pins disengage. 

3. Set the file assembly on the floor or console reading board. 

4. Disconnect ac and dc cables from the file assembly. 

5. Unplug the signal cable from the rear of the file. 

File-Base Removal 

1. Remove the left and right tilt arm stop studs. m 
2. Remove the four lower mounting nuts on the rubber shock 

mounts securing the file to the mounting frame. iii 
3. Support the file base and slide it to the rear of the mounting 

frame. 

4. Remove the tension from the left and right bracket springs.1I 

5. Place the file base on a working surface and remove the left 
and right tilt-out lever and bracket assemblies.1!J 

File-Base Replacement 

1. Attach right and left tilt-out lever assemblies to file baseplate.1!J 

2. Attach bracket spring to each tilt-out lever assembly.1iI 

3. Hook right and left cover arms over tilt-out lever studs. II 
4. Remove striker bracket, plate, and two stops from top rear of 

baseplate.1I 

Note: These parts are used as cover retainers during shipment 
only and must be removed to allow proper operation of the 
file tilt-out feature. 

5. Attach the file to the rear of the tilt-out panel by inserting the 
exposed portion of the long screws that run through each 
shock mount into the four slotted tilt-out panel arms.1I 

6. Support the file in place and add an additional nut to each 
shock-mount screw. Tighten nuts to secure file to tilt-out 

. panel. 

7. Attach tilt arm stop studs to file gate.a 

8. Lubricate all pivoting points of the tilt-out frame and gate 
assembly with IBM 10 oil or its equivalent and all sliding parts 
with IBM 23 grease or its equivalent. 

CONSOLE-FILE REPLACEMENT 
1. I nsert file gate brackets in the frame hinges. 

2. Connect ac, dc, and signal cables. 

3. Swing in the file assembly. 

4. Run basic diagnostics. 

r----------------------, 
II 

Striker Bracket 

,---------------------------, 
lSI Console File 

Do Not Remove 
Upper Nuts 

Frame 

Panel 
Shock Mount Assembly Tilt Out Panel Arm L ____________________________ 

J 

sh;,~:'~0 \ 
","C' LH Pm _ --~ \ [ 

~_~ ,x, /' > 
~'<:~ng '. -~' ... /--/ 

Pivot 

Brace RH Stud 

Gate 

Top of Baseplate 

Rear of 
Baseplate 

Tilt Arm Stop 

// 
// 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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INTRODUCTION 

• The console printer-keyboard (PR-KB) is an auxiliary input-
output device for manually altering or displaying: 

Main storage 
Local storage 
Control storage 
Storage protection key 
Control registers 
Floating-point registers 
General registers 
Current PSW 

• Depending on its configuration, the system uses either a 
3210 Modell, or a 3215, as the attached printer-keyboard. 

• A 3210 Model 2 is also available as a remote printer
keyboard, if desired. 

The printers are identifiable by bit 3 of byte 0 displayed 
in the A-register roller switch set to position 4 (System 
Register) as follows: 

0= Local PR-KB--3210 Modell or 3215 

1 = Remote PR-KB--3210 Model 2 

• With either PR-KB, the input function of the keyboard is 
independent of the output function of the printer, although 
these two units may be physically connected. 

• In addition to printing, the PR-KB has only two other 
functions: space and new line. 

Space: advancing the print element one character-position 
to the right along the print line without printing. 

New Line: returning the print element to the left margin 
accompanied by a line feed (indexing operation). 

• The PR-KB is controlled by microprograms working through 
the integrated attachment circuitry in the processing unit. 

• Data entered from the keyboard returns through the attach
ment circuitry to the printer and is printed. 

• Regardless of the model used, all of the PR-KBs respond to the 
same PR-KB commands, use the same pin-feed platens, and 
have the same operator's console. 

This console consists of an 88-character keyboard and a set 
of control keys and indicators for use with the System/370. 
These keys and indicators are the same for the 3210 Modell 
and the 3215, but differ somewhat for the 3210 Model 2. 
They are described separately in each section. 

This chapter describes the PR-KB and the integrated attachments 
for both the 3210 and the 3215. The chapter is divided into the 
following main categories: 

3210 Console Printer-Keyboards 
3210 PR-KB Integrated Attachment 
3215 Console Printer-Keyboard 
3215 PR-KB Integrated Attachment 
Alter/Display Operations 
Microprogram Operations 
Programming Information 

PR-KB CONFIGURATIONS 

CPU 

-------
I 

PR-KB 
I 

I 

Integrated 
I 

Attachments 
Read (Keyboard) Input 

I 
Read (Keyboard) Input 

3210 
Modell Controls I Controls 3210 

I .. Model 2 or 3215 -
PR-KB Read or Write Output I Read or Write Output 

PR-KB 

I .. 
~ 

Attached to CPU Remotely Attached 
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3210 Console Printer-Keyboards 

• Both models of the 3210 use the Selectric® I/O-II printer 
with integrated keyboard. 

• Both models have an operator's console consisting of the 
keyboard and a set of control keys and indicators for use 
with System/370. 

• Diagnostic information is presented under "PR-KB 
Troubleshooting Hints" and "Console-Printer Maintenance 
Aids" in the Appendix. 

• Maintenance information about the covers, interface 

connections, control keys and indicators may be found 
in: 

Theory-Maintenance Manual for the 3210 Console 
Printer-Keyboards, SY24-3559. 

• IComprehensive second-level supplemental drawings 

for 3210 Controls are contained in 3145 Processing 
Unit Maintenance Diagrams manual, SY24-3580. 

3210 Console Printer-Keyboard Model 1 

• The 3210 Model 1 is mounted on the operator's table at 
the CPU. 

3210 Console Printer-Keyboard Model 2 

• The Model 2 is pedestal-mounted and is remotely located. 
It is attached to the CPU by a connecting cable. 

• The Model 2 has no alter/display capabilities; therefore, 
the associated operator's control key and indicator light 
for this function are not provided with this model. I n the 
place of this key and light, the Model 2 has its own power
on and power-off keys. I n all other respects it is the same as 
the Model 1. 

• Maintenance information references for this model are the 
same as those given for the Model 1. 
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3215 Console Printer-Keyboard 

• The IBM 3215 Console Printer-Keyboard is a wire-matrix 
printer having a separate keyboard. 

• Diagnostic information is presented under "pR-KB 
Troubleshooting Hints" and "Console-Printer Maintenance 
Aids" in the Appendix. 

• Maintenance information on this PR-KB may be found in 
Theory-Maintenance Manual for the IBM 3215 Console 
Printer-Keyboard, SY24-3560. 

• Comprehensive second-level supplemental drawings for 
3215 Data and Motor Controls are contained in 3145 
Processing Unit Maintenance Diagrams manual, 
SY24-3580_ 

Operator's Console 

The operator's console contains the keyboard and associated 
control keys and indicator lights. The control keys and 
indicator lights are on both sides of the keyboard. The 
keyboard is similar in appearance to that of the standard 
Selectric 110 printer except that the Tab and Backspace 
keys are blocked and not labeled. The character set 
represented by the 44 keys is clearly shown and requires no 
further explanation. Operation of the keys, however, 
differs in the way that the 3210 and the 3215 operate and 
encode the characters. The differences are described in 
separate sections of this chapter for these two PR-KBs. 

r-:;l 
~ 

INDICATORS KEYS 

o D 
Legend 

*ALTER/DISPLAY MODE (Indicator), 3210 Modell and 3215 only 

POWER ON (Backlighted Switch), 3210 Model 2 only. 

** AL TER/DISPLA Y (Switch), 3210 Modell and 3215 only. 

POWER OFF (Switch), 3210 Model 2 only. 
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Control Keys and Indicators 

• The control keys and indicators are tied-in directly with the 
TE-register. Their purposes are described here; their operation 
is described under liTE Register." 

3210 Model 1 and 3215 

I CANCEL I 

~ READY , READY' 

Legend 

INDICATORS KEYS 

o D 

CONTROL KEYS (SWITCHES) 

The control keys are labeled according to the functions they 
perform. Except as indicated, these keys operate in the same 
way for all the printer-keyboard options and are described here 
in alphabetical order. 

Alarm Reset: This key turns out the alarm indicator light if it 
is on. 

Alter/Display: This key causes a request for an alter/display 
operation if the CPU is stopped. The alter/display mode 
indicator light turns on wl)en the request is honored. The 
proceed light must also be on before any data may be entered 
from the keyboard. 

This key also halts any alter/display operation that may be 
in process without taking the PR-KB out of the A/D mode. 
The proceed light will remain on, and the operator can begin 
to key another AID operation. 

On the 3210 Model 2, this key is replaced by the ac power
off switch. 

Cancel: This key terminates a read operation and signals the 
system to disregard the data being transmitted. 

6 I PROCEED I 

8 
'REQUEST I 

End: This key ends either a read, write, store, or display 
operation. 

Not Ready: This key makes the printer-keyboard lin at ready" 
and puts it in an offline condition. 

Power Off: This key (3210 Model 2 only) turns off ac power to 
the printer drive motor. 

Power On: This key (3210 Model 2 only) is a backlighted 
switch that turns on ac power to the printer drive motor. 

Ready: This key places the printer in a "ready" state such as 
after forms have been correctly positioned. 

Request: This key cause~ the attachment circuitry in the 
attached system to attempt to present attention status to the 
CPU. The request-pending indicator turns on until the 
attention status is cleared. The program is normally written 
so that a read command is issued to the printer-keyboard 
attachment as a result of recognition of the attention status 
by the program. 

3210 Model 2 

I CANCEL I 

~ READY , READY I 

I POWER J I POWER I 
.~ OFF 

Legend 

INDICATORS KEYS 

o D 

Alarm: This light indicates that an alarm command was issued 
by the attached system. Note that the alarm itself is part 
of the attachment in the system; it is not found in the printer
keyboard. 

Alter/Display Mode: This light indicates that a request for an 
alter/display operation has been honored. 

On the 3210 Model 2 this light is replaced by the ac power-on 
switch. 

Intvn Reqd (Intervention Required): This indicator lights when 
the printer is out of forms or the not ready switch has been 
operated. The intervention required indicator turns off 
when forms are properly loaded, and the ready switch is 
operated. 

To turn off the light, 

1. Load new forms. 

2. Operate the ready switch. 
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8 
'REQUEST I 

Power On: This light (3210 Model 2 only) is part of the power
on switch (key). It lights whenever ac power to the printer 
drive motor has been turned on by operation of this key. 

Proceed: When on, this light indicates that the operator can type 
input at the keyboard. It is turned on as a result of any of 
the following. 

1. When an alter or display operation has been requested 
and the attachment is at a point at which typed input is 
required for the store or display operation. 

2. As a result of a request-key operation. The program, in 
this case, has issued a read command to the printer
keyboard as a result of accepting the attention status 
caused by the request-key operation. 

3. When the attachment has accepted a read command that 
has nothing to do with a request-key operation. 

If the request key is pressed, and the adapter accepts an 
unrelated read command (one that is not the result of 
pressing the request key), both the request pending and the 
proceed lights will be on. 

Request Pending: This indicator, when on, indicates that a request

key operation has been initiated, but that attention status has 
not yet been accepted by the CPU. 



3210 CONSOLE PRINTER-KEYBOARDS 

3210 KEYBOARD 

• The printer and keyboard are mechanically connected but are 
electrically independent in operation. 

• Contacts in the keyboard send coded signals to the adapter for 
each graphic and function character that is keyed. 

The keyboard of the console printer is similar to that of the 
standard Selectric I/O printer except that the Tab and Backspace 
keys are blocked and unlabled. 

The printer operational shaft restores the keyboard mechanically 
each print cycle. 

STROBE 

Strobe is a line brought up by the strobe contact in the keyboard, 
after the data contacts have made, to signal the control unit that 
data is available at the keyboard. 

3210 KEYBOARD CODES 

The keyboard transmits data to the system, using an eight-bit 
keyboard code. This code consists of the standard six BCD bits 
generated by the keyboard contacts, plus two bits to indicate 
case (shift). The BCD code consists of six bits plus parity: B, 
A, 8, 4, 2,1, and C. 

Each of the 44 printable (graphic) character keys, as well as 
the space bar, shift, and return keys, generates its own BCD code. 

Because the single BCD code generated by each of the keys 
can represent either of its two associated graphic characters, 
the shift key contact determines which character will be 
transmitted. 

The shift key is unique in that it generates two BCD codes. 
Pressing either shift key during a read opeation generates the 

uppercase code (842). When the shift key is released, the lower
case code (BA842) is generated. Pressing the lock key generates 
the uppercase code and locks the shift. The shift is unlocked by 
pressing either shift key. As before, the lowercase code is 
generated when the shift key is released. 

This code, like the keyboard code for any other character, is 
transmitted to the system, where the microprogram identifies 
it as a shift code rather than a character code; then does nothing 
further with it. 

In addition to generating the BCD code, the shift key has a 
contact that signals the system directly regarding its uppercase. 
(shift) or lowercase (no-shift) status. This contact adds two 
bits (0 and 1) to the BCD code to further indicate uppercase or 
lowercase characters. 

Note: A single bit suffices to do this, but adding two bits (0 
and 1) rounds out the BCD coding to an eight-bit configuration 
acceptable to the system, and at the same time maintains parity. 

For uppercase characters, the two bits ar~ both ones; for 
lowercase characters, they are both zeros. 

For CPU use, the 3210 keyboard code must be translated to 
EBCDIC as described under "3210 PR-KB Code Translation." 
The keys and lights on either side of the typewriter keys are 
described under "Control Keys and Indicators." 
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3210 PRINTER 

• The 321 a console printer is a version of the IBM 

Selectric ® I/O printer known as the Selectric I/O-II. 

• The pri nt element has a preferred character arrangement 

that was custom-designed for the System/37a. 

This section describes the optimized arrangement of characters 
on the print element, and the tilt/rotate codes used to 

position them for printing. These codes, supplied as output 

from the TE (Write Data) register in the attachment, are 

shown in the chart at the right. 

Each half of the print element (side a-front, side l-back) 

has 44 graphics. 

In write (print) operations, the EBCDIC representation 

of the character to be printed is modified (as described 
under "PR-KB Code Translation") and is used to address the 

corresponding tilt/rotate code in the translation table. The 
tilt/rotate code then enters the TE (write data) register. The 
7-bit from the TE register selects the appropriate side of the 
print element, depending on whether the bit is a or 1. 

This selection has nothing to do with uppercase or lower

case, but is governed by the preferred location of the graphic 

on the print element. The keyboard and tilt/rotate codes are 
entirely unrelated and independent. 

Example: The characters 1 and = are both on the same 
side of the print element. 

A mode contact in the printer associated with the print 

element indicates to the attachment which side (front or 
back) of the element is aligned to print. 

If this indication does not agree with that called for by 

the 7-bit in the TE register, the print element is rotated 

180 degrees to present the opposite side for graphic selection. 
The printer also has interlock contacts for indicating End 

of Form, End of Line, and Long Function, as well as three 

additional contacts ORed together to indicate Shift, Print, 

and Operational FeedbacR conditions. 

Printer Tilt/Rotate Codes 
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3210 TRANSMISSION CODES 

This section shows the keyboard codes generated by each of the 
3210 character and function keys. Also shown are the tilt/ 
rotate codes the system must furnish to print the various graphic 
characters. 

HOW TO USE THIS TABLE 

The table is divided into two sections, each having five columns. 
The wide center column in each section is the original six-bit 
keyboard code to which two positions are added in the adapter 
circuitry by the shift key contact. If the shift key is down, 
these two positions will contain 1s. If the shift key is up (in the 
no-shift position). these two positions will contain Os. The 
resulting eight-bit code is acceptable to the adapter circuitry in 
the CPU. 

On either side of the center column is a narrow column 
containing the character (graphic or function) represented by 
this new eight-bit code. 

Note: The HEX value next to each graphic character in the 
narrow columns is an expression of the EBCDIC representation 
of that character and is not related to either the keyboard or 
T/R codes. It is given only for the reader's convenient reference. 
Characters in the No-Shift column have zeros in bit positions 0 
and 1 of the Keyboard code; those in the Shift Key column 
have ones. 

The Tilt/Rotate code for each graphic in the narrow columns 
is indicated in the adjacent wide columns by the connecting 
double-headed arrows. 

Thus, for the graphic digit 5, the keyboard code i:;: 00 11 
01 01, and the Tilt/Rotate code is: 11 01 00 11. 

For the graphic symbol %, the keyboard code is:. 11 11 01 
01, and the Tilt/Rotate code is: 11 00 01 10. Parity bits 
are disregarded in this example. 

S t n 1 ec 10 

Keyboard Code 
r----

T/R Code 
J o 0 BA8421 T/R Code 

~ 

;: N .- N « IJ") >.J J: No Shift 1 1 Shift Key ;: N 0- N « 
IJ") >.J J: I- 0:: a: N a: uu en I- a: a: N a: uu en a: 0: 

0 1 2 3 4 5 6 7 Char Hex P 011 21314151617 Char Hex 0 1 2 3 4 5 6 7 

1 1 0 0 0 o 1 1 .L 1 F1 0 x x 1 1 0 0 0 1 = 7E 1 1 1 1 1 1 1 1 
1 1 1 0 0 1 1 1 2 F2 0 1 1 0 0 1 0 < 4C 1 1 0 0 0 0 1 0 
1 1 1 0 0 0 1 1 3 F3 1 1 1 0 0 1 1 , 5E 1 1 0 1 0 0 1 0 
1 1 0 1 0 1 1 1 4 F4 0 1 1 0 1 0 0 : 7A 1 1 1 1 0 1 1 0 
1 1 0 1 0 0 1 1 5 F5 1 1 1 0 1 0 1 % 6C 1 1 0 0 0 1 1 0 
1 1 1 1 0 1 1 1 6 F6 1 1 1 0 1 1 0 

, 
70 0 0 0 0 0 1 1 1 

1 1 1 1 0 0 1 1 7 F7 0 1 1 0 1 1 1 > 6E 1 1 0 1 1 1 1 0 
1 1 0 1 1 1 1 1 8 F8 0 1 1 1 0 0 0 * 5C 0 1 0 0 0 1 1 1 
1 1 0 1 1 0 1 1 9 F9 1 1 1 1 0 0 1 ( 40 0 0 0 0 0 1 1 0 
1 1 0 0 0 1 1 1 0 FO 1 1 1 0 0 0 0 ) 50 1 0 0 0 0 0 1 0 
0 1 1 1 1 1 1 0 # 7B 0 1 1 1- 0 1 1 II 7F 1 1 1 1 1 1 1 0 
0 1 0 0 0 1 1 0 @ 7C 1 1 1 1 1 0 0 ~ 4A 1 1 1 0 0 0 1 0 

LC 06 0 1 1 1 1 ,. 0 LC 

1 1 0 0 0 1 0 0 SP 40 1 0 0 0 0 0 0 SP 1 1 0 0 0 1 0 0 
0 0 0 0 0 0 1 0 a 81 0 0 0 0 0 0 1 A C1 0 0 0 0 0 0 1 1 
0 0 1 0 0 1 1 0 b 82 0 0 0 0 0 1 0 B C2 0 0 1 0 0 1 1 1 
0 0 1 0 0 0 1 0 c 83 1 0 0 0 0 1 1 C C3 0 0 1 0 0 0 1 1 
0 0 0 1 0 1 1 0 d 84 0 0 0 0 1 0 0 0 C4 0 0 0 1 0 1 1 1 
0 0 0 1 0 0 1 0 e 85 1 0 0 0 1 0 1 E C5 0 0 0 1 0 0 1 1 
0 0 1 1 0 1 1 0 f 86 1 0 0 0 1 1 0 F C6 0 0 1 1 0 1 1 1 
0 0 1 1 0 0 1 0 g 87 0 0 0 0 1 1 1 G C7 0 0 1 1 0 0 1 1 
0 0 0 1 1 1 1 0 h 88 0 0 0 1 0 0 0 H C8 0 0 0 1 1 1 1 1 
0 0 0 1 1 0 1 0 i 89 1 0 0 1 0 0 1 I C9 0 0 0 1 1 0 1 1 
0 0 1 1 1 1 1 1 4B 0 0 0 1 0 1 1 -, 5F 1 1 0 1 0 1 1 0 

UC 36 0 0 0 1 1 1 0 UC 

Section 2 

....-- Keyboard Code 

T/R Code o 0 BA8421 T/R Code 
I I---

~ N .- N « IJ") >.J :t 1 1 Shift Key .- N .- N « IJ") >.J J: 
I- 0: a: ~ a: uu en No Shift l- I- 0: 0: N a: uu en 0: 

0 1 2 3 4 5 6 7 Char Hex p 011 213j41.5j6j7 Char Hex 0 1 2 3 4 5 6 7 

1 1 1 0 0 1 1 0 ~ & 50 0 x x 0 1 0 0 0 0 + 4E 1 1 0 1 1 0 1 0 
0 1 0 0 0 0 1 0 j 91 1 0 1 0 0 0 1 J 01 0 1 0 o 0 0 1 1 
0 1 1 0 0 1 1 0 k 92 1 0 1 0 0 1 0 K 02 0 1 1 0 0 1 1 1 
0 1 1 0 0 0 1 0 I 93 0 0 1 0 0 1 1 L 03 0 1 1 0 0 0 1 1 
0 1 0 1 0 1 1 0 m 94 1 0 1 0 1 0 0 M 04 0 1 0 1 0 1 1 1 
0 1 0 1 0 0 1 0 n 95 0 0 1 0 1 0 1 N 05 0 1 0 1 0 0 1 1 
0 1 1 1 0 1 1 0 0 96 0 0 1 0 1 1 0 a 06 0 1 1 1 0 1 1 1 
0 1 1 1 0 0 1 0 p 97 1 0 1 0 1 1 1 P 07 0 1 1 1 0 0 1 1 
0 1 0 1 1 1 1 0 q 98 1 0 1 1 0 0 0 Q 08 0 1 0 1 1 1 1 1 
0 1 0 1 1 0 1 0 r 99 0 0 1 1 0 0 1 R 09 0 1 0 1 1 0 1 1 
0 1 1 1 1 1 1 1 $ 5B 1 0 1 1 0 1 1 ! OA 1 1 1 1 0 0 1 0 
0 0 0 0 1 0 0 0 N/L 15 0 0 1 1 1 0 0 N/L 0 0 0 0 1 0 0 0 

1 0 0 0 0 1 1 1 - 60 0 1 0 0 0 0 0 - 60 1 0 0 0 0 1 1 0 
1 0 0 0 0 0 1 1 / 61 1 1 0 0 0 0 1 ? 6F 1 0 1 1 1 1 1 0 
1 0 1 0 0 1 1 0 s A2 1 1 0 0 0 1 0 S E2 1 0 1 0 0 1 1 1 
1 0 1 0 0 0 1 0 t A3 0 1 0 0 0 1 1 T E3 1 0 1 0 0 0 1 1 
1 0 0 1 0 1 1 0 u A4 1 1 0 0 1 0 0 U E4 1 0 0 1 0 1 1 1 
1 0 0 1 0 0 1 0 v A5 0 1 0 0 1 0 1 V E5 1 0 0 1 0 0 1 1 
1 0 1 1 0 1 1 0 w A6 0 1 0 0 1 1 0 W E6 1 0 1 1 0 1 1 1 
1 b 1 1 0 0 1 0 x A7 1 1 0 0 1 1 1 X E7 1 0 1 1 0 0 1 1 
1 0 0 1 1 1 1 0 y A8 1 1 0 1 0 0 0 y E8 1 0 0 1 1 1 1 1 
1 0 0 1 1 0 1 0 z A9 0 1 0 1 0 0 1 Z E9 1 0 0 1 1 0 1 1 
1 0 1 1 1 1 1 1 , 6B 1 1 0 1 0 1 1 I 4F 0 0 1 1 1 1 1 0 
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3210 PR-KB CODE TRANSLATION 

• The CPU uses the Extended Binary-Coded-Decimal 
Interchange Code (EBCDIC). 

• Input from the 3210 Console Printer-Keyboard 
comes in the keyboard code. 

• Output to the 3210 printers must be in the Tilt/Rotate 
code of the IBM Selectric® I/O-II printers. 

• Because of this, data translation to and from EBCDIC is 
required for all 3210 input (read) and output (write) 
operations. 

• This translation is accomplished by a microprogram 
routine using the appropriate translation table in control 
storLIge, as shown under "Printing the Punctuation 
Character, Colon". 

The PR-KB transmits 88 printable graphic character codes 
that must be translated to EBCDIC for CPU use and to the 
T /R code for printing. These characters are: 

26 Uppercase letters A-Z 
26 Lowercase letters a-z 
10 Digits 0-9 
26 Special symbols 
Also, certain function (Space, New Line, and 

Shift Key) codes are also encoded and transmitted. 

The shift key code is translated and investigated by the 
microprogram, but once identified, is disregarded. 

This is because shift operations do not use the shift-key 
code (see "Shift Cycle Operation"), and because the 
microprogram examines every code sent from the keyboard 
to see whether it is a legitimate character or function code. 

The Space and New Line codes are translated to and 
from EBCDIC just like any other character. The chart 
shows the EBCDIC byte assignments for the 3210 graphics 
and functions. 

The full-page drawing on' the facing page shows the 
overall translation scheme for the PR-KB read and write 
operations, using the punctuation symbol colon (:) as 
an example. 

I n read operations, data is translated from the keyboard 
code to EBCDIC. 

I n write operations (and every read operation has an 
accompanying write operation), EBCDIC is translated 
into the Tilt/Rotate code used by the printer. 

Both the EBCDIC and Tilt/Rotate codes are stored in 
separate sections of control storage. For convenience of 
addressing, however, these two sections occupy adjacent 
positions in the same block of storage. The address of the 
codes in the translate table are: 

F700-F7FF 

Bits 
4,5,6,7 

0000 

0001 

0010 

0011 

0100 

0101 

0110 

0111 

1000 

1001 

1010 

1011 

1100 

1101 

1110 

1111 

Bits 0-1 

----00---- ----01---- --------10------- -----'-11----

00 01 

Bits 2-3 

10 11 00 01 10 11 00 01 10 11 00 01 

k B K 

c t C L 

d m u D M 

e n v F N 

f 0 w F 0 

9 P x G P 

h q y H Q 

R 

i 

$ 

< a' 70 @ 

+ > 

--, ? 

Bit assignments for the 3210 character sets are shown in the clear areas surrounded 
by the heavy lines. Characters in the shaded areas may print for their respective 
bit combinations, but these characters are not guaranteed. 

10 11 

S 2 

T 3 

U 4 

V 5 

W 6 

X 7 

Y 8 

Z 9 

Console Printer-Keyboards 7-10 



PRINTING THE PUNCTUATION CHARACTER, COLON (:) 

~----------------________ ------------------------------------__ ------------~ __ ----__ --------------__ ---- Shift Key 

TI-REG 

Microprogram removes a-bit 
to form address of translate 
table containing EBCDIC 
representation of character 
keyed (:1. 

.-________________________________________________________________________ : __ --B 

~:::~--:=--:=--:=--:=--:=--:=--:=--:=--~=--~=--~=--~=--~=~~=-_~=-_~=~~=-_~=-_~=-_~=-_~=~~=-_~=-_~=~~=-_~=-_~=-_~=-_~=-_~=-_:=-_:=~~=-_~:;e:;= ..... -~=- i 

4 

~------------------------------------------------------------------2 
.---------------------------------------------------------------~---1 

Low-order bits address these 
address positions. 

I f bit 1 is present (shift key 
down), lower half of table is 
address. If bit 1 is missing 

upper section only is addressed. 

To the EBCDIC representation 
of the character to be printed, 
the microprogram inserts the 
a-bit to form the address of 
the tilt-rotate code stored in 
the PR-KB translate table. 

01 1 1 101 a EBCDIC representation of character (:) 
1 1 1 1 1 0 1 0 Address after 0 bit is inserted 

HEX 
F 

HEX 
A 

6 

7 

3210 PR-KB TRANSLATE TABLES IN CONTROL STORAGE 

Hold shift key down and 
press the colon key (:). 

Store EBCDI code for colon (:) 
as directed by the program. 

C D E F 

TiltlRotate Codes 

READ 

WRITE 

0 
1 
2 
3 
4 
5 
6 
7 

TE-REG 
1 T1 
1 T2 
1 R1 
1 R2 
a R2A 
1 R5 
1 Cycle Clutch 
0 Type Head 

r::::==t:> To Print Magnets 
Print Colon (:). 
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This chart shows the contents of the individual positions of the 
translate-table storage block for the 3210 PR-KBs shown on the 
preceding page. 

The upper half of the block contains the EBCOI codes for 
each of the 88 graphic (printable) characters plus those for 
the Space and New Line function characters. 

The lower half of the block contains the Tilt/Rotate Selectric 
codes for the same characters, although they are not arranged 
in the same order in that half. All unused positions of this half 
have been filled with zero codes. 

The character above the diagonal line in each position of the 
lower half of this chart shows the character whose Tilt/Rotate 
code is stored there. The character below the diagonal line 
is the hexadecimal (HEX) representation of the Tilt/Rotate 
code for that character (as it wou Id appear when transm itted 
to the TE-register). 

For example, the Ti It/Rotate code for the colon (:) is: 
1111 0110, for which the HEX representation is: F6. 

Another example: the T/R code for a capital (upper case) 
W is: 1011 0111, or in HEX, 

B 7 
To find the Tilt/Rotate code for any of the 88 graphic or 

two function characters, refer to the charts shown under 
3210 PRINTER. 

Note that the cycle-clutch bit (bit 6 in the T /R code) is 
active (1) for all printable characters, but is inactive (0) for 
the function characters. 

Keyboard to EBCDIC Table 

Note: The O-bit of the keyboard code is removed by the 

microprogram to form the address of the EBCDIC table. 

0 1 2 3 4 5 6 7 8 9 A B C D E F 

Ox SP a b c d e f g h i . 

* lx & j k I m n 0 p q r $ N/L 

2x / s t u v w x y z , 

3x 0 1 2 3 4 5 6 7 8 9 # @ 

4x SP A B C D E F G H I ---, 

* 5x + J K L M N a P Q R ! N/L 

6x - ? S T U V W X Y Z I 

) == < : % 
, > * ( " c; , 7x 

8x L% ~ Xs I~ X x: h Ix X l/,: X :L% X X X X 
9x IX ~ Va: ~ ,% X Xs l%' X ~ ,X ~ ~ l%': X IX 
Ax % ~ Xs ~ Xs X; As x: X; X :% X % i% % % 
Bx ~ X :x l;t IX fo :X l%': IX ~ X l%: X Vc: x: ~ 
Cx :~ C5 x: ;;; Ix X h ~ IX X ~ U VC x: ~ X X 
Ox X X X X :x X IX ~ X l% X IX X ~ x: IX 

h X X IX l%: X ~ ~ l%. l% % ~. l% Va: X % B7 C6 
Ex 

Fx I~ x: x: ~ ~ ~ ~ ~ ~ Us X ~ ~ Va': ~ ~ FE 

" Character to be printed ~ 
F6 T /R decode for the character 

(expressed in HEX) 

EBCDIC to T/R Table *Note: New Line (N/L) IS handled by a special 

microcode (See GKOT routine). Note: The O-bit is added to the EBCDIC character 

On a write operation, the N/L character goes into the 

TE register as a 4-bit only. This initiates both a carrier 
return and an index (line space) operation but no print cycle. 

by the microprogram to form its address 

in the T /R table. 

Console Printer-Keyboards 7-12 
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3210 PR-KB INTEGRATED ATTACHMENT 

• The 3210 PR-KB integrated attachment is an electronic package 
that works with the microprograms to control data flow between 
the system and the PR-KB. 

• The adapter (attachment) contains the four hardware registers: 
TA,TT, TI, and TE. 

• The entire circuitry package comprising the adapter is containe~ 
in seven MST cards located on boards 01 A-A4 and 01 F-A 1. 

The drawing on the facing page shows the overall scheme of data 
flow and control provided by the adapter under direction of the system 
microprograms. The heavy lines at the top are the EBO lines; those at 
the bottom are the EBI lines. These busses transmit either data or con
trol information, depending on which registers are gated (X). The 
thin lines denote control signal paths. 

Each of the registers in turn is described fully and separately in 
this section. The small print under each register in the drawing 

is the page number of the logic (ALD) diagrams where the wiring of 

each register may be found. 

3210 DATA AND CONTROL REGISTERS 

• Four registers in the 3210 PR-KB adapter provide control of 
the printer-keyboard input/output operations. These are the 
TA (Tag Out), TT (Tag In), TI (Bus or Data In), and TE (Write 
Data) registers described in the following pages. 

• The condition of the individual latches that make up these 
registers may be observed in the A-register display lights with 
the roller switch in position 2. 

3210 PR-KB Integrated Attachment 7-14 



3210 CONTROL AND DATA FLOW 

CPU Data In (EBO) 

TA Source 

TAG In (TTl 

Busln(TI) 

Tag Out 

CPU Data Out (EBI) 
,",' , 
~ . ~ \ ---x 

Doc Request 

Bus Out (TE) 

x 

, J } 

I f ) 

TA-Reg 

Read 

T Write 

A 
G 

Stacked Req 

Share Reset 

0 
U 

Attn Reset 

T Sense Share 

(Spare) 

Alarm 

Modell - PDOll 
Model 2 - PD05l 

Share 
Request 
Control 

EndSw 

Cancel Sw 

Ready Sw 

Request Sw 

Modell - PD013 
Model 2 - PD043 

Not Ready Sw 

Forms Sw 

t 1 
'-~-':"-_"'\'-_-'-.., -- - - - - - -

Attention 
Intvn Reqd 

Ready Share 

Modell - PD02l 
Model 2 - PD022 

PR-KB 

Attachment 

Keybd Data 

Keybd Strobe 

Proceed 

Read Control J----------------------M_ 

Printer Feedback 

OR 
Long Function 

Write Control 
Typehead I n Upper Case 

End-Of-Line Sw 

L - - - - - - - - --f f- -- - - - - - - - - - - - - - --/ H f-- - - - - - -

W 
R 

I 

X T 
E 

D 
A 

T 
A 

TE-Reg 

Tl 

T2 

Rl 

R2 

R2A 

R5 

Cycle Clutch 

Ball Side 

Model 1 - PD015 
Model 2 - PD055 

Function 
Cycle 
Control 

Shift Magnet 

New Line 

No-Print Magnet 

T/R Magnets (6) 

Cycle-Clutch Magnet 
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TA-Register 

• The microprogram initiates and controls PR-KB operations 
through the TA-register. 

The T A-register (also known as the Tag Out register) consists 
of eight data-bit latches and a parity-bit latch. Each latch 
represents one of the bits of external bus-in byte 1. 

All of the latches are reset by POWER-ON RESET, or by 
the output of a common AND circuit, which also gates the 
latches on. Machine circuitry delays the set gate to the 

. latches to keep it up after the reset line drops, allowing the 
incoming bits to turn on their r~spective latches. 

The TA-register bit-position latch assignments and their 
functions are: 

TAO Read. This bit sets the read latch to develop read 
mode and initiate a keyboard (input) operation. 

TA 1 Write. Th is bit sets the write latch to develop write 
mode and initiate a PR-KB print (output) operation. 

TA2 Stacked Request. (Interrupt stacked.) This bit sets 
the stacked request latch to initiate a request when 
status is stacked. 

TA3 Share Reset. This bit resets the Rd/Wr share (request) 
latch. 

TA4 Attn Reset. This bit, when the system is in run mode, 
resets the end, cancel, and ready share request latches. 
When in not-run mode, it also resets the Attn latch. 

TA5 Sense Share. This bit causes a console request and 
initiates the PR-KB microprograms that perform a 
sense command. When in Alter/Display (A/D) mode, 
this bit resets the A/D latch.. 

TA6 Spare. This bit has no assigned function. 

TA7 Alarm. This bit turns on the audible alarm. 

Ext Bus-In 

Byte 1 

-BitO Ar-

r--
~ Bitl A I-

i.....-

r--
lOR 

Stkd 
r-

I-- Bit 2 
A -

""'--

r--
lOR 

-
- Bit 3 ---+--+-+--1 A -

- .---
lOR 
I 

r--
~ Bit 4 ---+--1---+---1 

A -
~ 

r--
~OR 

r---

~ Bit 5 ---+--f---I----I A r-

""----

r--
~OR 

Rd/Wr Mode ------t-

x-v Ext Dest Decode _ A I 
Read ---- L-

- ORr--------------------e----------------------------------

FL L TA-Reg Bit 0 r-- _ 

Write -- Write Mode OR 

L FL 
TA-Reg Bit 1 -PD051 \ 

Stkd 
---G-~ 

A f---

Req 
~ - PD05l 

FL L TA-Reg Bit 2 -
A : f (Not) Suppress Out 

Share P'505l 
Reset 

- ( ( 

FL L ' I 

TA-Reg Bit 3 

Attn TA-Reg Bit 4 I t 
Reset 1 ' , 

: s FL 

-
A 

Sense -Share PD051 

- / ( 

FL L 
~ ~ 

TA-Reg Bit 5 

TA-6 
*NOTE: 

-- Bit 6 --+--1--+---....... 
The common AND circuit both sets and resets the flip latches. 

TA·Reg Bit 6 The set pulses are delayed by the machine logic to lag the reset pulses 

These set-reset lines are developed by decoding the DOC word 
in the external control assembler to address the T A-register 

as described under "External Facilities," Chapter 2. 

~ 

r-
tHOR 

~ 
_Bit7 

Ext Dest Byte 1 -------------1 LJ:l 
X-V Ext Dest Dec (Set/Reset) A ~. ~t-... -+----t 

L B:_-t---f--_ 
r--

0----1 OR' 

r--
Power-On Reset lOR 

PH 
(which go directly to these latches) and turn on the latches when the 
reset pulses end. 

Alarm 1 TA·Reg Bit 7 
PH 

PD05l 

TA-P 

PH 
TA-Reg Bit P 

PD05l 
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Rd/Wr Mode 

Run Mode 

Attn Latch Reset 

I nterrupt Stacked Share 

Share Reset 

Attention Reset 

Set Alarm 

Sense Share 



TE Register 

to the console • The microprogram translates output data 
printer T/R codes and sends it to the TE-r 
transmission to the tiltlrotate magnets. 

egister for 

latches that receive 
h character trans-

The TE-register consists of nine polarity-hold 
the 8-bit (plus parity) tilt/rotate code for eac 
mitted from the tilt/rotate translate table in c 
described under "3210 PR-KB Code Translat 
acts as the adapter-to-printer interface, and u 
microprogram, transmits the tilt/rotate signal 

ontrol storage, as 
ion." The TE-register 
nder control of the 
s directly to their 

respective magnets in the printer. 
s register also In addition to the data-character codes, thi 

develops the printer function-character codes 
Line, and develops the following printer-func 

Pick space (no work) magnet, 
Pick cycle clutch, 
Diagnostic strobe, and 
Gate shift magnet. 

for Space and New 
tion control lines: 

These set-reset lines are developed by decoding 
the external control assembler to address the T 
described under "External Facilities", Chapter 

the DOC word in 
E register as 
2. 

Power-O n Reset 

! Ext Dest Byte 3 

Ext Dest Dec Y7 Q 
Ext Dest Dec Xl-----U 

A 

Ext Bus-In 

Bit 0 
Byte 3 

I-Bit6 

f--Bit4 

Bit 1 

Bit 2 

Bit 3 

Bit 5 

Bit 7 

Bit P 

r--

A 

l~ 
(Set/Reset) --

T1 

PH L 
~ 

~OR 
Cycle 
Clutch 

-
PH 1 

r-

4~OR 

R2A 

PH L 
r-

I~OR 

T2 

PH 

.-
~OR 

R1 

PH 

r-

~OR 

R2 

PH L 
.---

I~OR 

R5 

PH 

r-

0---1 OR 

Ball Side 

PH L 
r-

IWOR 

P-Bit 

PH 

.--

r8 
.........JaR 

PD015 

r--
A -

TE-Reg Bit 0 Lr--
P0015 A I---

Space Character 

Pick Space Magnet 
...--

~ 
""""-

PD032 

TE-Reg Bit 6 Cycle Intlk Latch OR 
.~ 

t , 
Pick Cycle Clutch 

, , , 
PD012 

L.- ...... 1 
Allow Print 

A New-Line Character 
~ ( .... r' '"I" , , 

L-

TE Reg Bit 4 PD015 

TE-Reg Bit 1 

TE-Reg Bit 2 

..---
...... .. ~ 

A Diagnostic Strobe 
J , 'I'" "I'" 
I " ~ 

TE-Reg Bit 3 
PD015 

B-~ 
AI- Pick Shift Magnet 

TE-Reg Bit 5 L-..-

PD032 

r--
'----

A Gate Shift Magnet 

~ 

TE-Reg Bit 7 
PD015 

TE-Reg Bit P 

Gate TE 

YE Ext Dest Dec 
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TI-Register 

• The TI-register sends coded keyboard characters to the CPU 
during read or alter/display operations. 

The TI (keyboard interface) register consists of eight polarity
hold latches. Six of these accept data from the keyboard 
interposer contacts in the six-bit Selectric Keyboard code 
(8-A-8-4-2-1). The seventh latch is set when the shift key is 
operated (keyboard in uppercase), and the eight latch accepts 
the C-bit. 

The outputs of these latches go to the external assembler for 
byte 0 where they place the keyboard bits in the low-order bit 
positions (2 through 7) of the byte. The shift key (keyboard 
in uppercase) latch goes to both the 0- and l-bit positions of 
the assembler. Thus, if the shift key has been operated, bit 
positions 0 and 1 of the assembler will contain ones; if the 
shift key was not operated, both of these bit positions will 
contain zeros. The keyboard C-bit, of course, sets the P-bit 
latch in the TI-register. 

As described under "3210 PR-K8 Code Translation," the 
microprogram ignores the a-bit in forming the addresses of 
the E8CD I codes in the look-up table, but uses this bit in 
forming the address of the tilt/rotate codes_ 

Printer I Strobe Set -----------1 

Printer I TE Reg Bit 0 ----I 

(Notl Matrix Printer ----/ 

Keyboard Bits 

From PR-KB 
Contacts l-Bit 

2·Bit 

4·Bit 

a·Bit 

A-Bit 

B·Bit 

- Keyboar din U ppercase 

C-Bi t 

1------ TI-Reg Set {Set/Reset I 

PH 

PH 

PH 

PH 

PH 

PH 

PH 

PH 

PD021--Printer 1 
PD022--Printer 2 

r-B 

rE 

rB -

rB -

r-B 

rE -

-G 

r-B 
A-register 
Roller Switch 
Indicators 
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TI-RegBit 7 

TI-Reg Bit 6 

TI-Reg Bit 5 

TI-Reg Bit 4 

TI-Reg Bit 3 

TI-Reg Bit 2 

TI·Reg Bit 1 

TI-Reg Bit a 

TI-Reg Bit P 



REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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TT-Register 

• The TT (Tag-In) register stores the status of several input 
control signals from the PR-KB for examination and use 
by the microprogram. 

• This register is associated with the control keys and indicator 
lights on the documentary console. 

• Unlike the other three registers of the attachment, the 
TT-register consists of individual latches scattered throughout 
the logic pages, with each having its own set and reset lines. 

Outputs of these latches are gated to the external assembler 
for byte 2 (logic pages: BE 142, 143, 144, 152, and 153. 

The TT-register contains eight bit latches that store the status of 
as many PR-KB input control conditions generated either auto
matically in the attachment, or manually by the operator using 
the control keys on either side of the keyboard. Six of the latches 
are activated by the control keys shown at the left side of the 
drawing on the facing page and described under "Control Keys 
and Indicators" on page 7-6. The other two latches are set by 
certain combinations of circuit conditions as indicated in the 
drawing. The five lights that indicate associated signal conditions 
are shown at the right side of the drawing. 

When the branch control word addresses the TT-register, the 
latch outputs are gated through the external assembler to the 
A-register for testing. 

The TT-register bit-position latch assignments and their 
functions are: 

TTO A ttention: This latch turns on (when the request key is 
operated) to present attention status to the CPU. When the 
attention latch is on, it also lights the request pending 
indicator lamp. T A4 resets the attention latch after the 
microprogram puts the attention bit in the unit-status 
register. 

TTl Ready. This latch indicates that the console printer is 
ready (forms are in position and the ready key has been 
operated). If the printer is not ready for any reason, the 
associated intervention required light will be on. 

TT2 Alter/Display Mode. This latch indicates that the printer
keyboard is operating in the alter/display (manual) mode. 
The operator must manually establish this mode of operation 
by pressing the alter/display key. When this latch is on, the 
alter/display mode light is on to indicate that the system is 
ready to accept characters one at a time from the keyboard. 

TT3 Time Out. I ndicates an error condition caused by failure 
of the printer-keyboard to go busy within about one 
second of receipt of a character from the adapter during 
a print operation while either reading or writing. 

TT4 Ball Side. This latch is operated by a contact in the 
console printer that indicates which side of the print 
element (ball) is in position to print (facing the platen). 
The line from the printer that turns on this latch is 
called Typehead in Upper Case. The output of this latch 
is compared by the microprogram with the 7-bit of the 
TE register to determine whether a shift (180-degree 
rotation) of the print element is required. 

TT5 End. This latch turns on when the End key is operated 
to terminate a read, write, or alter/display operation. 
Formerly known as End of Block (on System/360), 
this key causes a return to the beginning of the operation 
so that the operator can start a new manual operation. 
The End latch issues a new console request. 

TT6 Request. This bit represents the output of a multi
legged OR block that indicates that the adapter is 
ready to transmit or receive data, and signals the CPU 
(by requesting a share cycle request) to begin the 
operation. 

TT7 Cancel. This bit indicates that the cancel latch was turned 
on by operating the cancel key. The cancel latch can be 
turned on during a read operation only, and sets the unit 
exception bit in the UCW unit-status byte. 

Time-Out Circuit 

This is a safety circuit designed to reset the PR-KB attachment 
and notify the CPU if the printer does not respond within 
approximately one second of receipt of data. 

The object is to prevent tieing up the system or allowing 
magnets to burn out if the printer is down due to such causes as 
broken belts and jams. 

Circuit Description 

Carry-out counter 32 delivers a pulse from the Time-of-Day 
clock approximately every second. If the cycle interlock latch 
has not been reset by the printer's having gone busy, the carry-out 
counter 32 pulse turns on the flip-flop trigger and, provided the 
printer is not in A/D mode (H-Reg Bit 7), sets the flip latch 

to turn on bit 3 in the TT-register and bring up Time-out Share 
Request line. 

When the microprogram detects the time·out bit (TT-3), it 
resets the PR-KB attachment, sets the unit check bit in the CSW, 
and turns on the equipment check bit in the PR-KB sense byte. 

Share Reset -----------1 
NIL or EOl Time-out 

Cycle I ntertock ----I 

Not Carry-aut Ctr 32 

FL 

FF 
A t--+--I----I ~. 

R·WMode------------------------------~ 

H Reg Bit 7 -----------1 

PD 014 for 3210 PN 034 for 3215 

Time-out 
TT-Reg Bit 3 

Pin 7 

I 
Output Changes 
After Input Pulse 

Passes. 
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PR-KB 

~ __ ~N~/C~ ______ ~~~~~~=:J 1---------1 N Power-On Reset 

Machine Reset 

Alarm Reset 

ATTACHMENT 

FL 

1 Sound Ala,m 

Set Alarm -------. 
I PR-KB 

B I Alarm 

I 
~ I 

---, Alt/Disp 

...r I ,/ 

1 __ ~N~/C~ ____ ~~~~ ____ ============~ A r- FL r--------, N I- Alt/Disp ..-_______ • 

Inlk J '--
AID Trap Request 

A L-------~~------~~~~----_; 
I ,,---, AID Mode 

(Not) Rd/Wr Mode 

Alter/Displav ..(1 
J 

FL 

L- AH 

N/O 

FL Process Stop Latch 

'--

H-Reg Bit 7 

EJ 

(Not) Process Stop Latch I 
I 

AID Mod e 

I B I PD023 

I Request P 

,---, Jr-TA Reg Bit 5 ----, ~ 

[;;~~~~A~~~_=_=-=-=-=-~r~-=~"-_O_~R~:::=:~~~~~~~ __________ ~~~::------------------------------~~~~~~~~~~J'f~--~----~--------------~--'-- PD023 
Machine Reset 

r-- __ A_tt_n-'~ _____ -' ______________________ I!i~ N L-~N~/~C ______ ~~ ________ -===========~ A r-....-------., Attn 

PD023 

PD023 

FL 
Inlk 

I J N/O 

TT-Reg 

FL 

J PD013 
A ttn Latch Reset 

PD013 '--- Attention 11--------...... 

N/O r-f,-I; C T __ --,I--R-e-Bd-Y------, 

I Alt/Disp Mode --- __ R-e-a-dY-.l-________________ ~~--------------------------,~ f~--------------------====----------------
I ' r Time-Out Circuit 11-_____________ , 

1------------, OR t------, t-- J 1-________ 

1 
FL (See Page 7-20) Power-On Reset - iB- A L __ .:....._--:;......_--::;::-;:::::~ Ball Side 

- N "---- Ready _ Type-Head In Upp"case 

1------. 

Time-Out 

End of Form 
~ 

ORt-

~ Sh.Req I _______ ~-------------------~ End Jj '-- A r ~---------, OR H '- 1-_____ -, 

PD013 ~ ~ FL r-~ , ~1_-R-e...:.q-Ue-s-t---_, N/O 

I Not Ready I J ,---, 
'---

A t-

--
(Not) Run Mode 

..r--COR Power-On Reset 

Not Ready 

FL 

PD013 

Attn Rst 
Run Mode 

..r--
--'JOR 

I::na 
~ Inlk 

r-; 

A H 

J 
L~N~/~C~ _____ ~~--------========~ ~---,N 

r--=I 1 N/O 
A r--"1 

FL 
'--

-

J 

~ L---~--Rd-/W-r-M-O~de---~~~ 

PD013 

End 

FL 

PD013 

(Not) H-Reg Bit 7 
(Not) Write Mode 

(Not) Run Mode) 

~ End or Ready Share Request _ 
-A 

r- Cancel 

Rd/Wr Share-----. 

- - Ptr Sense Share OR I--*-.!.~.v:__-----I 
PD013 ~Attention Share Request- 6J ~J (Not)-

,---, 

A 
Interrupt Stkd Shl--___ I H-Reg Bit 7 _ 

,-- 6L 

PDo12 -

Console 
Request 

ending 

I -I 
I I ntvn R eqd -I 

I 

I 

Proceed 

1------------, _ 

Keys 
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Rd-Wr Cycle Control 

r--- r--- ....--

A f-- SS I-- OR I-...... ~ N N N 

SS Delayed 
The circuit containing the Singleshot and N-blocks to the left of the Busy latch 
is a noise de-sensitizing device that prevents contact bounce in the 3210 from 
erroneously setting the latch. as can be seen from the timing chart enclosed within 
the dashed lines. 
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I 1 r-- Busy Lt 
Printer Feedback....-- '---_____ ~~--------------~ ~----------~~------~~----~=---~ A ~ 

Long Funct~ OR 

NL/L-o-r -EO-L---~--rA:-r---,J 
OR 

,,~ 

"'" 

Ready 
Gate TE 
Rd/Wr Mode 

Power-On Reset 

'I" I" 'T" FL 
.~ 

Attn Latch Rst ~ 
OR I L-____ -.lJ---+-------4, r-

,"'-
I' 

L~_ 
'--

r___ 

~A 

Data 
r--- Ready 

A I-
FL 

!.-.-

r--
'~OR 

A r---

PD012 

Noise Noise I 

I 
Contacts ----...... ~f------------, , V 'ML.-_____ A'--_____ ---JNV 
Single Shot 

.... 
I 

I . 
Single Shot Delay 

I 
SS & SS Delay -

FL 'r" I 
I Latch Set 

I Latch Reset • -
I Busy Latch 

(Not) EOL Latch _____ ~ 
(Not) Printer Busy _____ --I A 
Ptr TA-Reg Bit 1 -----~ r--- Rd/Wr Share 

OR t-
FL r----.~------------------ Rd/WrShare 

L~ Cycle Inlk 

AI-- f---
FL 

r- '---

'--- A I-________________ ~r---

Power-On Reset ---ILO_R ...... __ .....J 

s7::e Set ------I --
Share Reset _____ --1.---

Power-On Reset I OR 

Attn Share Req 

...-
'---

Ptr Sense Shae (TA-Reg' Bit 5)-----1 OR ~ 

End or Ready Share Req --------1 
Cancel Latch ----------~ 
Interrupt Stkd Share ------------~ 

(Not) H-Reg Bit 7 

This output turns on bit 6 
in the TT-register. which is tested 
by the microprogram during alter/display 
operations to determine whether the device 
requires service. 

....--
-A 

To TT-Reg Bit 6 
For A/D operations 

This is the normal 
multiplexer trap request 
line. It is blocked by 
H-register bit 7 when an 
AID operation is initiated . 

Printer Console Request 



New Line Control 

End of line 
Cycle Inlk 

Power-On Reset 

Printer Busy 

(Not) End of Line =YJ--

End of Line 

JA FL -
~ 

JaR 

(Not) Cycle Inlk 

(Not) long Function 

PD013 

Endof Line 

New Line Character 

JaR, New Line or EOl 

-

New Line 

IA Fl -
I---

Cycle Inlk lH ~A - OR Pick Carr Rtn 
(Not) Printer Busy .-JA 
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3210 WRITE OPERATION 

OBJECTIVES: Print the two characters -- a A 
1. Print small letter a 

a. Write latch (TA-Reg bit-1) turned on by write command. 
Write latch, with Data Ready latch off, (data not ready), 
and printer not busy, turns on Rd/Wr Share Request latch. 

b. Microprogram generates Gate TE pulse and sets Data 
Ready latch. 

c. Microprogram (T A Reg bit-3) brings up Share Reset 
momentarily to turn off Rd/Wr Share Request latch. 

d. With Data Ready latch set, printer still not busy, and 

Rd/Wr Share Request line down, the Cycle Interlock latch 
turns on. 

Write Latch 

*Gate TE 

Data Ready Latch 

Cycle Inlk Latch 

Pick Cycle Clutch Mag 

Printer Feedback 

Printer Busy 

RDIWR Request LH 

*Share Reset 

Pick Shift Magnet 

Carrier Return Mag 

*Microprogram Initiated 

e. Cycle I nterlock latch picks the· printer cycle clutch to start 
the print shaft turning in the printer. The feedback contact 
in the 3210 closes to bring up both the Printer Busy and 
the Printer Feedback lines. 

f. Printer Busy (printing the character a), with Cycle Interlock 
latch on, resets the Data Ready latch. 

g. Data Ready line being down with printer still busy, resets 
the Cycle I nterlock latch. 

h. Printer Feedback contact opens, dropping Printer Busy 
and ending the cycle. 

2. Rotate the print element (see Shift Cycle Operation). 

Gate Shift Character 

a. Write latch on, Data Ready latch off, and printer not busy 
(same conditions as in step 1a), turns on Rd/Wr Share 
Request latch. 

b. Microprogram generates Gate TE pulse and sets Data Ready 
latch. This time, the character in the data register is a shift 
character. The microprogram recognizes it, discards it, and 
compares bit·4 of the TT-register with bit 7 of the TE 
register and finds that they are not the same (not ball-side 
match). 

c. Microprogram (T A Reg bit-3) brings up Share Reset 
momentarily to turn off Rd/Wr Share. Request latch. 

d. With Data Ready latch set, printer not busy, and Rd/Wr 
Share Request Ii'ne down, Cycle I nterlock latch turns on. 
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e. This time, because we did not get a ball-side match (Step 2b), 
the Cycle I nterlock latch picks the printer shift magnet 
instead of the cycle clutch magnet. 

The remaining steps in this cycle are the same as in f, g, 
and h, above. 

3. Print capital letter A 

This sequence is exactly the same as for printing the 

small letter a. 

4. Gate New Line character 

This sequence is like that for the Rotate the Print Element 

sequence except that the carrier return magnet is picked 

instead of the shift magnet in the printer. 

NIL operation forced 
with Write with ACR 
Command 

Microprogram ends 
write operation 

Gate "A" Gate NIL Character 
at zero count 
or if End key is 
operated. 

\\...----\-----

Long function contact produces 
feedback and printer busy 



3210 KEYBOARD (READ) OPERATION 

The circuit below is an anti-bounce circuit similar to that used 
in the Rd/Wr cycle-control circuit. Here, too, its purpose is to 
assure that the strobe set line is not affected by 3210 keyboard 
contact bounce. 

SS 

~ ______ ~ N~ ________ ~ 

Delay Network 

Machine Reset ________ ~ 

Strobe 
Diag Strobe 

Ptr TA-Reg Bit 0 

(Not) Ptr Rd/Wr Share 

Strobe Set 

Proceed 

~------~ .. 

A 
Keyboard Lock 

I-________ ~~--~ N t-------
PD021 
PD022 

Strobe 

Strobe Set 

Rd/Wr Share Latch 

Data In TI-Reg Good 

Console Request 

Read Latch 

Proceed 

Share Reset (M-Prog) 

Gate TE (Tilt/Rotate 
Codes) 

Data-Ready Latch 

Cycle-Inlk Latch 

Pick Cycle Clutch 

Printer Feedback 

Printer Busy 

1.5 ms 

~ I- 30ns 

M-Prog 

, 

No Scale 
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SHI FT-CYCLE OPERATION 

The sh ift-cycle sequence of the 3210 is based on both the 
new-design shift mechanism of the Selectric 1/0-11 console 
printer-keyboards, and a new concept of shift-position 
identification. 

Because the graphic characters. are distributed about the 
print element (print head) in a preferred arrangement in the 
3210 PR-KBs, it is no longer correct to relate these characters 
to the terms "uppercase" and "lowercase." Although these 
terms persist, they are no longer true for the 3210, and the 
characters are more precisely related to their physical location 
on the spherical print elements as side 0 (front) or side 1 (back) 
characters. Refer to drawing on page 7-8 for the location of 
the character on the print element. The new shift mechanism 
has only one magnet; and each time it is pulsed, the print 
element rotates 180 degrees to position either side 0 or side 1 
for printing, and stays there. 

In every printing operation, the microprogram compares 
the character to be printed (TE-register, bit 7) with the side of 
the print element in position to print (TT-register, bit 4), to 
see whether the print element needs shifting. 

If the two bits compare, the desired character is on the side 
that is ready to print, and the character prints. The micro
program then adds one to the address counter and subtracts 
one from the data character counter. 

If the bits don't compare, a shift cycle takes place and the 
counters remain unchanged. 

The microprogram calls this comparison the "Ball Side 
Match." The match results when bit 4 of the TT-register and 
bit 7 of the TE (Data) register are the same, and the character 
prints. If the two bits are not the same, then a shift cycle, 
instead of a print operation, occurs. 

The following decode shows the four possibilities that 
determine whether a print or a shift operation will occur: 

TT-register TE-register Resulting 

Bit 4 Bit 7 Action 

0 0 Print 
0 1 Shift 

0 Shift 
Print 

These registers may be displayed by the lower roller switch 
on the CPU console. During print operations, if TE bit 7 is 
on (1), the corresponding light is lit, and those characters on 
the back side of the print element can print. (Refer to "Printer 
Tilt/Rotate Codes" for a visual representation of these char
acters.) The labeling on this switch position is "Ball Side", and 
the legend explains: "l=PRINT" or "O=print", referring to 
the uppercase or lowercase characters that can print. 

Of course, if a mismatch exists, a shift operation occurs 
before another CPU cycle is requested to print the character. 

RD/WR Mode 

Printer Not Busy 

Share Request 

Data Ready 

Cycle Interlock 

Set Shift Cycle 

Shift Latch 

Typehead in U.C. 

Lowercase Character 

Gate Shift 

__ ----<I 

Gate 
TE 
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3215 CONSOLE PRINTER-KEYBOARD 

• The 3215 Console Printer-KeYboard consists of a wire-matrix 
printer with a separate elastic-diaphragm keyboard. 

3215 KEYBOARD 

e The keyboard is the elastic-diaphragm-switch keyboard that 
encodes the characters in EBCDIC for direct transmission to 
the system. No translation is required. 

• This self-contained keyboard is independent of the printer in 
every way. 

• The arrangement of the keys is the same as for the 3210 printer
keyboards. 

In external appearance, the 3215 keyboard looks identical to 
that of the 3210, see "3210 Keyboard." Internally, however, 

it is quite different. The 3215 keyboard uses permissive-make 
contacts to encode the characters. An electromagnet restores 
the keys that are interlocked to prevent operation of more than 
one at a time. For additional information regarding this keyboard, 
consult the Theory-Maintenance manual for the IBM 3215 
Console Printer-Keyboard, SY24-3560. 

3215 PRINTER 

• The printer uses no-work magnets to operate seven individual 
print wires arranged in a vertical row in the print head. 

• The print head and magnets move back and forth along the 
print line, propelled by a stepper-motor-driven lead screw. 

• As the print head moves, seven bytes of data fire the magnets 
selectively to construct the characters out of dots (made by 
the print wires) within a 7 by 7 matrix pattern. 

• No uppercase or lowercase shift operations are required by the 
3215 because this machine reproduces the characters from 
their matrix images in storage. 

• Two driver cards in the printer provide power for the stepper 
motor, print-wire magnets, and carriage clutch. 

• Pulse emitters on the lead screw provide feedback signals 
to the system for control of printing and print-head movement. 

• Pulse emitters on the lead screw provide feedback signals 
to the system for the control of printing and print-head 
movement. 

• The printer uses the same pin-feed carriage as the 3210 models. 

Although the 3215 Console Printer-Keyboard performs the same 
functions as the 321 O-print, space, and new line (carrier return 

with line feed), it performs the first two in a new way, using new 
mechanisms. 

To print with the 3215, the adapter translates from EBCDIC 
to the 7 by 7 matrix code. This code is then placed in the write 
data (word 1 and word 21 registers and gated, byte-by-byte, to 
the print-wire magnets. 

Additional information on this machine is available in the 
Theory-Maintenance manual for the IBM 3215 Console Printer
Keyboard, SY24-3560. 

3215 Print Operation 

• The 3215 prints by firing the print wires according to the 
character images (matrix codes) appearing successively 
in the write data (word 1 and word 1) registers. 

• The microprogram moves the two-word matrix code from 
its storage module into the write-data register in two word
cycles for each character, including the space character . 

• As the print head sweeps across the print line, print emitter 
pulses from the printer gate the successive bytes of the matrix 
code to the print magnets. 

e Byte seven, and bit seven of each byte, are not used. These 
positions always contain zeros and are included only to 
preserve byte and word formats. 

The 3215 is a matrix printer. It prints by firing the print mag
nets in a specific sequence for each character as the print head 
moves along the print line. The sequence for each character is 
contained in the two-word matrix code. This code contains an 
image of the dot pattern that forms the character. 

The microprogram, using the procedures described under 
"3215 PR-KB Code Translation," locates the matrix code, 
and in two word-cycles, moves it into the word 1 and word 2 
registers. From here, emitter pulses supplied by the printer 
gate firing pulses to the print magnets for every corresponding 
bit that is on (set to 1) in the word 1 and word 2 registers. 

During the first word cycle, the microprogram moves word 1 
into the word-1 position of the word 2 and word 2 registers, 
and updates the address count by four. (Word 1 also goes into 
the word-2 position but is not used in this position.) During 
the second word-cycle, the microprogram moves word 2 from 
the storage module into the word-2 position of the word 1 and 
word 2 registers, and starts printing. 

If, for some reason the desired character is not ready in the 
word 1 and word 2 registers, the print head continues to move 
without printing and the print position is left blank. I n this 
case, the machine hardware initiates an automatic backspace 
function (this function cannot be initiated manually) and retries 
the write operation. 

The restoration time of the print-magnet armatures prohibits 
firing the same magnet at consecutive firing points (it can fire 
only at alternate firing points); therefore the same bit is never 
on (1) in successive bytes. Successive firings are prevented only 
by design, as the assigned dot-pattern format of each character 
(as expressed by the two-word matrix code) takes this limitation 
into account, and no character contains two horizontal dots that 

are not separated by at least one firing position. The armatures 
restore under their own spring tension. 

When the print head reaches the end of the print line it operates 
the right margin-stop switch and the microprogram initiates a New 
Line function . 
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3215 PR-KB CODE TRANSLATION 

• Code translation for the 3215 involves transmission to the 
write data (Word 1 and Word 2) registers of the matrix 
image of the character to be printed. 

• This image is stored as a doubleword in the MATRIX CODE 
table in control storage. 

• Using the EBCD IC representation of the character, the 
microprogram locates the address of the matrix code in 
the matrix code table. 

• No translation is required for the New Line (carrier 
return with line-feed) function. 

The EBCD IC of the character to be printed is transformed into 
the address of its two-word image in storage. This image, called 
the matrix code, is a virtual image of the dot pattern of the 
character. The microprogram executes two word-cycles to send 
this code to the Word 1 and Word 2 data registers, where it 
is used to fire the print-wire magnets as described under "Printing 
the Punctuation Character, Colon (:)" 

Transforming the EBCDIC into the address of the matrix 
code requires two routine or operations, both involving fixed 
data in storage. The first routine selects the module or block 
of storage in which the matrix code is stored. The second 
routine pinpoints the matrix code within the,module. 

Module Selection 

The 88 matrix codes are stored in three modules: 88, 89, and 
BA. The microprogram branches on bits 1 and 2 of the EBCDIC 
of each character to select its module according to the following 
fixed format: 

Example: 

00 = 88xx 
01 = 88xx 
10 = B9xx 
11 = BAxx 

Capital letter G 
HEX = C7 

EBCDIC = 

MATRIX CODE 
Address 

Bits 1 and 2 are 10; therefore module is B9. 

This gives us the module (B9) and the high-order portion (byte) 
of the matrix code address: B9xx. 

Address Development 

The low-order (xx) portion of the matrix code address is 
developed by the microprogram, using the E8CD IC of the 
character to be printed, and a table known as the F9XX 
Table. All addresses in this table begin with F9. 

First, the microprogram modifies the EBCD IC by forcing 
the zero bit to 1 (this is necessary because some characters 
have a 0 in this position). The modified EBCDIC now becomes 
the low-order (xx) portion of the address of a byte in the F9XX 
Table. 

Example: 

Capital letter G 
HEX = C7 

Thus, substituting C7 for xx in the table address F9xx, we 

get F9C7. 

F9XX Table 

F9CO 

F9C4 

F9C8 

F9C2 
---F9C3 

This is the address of the byte in the F9XX table that completes 
the address of the matrix code within the module. Looking at 
the F9XX Table, we find that this byte is 38. Therefore, in our 
example, B9xx becomes B938. This is the address of the low
order byte of the two-word matrix code for capital letter G. 

The microprogram now addresses location B938 in storage 
and locates the first word of the matrix code for capital letter 
G, and moves this word into the Word-l register. 

It then increments the address by four and moves the second 
word of the matrix code into the Word-2 register. (Actually, 
Word 1 also moves into the Word-2 register at the same time that 
it moved into the Word-l register but that was an incidental 
effect of the machine wiring and has no effect upon the 
operation of the write-data register). 

From the Word 1 and Word 2 data registers, the active bits 
are gated in parallel, byte by byte, to the print-wire magnets. 

This procedure is repeated for every printable character and 
for the Space function, for which the two-word matrix code is 
all zeros. 

No translation to the matrix code is required for the New Line 
function, which can be initiated by gating 08 into the TE
register. 

3215 7x7 Matrix Codes 

CHARACTER MATRIX CODE 

Word 1 Word 2 

a 040A200A 201 EOOOO 
b FE002200 221COOOO 
c 001C2200 22002200 
d 001C2200 2200FEOO 
e 001C2208 22180000 
f 20007E80 20800000 
g 00102802 28023COO 
h 00FE0020 00201EOO 
i OOOOOOBE 00000000 
j 00020002 BCOOOOOO 
k FE000814 22000000 
I OOOOOOFE 00000000 
m 1E20003E 00201EOO 
n 3E002000 201EOOOO 
0 001C2200 221COOOO 
p 3E002800 28100000 
q 10280028 003C0200 
r 201E0020 00200000 
s 00102AOO 2A040000 
t 002000FC 02200000 
u 003C0200 023COOOO 

v 00380402 04380000 
w 3C02000E 00023COO 

x 00221408 14220000 
y 0020100E 10200000 
z 0022042A 10220000 

~ 384400C6 00440000 . 00000600 06000000 

< 00102844 82000000 
( 00003844 82000000 

+ 1000106C 10001000 
I OOOOOOFE 00000000 
& OC52A052 08040AOO 
! 000000F2 00000000 
$ 205400D6 00540800 
* 10443800 38441000 
) 00008244 38000000 
, 0000DA04 D8000000 
-, 10001000 10001COO 

- 10001000 10001000 

/ 02040810 20408000 

, 00001A04 18000000 
% C204C810 26808600 

- 02000200 02000200 
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CHARACTER MATRIX CODE 

Word 1 Word 2 

A 1E204880 48201EOO 
B 827C8210 82106COO 
C 7C820082 00824400 
D 827C8200 82007COO 
E FE009200 92008200 
F FE09000 90008000 
G 7C820082 10825COO 
H FE001000 1000FEOO 
I 008200FE 00820000 
J 04020002 0002FCOO 
K FE002010 48048200 
L FE000200 02000200 
M BE402010 2040BEOO 
N BE402010 0804FAOO 
0 7C820082 00827COO 
P FE009000 90006000 
Q 7C820082 08847AOO 
R FE009000 98046200 
S 64920092 00924COO 
T 8000807E 80008000 

U FC020002 0002FCOO 

V F0080402 0408FOOO 
W FC020418 0402FCOO 
X 82442810 28448200 
y 8040201E 20408000 
Z 82048A10 A2408200 

0 38448200 82443800 

1 004200FE 00020000 
2 42840288 02906200 

3 84028012 A0528COO 
4 08102840 88760800 
5 E200A200 A2009COO 
6 OC122052 80120COO 

7 80028408 9020COOO 
8 6C920092 00926COO 
9 60900294 08906000 
) 00008244 28100000 

? 0040800A 90600000 

: 00006COO 6COOOOOO 

# 2800EEOO EE002800 
@ 38448230 8A403AOO 
, 0000D020 COOOOOOO 
= 28002800 28002800 

" OOOOEOOO OOEOOOOO 



TRANSLATING FROM EBCDIC TO MATRIX CODE 

Graphic Character: (Colon) HEX = 7A 

From Storage-- Or -- From Keyboard 

t 
EBCDIC 

01234567 

I nternal Register 01111010 (HEX 7A) 
11111010 (HEX FA)-----. 

Microprogram forces bit 0 to 1. 

Microprogram decodes 
bits 1 and 2 to select modu Ie: 

00 = B8xx 
01 = B8xx 
10 = B9xx 
11 = BAxx 

--

BA 

MATRIX CODE STORAGE MODULES 

Microprogram substitutes modified 
EBCDIC for low-order two bytes 
(x's) in address of F9XX Table 
Thus: F9xx in this case becomes 
F9FA. 

F9F4 
a..-____ ~ F9F8 

F9FC 

88 

-

These two bytes constitute the low-
order address of the 2-word MATRIX CODE 
(address of first byte of the two words). 

012345678 9A BCDE F 

Ox / / /7 / / / / 7 / / / / -7 / / I 
lx / / / / / / / / / / / / / I I 7 II} 

2x / / / / / / / / / / / / I II 7 IVv 
3x / / / / / / / / / / / / 1177 lVI/II 

4x / / / / / / / / / / / 7 / / / I II/VillI 
5x / / / / / / / / / / / / / / I I IliVl/l/lI 

6x / / / / / / / / / / / / 7 / I -7 71/VVVI/II 
7x / / / / / / / / / / / / / / / / JI/VllVVVII 

8x / / / / / / / / / / / / / / / / 11/1/11 VII 
9x / / / / / / / / / / / I I / / I /11 1/1/1/ 

Ax / / / / / / / / / / / / / / / / JVI/:;I/IJIJVIJ~ 
Bx / / / / / / / / / / / / / / I I I 1/111/1/11 

Cx / / / 7 / / / / / / / / / 7 7 7 I lIVI/llIl/VIIV 
Dx ./ /'WOAD1/ / /WOAD2/ / / / / / / / / IVVVl/lJIIIVlI 

Ex / / / / 7 / / / 7 / / / / / / I Iv VVI/I/I/,/IJ 
Fx / / / / / / / / / / / / / / / / 11/1IVI/LlVI/I/[1 

1/ II l! V I/VV II IJ 
IIV VIJVVV 
II jVVI/VV 

MATRIX CODE STORAGE MODULE 
VVVV 

I/VlIl/I/ 
BA 

I/VI/V 
I/lllI 

~ I/V 
~ 
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F9XX TRANSLATE TABLE--CHARACTER LOCATIONS 

o 1 2 3 4 5 6 7 

F90x 

lx 

2x 

3x 

4x 

5x 

6x 

7x 

F98x 

F9XX Table 

F980 00 08 10 18 F9CO 0008 10 18 
F984 20 28 30 38 F9C4 20 28 30 38 
F988 4048 00 00 F9C8 404850 58 
F98C 000000 00 F9CC 60 68 70 78 
F990 00 50 58 60 F9DO 8088 90 98 
F994 68 70 78 80 F9D4 AOA8 BO 88 
F998 88 90 00 00 F9D8 COC8DOD8 
F99C 000000 00 F9DC EO E8 FO F8 
F9AO 00 00 98AO F9EO 00 08 10 18 
F9A4 A8 80 88 CO F9E4 20 28 30 38 
F9A8 C8 DO 00 00 F9E8 40 48 50 58 
F9AC 000000 00 F9EC 60 68 70 78 
F980 000000 00 F9FO 8088 90 98 
F984 00 00 00 00 F9F4 AOA8 BO 88 
F988 00 00 00 00 F9F8 CO C8DOD8 
F98C 000000 00 F9FC EO E8 FO F8 

~ ~ ~ Iv,: % 1% ~ ~ 00 

Voo Voo h v.: % V, v;: IV, 00 

Voo % % h % % % h 00 00 

v:a l:% % % % % Voo % 00 00 00 00 00 00 00 00 

1% Voo V, V. v:: v, ~ V. 00 

% % V. h % % % h BO 

Voo % V, v.: l%: v,: v:a 1% 

9x 

Ax 

Bx 

Cx 

Ox 

Ex 

Fx l/a: IX, 1% v:: % 1% ~ % 
Character to be printed 

8 9 A B C D 

% ~ Voo 00 Voo 00 % 00 % 00 

% h % 00 l%: 00 1% 00 l%: 00 

h Ih % 00 % 00 % 00 1% 00 

% 00 1% 00 % 00 % 00 % 00 % 00 

l% ~ l% v.: V. v.: 
% X X, X h h 
v:: V. % 50 h % 60 v:a 
V. IV. v:a v:a % v.: 
Example: 

~ 
Address of the first word of the two-word 
matrix code within the module_ 
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% 00 % 00 

l% 00 % 00 

% 00 1% 00 

% 00 % 00 

V, Ih 
~ X 
V. % 
[/: IX 



PRINTING THE PUNCTUATION CHARACTER, 
COLON (:) 

The R DMP microprogram control word transfers the doubleword 
matrix code into the two-word data register in two separate cycles, 
governed by bit 3 of byte 3 of the control word in the C-register. 

When this bit is off (0), both the Set Wd 1 and the Set Wd 1 and 2 
lines are active (logic page PN073), and word one of the matrix 
code is gated into both halves of the data register. 

When th is bit is on (1), only the Set Wd 1 and 2 line is active, 
and word two of the matrix code is gated into the word-2 half 
of the data register only. 

Word 1 
00006COO 

Microprogram 
1 st Word Cycle 

(2-Word) Write Data Register - ....... j q======~711====~~~~-~~~~~ 

Not Used-7 

Print Emitter 

CJ 
(Gating) Pulses 

Print Wire 1 

Print Wire 2 

Print Wire 3 

Print Wire 4 

Print Wire 5 

Print Wire 6 

Print Wire 7 

X X 

I I I I I I I 
Print Head 

1--1 Motion 
1 

I , 
I ~ 
I 
I 

'-' 
+ + + + + + + 

+ + • + • + + 

+ + • + • + + 
i- + -I- ~. + + + 

+- + e+. + + 

+ + .+.+ + 

+++++++ 
7 x 7 Print Dot Matrix 

~(C) 

Microprogram 
2nd Word Cycle 

Byte 7 Not Used (Always Zeros) 

f 

Matrix Code Storage Module 

Matrix Code Storage ModLlle 

3145 TM 7-31 



REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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3215 PR-KB INTEGRATED ATTACHMENT 

• The 3215 PR-KB attachment is a separate circuitry package 
integrated into the CPU on Gate B, Board B1. 

• The TA-, TT-, and TI-registers generally function like the 
corresponding registers in the 3210 attachment but with 
some variations. 

• The TI-register accepts data in EBCD IC form (without 
translation) from the keyboard. For diagnostic purposes, 
it also accepts signals from the data-register assembler and 
the control/timing circuits for entry into the system. 

• The TE-register is no longer a data register but contains 
eight latches that provide new control I ines for 3215 PR-KB 
operations. 

• Data is read out two words at a time, with the 3215, and 
placed in the two-word data register by the microprogram. 

• The control/timing circuits, using pulses supplied by the 
console printer, control keyboard interlocking, forms 
feeding and print-wire-magnet firing. 

• The stepping-motor control circuits, using feedback 
pulses from the printer, control both left- and right-hand 
motion of the print head across the print line. 

The 3215 attachment circuitry supplies all of the control lines 
necessary for operation of the printer-keyboard with the 
system. Some of these lines take care of conditions that are 
peculiar to the 3215. One of these conditions is late data. 

Because the 3215 operates in a continuous mode while 
writing (the print head sweeps across the print line without 
interruption), it is remotely possible that a data character 
might not be present in the data register at the precise moment 
that the print head is passing the location where the character 
should print. In this case, the attachment senses that no charac
ter is being printed, and provides stop and backspace signals to 
make the print head go back one space and try again. This is 
an unlikely situation, but circuitry is provided in the attachment 
to handle it if it ever arises. The time required to backspace the 
print head is more than enough to ensure that even the slowest 
character will have arrived in the data register in time for the 
retry. 

Certain online and offline diagnostic testing functions are 
possible with the 3215 that are not provided for the 3210. 
Again, the 3215 adapter circuitry provides the signals required 
to perform this testing. 

The adapter also provides for starting, running, stopping, and 
reversing the printer stepper motor. The circuitry that does this 
is grouped in the "stepping-motor control" block on the overall 
data flow and control drawing. 

Because the 3215 can operate continuously (as when writing), 
or on a character-by-character basis (as from the keyboard), 
separate timing charts are included in this section for single-
and multiple-character operations. In either mode, and regardless 
of the direction of print-head motion, the stepping-motor 
stopping sequence is the same and begins with the setting of the 
stop latch. 

3215 DATA AND CONTRO L REG ISTE RS 

• Four registers in the 3215 PR-KB adapter provide control of 
the printer-keyboard input/output and diagnostic operations. 

• These are the TA (Tag Out), TT (Tag In), TI (Bus-In), and TE 
(Bus-Out) registers. 

• The data register is an added two-word storage device that 
contains the matrix image of each character while it is 
being printed. 

T A-Register 

Except for the added bit-6 latch used for diagnostic reset, this 
register functions just like the TA-register for the 3210. 

The new latch (bit 6) generates a simulated power-on reset 
signal that resets, among other things, the read, write, and 
stacked request (T A-register bit 2) latches. 

TT-Register 

This register consists of eight flip latches plus another for parity. 
These latches are scattered throughout the logic pages. 

B it latches 0, 1, and 2 develop the same 'attention ready', and 
'alter/display mode' lines as for the 3210 PR·KBs. In fact, the 
3215 uses the actual alter/display mode latch hardware of the 
3210 on gate A. This latch, therefore, does not appear in the 
3215 logic pages. 

The output of bit latches 3 and 4 is decoded by circuits to 
develop the following lines: 

Bit 3 Bit 4 Signal 

o 
1 o 

1 

Data Parity 
Time Out (Cycle Interlock) 
PE Sync Check 

Bit 5 latch develops 'end' or 'ready share request', depending 
on whether it is activated by the End key or by making the 
device ready. 

Bit latches 6 and 7 are the request and cancel key latches that 
function just as for the 3210. 

TE·Register 

The TE-register has new functions for the 3215. No longer a 
data register, the TE·register is now an important control device 
for gating various PR·KB control lines to the system. These 
lines are mainly diagnostic, to enable the service representative 
to simulate various signals for both online and offline testing 
of the 3215 PR-KB. 

The register consists of eight flip latches, plus another for 
parity. The outputs of the zero- and one-bit latches are decoded 
by AND circuits to produce two new diagnostic control lines
'gate diagnostic wire firing', and 'gate diagnostic MP lines'. 

Bit-2 latch generates the 'diagnostic PE timing' line. 
Bit-3 latch generates the 'diagnostic integrated PE' line. 
Bit-4 latch generates the 'new-line character' line. 

TI·Register 

The TI-register for the 3215, in addition to accepting input 
from the keyboard, also forces up certain lines for testing by 
gating to the CPU those diagnostic control signals shown on 

page 7·35. 

Condensed Data Flow Alter-Display 

External 
Busln 

TA 
t- Reg 

Byte 1 '\ 

V 1 Byte 

TE .. 
Byte 2) 

Reg 

y 
1 Byte, 

Word Word 
1 and 2 1 
Register Register 

By teA 

0,1,21 

3 Bytes 

Byte 3 J 4 Bytes 

WRITE DATA 
REGISTERS 

r--

t--

Trap Request 

Console Request 
Trap Request 

TT 
Reg 

I---

1 Byte 
....... 

To External 

" Assembler 
Attachment TI 

Reg 
~ 

1 Byte 

,~ 

~ 7 Wire F ire Lines 

1 4 Stepper-Motor Phases 
Index 

Forward & Reverse Magnetic Feedback 

I 
Print Emitter Pulses 

Forms Moving, Ma~gin Switches, Interlocks 

~ 

Printer Keyboard -
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3215 PR-KB I ntegrated Attachment 7-34 

3215 CONTROL AND DATA FLOW 

Request Switch ... 
Ready Switch ----.. Attention Cancel Switch 

Char Ready 

Not Ready Switch ... Intervention Required --End Of Form Switch 
Cover Interlock Switch -- Ready Share End Switch 

Alter/Display Switch -- I 
TI-Reg 

---
a n 

l 
1 

Keyboard Data 

CPU Data In (EBO) 

X 

·l -
2 I - 3 

X -= OR 

1 
.... r- .. ~r-

Busln(TI) Jtl 
,.... 

~ I 
Vl 4 
:J I 

Tag In (TT) 
fH HJ JH 

en Gate Diag Wire 

I 
f 5 X 

PE Sync Check 
JH HJ X 6 

~ ~ U fH HJ 111 
7 

)H IL 
I' 

1 
X 

Gate Diag Lines 

Tag Out (TA) TA-Reg TT-Reg 

---1 ~ 

I 
Read ~ Attention ...,.. 1 Write Ready 

Stacked Req ~ 

CPU Data Out (EBI) 
Alt/Disp Mode 

-,. 

Share Reset 

Keyboard Restore 

... 
( 

~ 

X 0+- :J ~ See Note 1 
0 Attn Reset -= Control Timing 

, .. 
Cl 

Cl 4 (Decode) 
""7" 

Ol 
<tI 

f- Sense Share 
f-

Carriage Coil 

r--O --.. f 
End Or Ready Sh Req 

I ... 
Diag Reset 

Alarm 
Request 

PE Timings 

r--I 
,.. , j 

Cancel 

I Forward ~ 

Stop 

~ I~ 
, Reverse 

Doc Request .. f II" 
J Share Request Control Read And Write Control 

r -- If 
Motor Drive A & B 

---J f • 
~ Stepping Motor Control 

, 

I Sr--J 
~ I f 

Fwd & Rev 
-. 

Feedback Emitters 

Bus Out (TEl 
J S 

I 
TE-Reg 

~ See Note 2 
1 (Decode) 

Fine PE Timings (600 us.) I ( 

2 Diag PE Timings 

J I' 

... 
X.,. 

:J 3 Diag PE Envelope 
Note 1: 

0 
PE Timings 

Note 2: 
Vl 4 New Line Character 

TT-Reg Decode 
:J Bits 3 and 4 
en 

TE-Reg Decode 5 Zero Count a 1 = PE Sync Check 
Bits 0 And 1 

6 Diag Inhibit Printer 1 0 = Time Out 

1 0 = Gate Diag Firing 
1 1 = Gate Diag Lines 

7 Diag I nhibit Printer 1 1 = Data Parity or 
PE Sync Check 

Doc Console Data Set Ii I Set Word 1 and ~ 
Set Word 1 and Word 2 

I 

~ J I) Word 2 Control • 
I _L.- Print Wires 1-7 

X Word 2 Data Register X X 

1 
I I ~ 

Data 
Register 
Assembler 

X Word 1 Data Register X 
Data Parity Check 

Set Word 1 I 



TI Register Input Gating 

0 Keyboard Bit 0 

J 

Keybd Char Ready 
1 Keyboard Bit 1 

2 Keyboard Bit 2 

3 Keyboard Bit 3 

x 4 Keyboard Bit 4 

5 Keyboard Bit 5 

6 Keyboard Bit 6 

7 Keyboard Bit 7 

P Keyboard Bit P 

TI Register 

0 
r--

1 
r---

2 1 

0 Oiag Wire 1 Firing 
Gate Diag Wire Firing 

1 Oiag Wire 2 Firing 

2 Diag Wire 3 Firing 

4 Oiag Wire 4 Firing 
r-- OR 

3 5 Diag Wire 5 Firing x 
7 

..:: ~ '" 

6 Diag Wire 6 Firing 

7 ----------------------- .. ----- .. 
:J 
co ~ 

t-
P Diag Parity Bit 

7 
t-

P 
t-

0 Oiag Motor Drive A 
Gate Diag MP Lines 

1 Diag Motor Drive B 

2 Diag Forward or Reverse MFE 

3 Diag LHM Stop Switch 

x 4 Diag RHM Stop Switch 

5 Diag LHM Slow Switch 

6 Diag Form Moving Switch 

7 Diag Carriage Clutch Coil LH 

P --------------......... _---------.... --------------_ ... 
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3215 WRITE OPERATION 

• Printer operates in continuous mode. 
(Motor stepping stays up until last character prints.) 

a. Write latch (TA-Reg bit 1) turned on by write 
command. 

b. Rd!Wr Share up and Ptr not busy turn on console request. 

c. Microprogram moves matrix code words from storage 
module into WD 1 & WD 2 Regs, and brings up data 
ready latch. 

d. Microprogram brings up Share Reset to drop Rd!Wr 
Share latch. 

e. Rd!Wr Share latch being off, with Data Ready latch 
on, turns on Cycle Inlk and drops Console Request. 

f. Cy Inlk on turns on Forward Latch, starts print 
emitter turning, brings up Motor Stepping line. 

g. Motor Stepping brings up PE Timings and PE Envelope. 

h. PE Envelope brings up Printer Busy. 

i. PE 4 pulse, with Motor Stepping up, turns off Data 
Ready Lt. 

j. Write latch on with Data Ready off and Printer Bus~', 
turns off Cycle I nlk latch and turns on Rd!Wr Share 
latch to request another character. 

k. Envelope collapses after 7th PE pulse, dropping Ptr 
Busy. Cycle now repeats, starting over again with 
Step b, except that the Motor Stepping line remains 
up (Step f is omitted). 

This operation continues until the zero-count line comes 
up, indicating that the last character is in the data register. 

I. This time PE 4 pulse (Step i), because the Zero Count 
line is up, additionally resets the Motor Stepping line 
and initiates the 4-pulse stopping sequence. With 
motor Stepping line down, Ptr Busy drops; the 
stepper motor stops and cannot again pick Printer 
Busy (step h), 
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Write Operation (Write Mode) Not To Scale 

Write Latch 

RD/WR Share Lt 

Console Request 

Doc Console Data Set 

Share Reset 

Data Ready Lt 

Cycle Inlk Lt 

Motor Stepping 

PE Envelope 

PE Timings 

Printer Busy 

o Count 

----------------------------------------------------------------------------------------------------~5r-------------------~ 

* Microprogram 
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3215 KEYBOARD (READ) OPERATION 

• Printer operates in start-stop mode. 

a. Read latch (TA-Reg bit 0) turned on by Read command. 
Read latch, with Keybd Char not ready, turns on Proceed latch. 

b. Operator presses key on keyboard. Keyboard contacts 
in keyboard, with keyboard not restored, bring up keyboard 
data lines. 

c. Keyboard data lines being up, turn on Keybd Char Ready 
latch. 

d. Keyboard Character Ready line up, gates Strobe Set pulse, 
restores (locks) the keyboard, and turns off the Proceed 
latch. 

e. Strobe Set pulse, turns on Rd/Wr share Lt. 

f. Rd/Wr Share latch, with Ptr Not Busy, turns on Console 
Request. 

g. Microprogram takes the keyed EBCDIC data from the TI
Reg and puts it in the Wd 1 and Wd2 data registers. 

h. Microprogram issues share request pulse to turn off RdIWr 
share latch. 

i. Rd/Wr share latch being down with data ready latch on, turns 
off Console Request and turns on cycle inlk latch. 

j. Cycle Inlk turns on Fwd Latch, which starts print emitter 
turning and brings up motor stepping line {from here on 
action is the same as for last character in Write opl. 

k. Motor Stepping brings up PE Timings and PE Envelope. 

I. PE Envelope brings up Printer Busy. 

m. PE 4 pulse with Motor Stepping up, resets data ready Lt and 
drops Motor Stepping line. 

n. With Motor Stepping down, PE Envelope collapses, turning 
off Printer Busy. 

o. Keyboard data lines drop; and because read latch is still 
on, the Proceed light comes on, and another character may 
be keyed. 

This cycle of events may be repeated until the read latch is 
turned off by the microprogram. 
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KEYBOARD OPERATION (READ MODE) NOT TO SCALE 

* 
Read Latch 

Proceed 

Kbd Char Ready 

Kdb Restore 

Strobe Set 

Kbd Data Lines 81----
Rd/Wr Share Lt 

Console Request 

Doc Console Data Set 

Share Reset 

Data Ready Lt 

Cycle I nlk Lt 

Motor Stepping 

PE Envelope 

PE Timings 

Printer Busy 

* Microprogram 
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3215 PR-KB Integrated Attachment 7-40 

EMITTER PULSE CONVERSION 

L707 Amplifier Card Converter Card (TE Reg Bit 2) 
Diag PE Timing -----t 

OR r-------------------------, 
- - - - - 1------------------1 

PE (Groups of Seven Pulses PE Timing 

/ \ ~v 
~--~ ~-~--------~~------------~ - - - -- -

PE Envelope 

- - ---1---- FWD MFE 
Fwd Feedback Emitter 

(Solid Stream of Pulses) r __ -+-________ -+ ~.--_+rt-n-lIlJlIU1JU1JlJl-------------------_t - - - _. -1----- REV MFE 

'---- This line, generated by the first PE pulse, 

actually comes up before the first pulse 
itself is available to flip the trigger. This 
unusual phenomenon is due to the internal 
circuitry characteristics of the amplifier 
card that converts both slopes of the 
sine-wave pulse generated by the emitter. 

Motor Drive (4 Phases) 

The drive emitter wheel has 180 teeth, 2° apart. Magnetic Feedback 
Emitter (MF El pulses from this wheel control the stepper motor. The 
print emitter wheel has 13 equal groups of 7 teeth. These teeth generate 
the 7 PE timing pulses: 

l' m, I I • 

MFE 
2 3 4 5 6 7 

· I 1_200 us 

8 

Rev Feedback Emitter 

9 

Shaping 
Network 
(J ntegrator) 

10 

Print Head 

Print Carrier _--- Lead Screw 

J Diag PE Env(TE-3) 
ORr-----------------------4----.---~ ___ 

---- Reshaping is required to square up edges of envelope to prevent transient 
spikes from giving false impulses to counter as the stepper motor gets first 
pulse and begins to turn. 

_____ Single Shot widens pulse to duration 
r---.,~ specified for print magnet firing. 

11 12 
A 1----1 SS 

FWD LH 

FF 

FF 

2 

FF 

3 

PE 
n ________ n'-------Jn _______ n ___ n '-------'nl....-----'n~. __ 

2 3 4 5 6 7 

The above illustration gives approximate timing and synchronization for 'up to speed' 
and' continuous' operation for 1 character time. 

1 Character Time ---------------------------1' I 
(Not) Data Late LH ---------1 A 

(Not) Diag Inhibit PTR -------I 

FF 

4 

PE Timing Counter 
r----------4If------- PE Fine Timing CE or Norm 

Fine PE Timing (To Print Wire Firing) 

Rd/Wr Sw ------1 



PRINT EMITTER TIMING COUNTER 

,---________________________ PE Timing Counter 

Diag P.E. Timing ---------1 
OR 

SS 
Diy 

593 us. Diy 1---------------- PE Fine Timing 
P.E. Timing ______ -.,_----1 

Integra- FF FF FF FF 

or 2 3 4 
OR 

Diag PE Envelopc-----------~ 

Emitter Signal 

PE Envelope 

PE Timing Pulse 

FFl 

FF2 

FF3 

FF4 

FFl FF2 FF3 FF4 

0 0 0 0 

1 0 0 0 

0 1 0 0 

1 1 0 0 

0 0 1 0 

1 0 1 0 

0 1 1 0 

PEl 

PE2 

PE3 

PE4 

PE5 

PE6 

PE7 

L 
-II-

The 3215 attachment contains a four-stage binary counter for 
keeping track of the print emitter (PEl pulses. The counter 
outputs provide individually identifiable PE pulses 1-7. The 
PE4 pulse is used to gate all the conditions that set the stop 
latch (see "Stop Latch Set Conditions," Page 7-47), and to 
reset the data ready latch for each character during read or 
write operations. 

1. The emitter signal from the printer is amplified, and PE 
timing pulses are generated from the negative peaks. 

2. The positive pulse triggers an integrator circuit that stays 
positive for a little over one cycle. With emitter pulses 
arriving at the correct rate, the integrator output, PE 
envelope, stays positive for all seven cycles. 

3. PE envelope being off, sets all the FFs on. PE envelope 
coming on allows each negative transition at the input of 
the FF to complement it. 

PE 1-7 LINE GENERATION 

*PE Or Diag 
Envelope - 0 

-E} 

**PE Timing 
Counter 

FF N 

1 
-

A r----1 

r---

iEJ 
~ 

FF 
2 

-

FF 
3 

L--

-
'---

A 

FF -
4 

L...--

For explanation of .....---------.....7 waveio,m, see page 7-40. 

PN012 

N 

-
A ~ PEl 

-

-
A - PE2 

r--

-

-
A -- PE3 

-

--
A - PE4 

~ 

----' 

..---

A f--- PE5 

~ 
'--

,.--

A I-- PE6 

~ 
"---

-
A I--- PE7 

j~ -
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3215 Print Magnet Firing Circuits 

.----------------- Wd 1 Reg Byte 0 Bit 0 
PE1--------~ 

A 

OR 1------------1 Dot 1 . 0 I I ~E~ 1 
Reg Byte 1 B" 

OR 1---------------------:-- Wire 1 PE 1 
.-------------If--- Wire 1 PE 5 

r------------~----- Wd 1 Reg Byte 2 Bit 0 ------f I I PE3 

.----------------- Wd 1 Reg Byte 3 Bit 0 -----f 

OR 

A r-------- PE4 -----------1 
'----'------' 

r--------- PE5 ------------------1 

~PE6 
OR 

I r- PE7------------------------1 

Print Emitter (PE) Pulses 

,.------------ Wd (1 and) 2 Byte 0 Bit 0 ------------' 

,.----------Wd (1 and) 2 Byte 1 Bit 0 --------------' 

,--------Wd (1 and) 2 Byte 2 Bit 0 __________________ ---J 

WD1 

----------------~---~-----------WD (1 and) 2 

Data Register 

----------- BitO 

Bit 1 

Bit 2 

Bit 3 

--------- Bit 4 

----------- Bit5 

----------- Bit 6 

Bit 7 Not Used 

PN054 
PN055 
PN056 

Print Emitter Pulses 

External Bus In ----i 

PE Timing Counter 

FF FF FF 

2 3 

Word Registers 
(1 & 2) (1 ) 

Byte 0 Byte 0 

Byte 1 Byte 1 

Byte 2 Byte 2 

Byte 3 

r------------ Wire 1 PE 7 

A 

Wd (1 and) 2 
Byte 3 Not 
Used 

FF 

4 

PE 1-7 

7 Bytes _____ --1 

Bits 0-6 

A 

Wire 2 PE 1 
Wire 2 PE 5 
Wire 2 PE 7 

Wire 3 PE 1 
Wire 3 PE 5 
Wire 3 PE 7 

Wire 4 PE 1 
Wire 4 PE 5 
Wire 4 PE 7 

Wire 5 PE 1 
Wire 5 PE 5 
Wire 5 PE 7 

Wire 6 PE 1 
Wire 6 PE 5 
Wire 6 PE 7 

Wire 7 PE 1 
Wire 7 PE 5 
Wire 7 PE 7 

Fine PE timing 

r-
234 
6 OR 

"-

r--
234 
6 OR 

"---

r--
234 

6 OR 

'----

-
234 
6 OR 

-

r-
234 
6 OR 

"---

-
234 
6 OR 

-

-
234 
6 OR 

-

Wire Fire 1-7 
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-
A r-- Wire 1 Firing 

-

-
A r----- Wire 2 Firing 

-

-
A r----- Wire 3 Firing 

-

-
A r----- Wire 4 Firing 

-

-
A I--- Wire 5 Firing 

-

r---

A Wire 6 Firing 

'--

-
A Wire 7 Firing 

-

Two read-word instructions set the word registers with the 
seven bytes required to print the character. 

PE pulses from the printer step the counter and gate the 
word register byte to the seven wire fire lines. 

NOTE: Wiring to the left of the dashed line is duplicated for 
bits 1 through 6. 



PRINT EMITTER SYNC CHECK 

P.E.7------------Q 

Forward -----------------1 

P.E. Envelope --e-----------I 

P.E. Sync Ck. 

Diy Diy Diy 1------' FL 

Power On or Share Reset --------------L_---1 

A PE sync check is a value other than 7 in the PE timing 
counter when the PE envelope drops. At the time PE 
envelope falls, a short sampl ing pulse is generated through 
a delay block. If PE7 is not active, the PE sync-check latch 

is set. 

DATA PARITY CHECK 

P.E.l 
WD 1 Reg Byte 0 Bit P 
P.E.2 

WD 1 Reg Byte 1 Bit P 
P.E.3 

WD 1 Reg Byte 2 Bit P 

P.E.4 
WD 1 Reg Byte 3 Bit P 

P.E.5 
WD 1 and 2 Reg Byte 0 Bit P 

P.E.6 
WD 1 and 2 Reg Byte 1 Bit P 

P.E.7 
WD 1 and 2 Reg Byte 2 Bit P 

A 

A 

A OR 

A 

A 

A 

Wire 1 Parity Chec 
Wire 2 Parity Check 
Wire 3 Parity Check 
Wire 4 Parity Check 

Wire 5 Parity Check 

Wire 6 Parity Check Even 
Wire 6 Parity Check--

1-------Byte Parity Bit ---4 

Data Late -----

CE Mode-------I 

Evenl-----il-- Odd Parity 

Data Parity Ck. 

FL 

Power On or Share Reset-r--------1L_---1 

P.E. Timing Counter --0---1 Diy Diy Diy Diy Diy Diy 

Forward ------------------~ 

Diag P.E. Envelope ____________ -I 

At each PE time, a new byte is parity-checked. A sampling 
pulse is generated as the PE pulse falls. The parity bit for 
the byte being printed is gated directly from the word reg
ister; the rest of the byte is sampled after it has been gated 
to the wire-fire lines. 

t--------t..._ Byte Parity Check 

SETTING the WORD 1 and WORD 2 REGISTERS 

(1) 

C Reg Byte 3 Bit 3--tlf---__1 

A t--..... ----- Set WD 1 Reg ----0 
1 Time Diy B-B3 

Storage 2 Cycle Read--t--~ 

L--____ ~-__1 A 

R DW N P Set -------_e--i 

Two read-word instructions gate EBI to the word regs: 

NXTLBL O,X,X 
NXTLBL OXX NXTLBL 1,X,X 
NXTLBL1XX 

ROMP 
ROMP 

LS--, LS-- +4 
LS--, LS--

Set WD 1 and 2 Reg-W 

Gate Data Ready----'(0 

Gates 
Gates 

and 
and 

® 
© 

------~------------------

C-Reg Byte 3 Bit 3 Sets from OXX and 1 XX 

(2) 
WD 1 and 2 Reg BitsO 6 

EBI Byte 0 Bi ts 0-6 -T ( 

Byte , 
- 0 Bits 0-6 

s 0-6 "" Byte T _I 

EBI Byte 1 Bit 

1 " t- Bits 0-6 
s 0-6 -Byte T ( 

EBI Byte 2 Bit 

2 J 
Set WD 1 and 2 R eg B 

EBI Byte 3 Bits 0-6 

Set WD Reg 1 A 

The first of the two ROMP words sets both WO registers. 

BX, BH, BL at OXX cause C-register byte 3 bit 3 to be off. 
EBI bytes O. 1; and 2 pass through the WO 1 and WO 2 registers 
and set in bytes 0,1, and 2 of the WO 1 register. EBI byte 3 
goes directly to W D 1 reg ister, byte 3. 

The second RDMP word with BX, BH, BL at 1 XX activates 
the set to WDl and WD2 registers gates data ready. 

EBI byte 3 of the second ROMP word is not used, nor 
is bit 7 of EBI bytes 0, 1; and 3. 

WD 1 Reg 

Byte 
0 

-
Byte 

1 
tt--

Byte 
2 

~t--

Byte 
3 

1 

" 

,. 
J 

r 

" 

r 
" 
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STEPPER MOTOR CONTROL 

Attachment 

PN024 
N 

(Not) K1 LH r--

ACC LH -A~ J2 LH 
K2 LH ~ 

,--____ -11 A II-----...Motor Drive Phase 21 A 

(Not) Stop LH Bfd 

? J2 LH 
OR 

K2 LH 

Stop LH Bfd A FL 

(Not) J2 LH 2K 
i--

K1 and K2 LH Off 

FWdLHBfd----~~~t-t---t-----------------------------------------------------l--1--JL--1 
RevLHBfd------lili-rIiIl-t----------------------------------------l--1---~ 

StopLH8fd---~rl-i-;--r---------------~~ 

Motor Drive ----t-+--+---+--+--4-----I~A f----G~r--------I~r--
-Phase 2 -

K1 LH-----t-4-+-+-4--~----J ~ 

K2LH _____ ~~-4-+-~-.--~ORr-----~ 

~-----...IN 

A 

"'---t---I-------I N 

_r-

,-------~OR~ 

.----I---J 

~ ________________________ -J~ 

0...--

ORI-Diag Motor----r-
Drive A 

(Not) Diag Inhibit 
Printer 

~A 
"'-- OFif-- Diag Motor (Not)J2LH----l!--l~~-_+------------------J A~ 

r-l---l 
'-----r-, L-_______ I~.r--r_ Drive B 

r----I&~ Motor 0 rive Phase 1-l---.._A---L.---J 

ACCLM------~~_r------------------------~~ 
PN025 

_r---

J1 LH A t-----I N I---~ 

J2LH------------~-----------------------------------J -..... 

Stepper Motor - ___ --t----I 
Drive A 

Stepper Motor --..---f----i 
Drive B 
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Motor Control Logic 

Forward Latch 
Reverse Latch 

Decode 

f- Motor Drive 
Phase 1 

f- Motor Drive 
Phase 2 

r- R 

..---1- 2 

OR 

....-1- F 

.- . 2 

t-I- F 

R 

Th is diagram shows the effect of forward and reverse latches on 
stepper-motor drive A and B. Note that for either direction, 
forward or reverse, the outputs of the JK latches and decode 
circuits are identical, and only the motor drive phases are switched 
before sending them to the motor. 

The following circuits are found in the 'decode' block above. 
These circuits perform functions required for efficient and 
reliable operation of the stepper motor and are presented in the 
order in which they occur. 

Chopped Forward or Reverse Singleshot 

It is fired whenever the forward or reverse latch is turned on. 
Its purpose is to block possible noise pulses from the magnetic 
feedback emitter from reaching the JK advance circuits when 
the motor first starts to turn. 

Stepper 
Motor 
Drive A 

Stepper 
Motor 
Drive B 

Accelerate Latch 

This latch is used to bring the stepper motor up to speed 
quickly from a stopped state. 

It is set on by the turn on of the forward or reverse latches, 
and its output is used to gate on the shift latch. 

Accelerate 
Latch 

Chopped Forward or Reverse 

PE Envelope----l 

FL 
The latch resets when PE 
envelope comes active and the 
JK latches have advanced to 
1100 (at MFE 4 time). 

Shift Latch 

This latch inserts an extra pulse into the JK advance circuits, 
stepping the JK latches, and advancing the motor-drive phasing, 
which causes acceleration in the stepper-motor speed. 

Shift 
Accelerate Latch 

J 1 
FL 

0 

J 1 K2 

1 

Diy Diy Diy 

At the time the fourth MFE pulse arrives, the JK latches 
advance to 0010. This combination AN Ds with Accelerate 
Latch to set the shift latch on. A pulse is generated and sent 
to the JK advance circuits, advancing the phasing sent to the 
motor. 

At the fall of MFE6 time, the JK latches contain 1011. 
This combintion ANDs with 'not high speed' (used in carrier
return operations) to reset the shift latch. 

A Motor Up Shift 
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Motor Downshift 

At the fall of MFE6, continued acceleration is prevented by 
blanking out the seventh MFE pulse, thereby allowing the JK 
latches to remain constant during MFE7 time. This moves the 
phasing back to normal. 

+Shift Latch-

+Forward or 
Reverse MFE 

Diy 

Diy 

Motor Down Shift 
Diy 

A FL 

Diy 

When the shift latch resets, a set pulse is generated for the 
motor down-shift latch. The output of this latch blocks MFE7 
from stepping the JK latches, and retards the phasing. 

The fall of every MFE pulse generates a reset to the motor 
down-shift latch, so that the latch resets with the fall of M F E7. 

Stopping 

The stepper motor comes to a halt in the same character cycle 
in which a stop condition is detected. Stop conditions (see 
also next page) are: 

1. New line: Microprogram originated 
2. End of line: (EOl) Right-hand margin stop switch 
3. Count zero: Microprogram originated 
4. Data late: Attachment originated 
5. left-hand margin stop switch 
6. Read latch: TA Register bit a 

Stopping is accomplished by changing the phasing to the stepper 
motor in such a manner as to cause reverse torque to be applied, 
until motion has nearly ceased; then firing a variable singleshot to 
provide the 12th and final MFE pulse. 

The singleshot is necessary, because motion may be so slight by 
the end of M FEll, that M FE 12 may not be detected, leaving the 
JK latches out of step. 

Stop Latch and Stop Latch Buffered 

Stop Latch 

FL Some Stop Condition 
PE4----------------~ __ 

J ~ I J~ I K01 I K; 

(MFE8) 

Stop Latch 
Buffered 

FL 

The stop sequence takes place from the fall of MFE8 through 
the fall of MFE12. 

To Decode 
Circuits 

Although the JK combination of OXOO recurs at the fall of 
MFE4, MFE8, and MFE 12, the PE4 pulse (which sets the stop latch) 
comes near the fall of MFE6, assuring the set of the Stop latch 
Buffered simultaneously with the fall of MFE8. 

The fall of MFE11 advances the JK latches to 1011 . This 
combination, with K2 on, Motor-Drive Phase 2, and Stop latch 
Buffered, sets the inhibit logic feedback latch (which blocks MFE12) 
and fires the variable-length singleshot (SS2). The output of SS2 
is substituted for MFE12 (which may be weak because the emitter

wheel is almost stopped) and steps the JK latches to 0000. 
With the completion of the SS2 pulse, another (23 ms fixed

duration) singleshot is fired, preventing another forward or 
reverse operation from starting during this period. 

SS2 Singleshot Adjustment 

As soon as possible, set the variable singleshot (SS2) at 
B-B1-E2-S13 for a plus signal 3.0 milliseconds in duration by 
either printing in read mode from the CE switches, or by 
setting the S-register bit 2 on, and the control-address setting to 
the start of BMA5, subtest 11. 

Note: It is recommended that system power be dropped before 
a card is removed that can cause the printer wire-fire drive line 
to float (B·B 1-02 or B2). 
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Stop Latch Set Conditions 

PE4 Sfr 

Fwd Lth Sfr 

CE Test Sw N/O 

RD-WR Sw Read 

Read Mode Stop 

Zero Count 

Rhm Stop Sw N/ 

N/L 

Data Late L th 

Reverse Lth 

Lhm Stop 

Th· r IS me ga es a II t s op can I Ions 

This line gates all forward stop conditions-

N/O Diagnostic Stop 

Stop After Keying Each Character 

End of Record Stop When Writing 

0 End of Line Stop 

New Line Signalled 

Character Not Ready in Time to Print 

This Line Gates Reverse Stops 

Left Margin Stop 

----- A 

-
~-

A 

-
~-

A 

-
~r---

A 

- Stop Latch Set 

~-
A 

-
~-

A 

-
-u--

r- I-- A 

-
-

"--

A 

PN015 

Data Late 

DATA LATE: Blocks the fine PE timing from firing any wires. 
Sets the stop latch at PE4 time. 
Sets the reverse latch when fully stopped. 
Sets the stop latch at PE4 time. 
Resets itself at PE7 of the reverse cycle. 
Stops and awaits data ready. 

No error condition is flagged as a result of. data late. 

Data Ready -----I 

Inhibit Data Late 

P .E. 1 ________ ---' 

C.E. Mode----.-; 

PwrOn Rst-4 ________ --1 

P.E. 7 -------------i A 

Reverse----------l_....L.---l 

Data Late 

FL 

DATA LATE LATCH: This latch detects an overru n condition 
and stops the printing; then backspaces one position. 

During printing in continuous mode, if the microprogram has 

not set Data Ready by PE1 time, Data Late is set on. 
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J and K Latch Operation 

PE4--------------~ 

Some Stop Condition 

MFE8--------------~ 

Forward Latch -------I 

Reverse Latch ----------I 

J1 
Latch 

J2 
Latch 

Kl 
Latch 

K2 
Latch 

A 
Stop 
Latch 

Stop 
Latch 
Buffered 

Logic 
Decode 

1. I n the static state, the JK latches are off, and phases A and 
B are active. 

2. Motion is started with the turn-on of the forward or reverse 
latch, advancing the phasing to the motor to A and S. 

3. The rotation causes the transducer to pick up M F E 1, 
advancing the JK latches, and in turn, the motor phasing. 

4. Each MF E pulse from the drive emitter wheel advances the 
JK latches and drive phasing until the stop latch comes on 
as a result of: 

a. Count zero 

b. Right-hand margin switch 
c. Data late 

d. New-Line latch (TE4) 
e. Read latch (TAD) 

5. Any of the foregoing conditions being on at PE4 time sets 
the stop latch. 

6. At MFE 8 time, Stop Latch Buffered comes on and alters the 
phasing sent to the motor in such a way as to cause a reverse 
torque in the motor. 

7. By MFE 12 time, the stopping sequence has halted forward motion 
and electrically detents the motor shaft in the home position. 

+= Pulse Rise 
t= Pulse Fall 
1= Latch On 
O=Latch Off 

MF E J1 J2 K 1 K2 

FWD Latch 
1 .. 
1 't 
2 .. 
2 t 
3 + 
3 t 
4 • 

Motor Shift t 
Motor Shift .. 

4 t 
5 .. 
5 • 
6 • 
6 • 
7 • 
7 t 
8 • 
8 t 
9 .. 
9 t 

10 .. 
10 t 
11 • 
11 • 

SS2,OR, 12. 
SS2,OR, 12 t 

1 .. 

1 t 
2 .. 
2 t 
3 • 
3 t 
4 .. 
4 t 
5 • 
5 t 
6 + 
6 t 
i + 
7 t 
8 + 
8 t 
9 .. 
9 t 

10 .. 
10 t 
11 .. 
11 t 
12 .. 
12 t 

0 
0 
l 
1 
0 
0 
1 
1 
a 
0 

1 
l 
a 
a 
1 
1 

h:.i i 

a 
a 
1 
1 
0 
a 
1 
1 
a 
0 
1 
1 
a 
a 
1 
1 
a 
0 
1 
1 
0 
a 
1 
1 
a 
a 
1 
1 
a 
a 
1 
1 
a 
0 

0 
0 
1 
1 
1 
1 
0 
a 
a 
a 
1 
1 
1 
1 
a 
a 

0 
a 
1 
1 
1 
1 
a 
a 
a 
a 
1 
1 
1 
1 
a 
a 
a 
0 
1 
1 
1 
1 
a 
a 
a 
a 
1 
1 
1 
1 
a 
a 
a 
a 

0 0 
0 OI-
0 a 
1 a 
1 1 
a 1 
a 1 
1 1 
1 a I-
0 a 
a OI-
1 a 
1 1 
0 1 
0 1 
1 1 I-

1 a 
a a 
a 0 
1 a 
1 1 
0 1 
a 1 
1 1 
1 a 
a a 
a 0 
1 0 
1 1 
a 1 
a 1 
1 1 
1 0 
0 0 
a a 
1 0 
1 1 
a 1 
a 1 
1 1 
1 a 
a a 
a a 
1 a 
1 1 
a 1 
a 1 
1 1 
1 a 
a a 
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2 Characters 
Continuous Mode 

Motor 

1 Character 
Start-Stop 

Motor 
Drive 

Set Accelerate ---

Set Shift Latch ---

Reset Accelerate 

Reset Shift Latch 
Set Downshift Latch 

Reset Downshift Latch 

Drive 

Stopped 

Set Stop Latch Buffered 

Inhibit Logic Feedback 
Fire SS2 

Starting 
Sequence 

Stopping 
Sequence 

This illustration shows the relationship between the MFE pulses, 
JK latches, and motor drive A and B. 

Note that there are only eight combinations of the JK latches, 
and that they are repeated three times per character. 



DATA-TRANSFER CONTROL AND INTERLOCKING 

Gate Data Ready --------\ 

RD-WR Mode ---------1 

Not Ready-----t 

Data 
Ready 

Data Rdy Lh Rst -----------1 
Pwronrst--------,----L __ ~ ____ ~ 

MPBusy-------------------~~1 

TA Reg Bit 1-------1 

EOL Latch-GI------+-4 

Strobe Set ------H 

RD Mode ------H 

PowerOnor--~~-------

Share Rst 

FL 

M P Busy -------1 

I ndex I nterlock ---~ 

H Reg Bit 7------1 

The exchange of data between the CPU and the attachment is 
controlled by three latches. 

R-W Share: Tells the CPU (via Console Request Trap or TT-Reg 
bit 6) that the attachment is ready to receive (write) or send 
(read) data. 

Data Ready: Tells the attachment that the word registers have 
been set with data to be printed. 

Cycle Interlock: Indicates that an operation has started and 
blocks another request for data via the RD-WR Share until the 
current character is printed. The normal starting sequence 
follows: 

Write: Microcode turns on TA-register bit 1, which in turn sets 
the R-W share latch. Console Request tells the microprogram that 
the attachment is not busy and the two read words are executed. 
The second RDMP word sets the data ready latch. 

The microprogram now issues a Share Reset (T A bit 31. 
The R-W share latch resetting, turns on Cycle Interlock, which 
sets the forWard latch, starting the stepper-motor sequence. 

New Line or EO L ------------t---t 
Motor Data Set --------1~ 

Data Late ---------------1 A 
I----'--~ 0 R 

CE Mode -----------! 
Motor Data Reset------.--~ 
Pwr on Rst-4 --------i--.-....J 

Data Late! 
Reverse 

Forward 
FL 

FL A 

L-____________ ~------_+----------~ 

Pwr on Rst-4 ---~.-----------; 

LHM StopSw N/O--t--9---1 

I-_r----..... -+----- Arm Reverse Mode 
A 

A 1-----1 N I------f A '-__.----1 

Reverse Latch -----.------t 

Motor Data Reset -----I 

Console Req(Trap) 

Cycle Interlock prevents RD-WR share from requesting another 
byte of data until MP Busy drops (end of PE Envelope), 
when Data Ready is reset, allowing Cycle Interlock to reset. 
Console Request is blocked until MP Busy (PE Envelope) drops. 

In continuous mode, the forward latch remains set and does not 
use Cycle Interlock for the remainder of the characters printed. . 

Forward Latch: In continuous mode, the first time Cycle 
Interlock sets on, the forward latch also sets on. It remains on 
until all characters are printed and the stop latch is set, and 
the variable singleshot times out. 

In read mode, the stop latch is set each PE4 time, so that 
Forward comes on and off for each cycle. 

Reverse Latch: This latch is set from either New Line or Data 
Late. It causes the stepper motor to go in the reverse direction 
until the left-hand margin stop is detected. 

Reverse Mode: A new-line operation (TE bit 4) mayor may not 
require movement of the print head to the left. Because of 
difficulty maintaining a consistent left-hand margin using only 

the left-hand margin stop switch, the switch state is latched as 
follows: 

Power Up: Stop switch made on power up, resets reverse 
mode. 

One char after forward: The forward latch coming on 
sets reverse mode. This is because at the end of one character 
cycle, the LHM stop switch is still made. The reverse mode 
latch ensures one character travel in the reverse direction, 
even though the LHM stop switch is still maqe, when the 
New Line is called for. 

Return from more than one character out: As travel to the left 
closes the LHM stop switch, the reverse mode latch is reset. 
Motion stops in the same cycle. 

LHM Stop 

Motor Data Set 

Gates the set to forward and reverse latches. Th is Ii ne is off 
from the time Chopped Forward or Reverse turns on the 
stepping latch until after the time-out of the variable and then 
the 23 MS singleshots. 

Motor Data Reset 

Applies a reset to the forward and reverse latches. It is the 
inverted output of the stepping latch, and is off from the time 
Chopped Forward or Reverse sets 'stepping' until the fall of 
the variable singleshot resets 'stepping'. 
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FORWARD OPERATION-PRINT A SINGLE 
CHARACTER AND STOP 

1. Cycle I nterlock latch, in response to a Read/Write Share 
Request, turns on Forward (Go) latch. With motor control 
latchesJl, J2, Kl, and K2 off, forward latch brings up 
Motor Drive Phase 1 (A), SS 1, Stepping and Accelerate 
latches, and drops Inhibit Logic Feedback. 

2. With Forward latch on, the motor turns and the forward 
drive emitter generates the first pulse-Fwd MFE 1. The 
leading edge of the Fwd MFE pulse brings up Logic Feed
back and turns on the stepper-motor control latches J 1 and 
J2, and brings up Motor Drive Phase 2(B). 

3. The trailing edge of Fwd MFE 1 pulse drops Logic Feed
back and turns on motor control latch K 1. 

4. With motor control latches J 1 and J2 both on and K2 off, 
the K 1 latch going on turns off Motor Drive Phase 1 (A). 

5. PE Envelope is brought up by the leading edge of the 
first PE pulse to gate seven print emitter pulses to the 
counter. 
Note: Drawing is not to scale; refer to "Emitter Pu Ise 
conversion," page 7-40, for explanation. 

6. Advanced by the K1 latch having come on, the stepper 
motor turns another increment, generating Fwd MF E 2 
pulse, and bringing up Logic Feedback for the second 
time. 

The leading edge of Fwd MFE 2 pulse turns off motor
control latch J 1 and turns on K2. 

7. The trailing edge of Fwd MFE 2 pulse drops Logic Feedback 
and turns off stepper motor control latch K 1, dropping 
Motor Drive Phase 2 (B), advancing the stepper motor 
another increment. 

Note: Fwd MFE pulses are drawn different lengths to 
show how they shorten as the machine speed up, and 
lengthen as it slows down.) 

8. The leading edge of Fwd MFE 3 pulse brings up Logic 
Feedback, turns on motor control latch J 1 and Turns off 
J2. 

9. At Fwd MFE 4-pulse time, the leading edge of the pulse 
brings up Logic Feedback in the usual manner and turns 
off stepper motor control latch J 1. 

With J1 and J2 both off, and the Accelerate latch on, 
K 1 being on turns off K2 and turns on the Shift latch. 

Note: This is not a shift for upper or lower-case printing 
as for the 3210; it is for a shift in stepper-motor speed. 

10. Shift latch output is AN Oed with a delay circuit to produce 
the Upshift pulse. 

11. The Upshift pulse interrupts the Logic Feedback line, 
effectively breaking it into two pulses and turning off K1. 
The stepper motor responds to this added pulse in an 
effort to catch up. 

12. When the Upshift pulse times out, Logic Feedback again 
comes up, and with J 1, K 1, and K2 all off, turns on J2 
and resets the Accelerate latch. 

13. With K 1 and J2 on, and J 1 and the High Speed lines 
down, the Shift latch turns off. (Refer to page 7-48). 

14. Shift latch going off brings up Downshift. 

15. During this operation, the print emitter has been turning 
and generating PE pulses. 

At PE-4 time, this pulse gates the Stop latch (to begin 
the stopping sequence) either because the character being 
printed on a write operation is the last character to be 
printed (zero count), or because the machine is operating in 
start-stop mode in a keyboard (read) operation. I neither 
Read or Write mode, the Stop latch is set at PE-4 time 
because of an End-of-Line condition (right margin switch 
has been operated.) 

16. Fwd MFE 7 pulse drops the Downshift line. 

17. At the end of Fwd MFE-8 time, when Logic Feedback, Jl, 
J2, K 1 and K2 lines are down (starting conditions for 
step 1), and both Motor Drive Phase 1 and 2 lines are 
down, Stop latch Bfd comes up to start the four-pulse 
(MFE) stopping sequence. 

FOUR-PULSE STOPPING SEQUENCE 

18. Because the Fwd and Stepping lines are still up, the opera
tion continues as in steps 2, 3, and 4 for Fwd M F E pu Ises 
9,10, and 11. 

At Fwd MFE 11·pulse time, because Motor Control 
latch K2 in on again, with Motor Drive Phase 2 (B) and 
Stop latch up, SS2 is fired to bring up inhibit logic 
feedback and blocks any further feedback of MFE pulses 
into the logic. 

19. When SS2 times out, the Forward (Go), Stepping, Stop 
latch, and Stop Latch Bfd lines drop, and the stepper motor 
stops, leaving the logic restored to the starting conditions. 
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FORWARD OPERATION--SINGLE CHARACTER 

Fwd Mfe 

Logic Feedback 

Jl LH 

Kl LH 

J2 LH 

K2 LH 

Fwd LH 

Motor Drive 
Phase 1 (A) 

Motor Drive 
Phase 2 (B) 

SSl 

SS2 

Stepping 

ACC LH 

PE Envelope 

PE 

Stop LH 

Stop LH Bfd 

Inhibit Logic 
Feedback 

Up Shift 

Down Shift 

High Speed 

Shift LH 

J 5 I'--------J~: ~ : 8 i : 9 i i 10 :: ... _1_1 .,--i
fllli 

:::_1 __ 12_1IIIIItL-

I I I I I I I .1L------j II I I 

I 
L '" __ ~ 
! I ~ I I J I 

I I I J 

~~~0~1="="="~/ ..~ I=*~I~\~ ____ \~~I~I~ I~ _____ /~~~ ____ __ 

~~~~~r~=====~[~/~~~~!:~I~ 13 I \ \ ~: 
J / \ /~~~ --7~/-------------------+----~/-4/---/~--------~\~------T------7/--~ ~ 
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3215 PR-KB Integrated Attachment 7-52 

FORWARD OPERATION--MUL TIPLE CHARACTERS 
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REVERSE OPERATION, MULTIPLE CHARACTERS 
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AL TER/DISPLAV OPERATIONS 

• Alter/display operations are microprogram-controlled manual 
operations. 

Alter/display operations permit the operator to access and alter 
data stored in the system, and provide a printed record of the 
data involved. This capability is not provided for the remote 
console printer-keyboard (3210 Model 2). 

Note: I n alter/display operations, alphabetic characters may be 
entered in either uppercase or lowercase, but will always print 
out in UPPE RCASE. 

Mnemonics 

Mnemonic 

AM 
AS 
AL 
AK 
AC 
AG 
AF 
AP 
DM 
DS 
DL 
DK 
DC 
DG 
DF 
DP 

Addressing 

Function 

Alter Main Storage 
Alter Control Storage 
Alter Local Storage 
Alter Storage Protection Key 
Alter Control Registers 
Alter General Registers 
Alter Floating-Point Registers 
Alter Current PSW 
Display Main Storage 
Display Control Storage 
Display Local Storage 
Display Storage Protection Key 
Display Control Registers 
Display General Registers 

Display Floating-Point Registers 
Display Current PSW 

Storage Area 

Main Storage (M) 
Control Storage (S) 
Local Storage (L) 

Address 

000000 through 03FFFF 
8000 through F F F F 

00 through 3F 
Storage Protection Key (K) 
Control Register (C) 
General Register (G) 
Floating-Point Register (F) 
Current PSW (P) 

Notes: 

000000 through 03F F F F 
o through F 
a through F 
0,2,4,6 

Not Required 

1. The upper boundary of main-storage address is movable. 

2. The lower boundary of control-storage address is movable. 

3. For alter/display of the control register, general register, and 
floating-point register, wraparound of the address is done by 
the alter/display microprogram. 

4. Word or byte address may be used in addressing main storage 
or control storage. If the starting address is not on a word 
boundary, the printer spaces and aligns at the byte addressed. 

Format 

MNEMONIC AND ADDRESS 

The two-character mnemonic and the address print on the same 
line, with one space automatically provided between the mnemonic 
and the address. 

Following the typing of the prescribed addressing character, 
the alter/display microprogram issues an automatic carrier 
return (new line) command to the printer. 

An optional feature permits addressing without preceding 
zeros. However, a manual carrier return must be performed 
by pressing the return key to indicate the end of the address 

DATA 

Both uppercase and lowercase characters may be used in typing 
mnemonic or data. The alphabetic characters printed are 
always in uppercase. 

Data printed has the format of eight words per line with two 
spaces provided automatically between words. An automatic 
carrier return occurs when eight words have been printed. 

I n altering or displaying storage-protection keys, each word 
contains four consecutive storage keys. The address is updated 
sequentially by 2K. 

ALTER OPERATIONS 

Data may be altered one hex digit at a time. The use of the 
Space bar during an alter operation permits nondestructive 
spacing. The stored data is printed each time the Space bar is 
pressed. 

Termination of an alter operation occurs on a digit basis. 

Examples 

ALTER MAIN STORAGE 

AM 480 (Press the Return key) 
XXXXXXXX XXXX (Press the A/D key) 

ALTER CURRENT PSW 

AP 
XXXXXXXX XXXXXXXX 

DISPLAY OPERATIONS 

Following the addressing and automatic carrier return, the 
addressed data prints continuously until either the A/D key 
or the End key is pressed. 

Termination of a display operation occurs on a word basis. 

Examples 

DISPLAY MAl N STORAGE 

DM 00008D 
XXXXXX XXXXXXXX XXXXXXXX ........ XXXXXXXX 

XXXXXXXX XXXXXXXX (Press the A/D key) 
DM 8D (Press the Return key). 

XXXXXX XXXXXXXX XXXXXXXX ........ XXXXXXXX 
XXXXXXXX XXXXXXXX (Press the A/D key) 

DISPLAY CONTROL STORAGE 

DS F700 
XXXXXXXX XXXXXXXX XXXXXXXX XXXXXXXX 
(Press the A/D key) 

DISPLAY LOCAL STORAGE 

DL 01 
XXXXXXXX XXXXXXXX (Press the A/D key) 

DISPLAY FLOATING-POINT REGISTER 

DF 2 
XXXXXXXX XXXXXXXX XXXXXXXX ........ XXXXXXXX 

DISPLAY STORAGE KEY 

DK 009000 
XXXXXXXX XXXXXXXX XXXXXXXX (press the A/D key) 
Note: Each word consists of four consecutive storage keys. 

ENDING AN ALTER/DISPLAY OPERATION 

1. Pressing the alter/display key terminates the A/D 
operation but not the A/D mode. A new mnemonic can now 
be entered for another A/D operation. 

2. Pressing the End key terminates both the A/D operation and 
the A/D mode. 

3. Detection of an invalid character or address during an A/D 
operation terminates the A/D operation but not the A/D 
mode. 

4. Termination occurs upon completion of printing of sixteen 
words from general registers or control registers, eight words 
from floating-point registers, and two words of current PSW. 

5. A machine check detected terminates the A/D operation. 

ERROR MESSAGES 

Invalid Character 

The error message INVAL CHAR prints if one of the following 
input errors is made: 
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1. The first character of a mnemonic is not A, D, or T (see 
KEYBOARD TEST MODE). 

2. The second character is not M, S, L, K, C, G, F, or P. 
Sand L are reserved for service personnel (See item 3 
under "I nval id Address". 

3. A character other than a valid hexadecimal is keyed when 
data is addressed or altered. 

4. The cancel key is operated. 

5. A character with parity error is detected on the PR-KB 
bus-in line. The character with parity error is neither printed 
nor stored into the storage. The current operation is 
terminated following the error message 'INVAL CHAR' print-

out. The machine remains in A/D mode ready to accept a 
new operation. 

Invalid Address 

The error message INVAL ADDR prints if one of the following 

errors is made: 

1. The starting address is invalid. 

2. The updated address exceeds the capacity of the specified 

storage. 

3. The operator performs an AS or AL operation when the CE 
Mode bit is off. 

KEYBOARD TEST (T) MODE 

Keyboard Test Mode uses the alter/display circuitry to permit 
the PR-KB to be operated like an electric typewriter for testing 
the operation of the keyboard. No changes are made to any 
system facil ity. 

1. Press the CPU stop key or set the rate switch to INSTRUCTION 
STEP or SINGLE CYCLE HARD STOP. 

2. Press ALTER/DISPLAY on the PR-KB console. 

3. Type in the mnemonic T to initiate keyboard test mode (no 
address is necessary). If the 3210 Model 2 is installed, it 
too, will be ijn this mode, and may be tested simultaneously 
with the console PR-KB. 

4. Check the operation of the character, space, and return keys, 
observing the results they produce, or the printed output. 

5. Press the END key to terminate the operation of the keyboard 
test mode. 

6. Return the rate switch to PROCESS and press the CPU start 
key to resume processing. 

Note: If a parity error is detected on the PR-KB bus-in lines, 
while in Test mode, the erroneous character is neither printed 
nor entered into storage, and no error message is printed. 



1 

2 

3 

4 

5 

6 

7 

8 

Press the CPU stop key or set the rate switch to INSTRUCTION 
STEP or SINGLE CYCLE HARD STOP. This puts the CPU in 
the stopped state. 

Press the alter/display key on the documentary console (not 
available on the remote printer-keyboard). This requests an 
A/D trap. When the trap is honored, the alter/display mode 
light turns on, followed by the proceed light. 

Type the two-character mnemonic. If the first character is 
not A, D, or T (see "Keyboard Test Mode"), or the second 
character is not M, S, L, K, C, G, F, or P, the machine prints 
out INVAL CHAR. Sand L are reserved for service personnel. 

Type the address. Preceding zeros may be omitted if you press 
the return key at the end of the address. I f you type an 
incorrect address, the machine prints out: INVAL ADDR. 

For an alter operation: 
Type the data in HEX characters. 
Stored characters print as-is whenever the space bar is 
pressed (to indicate nondestructive spacing). 

For a display operation: 
The addressed words print out. 

Press the alter/display key to end the alter or display operation 
in progress while remaining in A/D mode. To start a new alter/ 
display operation, begin at Step 3 after the proceed light turns on. 

Press the END key to terminate the A/D mode. This turns 
off the proceed and alter/display mode lights. 

Return the rate switch to PROCESS and press the CPU start 
key to resume processing. 

~ 
L:J 

I CANCEL I 

EJ 

INDICATORS KEYS 

o D 
Legend 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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MICROPROGRAM OPERATION 

Read (Keyboard) Operation - Part 1 

Microprograms 

Start 

G LAA Routine 

GKDI Routine 

Gate out PR-KB con
tro Is and set T A -0 (read 
latch) 

Return to I-Cycles 
via GMDR 

GMSR Routine 

No 

Wait 

PR-KB Attachment 

Read latch on (TA-O) 
Active read mode 

Set Rd/Wr share latch 
generate PR-KB request 

PR-KB Printer 

Operator presses key to 
send character KB bits 
and strobe 

Write Operation - Part 1 

M icroprogra ms 

Start 

GKDI Routine 

Gate out PR-KB controls 
and set T A-1 (write latch) 

Return to I-Cycles 
via GMDR 

GMSR Routine 

No 

Wait 

PR-KB Attachment 

Write latch on (T A-1 ). 
Activate write mode 

I 
G 

Set Rd/Wr share latch. 
Generate PR-KB request 

PR-KB Printer 

Keyboard remains 
inoperative during write 
operations 
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Read (Keyboard) Operation --Part 2 

r r -----
I Status Request 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

3215 

Yes 

Yes 

Terminate operation 

Microprograms 

Yes 

3215 

Gate KB Char in TI to 
local storage, translate 
to EBCDIC 

Translate EBCDIC to 
T /R or matrix code and 
gate to 'data register * 

Branch to GMDR 

I *Data register in the 3215 is the Word 1 and Word 2 register. 

-1 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

PR-KB Attachment PR-KB Printer 

B 

Write Operation -- Part 2 

Microprograms 

t-- - - G KDT Share·Cycle Routine 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Status Request 

Terminal operation 

Yes 

Translate EBCDIC to 
T/R or matrix code and 
gate to data register * 

Branch to GMDR 

-, 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

Microprogram Operation 7~58 

PR-KB Attachment PR-KB Printer 

D 



Read (Keyboard) Operation -- Part 3 

Microprograms r ------l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

No 

Gate shift code to TE 
register 

Branch to GMDR 

I 
I 
I 
I 

I 
I 
I 
I 

I I --------

3210 

PR-KB Attachment 

Set data register and 
data-ready latch; T A-3 
resets Rd/Wr share latch 

3215 

Turn on cycle interlock 
latch. 

3210 
Gate T/R magnets 

3215 
Gate print magnets 

P R-K B Pri nter 

3210 pick cycle clutch 
and T / R magnets. 
3215 energize stepper 
motor and print mags. 

Pick shift magnet, take 
shift cycle, and activate 
pri nter busy 

Write Operation - - Part 3 

r--------Micmpmg""" I 
I I 
I I 
I I 
I I 
I I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

No 

Gate shift code to TE 
register 

I I I """ch to GMDR I 
I _______ .J 

3210 

PR-KB Attachment 

Set data registers and 
data-ready latch; TA-3 
resets Rd/Wr share latch 

Turn on cycle interlock 
latch. 

3210 
Gate T/R magnets 

3215 

Gate print magnets 

PR-KB Printer 

321 a-pick cycle clutch 
and T/R magnets. 
3215-energize stepper 
motor and print mags. 

Pick shift magnet, take 
shift cycle, and activate 
printer busy 
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PROGRAMMING INFORMATION 

Except for transfer in channel, printer-keyboard operations 
written for the 3210 and 3215 are compatible with programs 
written for the IBM 1052 Model 7 Printer-Keyboard. (Transfer 
in channel is not defined for the 1052 Model 7.) 

Except as specifically noted, system operation with either 
PR-KB configuration is as follows. 

To the programmer, the printer-keyboard appears to be 
attached to the multiplexer channel with a device address of 
01 F or 009 for the first console PR-KB, and 01 E or 008 for 
the second. A multiplexer channel UCW is used for printer
keyboard program-controlled operations. The printer-keyboard 
does not use any of the eight control-unit positions on the 
multiplexer channel. 

Besides program-controlled operations, microprogram
controlled alter/display functions are provided by the 3210 
Modell or the 3215 PR-KB (not by the 3210 Model 2 remote 
unit). The alter/display function may be requested by pressing 
the alter/display key (3210 Modell or 3215 only). The primary 
function of this operation is to provide a means of altering or 
displaying main storage, general purpose registers, floating-
point registers, and certain other facilities. These facilities are 
described in the section on "Alter/Display Operations." 

Status.or sense information is not applicable to alter/ 
display functions. However, the alter/display function is not 
executed until any current program-controlled operation is 
completed to the point at which status for the operation is 
presented to the CPU. 

If an alter/display operation is started, any CPU instruction 
execution is delayed until after the alter/display operation is 
completed. Therefore, initial-selection status for an I/O 
instruction cannot be obtained while the alter/display operation 
is in progress, because the I/O instruction cannot be executed. 

CHANNEL COMMANDS FOR PRINTER-KEYBOARD 

Valid channel commands for the console printer-keyboards are: 

Command Code Bits 

01234567 Command Name 

0000 0001 Write 
00000011 No Op 
00000100 Sense 
xxxx 1000 TIC 
0000 1 0 a 1 Write with ACR 

(Automatic Carrier Return) 
0000 101 0 Read 
0000 1 0 1 1 Alarm (Audible) 

Any command code (except 00, which causes a program check 
when detected by the multiplexer channel) issued to the docu
mentary console with a bit structure that does not conform to 
those listed here causes a unit check (bit 6) to be set in the 
status byte, and a command reject (bit 0) to be set in the sense 
byte. 

Status and sense information is stored for the program
controlled operations when applicable. 

Write (without Automatic Carrier Return) 

The write command is accepted by the PR-KB attachment 
only if: 

1. The PR-KB is operational (ready); 

2. The write command has a valid format (that is, data count 
is not 0, data address valid, etc), and 

3. The PR-KB is not performing some other operation. 
If the PR-KB is not ready, condition-code 1 is set, inter

vention required (bit 1) is set in the PR-KB sense byte, and 
unit-check status in the Channel Status Word (CSW) is: 

1. Stor~d for the start I/O initiating the write command, or 

2. Stored on a subsequent I/O interruption (or a test I/O 
if chaining to the write command was performed. 

If the write command is accepted, the write latch (TA
register bit 1) is turned on, and a console share request occurs 

because: 

1. The write latch is on. 

2. The printer can accept a character. 
During the resulting share-cycle trap microprogram, the first 

character to be printed is read out of main storage and used 
to access the appropriate print translate table-tilt/rotate 
code for the 3210 printer-keyboards; matrix code for the 3215 
printer-keyboards. These tables are located in control storage. 
The applicable code is sent to the printer. If it represents a 
printable character, the character prints. I f it represents a 
function character (new line), the function is performed. 

The CCW data address (now in the PR-KB UCW) is incremented 
by one, and the data count is correspondingly decremented,for 
both function and data characters. 

A share-reset condition is developed to reset the share-request 
control. Another share-cycle request cannot occur until the 
attachment determines that the printer has completed the 
character or function. As soon as the print or function (space 
or new line) operation has been accepted by the printer, 
another share-cycle request is initiated by the attachment. The 
entire cycle is then repeated. 

At the end of each write operation (count zero, or end), the 
printer operational line is tested. If the printer is not operational, 
any chaining called for is not allowed. Unit check, channel end, 
and device end are set on in the PR-KB status byte (in control 
storage) and intervention required is set on the PR-KB sense 
byte (in control storage). Unit check, channel end, and device 
end are set into the multiplexer channel I B (I nterrupt Buffer) 
if no other device already has status pending in the I B. A 
subsequent I/O interruption operation (or test I/O instruction 

that addresses the PR-KB stores the status In the CSW. If, 
however, another device already has status in the IB, the PR·KB 

attachment circuits are conditioned to cause a share request 
when IB becomes available. 

A zero-count condition is checked for during each write 
share-cycle after data is transferred and address and count 
updates are performed. If a zero-count condition is detected 
and data chaining is indicated, a branch is made to the 
multiplexer chain-data microprogram to load the new CCW. 

If data chaining is not indicated: 
1. A zero count condition is set in the PR-KB UCW. 

2. Channel end and device end are set on in the PR-KB unit 
status in the next share cycle, and 

3. The write latch is reset. 

If command chaining is indicated, the unit-status byte is set 
to 00 and a branch is made to the multiplexer chain-command 
microprogram to load the new CCW. 

An I ncorrect Length (I L) indication is given if the SLI flag is 
off for any write command except a write command that has 
the chain.oata flag on. This I L indication occurs because the 
PR-KB requests one more share cycle after the data count (for 
a write command) has been decremented to zero. 

If the end-of-line switch is activated, a new-line function is 
automatically initiated. In this case another share cycle is 
not requested until after the new-line function is completed. 

The keyboard is blocked during a write operation. 
Operation of the END key terminates any write command 

operation that is in progress (in the same manner as for a read 
cOrylmand). When the write command is terminated,an 
asterisk is printed, and a new-line operation takes place. 

No Op (No Operation) 

No Op is an immediate command. This command is processed 
whether or not the PR-KB is operational. The unit check and 
intervention required bits are not set on when a No Op is 
executed. 

Channel end and device end are set in a CSW stored for a 
start I/O that indicates a No Op (if command chaining is not 
indicated) . 

Sense 

The sense command is processed whether or not the PR-KB 
is operational. The sense byte is read from control storage and 
placed in the main-storage location specified by the address in 
the sense command. If not operational, unit check and inter
vention required are not set on when a sense command is 
executed. The data count in the sense command should equal 
one. If the count is greater than one, an Incorrect Length (I L) 
indication results if the Suppress Length Indication (SLI) flag. 
is off in the sense command. 

Channel-end and device-end status are presented in the CSW 
stored by a subsequent I/O interruption (or cleared by a test 
I/O) for the sense operation. 
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Transfer in Channel (TIC) 

This command is included here only for sake of compatability 
with the 1052 Printer-Keyboard Model 7. It functions in 
the usual manner as described in the SR L manual IBM 
Systeml360 Principles of Operation, GA22·6821. 

Write with ACR 

The write with Automatic Carrier Return (ACR) command 
functions in the same basic manner as a write command. 
However, a new-line function (carrier return and line feed) 
is performed after the data count reaches zero. 

The new-line function is performed as follows. 

1. I n the share cycle that occu rs after the last character has 
been sent to the printer, an N/L (New Line) character is 
automaticallY generated and sent to the printer by the micro
program, and channel end is set on in the PR-KB status 
byte. 

2. The new-line function is performed by the printer. 

3. On completion of the ACR, another share cycle is requested 
to set device end in the unit status. 

If the end-of-line switch is operated after the last character 
is printed, two new-line functions occur: one for the end-of-Iine 
switch indication, the second for the write-with-ACR command. 

Read 

The read command is accepted by the attachment only if: 

1. The PR-KB is ready, and 

2. The PR-KB is not performing some other operation. 

3. The read command has a valid format. 

If the PR-KB is not ready, unit-check status set in the CSW 

is: 

1. Stored for the start I/O initiating the command, or 

2. Stored on a subsequent I/O interruption (or a test I/O) 
if chaining to the read command was performed (condition

code 1 is set). 
If the read command is accepted, the read latch (T A 

register bit 0) is set on and the proceed indicator (on the 
PR-KB console) lights. 

Operation of a character key then results in a share-cycle 
request. A 9-bit pattern (including a parity bit) is sent from 
the keyboard to the CPU via the TI-register, and parity is 
checked in the A-register. (A set-ABCK status set is used in 
the control word for which the data parity is checked in the 
A-register.) If a parity check is detected, the PR-KB unit
check status and equipment-check sense bits are set on, but 
the operation is not terminated until its normal ending point. 
A machine check is not indicated, and no instruction retry or 



machine-check trap is taken. A character is printed by the 
PR-KB whether or not a parity check is detected. (The 
character that is printed is unpredictable for a parity-error 
condition.) 

The 9-bit pattern from the 3210 keyboard is translated to 
the appropriate EBCDI Code and stored in main storage. The 
translation is effected by the microprogram through use of 
translation tables in control storage. 

The nine-bit pattern from the 3215 PR-KB is already 
encoded in EBCDIC and is stored without translation. 

The microprogram then uses the EBCDI code to address 
another section of storage containing the ti It/rotate codes for 
the 3210 PR-KBs or the matrix-image code for the 3215 
PR-KB. These codes are transmitted to the write-data register 
for printing. 

If the end-of-line switch is operated after a character is 
printed, a new-line function occurs but the new line-character 
bit pattern is not sent to main storage. The proceed light is 
off until the new-line function is completed. 

If the End key is pressed, the read operation is ended. (If 
the count is not 0 and the SLI flag is off, I L is indicated in 
the CSW stored for the operation.) The End character bit 
pattern is not sent to main storage, and nothing is printed as a 
result of an End-key operation. 

If the cancel key is pressed, unit-exception status is set on. 
(I f the data cou nt is not 0 and the S LI flag is off, I L i.s 
indicated in the CSW stored for the operation.) A bit pattern 
is not sent to program storage, but an asterisk is printed and 
the carrier returns. 

If the data count equals zero, the operation is ended the 
next time any key is operated. The character bit pattern is 
not sent to main storage, and nothing is printed. If any key 
other than the end or cancel key is operated, I L is indicated 
in the CSW stored when the SLI flag is off. 

At the end of each read operation (count zero, or end of 
data), the printer-ready condition is tested. If the printer 
is not ready, chaining is not allowed. Unit check, channel end, 
and device end are set on as ending status in the PR-KB sense 
byte. 

Alarm (Audible) 

This control command is an immediate command and functions 
in the same manner as a No-Op, except that an alarm sounds 
in the CPU when the control command is executed. 

Under program control, the audible alarm signals the operator 
when the system requires manual attention. When the program 
issues the alarm command, the feature emits an audio tone 
and turns on the alarm indicator on the printer-keyboard. 
The tone sounds for about 1.5 seconds, but the indicator 
remains lighted until the operator presses the alarm reset key 
on the printer-keyboard. The alarm intensity is adjustable. 

An alarm command is executed even if the PR-KB is in the 
not-ready state. 

CHANNEL STATUS BYTE FOR PRINTER-KEYBOARD 

The channel status byte for PR-KB operations is set up in the 
UCW used for the PR-KB. The channel status byte portion 
of the CSW is stored as a result of processing a test I/O instruc
tion, only if an interruption condition is outstanding for the 
PR-KB, or as a result of an I/O interruption executed for the 
PR-KB. 

Program-Controlled Interruption (PCI )-(CSW Bit 40) 

The following are characteristics of the PCI. 

1. The PCI does not affect the progress of the current 
operation. 

2. PCls are not stacked. If one or more PCls in a chain have 
not been processed (prevented by the system mask), only 
the latest PCI is processed. 

3. A PCI bit in a CCW causes the PCI to remain pending 
(until processed) throughout the chain if the PCI cannot 
be taken when first detected. 

Incorrect Length (I L)-(CSW Bit 41) 

1. I L is set in the CSW (stored by a test I/O or I/O interruption) 
as a result of a read command during which the end or 
cancel key is operated, or a result of a write command during 
which the END key (not cancel) is operated, when the count 
does not equal zero and the SLI flag is off. Any chain is 
term inated. 

2. I L is set in the CSW (stored by a Test I/O or I/O interruption) 
as a result of a read command during which the count equals 
zero and any key other than the end or cancel is operated 
and the SLI flag is off. Any chaining is terminated. 

3. An intervention-required condition occurs (out-of-forms or 
not-ready switch is operated), and the count does not equal 
zero when either: 

a. The SLI flag is off, or 

b. "Fhe SLI flag is on and data chaining is also specified. 

Any chaining is terminated. 

4. IL is set for any write command if the SLI flag is off for 
that operation. This results from the fact that the PR-KB 
attachment requests one more data cycle after the CCW data 
count has decremented to zero. Any chaining is terminated 
if the I L indication occurs. If, however, the chain-data flag 
is on in the current write command, the I L indication will 
not occur for that write command. But, the last write 
command in the data chain should have its SLI flag on in 
order to avoid the I L indication. 

5. I L is set for a sense command if the data count specified is 
greater than 1 and the SLI flag is off. 

Program Check (CSW Bit 42) and Protection Check 
(CSW Bit 43) 

Program check and protection check are set as defined for the 
multiplexer channel. 

Channel Data Check (CSW Bit 44) 

This bit does not apply to PR-KB operations. 

Channel Control Check (CSW Bit 45) 

This bit is set as defined for the multiplexer channel. 

Interface Control Check (CSW Bit 46') 

A share request is received and none of the following conditions 
exists. 

1. A not-ready-to-ready sequence has not been performed, or 

2. The request key has not been operated, or 

3. No program-controlled operation is in progress, or 

4. No status is outstanding for the PR-KB. 

Chaining Check (CSW Bit 47) 

This bit does not apply to PR-KB operations. 

STATUS BYTE FOR PRINTER-KEYBOARD 

The status byte for the printer-keyboard is kept in control 
storage. Status is presented in the CSW, only for not-ready-to
ready, device-end, channel-initiated, and attention-status 
operations (that is, not for alter/display functions). 

Attention (Status Bit 0) 

This bit is set when the request key is pressed if no other 
operation is in progress. If another operation is in progress, 
pressing of the request key causes the attention status bit to 
be turned on after status for the other operation has been cleared 
(that is, accepted by the CPU program). If the other operation 
is an alter/display operation (for which operation status is not 
presented), attention is not set on until the alter/display is 
completed. 

When the attention bit (status bit 0) is on, bit 32 of the 
CSW will be set on for the following. 

1. If an I/O interruption for the PR-KB is processed. 

2. If a start I/O is executed before the I/O interruption can be 
processed. Busy (bit 35) is also set on. 

3. If a test I/O is executed before the I/O interruption can be 
processed. 

The preceding Items 1, 2, and 3 clear the status at the 
PR-KB. 

Status Modifier (Status Bit 1) and Control Unit End 
(Status Bit 2) 

Unit status bits 1 and 2 are not used for PR-KB operations. 

Busy (Status Bit 3) 

Busy is set in the CSW (bit 35) stored as a result of execution 
of a start I/O for the following conditions only. 

1. A program operation (other than a No-Op or alarm command) 
has been completed to the point at which channel end has 
been accepted by the CPU (and I/O interruption or test 
I/O instruction has been processed to store the channel end 
in a CSW), but device end is not outstanding. Device end 
(CSW bit 37) accompanies busy in the CSW for the start 
I/O, and the status at the PR-KB is cleared. 

2. Attention status (resulting from a request-key operation) is 
outstanding for the PR-KB (that is, the attention has not 
yet been cleared by an I/O interruption or test I/O 
operation). Attention (CSW bit 32) accompanies the busy 
bit in the CSW stored for the start I/O. 

3. A device end for a not-ready-to-ready sequence (the ready 
switch has been operated) is outstanding at the PR-KB. 
Device end (CSW bit 37) accompanies busy in the CSW 
stored for the start I/O. 

4. A program operation has been completed to the point at 
which channel end has been accepted by the CPU (an I/O 
interruption or test I/O instruction has been processed to 
store the channel end in the CSW), but device end is not 
yet available. The busy bit alone is presented in the CSW 
for the start I/O, and the PR-KB status is not affected. 

Busy is stored as a result of a test I/O instruction, only if it 
is executed after channel end for a command is accepted, 
but before device end for that same command occurs. 

Channel End (Status Bit 4) 

Channel end is set on in the PR-KB attachment for any of the 
following conditions. 

1. A zero data count has occurred for a write, write-with
ACR, read, or sense command. 

(For write or write-with - ACR, channel end is set on 
during the share cycle after the one in which the zero data 
count is detected.) 

2. At initial selection during execution of a No-Op or alarm 
command when that command is accepted by the PR-KB 
attach ment. 

3. The END key or the cancel key has been operated during a 
read command. 

4. The END key is operated during a write command. 

5. If a count of greater than 1 is specified in a sense command; 
the operation is terminated after 1 byte is transferred. 

If channel end alone is in the mUltiplexer channel Interruption 
Buffer (lB) or has been stacked at the PR-KB, it is cleared by 
an I/O interruption (or by a test I/O) and stored in the CSW. 
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Device End (Status Bit 5) 

Device end is set on for any of the following reasons. 

1. When carrier-return motion has begun for a read 
or write-with-ACR command. 

2. On the service request (share cycle) following the 
one in which a zero-count condition occurs for a 
write (with no ACR) command. 

3. When the PR-KB attachment accepts a No-Op or alarm 
command. 

4. When the ready key is pressed while the PR-KB is in the 
not~ready condition. (The key must produce a ready condition 
to set device end.) 

5. During the service request in which a sense byte is sent to 
the CPU. 

If a device end has been generated or stacked at the PR-KB, 
it is cleared by initial selection for a start I/O, only if channel 
end (as a result of the operation) has already been stored in the 
CSW by an I/O interruption or test I/O. Busyaccompanips 
device end in the CSW stored for the start I/O. 

Test I/O clears any outstanding device end at the PR-KB. 
A halt I/O does not clear a device end at the PR-KB. 

Unit Check (Status Bit 6) 

Unit check is set for any of the following reasons. 

1. When a character with even parity is sent from the keyboard 
to the CPU during a read command operation. Equipment 
check, sense bit 3, is also set on for this condition. 

2. If a parity error is detected on data during a write operation 
with the 3215, a check condition is indicated in the same 
manner as for other multiplexer-channel operations. 

3. If the PR-KB goes not-ready because the cover is open, or 
the printer is out of forms, or the not ready key is operated: 

a. At initial selection for a read or write (with or without 
ACR) command, or 

b. During execution of a test I/O instruction to the 
PR-KB. 

c. At the end of a printing operation. 

(I ntervention required, sense bit 1 I is also set on for th is 
condition.) 

4. If a command byte not defined for the PR-KB is sent to 
the PR-KB. (Command reject, sense bit 0, is also set for 
this condition.) 

5. If the printer fails to print within approximately two seconds, 
equipment check (sense bit 3) is also set. 

6. If the 3215 printer has a print-sync check. Equipment check 
(sense bit-3) is also set. 

Unit Exception (Status Bit 7) 

This bit is set on if the cancel key is operated during a read 
command operation. The read operation is terminated (channel
end status is set on). If the count is not zero and the SLI 
flag is off for the read command, the incorrect-length indication 
(CSW bit 41) is also given during a subsequent I/O interruption 
or test I/O operation. 

SENSE BYTE FOR PR INTER-KEYBOARD 

The PR-KB sense byte is kept in control storage. Unit check 
status is set whenever anyone or more of the following bits 
are set. 

Command Reject (Sense Bit O) 

This bit is set on if a command not defined for the PR-KB is 
issued. 

Intervention Required (Sense Bit 1) 

This bit is set on only for a re~d or write command in which: 

1. The not-ready switch has been operated to place the PR-KB 
in a not-ready condition, or 

2. The forms switch indicates that the PR-KB required forms. 

3. The PR-KB cover is open. 

4. AC power is off in the 3210 Model 2. 

5. The 3215 is in CE Mode (printing H's, offline). 

Bus-Out Check (Sense Bit 2) 

This bit is not set for PR-KB read operations. 

Equipment Check (Sense Bit 3) 

This bit is set on: 

1. When even parity is detected on a character code sent from 
the keyboard to the CPU during a read operation. 

2. If the printer fails to print. 

3. If the 3215 printer had a print-sync check or incorrect data 
from the keyboard. 

If Equipment Check is set because of bad parity from the 
keyboard, the operation is not terminated until its normal 
ending point. 

If Equipment Check is set because the printer fails to print 
(during a read or write operation), the operation is terminated. 

Sense Bits 4-7 

These bits are not set for PR-KB operations. 

SUGGESTED RESTART PROCEDURES FOR 
PR INTER-KEYBOARD 

An I/O error causes an interruption condition, which is 

indicated in the CSW. The CSW is loeated in main-storage 

locations 40 through 47 (hexadecimal). Bit 38 of the CSW, 

when on, indicates a unit-check condition. This is bit 6 of 

the byte at main-storage address 44 (hexadecimal). 

When a PR-KB unit check is detected by the program, a 

sense command should be executed for the PR-KB. Sense 

information sent from the attachment provides more detailed 

information concerning the cause of the unit check. As a 

resultof program analysis of the sense information, an error 

message should be made available to the operator to indicate 

the condition. 

The following information describes the actions that should 

be performed when the program detects u nit-check status in 

the CSW. The actions are related to particular sense i.ndications 

that can occur. These bits are analyzed by;the program. 

Command Reject (Sense Bit 0) 

Provide an operator message and exit from this error-recovery 
procedure. Command reject indicates that aniinvalid command 
was received at the PR-KB attachment. 

Intervention Required (Sense Bit 1) 

The PR-KB enters a not-ready condition (intervention-required 
I ight on) becuase one of the following has occurred: 

1. The not-ready key was operated to place the PR-KB in 
a not-ready condition. 

2. The PR -KB has run out of forms. 

3. The PR-KB cover is open. 

4. The AC power switch in the 3210 Model 2 is off. 

5. The 3215 is in CE Mode (offline). 

If possible, provide a message to instruct the operator to: 

1. Check that paper is in the printer. 

2. Close the printer cover. 

3. Make sure the ac power switch for the 3210 Model 2 is 
on. 

4. Make sure that the 3215 printer is not in CE (printing H's) 
Mode. 

5. Press the ready key on the PR-KB console. 

Even if it is not possible to provide a message, the I NTVN 
REOD light will be on. 
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Equipment Check (Sense Bit 3) 

Provide an operator message to indicate the failure to read 
the input message and provide for at least one retry at 
execution the command that resulted in the equipment check. 
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INTRODUCTION 

• The CPU of the System/370 Model 145 communicates with 
I/O devices through channels. 

. • The channels are connected to, and communicate with, the 
I/O control units via a standard interface. 

• The channels are a physical part of the CPU but are 
functionally separate. 

• Each 110 device attached to a channel must have an 
associated control unit. 

Control of the operation and transfer of data between the CPU 
and I/O devices are via the standard interface of 38 lines. The 
CPU has a group of control circuits and microprograms to 
execute the required channel sequences. Each I/O device 
operates throu'gh an .1/0 control unit that interprets the standard 
interface signals and provides the necessary control lines for 
the 110 devices. 

Each device can have its own control unit, or several ,devices, 
can be controlled by one control unit. The control unit acts as 

a buffer and compensates for the difference in the rate of flow 
of data, or the time of occurrence of events when transferring 
information between the 3145 and an 1/0 device • 

In some cases a single byte of data is buffered in a register, 
and other cases a complete record is stored in a storage unit. 

A channel can have up to eight 110 control units attached. 
Only one of the control units is logically connected to the 
interface at a given time_ 

The period of connection varies, depending on the size of 
the transfer and'the speed of the I/O device. Devices operating 
in byte and multibyte modes on the multiplexer channel 
disconnect from the channel after each byte or group of bytes. 
The device control unit requests a new connection when it is 
ready for an additional transfer. During these intervening 
periods, other channel devices may use the interface. 

For identification, each I/O device attached to the standard 
interface is assigned a unique address during the installation 
of the device. This address is set on the interface lines by the 
channel when it initiates an operation with the device, or by 
the device control unit when the device is requesting service. 

Overview of Channel Operation 

Magnetic-Tape Units 

Tape-Control Unit 

Start I/O 
on Device X 

Maximum of Eight 
Tape Units 

Standard 
I/O Interface 

r - - - ----- -- ..... Channel 

I 
I 
I 
I 
I 
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Data (Output) 

I 

CPU 

Instructions 
and Data 

L ____________ _ 

1. (CPU in Supervisor State) 
2. Execute start I/O instruction 
3. Fetch CAW 
4. Fetch CCW 
5. Send command to device 

6. Set condition code 0 
7. Channel transfers data 
8. End operation 
9. Take 1/0 interruption 

10. Store CSW 
11. Store old I/O PSW 
12. Get new I/O PSW 

t 

Main Storage 

Reader Punch 
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MODEL 145 1/0 CHANNELS 

• Several channel configurations are available: 

One byte-multiplexer and one selector channel are standard. 
Special features: Integrated File Adapater (lFA), addressed as 

selector channel 1. When I FA is installed, selector channel 2 is 
standard. Additional channels: For I FA configuration, selector 
channel 3 may be added for non-I FA configuration, selector 
channels 2, 3, and 4 are available. The word buffer feature is 
available on selector channels. Block-multiplexer channels are 
available instead of any or all installed selector channels. The 
Channel-to-Channel Adapter Feature is available. 

The byte-multiplexer channel can operate in either multiplex or 
burst mode. The mode is determined by the characteristics of the 
device operating on the channel. If a device is capable of forcing 
burst mode operation and that device is started, no other device 
can operate with the byte-multiplexer channel until the burst
mode operation is completed. 

In multiplex mode, the single data path of the byte-multiplexer 
channel can be time-shared by a number of low-speed I/O devices 
operatingsimultaneously. The channel multiplexes, on demand, 
data to or from these devices (one device at a time) in groups of 
bytes (or singly) as determined and specified by the particular I/O 
device being serviced. 

Any selector channels are capable of handling high-speed I/O 
units of many types. Operations between a selector channel and 
an I/O unit proceed until channel-end status for the last channel 
command word in the operation is received by the channel. 
Another unit on that channel may then be started (depending on 
how the operation is programmed). Selector-channel accesses to 
main storage during a data transfer cycle are on a byte basis, or if 
the Selector Channel Word Buffer feature is installed, on a word 
(four-byte) basis. 

The block-multiplexer channel operation differs from selector 
channels in the way in which command-chained channel programs 
are handled. In selector mode during a command-chained channel 
program, the channel is busy during the entire time the channel 
program is in operation, whether data transfer is occurring or not. 
The block-multiplexer channel executing a command-chained 
channel program has the ability to disconnect from the 
operational channel program during certain non-data transfer 
operations. Thus, the channel can be freed during a 
nonproductive activity, (for example, during disk seeking and 
most record positioning), thereby allowing more data to be 
transferred per unit of channel busy time. 

The channels operate from the same I/O instruction and 
command formats used for System/360 models (except Model 
20). 

The channels, except the IFA channel, operate with attached 
I/O control units in accordance with signal sequences defined for 
System/360 and System/370. Refer to Chapter 10 of this manual 
for IF A operation. 

INSTRUCTIONS 

• There are seven instructions-all use SI format (32 bits). 

• Instructions specify channel, control unit, and I/O device. 

Seven program instructions are used to initiate I/O operations on 
channel. All of them use the I/O instruction format as defined in 
the System/360 Principles of Operation. 

The instructions defined are: 

Start I/O (SID) 
Start I/O Fast Release (SIOF) 
Test I/O (TID) 
Halt I/O (HID) 
Halt Device (HDV) 
Test Channel (TCH) 
Store Channel ID (STIDC) 

Start I/O (9C): This instruction is used to initiate all I/O 
operations that control device operation, transfer data, or obtain 
sense information. 

Start I/O Fast Release (9C and bit 15): This instruction is 
executed as start I/O in the Model 145. 

Test I/O (9D): The test I/O instruction is used for testing the 
state of the addressed channel, subchannel, and I/O device. TID 
sets a condition code in the current PSW. 

Halt I/O (9E): This code is used to discontinue the operation 
. . between the addressed channel and whatever I/O device is in 

operation on the channel. 

Halt Device (9E and bit 15 on): This code is a variation of Halt 
I/O. Halt device is used to discontinue the operation between the 
addressed channel and a particular device. 

Test Channel (9F): The Test Channel instruction is used for 
testing the state of the addressed channel. The state of the 
channel is not affected, and no action is caused. 

Store Channel ID (B203): This instruction causes information 
identifying the designated channel to be stored in the two.bytes, 
168-169. 

All seven I/O instructions are executed only in the supervisor 
state and use the SI format in a 32-bit word: 

Bits 0-7: Op code. 
Bits 8-15: Used for additional Op code modifiers for some 

instructions. 

Bits 16-19: This four-bit field designates the general register in 
auxiliary storage that is to be used to develop the channel and 
device addresses. The register contains the base address (B 1), with 
a possible 32 bits. 

Bits 20-31: This twelve-bit field contains the literal value to be 
used as the displacement (D 1) in developing the channel and 
device addresses for the operation. 

The val ue of B 1 from the specified general register is added to 
the D1 value specified to form a 32-bit address. The resultant 
address is used to identify the channel, subchannel, and I/O 
device as follows: 

Bits 0-15: Not used for channel addressing. 

Bits 16-23: These eight bits can address a theoretical 256 
channels. In the Model 145, addresses 0, 1,2,3, and 4 are valid. 

Bits 24-31: These eight bits can address a possible 256 I/O 
devices per channel. 
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The seven I/O instructions specify only the address of the 
channel, and the I/O device to be used in the operation. The start 
I/O instruction requires additional operating information for its 
execution. The channel gets this information from a channel 
address word (CAW) in main-storage address location 48 and 
from channel command words (CCW) also in main storage. 

CHANNEL CONTROL WORDS 

There are four control words associated with I/O operations: 

1. Channel Address Word (CAW) 

2. Channel Command Word (CCW) 

3. Channel Status Word (CSW) 

4. Program Status Word (PSW) 

CAW 

The CAW is one word (four bytes) of information stored in 
location 48. It is used during the start I/O instruction to identify 
the location in program storage where the CCW concerned is 
located. It also contains the storage-protection key for 
subsequent data transfers and CCW fetches. 

CCW 

The CCW is a doubleword; its location is specified by the CAW. 
The CCW is fetched during execution of the start I/O instruction. 
One or more CCWs are used to make the program of channel 
operations. The CCW contains the command code, data address, 
byte count, and flag bits. CCWs are fetched sequentially except 
that the Transfer In Channel (TIC) command may direct 
otherwise. 

CSW 

The CSW keeps the program informed of the status of an I/O 
device and the conditions under which an I/O operation has been 
terminated. The CSW is generated or modified during execution 
of the start I/O, test 110, halt I/O, and halt device instructions, 
and by an I/O interruption. The CSW is placed in (main) storage 
location 40 and is available to the program at this location until 
an I/O instruction replaces it or an I/O interruption occurs. When 
the CSW is stored because of the I/O interruption, the 110 device 
that caused the interruption is identified in the old PSW. 

PSW 

The PSW contains information equired for correct execution of 
the program. The PSW (or part of it) is stored and replaced when 
the conduct of the program is to be changed because of an 
interruption. The stored information is brought back to control 
the state of the CPU and the conduct of the program when the 
original activity is resumed. There are two PSWs for each of the 
five interrupt conditions. The two PSWs are referred to as old and 
new. 

The PSW contains mask bits to mask I/O interruptions, provides 
a place in the old I/O PSW for the device address, and contains 

the supervisor bit that controls when I/O instructions can be 
executed. 

Refer to the System/360 Principles of Operation and the 
Reference Data Card for additional information concerning 
format and content of the control words. 

SUBCHAN NELS 

• The channel facilities required for sustaining a single I/O 
operation are termed a subchannel. 

• The subchannel consists of the control-storage area used for 
recording the addresses, count, and any status and control 
information associated with the I/O operation. For selector 
channels, the hardware and local storage constitute the single 
subchannel facility of the channel. 

• Four-word Unit Control Words (UCWs) in control storage 
serve as subchannels for byte-multiplexer channels. 

• Block-multiplexer channel subchannels require two-word 
UCWs. 

Subchannels are commonly referred to as UCWs. The mode in 
which a channel can operate depends on whether it has one or 
more subchannels. The byte-multiplexer channel contains a 
minimum of 16 and a maximum of 256 subchannels and can 
operate in either multiplexer or burst mode. In multiplex mode, 
one or more devices may operate concurrently, each on a separate 
subchannel. A selector'channel has one subchannel and always 
forces the I/O device to transfer data in burst mode. A selector 
channel cannot Disconnect Command Chain (DCC). 

The number of block multiplexer channel subchannels required 
depends on the number and type of I/O devices in the System 
configuration. The maximum number of block-multiplexer UCWs 
possible per system is 512. The actual number must be specified 
at order time and must he a multiple of 16. 

Subchannels on the byte-multiplexer and block-multiplexer 
channel may be either unshared or shared. Details of shared and 
unshared UCW assignment and method of addressing is explained 
in the individual sections describing byte-multiplexer and 
block-multiplexer channel operation respectively. 
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STANDARD INTERFACE 

Bus-Out t:t.1 
• 'Bus-out' transfers information from the channel to a control 

unit. 

• I nformation on 'bus-out' can be either data, control, or 
address. 

• Tags-out identify the informa'tion on 'bus-out' lines. For 
example, the 'address-out' tag designates the information on 
'bus-out' as an address. 

• Tag lines control the period during which 'bus-out' lines 
contain valid information. Data on 'bus-out' lines must be 
valid before the rise of the associated tag line and until the rise 
or fall of the associated input tag line. For 'address-out', the 
address must be on the bus at least 250 ns before 'address-out'. 

Bus-In m 
• 'Bus-in' transfers information from a control unit to the 

channel. 

• 'Bus-in' information can be either data, address, or status. 

• Tags-in identify the information on 'bus-in' lines. 

Mark 0 In m 
The 'mark 0 in' line is used only for the Command Retry feature. 

When the command being executed encounters a condition 
requiring retry, the control unit indicates it by raising 'mark 0 in' 
and 'status-in' while presenting 'unit check' and 'status modifier' 
('retry status') together with 'channel end' (meaning the control 
unit or the device is not yet ready to retry the command), or with 
'channel end' and 'device end' (meaning the control unit and 
device are prepared for immediate retry of the command). 

Tags-Out m 
• Tags-out identify the information on 'bus-out' lines. 

• Only one of these lines can be active at a time. (Address-out 
can be up with another tag for an Interface Disconnect 
sequence.) 

• An active tag-out line remains active until a tag-in line 
responds. 

Address-Out 

• 'Address-out' identifies information on 'bus-out' as an address 
or instructs the control unit to disconnect from the interface 
(halt I/O instruction). 

• When 'address-out' is active during initial selection, all 
attached control units decode the address on 'bus-out', 

• 'Address-out' drops when it receives a response of 
'Operational-in' (control unit selected), 'select-in' (no control 
unit selected), or 'status-in' (control unit busy). 

• During a halt I/O instruction, when interface disconnect is 
required, 'address-out' is active until 'op-in' falls. The I/O 
operation proceeds to the normal end, but no data is 
transferred across the interface. 

Command-Out 

• 'Command-out' identifies information on 'bus-out' as a 
command. 

• During a control-unit-initiated initial-selection sequence, a 
'command-out' response to 'address-in' signals the control unit 
to proceed (present status or data). 

• In response to 'status-in', it signals the control unit to stack 
status. 

• In response to 'service-in' (or 'data-in'), it signals the control 
unit to stop data transfer. 

Service-Out 

• 'Service-out' is the response to 'service-in' on read or write 
operations and to 'status-in' during a status sequence. 

• 'Service-out' indicates to a control unit that information on 
'bus-in' was accepted by the channel or that the channel has 
provided the requested information on 'bus-out'. 

Data-Out 

• 'Data-out' is the response to 'data-in'. 

• 'Data-out' indicates to a control unit that data on 'bus-in' was 
accepted by the channel or that the channel provided the 
requested data on 'bus-out'. 

• 'Data-out' is effective with selector/block-multiplexer channels 
only. 

Tags-In II 
e Tags-in identify the information on 'bus-in' lines. 

• Only one of these lines can be active at a time. 

• An active tag-in line remains active until a tag-out line 
responds. 

Address-In 

• 'Address-in' identifies the information on the 'bus-in' lines as 
an I/O unit address. 
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Status-In 

• 'Status-in' identifies the information on the 'bus-in' lines as a 
status byte. 

• 'Status·in' remains active until the channel responds with 
'service-out' (channel accepted status) or 'command-out' 
(stack status) or drops Select Out for a short control-unit busy 
sequence. 

Service-In 

• On a read operation, 'service-in' indicates that data is available 
on the 'bus-in' lines. 

• On a write operation, it indicates that the control unit is ready 
to receive data. 

• This line remains active until the rise of either 'command-out', 
'service-out', or (during an interface disconnect) by 'address
out'. 

Data-In 

• During read and sense operations 'data-in' rises when data is 
available on 'bus-in'. During write and control operations, 
'data-in' indicates that the control unit is ready to receive data. 

• 'Data-in' indicates to the channel that data on 'bus-out' was 
accepted by the control unit or that the control unit provided 
the requested data on 'bus-in'. 

• 'Data-in' is effective with selector/block-multiplexer channels 
only. 

Discon nect-In 

• 'Disconnect-in' provides control units with the ability to alert 
the system of malfunctions. 

• The channel "responds to 'disconnect-in' by performing a 
selective reset. 

Selection Controls II 
Selection controls are used to scan, or select, attached I/O 
devices. They establish communication between the channel and 
the control units on a priority basis. Selection controls permit 
only one control unit at a time to communicate with the channel. 

Select-Out and Select-In 

• 'Select-out' is connected serially through each control un it and 
is used to select the control unit. 

• Priority is established by internal wiring in each control unit. 
The control unit allowed to interrogate the 'select-out' signal 
first has the highest priority. This is not necessarily the fi rst 
physically cabled control unit. 

• When a control unit receives the 'select-out' signal, it raises 
'operational-in' (control unit selected), or propagates 'select
out' to the next control unit (control unit not selected). 

• The return path for 'select-out' is 'select-in'; and when active 
indicates to the channel that a control unit was not selected 
(all control units propagated 'select-out'). 

Request-In 

• 'Request-in' indicates to the channel that a control unit 
requires service. 

• When the channel receives the 'request-in' signal, selection is 
started. 

• If more than one control unit raises 'request-in' concurrently, 
the control unit with the highest priority is serviced first. 

Hold-Out 

• 'Hold-out' signal allows additional channel control over the 
polling operation by controlling the effect of 'select-out'. 

• When the channel holds 'select-out' active and cancels 'hold
out', no control unit can make use of 'select-out'. Therefore, 
the channel can interrupt the polling sequence and cause 
'select-out' to fall in all control units in the shortest possible 
time. 

Operational-Out 

• 'Operational-out' gates all outbound tag lines. It is raised with 
CPU power on reset. 

• When the channel drops 'operational-out' (with 'suppress-out' 
up) while a control unit is operating, that control unit is reset 
(selective reset). 

• When 'operational-out' is dropped and 'suppress-out' is down, 
all control units online are reset (general reset). 
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Operational-In 

• 'Operational-in' signals the channel that a device is selected 
and prevents another control unit from connecting to the 
interface (blocks the propagation of 'select-out'). 

• Signals on 'bus-in' and all inbound tag lines are valid only 
when 'operational-in' is active, except in the case of the short 
control-unit-busy sequence. 

Suppress-Out 

• 'Supress-out' is used alone or with an outbound tag line to 
suppress status, suppress data transfer, for chain command 
control, or for selective reset. 

• Suppress Status: When a control unit ends an I/O operation, it 
transmits a status byte on bus-in lines and conditions the 
'status-in' tag line to the channel. A channel may respond to 
'status-in' with 'command-out', causing the control unit to 
stack the status information. 

When 'select-out' rises at a control unit holding stacked 
status, that control unit will not capture the interface to 
present the status byte if suppress-out is active. To ensure that 
the stacked status data is not transmitted, the channel must 
condition 'suppress-out' before the control unit receives 
'select-out'. 'Suppress-out' prevents a control from raising 
'request-in' to present stacked or suppressible status. If a 
control unit conditions 'request-in' to offer status, and 
'suppress-out' rises before the control unit receives 'select-out', 
'suppress-out' drops 'request-in'. 

• Suppress Data Transfer: For buffered I/O devices that can 
wait for data transfers without indicating an overrun 
condition, 'suppress-out' blocks data transfer ('service-in' or 
'data-in'). To ensure that the subsequent request for data or 
offer of data will be suppressed, the channel must condition 
'suppress-out' before the previous 'service-out' tag drops. 

• Chain Command Control: Command chaining is indicated if 
'suppress-out' is up when 'service-out' is raised in response to 
'status-in'. When command chaining is indicated at the time 
'device-end' is presented, this indication is valid until 
reselection is made or until 'suppress-out' falls. 

If device-end does not accompany channel-end, then the 1/0 
device that presents 'channel-end' must be the next device 
from that control unit to present device-end status. 

• Selective Reset: If the channel conditions 'suppress-out' 
before allowing 'operational-out' to fall and holds 'suppress
out' active until after 'operational-out' rises again, only the 1/0 
device presently operating on the interface is reset. 

Metering Controls m 
Metering controls are used for conditioning usage meters located 
in the various attached units. 

Clock-Out 

• 'Clock-out' designates when a control unit is allowed to change 
to CE mode ('clock-out' down). 

• 'Clock·out' indicates that the processing unit is not in a halt or 
wait state. 

Meteri ng·Ou t 

• 'Metering-out' enables the control-unit usage meters to record 
time. 

Metering-In 

• 'Metering-in' indicates to the channel that the control·unit 
customer usage meter is recording time. 

• 'Metering-in' causes the customer meter to accumulate time 
even though the processing unit may be in the halt or wait 
condition. 

3145 TM 8-7 



INTERFACE OPERATION SUMMARY 

Initial Selection Sequence 

• During the initial selection sequence, the channel selects a 
control unit and specifies the operation to be performed. 

• This sequence is essentially the s~me for all control units a~d 
operations. 

The interface signal sequence in which the channel selects a 
control unit and I/O device and specifies an operation to be 
performed is called the initial selection sequence. Regardless of 
the unit selected or the operation designated, the signal sequence 
in the initial selection is standard. 

2 

3 

4 

5 

6 

7 

8 

Operational-Out 

Address-Out _4 

Select-Out* * * 

Operational-I n 

Address-In 2~ 

Command-Out* 

Status-In -Service-Out* 

A multiplexer channel responds to status-in with either 
command-out or service-out. Normally, a selector channel M 11 
responds to status-in with only service-out. 

Depending on the channel controlling the operation, select-out 
might drop during the initial selection sequence or remain active 
after the sequence is complete. Operational-in cannot drop 
until select-out is inactive. 

Select-Out and Hold-Out are up together. 

The channel begins the initial selection sequence by 
transmitting an address byte on the 'bus-out' lines and raising 
'address-out'. The address byte selects the unit to execute the 
operation. Each control unit attached to the interface attempts to 
decode the address; but, because all interface addresses are 
different, only one unit can interpret the coded byte. 

When 'select-out' rises at the control unit that successfu lIy 
decodes the address byte, that control unit conditions either: 

1. 'Status-in', indicating that the selected unit is busy and cannot 
execute another operation, or 

2. 'Operational-in', indicating that the designated unit will 
complete the initial selection sequence. 

If no control unit decodes the address byte (specified control 
unit is offline; the address byte is invalid, etc.), the control unit 
with the lowest priority propagates 'select-in' to the channel 
when its incoming 'select-out' is conditioned. The 'select-in' or 
'status-in' reply to 'select-out' and 'address-out' causes the 
channel to drop 'select-out' and 'address-out' and terminate the 
selection sequence. 

When 'operational-in' causes the channel to drop 'address-out', 
the selected control unit then transmits an address byte on 
'bus-in' lines and conditions the 'address-in' line. The channel 
compares this address to the address it placed on the 'bus-out' 
lines to ensure that the right device has been selected. 

After checking the address, the channel responds to 'address-in' 
by transmitting a command byte and conditioning 'command
out' to the control unit. The command byte designates one of 
seven operations (read, read-backward, write, control, sense, test 
I/O, or the No-Op special control), and establishes conditions to 
control execution of the operation. 

The control unit must then drop 'address-in'; and after 
'command-out' falls, the control unit places its status information 
on 'bus-in' and raises 'status-in'. If the I/O device is available and 
capable of executing the command, the status byte is zero. If the 
channel accepts this status byte, it responds with 'service-out'. 
This signal completes the initial selection sequence. 

Nonzero status does not necessarily mean that the device is 
unavailable. It can also occur during selection for handling 
interruptions or for a TID instruction. For start I/O, the selection 
is completed, a CSW is stored, and condition code 1 is set. 
Nonzero status can also occur on initial selection with a control 
immediate command. 

When a control unit that does not have 'operational-in' up 
requires service, it raises its 'request-in' line to the channel. The 
next time that 'select-out' rises at any control unit requiring 
service and no I/O selection is being attempted by the channel 
('address-out' down), the control unit places the address of the 
device on 'bus-in'. It then signals on both the 'address-in' and the 
'operational-in' lines and removes the 'request-in' signal. 

When the channel recognizes the address, a 'command-out' 
signal is sent to the control unit, indicating proceed. After 
'address-in' drops, the channel responds by dropping the 
'command-out' signal. 

If the service request is for data, the sequence proceeds as 
described in "Data Transfer," If the service request is for status 
information, the sequence proceeds as defined for the status cycle 
in the ending procedure. 

Data Transfer 

• A control unit can send data to or request data from the 
channel. 

• 'Service-in' and 'service-out' are the controlling tag lines. 

• 'Data-in' and 'data-out' can also be used with selector/block
multiplexer channels. 

Data transfer may be requested by a control unit after a selection 
sequence. To transmit to the channel, the control unit places a 
data byte on 'bus-in' and raises 'service-in'. The tag and the data 
on 'bus-in' must be held until an outbound tag is raised in 
response. To request data from the channel, 'service-in' is raised. 
The channel places the data on 'bus-out' and signals with 'service
out'. The channel maintains the validity of 'bus-out' until 
'service-in' falls. When 'service-in' falls, the channel responds by 
dropping 'service-out'. 

End Operation 

• An operation is completed when the control unit and device 
present ending status to the channel. 

• The channel acknowledges 'status-in' with 'service-out' or 
'command-out'. 

When any I/O operation, except test-I/O and No-Op, has 
proceeded to its normal end, the control unit assembles and 
transmits a status byte to the channel. 

To acknowledge 'status-in', the channel conditions either 
'service-out' or 'command-out'. 'Service-out' indicates that the 
channel has accepted the status data and resets the operation. 
'Command-out' causes the control unit to stack the status byte. 

If the channel conditions 'suppress-out' 250 nanoseconds 
before 'select-out' rises at the control unit holding stacked status 
data, the control unit does not transmit the status byte again 
until 'suppress-out' drops. When the channel cancels 'suppress
out', and 'select-out' to the unit rises, the control unit sends its 
address, and re-transmits the status byte to the channel. 

If the channel does not condition 'suppress-out', the control 
unit initiates another cycle to transmit the status byte again by 
raising 'request-in'. 
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BYTE-MULTIPLEXER CHANNEL 

• The byte-multiplexer channel shares data-flow registers with 
the CPU. 

• The byte-multiplexer channel consists mainly of microprogram 
routines. 

• The byte-multiplexer channel can sustain operations with 
several I/O devices on a data interleaving basis. 

• The byte-multiplexer channel may operate in either byte or 
burst mode. 

Byte-multiplexer channel operations with attached I/O units are 
executed under microprogram control. A particu lar status, data, 
or control communication with a device is coordinated by the 
standard-interface signal sequences between the device and the 
byte-multiplexer channel. The I/O instructions issued to the 
byte-multiplexer channel (Start I/O, Test I/O, Halt I/O, Halt 
Device, and Test Channel) are all executed by the channel 
microprogram routines. 

The byte-multiplexer channel may operate in either one of two 
modes, byte or burst. In burst mode, the channel selects and 
operates with one I/O device only, until the entire CCW or chain 
of CCWs is executed. In byte or data interleave mode, the channel 
selects and operates with a device until one or more bytes have 
been transferred. The channel has no control over its mode of 
operation; nor in the case of byte mode, does it determine the 
number of bytes to be transferred on each selection of an I/O 
device. Both of these conditions are determined by the I/O device 
involved. 

The basic byte-multiplexer channel operates under control of 
16 subchannels (UCWs). The number of subchannels can be any 
of the following: 16, 32, 64, 128, or 256. The subchannels 
maintain the operating information for each I/O device being 
operated by the channel. 

Upon the initiation of an I/O operation by the CPU, the 
channel microprogram reads out the channel address word 
(CAW). Besides reading out the CAW, this routine also checks the 
PSW to ensure that it specifies supervisory state. 

If the PSW does not specify supervisory state, a program 
interruption occurs. If the PSW is in supervisory state, the 
channel begins the execution of the instruction. 

The channel initiates an operation by sending the desired 
address out on the channel. If the device is available, it returns 
the address for verification. A command is then sent to the device 
to initiate the operation. The device status (zero if device is 
available) is returned to the CPU, a condition code is set, and the 
operation continues. The sequence from this point varies, 
depending on the I/O device. Unless the initial command calls for 
a data transfer, the channel disconnects to allow operation of 
other channel devices or CPU routines. 

If the device forces burst mode, the peration may be done 
before the condition code is set. The condition code cannot be 
set until the device disconnects from the channel. 

Whenever the CPU returns to executing other instructions, the 
operating information for a selected device is stored in the UCW. 
When the device requires service, the channel breaks into the 
current microprogram routine, performs a branch and link to 
store the S, P, N2 and N3 registers in local storage, obtains the 
operating information from the UCW, and operates with the 
device until it disconnects from the channel. When the I/O 
control unit disconnects from the channel, the channel updates 
the subchannel information and allows the CPU to continue the 
execution of the current instruction. 

The device (or its control unit) controls the points of channel 
disconnect. When the device starts transfer of data, it may 
operate in burst mode and transfer the entire record, or it may 
operate in byte (or multibyte) mode and transfer one (or several) 
characters, then disconnect. 

When the entire CCW sequence specified by the instruction has 
been completed, the channel interrupts the current PSW 
instruction sequence if allowed to do so by the current PSW 
system mask. The channel then stores the required information in 
the Channel Status Word (CSW). After the CSW has been 
generated, the I/O new PSW takes the p lace of the current PSW. 
The CPU now executes the I/O new PSW instruction sequence. 

The I/O program normally prevents other I/O interruptions by 
masking them off with the system mask. It interrogates the CSW 
and executes some type of error routine if the CSW indicates that 
the instruction was not executed correctly. Otherwise, the I/O 
program normally allows the CPU to begin the execution of any 
pending I/O instructions and then return the CPU to processing 
the PSW instruction sequence that was discontinued by the I/O 
interruption. 
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· BYTE-MULTIPLEXER DATA FLOW (INPUT) 

Two cycles are required to place data in main storage when an 
MPX channel input operation is done. 

The control words used are: 
1. MBS3 = MBI, DE, D ABCK 
2. STB MBS3 MD+l, DCNT 

The two cycles of data flow are represented by: 
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2nd Cycle 
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M
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BYTE·MUL TIPLEXER DATA FLOW (OUTPUT) 

One cycle is required to take data from main storage and 
place it on the Bus-Out I ines, and modify address and 
decrement count. The control word used is: 

RDB MBO MD+l, DeNT 

The Data Flow is represented by: 
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I/O DEVICE AND UCW ADDRESSING 

Before a command for operation of an 1/0 device can be sent to 
its control unit, the device must be addressed. The address is 
derived from the 110 instruction and consists of the two low
order bytes of the developed address. The channel address is in 
the high-order byte, and the device address is in the low-order 
byte. 

The numbering scheme for subchannels relates to 110 device 
addresses. The byte-multiplexer channel uses the Exxx module in 
control storage for its UCWs. Because each UCW requires four 
words, the address must be ExxO. The two hex digits (xx) are 
derived from the unit address. I n the UCW addressing table and 
related text, the high-order E and low-order 0 are omitted. 

One device address is used for each unshared subchannel. This is 
sometimes referred to ~s single-unit addressing and is abbreviated 
SUA. Several device addresses may be used with a shared 
subchannel. This is called multi-unit addressing (MUA), because 
the devices share a single control unit on that shared subchannel. 
The devices may be selected for operation one at a time, but not 
concurrently. 

On the byte-multiplexer channel with either 16,32,64, or 128 
subchannels, provision exists for subchannels 00 through 07 to 
be used as shared subchannels. Addresses with a 1 in the high
order bit position of the device address field (bit 0) specify 
subchannels that are shared. This means that on the systems with 
128 or fewer subchannels no unit using an unshared subchannel 
can have its high-order address bit set to a 1. The byte
multiplexer channel microprogram routines recognize the 
high-order 1 as specifying a unit on a shared subchannel. Shared 
subchannels are not used on systems with 256 subchannels. In 
this case, the number of unshared subchannels can be a maximum 
of 256 (000 through 255). 

Sharing is allowed on subchannels 00 through 07 on the 
systems with 128 subchannels or fewer. Each of these 
subchannels can attach up to 16 devices. No two devices are 
allowed to have the same UCW number unless they are sharing 
the same subchannel. The address range is as follows: 

UCW Shared Addresses 

00 80 8F 
01 90 9F 
02 AO AF 
03 BO BF 
04 CO CF 
05 00 OF 
06 EO EF 
07 FO FF 

Bit 0 must be a 1. Bits 1,2, and 3 provide eight unique control
unit/UCW addresses. Bits 4, 5, 6, and 7 are ignored and thus allow 
multiple devices (up to 16) to share each UCW. For example, 
devices 90, 91, 92, and 93 wou Id each address UCW 01. 

Refer to the UCW Addressing Table. 

Example 1. Assume a 32 UCW configuration and device address 
75. Find address 75 in column H. Move down column H into the 
lower area of the chart to the row that pertains to "32 UCW 
systems." The letter B indicates that the device addresses in 
column H fold into column B; in this case, device address 75 
accesses UCW 15. 

Example 2. Assume a 16 UCW configuration and device address 
5A. This address is in column F. Moving into the lower area of 
the chart to the appropriate row (opposite 16 UCW) you find the 
letter A indicating that 5A folds into row A, thus addressing UCW 
OA. 

As a general observation, note that the validity of any address 
for any size UCW configuration can be checked by using this 
table. This table also lends itself to checking shared UCW 
addresses. The notes that appear vertically in columns I through P 
indicate which UCW is addressed by any or all addresses in each 
column. Observe also that if any of the UCWs that can be shared 
are shared, then it logically follows that this UCW must not be 
addressed as an unshared UCW. For example, in a 64-UCW 
system, suppose that UCW 00 is shared. This automatically 
invalidates any unshared address that folds into UCW 00. In this 
example, this includes address 40 in row E. In a 16-UCW system 
under similar circumstances, addresses 10, 20, 30, 40, 50, 60, and 
70 would all be invalid because all these addresses fold into UCW 
00. 
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UCW Addressing Table 

Column A B C D E F G H I J K L M N 0 P 
ID 

00 10 20 30 40 50 60 70 80 -90 AD BO CO DO EO FO 
01 11 21 31 41 51 61 71 81- ,. 91 A1 B1 C1 01 E1 F1 
02 12 22 32 42 52 62 72 o· 82 0 92 N A2 M B2 C! C2 tg 02 (g E2 .... F2 

en 01 83 0 0 C3 03 0 E3 
0 

F3 w 03 13 23 33 43 53 63 73 
~ 

93 
~ 

A3 
~ 

B3 
~ ~ ~ ~ en ~ 84 en 04 14 24 34 44 54 64 74 CJ 94 CJ A4 CJ B4 CJ C4 CJ 04 CJ E4 CJ F4 w => => => => :J C5 :J 05 :J E5 => F5 a: 05 15 25 35 45 55 65 75 85 

f! 
95 A5 

f! 
B5 e e e f! c f! f! 06 16 26 36 46 56 66 76 m 86 m 96 m A6 m B6 m C6 m 06 m E6 m F6 C .c .c .c .c .c .c .c .c « 07 17 27 37 47 57 67 77 en 87 en 97 en A7 en B7 en C7 en 07 en E7 en F7 

III III III III III III III iii 
~ 08 18 28 38 48 58 68 78 CII 88 CII 98 CII A8 51 B8 CII C8 CII 08 51 E8 ~ F8 CJ 

'-~ III III III III III lG :J 09 19 29 39 49 59 69 79 ~ 89 f! 99 e A9 e 89 CII C9 f! 09 E9 f! F9 
j::: 't:I 't:I 't:I 't:I .t; 't:I .t; 't:I 

OA 1A 2A 3A 4A 5A 6A 7A 't:I 8A 't:I 9A 't:I AA 't:I 8A 't:I CA 't:I OA 't:I EA 't:I FA 
2 « « « « « « DB « EB « FB => DB 18 2B 38 48 5B 6B 7B CII 8B CII 9B QI AB QI BB QI CB III QI QI 

III III iii III III III iii 

FC DC 1C 2C 3C 4C 5C 6C 7C QI 8C QI 9C QI AC CIl BC QI CC QI DC QI EC QI 
.c .c .c .c .c .c .c .c 

00 10 20 3D 40 50 60 70 17 80 t- 90 t- AD t- BD t- CO t- OO t- ED t- FO 
I 

DE 1E 2E 3E 4E 5E 6E 7E : 8E 9E AE BE CE DE EE FE ! 
OF 1F 2F 3F 4F 5F 6F 7F 8F 9F AF BF CF OF EF FF 

Column A B C D E F G H I J K L M N 0 P 
ID 

16 UCW s, any 
When there are 128 UCW s or less, the columns of addresses above are re-other address A A A A A A A 

up to 7F folds served for shared UCW addressing. The note in bold type relates the column 
into A. of addresses to the correct UCW. 

32 UCW s, any other 
address up to 7F A B A B A B 
folds into A or B. 

64 UCW S, any other address up to 
7F folds into A. B, C, or O. A B C 0 

128 UCW s. no address folding. 

256 UCW s There are 256 unique UCW addresses - No folding permitted - No shared unit addresses - All valid unshared 



In Summary: 

1. If shared subchannels are used, (128 UCWs or fewer), unshared 
subchannels are restricted to: 
a. UCWs in the 0 through 7 range that are not used as shared 

subchannels, and 
b. UCWs that are specified by unit addresses in which the 

high-order bit is a O. 

2. If shared subchannels are not used (as in a system with 256 
UCWs) all addresses are valid and address a unique unshared 
UCW. 

The number of subchannels used is also dependent upon the 
characteristics of the devices on the channel as pointed out in the 
following description. 

The electrical characteristics of the channel allow for up to 
eight I/O control-unit positions, connected serially. Positions for 
units on the I/O interface can be thought of in three ways, 
depending upon the units involved: 

1. A single control unit that controls one I/O unit can be 
connected to the channel. An example of this type of unit is 
the IBM 1443 Printer Model N 1. One control-unit position is 
needed. 

2. A single unit that contains several control units can be 
connected to the channel. An example is the 2821 control 
unit, which has separate control units for each attached 1403 
Printer, one for the 2540 Reader, and one for the 2540 Punch. 
One control-un it position is needed. 

3. A single control unit that services the requirements of several 
I/O units (one at a time) can be connected to the channel. An 
example is a tape-control unit that controls several tape drives. 
One control-unit position is needed. 

Assume for example, that eight 1443 Model N1 printers are 
attached to the byte-multiplexer channel. All eight positions are 
then used, and no other unit can be attached to the channel. Any 
eight of the subchannels could then be used for the printers, 
according to the device address. 

As a second example, assume that eight shared control units, 
each controlling eight I/O units, are connected to the byte
multiplexer channel: 

1. Eight positions are required for the eight control units. 

2. Eight UCWs (0-7) are required, one for each shared control 
unit. 

3. No other positions are then available. 

Note: The printer-keyboard does not use one of the eight 
positions on the byte-multiplexer channel, but does require a 
UCW. 
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FUNCTIONAL UNITS 

Unit Control Word Format 

The maximum number (256) of UCWs require 1,0.24 words 
(4,0.96 bytes) of control storage. The format of the UCW is: 

Word Address 
Byte 
0 1 2 3 

1 xxxo. Flags & Ops UCW/Chnl Count Count 
I:: Status High Low 

2 xxx4 Key Data address 
3 xxx8 Key Next CCW address 
4 xxxC Dev Adr 

Word 1. Byte 0. is set up under microprogram control. As the 
operation proceeds, the microprogram can examine this byte 
to determine what function is to be performed. The meanings 
of the bits in byte 0. of word 1 are: 

Bit Value Indicates 

a Data-Chaining (CDA) 
1 Command chaining (CC) 
2 Suppress-Length-I ndication (SLI) 
3* SKIP or status next 
4 Program-Control led-I nterruption (PCI) 
5 1 Reserved 
6* 1 Output (write to I/O) 

a Input (read from I/O) 
7 Decrement data address (for read backward 

operation) 
a Increment data address (for write or read 

operations) 

*Bits 3 and 6 specify: 

Bits 3 6 Specify 

a a Input 
0. 1 Output 

a Status next or SKIP 
Stop or count zero 

Byte 1 in word 1 contains UCW or channel status, depending 
upon the operation. Channel status is in this byte when a 
CSW-store operation (to store channel status) is to be per
formed. The channel status is moved to a multiplexer-channel 
working area (from byte 1 of the UCW) before the store-CSW 
operation is performed. (Note that unit status--channel end, 
unit check, etc--is not kept in a UCW. Unit status is placed in 
another area area of local storage when unit status is received 
during a multiplexer-channel share cycle.) The meanings 
of bits in byte 1 of word 1 are: 

Bit Value UCW Status Channel Status 

0. Active subchannel Program-controlled interruption 
1 I L (Incorrect Length) I L (Incorrect Length) 
2 Program check Program check 
3 Protection check Protection check 
4 1* Status queued Channel data check 
5 Channel control check Channel control check 
6 I nterface control check Interface control check 

*When this byte is used for UCW status, bits 4 and 7 signify to the 
microprogram: 

Bits 4,7 

00 
0.1 
10. 
11 

Signifies 

Handling data 
Status next 
Status stacked to control unit 
Unit status in I B (Interrupt Buffer) in local storage 

Bytes 2 and 3 of word 1 contain the data count for the operation 
in progress. 

Word 2. Byte 0. of this word holds the CCW command when a CCW 
is loaded into local storage for execution. The ops (in byte 0. of 
word 1) are then set up from this CCW command code to 
designate the operation to be performed. 

Next, the protect keys are moved into word 2, byte 0. from 
another local-storage location. As the operation proceeds, the 
keys in UCW word 2 are used for protection purposes as data 
is transferred to or from main storage for the I/O operation. 

Word 2. Bytes 1, 2, and 3 contain the data address of the main
storage area from/to which data, if any, is to be transferred 
during the operation. If fetch protection is specified, both the 
read-byte and the store-byte operations are protected. If 
storage protection without fetch protection is used, only the 
store-byte operation is protected. 

Word 3. Byte a of this word contains the protect keys. 

Bytes 1, 2, and 3 of Word 3 contain the last CCW address +8. 
Note that because word 3 contains the protect key in byte a, 
CCWs accessed from main storage (by use of a read-word 
storage-word operation) are storage-protected (fetch protect 
only). This is the same key used for data transfer to/from 
main storage during an I/O operation. Therefore, the main
storage area from which CCWs are accessed must have the 
same protect-key value as the area to which or from which 
data is transferred, but only if the CCWs are fetch-protected. 

Word 4. Byte a contains the device address when the UCW is 
active. Bytes 1-3 are spares. 
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External Facilities 

The external facilities that are used for multiplexer-channel 
operations are assigned external word address OE. The 
microprogram communicates with the channel circuitry via word 
name MPX, or byte names MTO, MTI, MBO, and MBI. The bytes 
MTI and MBI cannot be used as a destination. 

Word Byte 0 Byte 1 Bvte 2 
MPX MTO MTI MBI 

o Operational-out o Operational-in B 
1 Select-out 1 Address-in U 
2 Address-out *2 Status-in signal S 
3 Command-out *3 Service-in signal 
4 Service-out 4 Select-in I 
5 Interrupt 5 MPX-request in N 
6 Suppress-out 6 MPX or Cons Req In 
., MPX cbeck 7 Disconnect-in 

Note: *Bits 2-3 
Bits 2 and 3 of MTI are logical functions 
of the interface 'service-in' and 'status-in' 
lines. 

00 = Op-in up 
01 = Service-in up 
10= Status-in up 

Byte 3 
MBO 

B 
U 
S 

0 
U 
T 

11 = Operational-in down 

MTO (Multiplexer Tags-Out) 

The MTO register consists of eight latches that are fed from the 
external bus-in byte 3. Byte 0 of the MPX word allows the 
microprogram to communicate with the register. 

The state of any of the seven multiplexer tags-out can be tested 
by the Branch and Module Switch word. The MTO register can be 
set or reset by the Branch word. 

MTI (Multiplexer Tags-In) 

The MTI register consists of eight polarity holds that are fed from 
the interface receivers. The register may also carry information 
gated from the bus·out register during channel-diagnostic 
operations. Byte 1 of the MPX word allows microprogram 
communication with the register. 

The status of any of the MTI register bits can be tested by the 
Branch or the Branch and Module Switch words. The MTI 
external cannot be used as a destination (tags-in cannot be set or 
reset by the microprogram). 

MBI (Multiplexer Bus-In) 

The MBI external facility is not an actual register. It consists of 
the nine lines that carry the information from the channel 
interface. The information may be either data, address, or status. 

The information on the bus-in lines can be read by the 
arithmetic word type 10 or 11. The MB I cannot be used as a 
destination. 

Refer to "Arithmetic Word Types" in Chapter 4 for a 
description of the ABCK function as it relates to parity errors. 

MBO (Multiplexer Bus-Out) 

The MBO register consists of nine latches that are fed by external 
bus-in byte 3. The information in the register is made available to 
the I/O device as input (address, command, or data) or may be 
gated to the MTI register when in diagnostic mode. 

Byte 3 of the MPX word allows communication between the 
microprogram and the MBO-register. The MBO register is set with 
an address or command by the arithmetic word type 10. Data is 
read from the register to storage by a storage word. The register is 
reset by the arithmetic word type 11. 

Standard 
Interface 

Console Req In 

Line Drivers 

Line Drivers 

Line Recei 

MBI 

MPX External Word 

Byte 0 

Byte 3 

Byte 1 

Byte 2 

Req In 
(MPX or 
Console Request) 
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Second- Level Diagrams 

MBO, MTI 

8-17 

Ext Bus-In 
Byte 3 

(Tag-in lines from 

interface receivers) 

8-17 

8-17 

MBO Decode l 
Dest Time 1 

MBO Decode 

Dest Time 2 

x ___ ... _I11III 

X 

p 

o 

2 

3 MBO 

Reg 

(Latches) 

4 

5 

X 6 

1 
P-l,5-7 2-4 7 

Set Overrides Reset 

FA014 

(Not) Rty Backup Asm Byte 2 Bit 1 

Diagnostic Ctrl -.A 1 -._------1 

FA012 

9 

MBO Reg 9 Bits 

8-17 

(External Assembler and 

MBO Reg Pwr 
8 Bits 

(From DOC Con) Console Req --6 ----.. 

Disp External BFR ----- 8 --~ 

FAOll,012 
(Not) Disp Ext ------ 9 

X 

8-16 

(Not) Addr-O ------10 

(Not) Svc 0 or Cmd 0 11 ---. 

Operational-In ----I o 

Address-In -----t 

Status-In ------II 2 

Service-In -----I 3 

MTI 

111111111 __ 111111111111111111111 Reg (Polarity 

MPX 

Diag 

Ctrl 

Holds) 

Select-In ------I 4 

Request-In -----I 5 

Tag-In~ 
Bit 7 0 7 8 ~ Disconnect-In 

,--------
C 

MPX 1 Time or -----' 
Disp. Ext 
(Controls set and reset) 

FA011,012 

MPX Diag Ctrl Gate 
(To FA111,121,131,141l 

MTI Reg 9 Bits 

8-17 

(External Assembler) 

-<1 .. ----------- MTI Reg O-Operational-In 

L. ____________ Operation-In 

Byte-Multiplexer Channel 8-16 

-.,----------- MTI Reg 1 - Address In -------------

... _, ___________ Address-I n 

A 

o 
MTI Reg 2-Status In Sig ---------

A 

FAD11 
2 -""--------~:..:..::~--- Status-In 

8-17 
3 --------------- Service-In 

o 
9 

9 -----------t 
2 

3 .---------; 

8 -----------t 

A 

o MTI Reg 3 Service-In Seg ---------

A 

FA011 
4 ------------:.;:;..,;...,;,--- MTI Reg 4 Select-In ----------

5 .Ir.lr=1-------------- MTI Reg 5 Request-In ---------

6 ~~ .. rl------- MTI Reg 6 MPX or Console Req ~ 
~----------MTI Reg6BFR I 

7 ----------------MTI Reg 7 Bit ----------~--

MTI Reg ............ ~ 
Bits 0-7 

PG 

FA012 

MTI Reg Bit P -------------

To I/O Request 

(Logic RH032) 



MTO, Interface 

8-16 { 

Ext Bus-In 
Byte 3 

MTO Decode Dest Tim 

(Set-Reset P,0-7) 

Status-In 

Service-In ----..., 

Address-In -----1 
o Time Diy (KC 131) 

MTO 
Reg 

X __ '" 

Latches 

8 

(Reset 3 & 4 Only) 

FA 013 

MTO Reg 9 Bit 

P,0-7 

Bit P P 

~O Operational-Out -- 0 

~1 --IIf------ Select-Out ----

~2 ___ ------ Address-Out-&2 

~3 ____ ------ Command-Out ___ 3 

~4 Service-Out ---- 4 

~5 ------- MPX Interrupt --- 5 

~6 ------- Suppress-Out ----

~7 
MPX Check 

-------- Bit 7------

Disp External BFR 

(Not) Operational-In - 9 

Ext Dest Byte 0 

(External 
destination 
decode 
and check) 

Ext Dest Dec Y 

Ext Dest Dec X 

MTO Decode 2C Dest Time 

Ext Dest Byte 3 ---.----t-;-. 

FA 015 

(System Clock) 1 Time -----t 

(Storage Word Decode) ---, 
Storage 2 Cycle 

MBO Decode Dest Time 1 

MBO Decode Dest Time 2 

(Manual Store Display Ctrls). ___ --t 

MPX 1 Time 8-16, 
or Disp Ext 

Disp External 

MTO Reg P, 0-7 

8-16 MBO Reg P, 0-7 

2 -Addr 0 -- 8-16 

Channel 

FA131,141 

I nterface Line 
Drivers 

FA 111,121 

Standard Interface 

NPL 
Opl-Out 

Tags Hid-Out 
Adr-Out Out 
Cmd-Out 
Srv-Out 
Sup-Out 
Sel-Out 

NPL 
P.0-7 

Bus-
Out 

Standard Interface ------t~- Channel 

: -=C:J--- Svo 0 0, Cmd-Out - 8-16 NPL Bus-In 

P,0-7 

NPL Tags-In 

o 
Suppress-Out (To Interface Drivers) 

7- MTO Reg Bit 7 (External 
Assembler! 

8 ----------, 

6---------------. 

A 

A 

o MTO Reg 6 Suppress-Out 

FA111,121 

Interface Line 
Receivers 

FA 131, 141 

MBI Reg 

P,0-7 

MTI Reg 

8-16 

8-16 

8-16 

MTO 

MTI 

MBO 

L t> -,- -,(",'I 

L-_______ Disp Ext 8-16 Disp Ext Bfr 

(MPX External 
Word - 36 Bits) 

~;' 
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Local Storage 

Word 
Addr Byte-O 

1 
I 

50 Key I -
! -

51 

52 

I 1 
53 

CPU 
ILC I CC 

I Program 
I Mask I 1 

Work --Area 14 Instruction Code 

15 ' .--
16 

1 
17 Key I 000 0 -

I -
Instruction Codes 

~ 

I nterrupt Buffer --
Unit Address 

S 

I .-Key I o 0 a 0 .... 
I 
• 

Command Codes 
f----- I ---- -

Key i a a 0 0 
.... 

Flags andOps 

-
.-

Byte-1 Byte-2 Byte-3 

Instruction Counter .. 

Channel Address Unit Address 

wi I I 
01 I 
~IM 1M I P Op Codes Immediate Byte 

I I I 
I I 

Work Area For Building MA .. .. 
1-Unit Address UCW Address .. ,- .. 

Work Area for the Old UCW ... . 

CAW Area Next CCW Address ... .. 

Unit Address ~ UCW Address .. - .. 

'8 .)~. 
"'" 

Unit Status 
Sequence Number Data Buffer 

MPX Link Information 

P I N2 
N3 

Next CCW Address .. .. 

Data Address ... .. 
/v," 

Count 'pIN""" "--

UCW/Chnl Status I 
0~t 

High Low 

Working Area .. .. 

CPU Link Information --"'" . 

Local storage is addressable by word name. The areas of local storage 

shown are either designated for byte-multiplexer channel operations 

Word 

Name 

v 

W 

U 

x 

R 

y 

Q 

MA 

MBS 

MX 

Me 

MD 

MF 

MW 

ex 

During byte-multiplexer channel operations, the information from the UCW 

iden~ified by the address of the 110 unit involved in the operation is read 

from control storage and placed in local storage by the microprogram. or are classified as CPU work areas and are used during channel operations 
as shown. 

Flags & Ops Byte MFO Byte Details 

Bit Value Indicates 

0 Data-Chaining (CDA) 

Comman-Chaining (CC) 

2 Suppress-Length-Indication (SLI) 
3* Skip or Status Next 

4 1 Program-Contro lied-I nterruption (PCI) 

5 1 Not Used 
6* 1 Output (write to 1/0) 

a 'Input (read from I/O) 

7 Decrement data address (for read-

backward operation) 

a Increment data address (for write 

Byte-Multiplexer Channel 

Instruction Codes t Byte XWMAO 

Bit Value Indicates 

a Channel Loaded 

Note 1 
2 Chaining 
3- Share Request 
4 Interrupt 

5 Halt 1/0 (HID) 

6 Test 110 (TIO)-
,.,-7* Start 1/0 (SIO) 

tDeveloped in microroutines. 

*Bit 7 (SID) is reset when good 

8-18 

or read operation status is received on initial selection. 

*Bits 3 and 6 are used under microcode control to 

provide additional information as follows: 

3 6 Specify 

0 a Input 

0 1 Output 

0 Skip or Status Next 
Stop (Zero Count) 

Byte MF1 (from 1st uew word) + 

uew Status 

Bit Value Indicates 

0 Active· 
Incorrect Length (I L) 

2 Program Check 

3 1 Protection Check 
4* " 1 Status Queued, 

5 Channel Control Check 
6 Interface Control Check 

7 Status Next 

Note 1: Byte XO/MAO; Bit 1 : 
Used during initial selection to 

indicate an immediate control 

command. Used during chaining 

to keep track of the operation 

(Ex= 1st CCW indicator) 

Channel Status 

Bit Value Indicates 

a PCI 

IL 
2 Program Check 

3 Protection Check 

4 Channel Data Check 

5 Channel Control Check 
6 I nterface Control Check 

7 Spare 

+MF1 indicates UCW or channel status depending on the operation. During I/O initialization, 
MPX interrupt, etc., it indicates UCW status. Channel status is in this byte when a CSW-store 
operation is to be performed. 

*When this byte is used for UCW status, bits 4 and 7 signify to the microprogram: 

4 7 Indicates 

0 0 Handling data 
0 a Status next 

a Status stacked to control unit 
Unit status in interrupt buffer 



OPERATIONS 

Operational Overview 

r PROGRAM 

J 

INITIAL SELECTION 

Trap Entry- -- ------- - -- - ------ ---- -- -----

Microprogram 

Branch Entry 

H-Reg 5 Bit 

UCW Active 

Op-Out 

Request-In 

Addr-Out 

Hold-Out 

Select-Out 

Op-In 

Addr-In 

Comnd-Out 

Service-In 

Status-In 

Service-Out 

Bus-Out 

Bus-I n 

GLAA 
1 

I I 
ITest chnl address. I 
,Branch on op code. I 
ITest CAW format. I 
IDecode chanl addr. I 

,Set up UCW addr. I 
ITest for !YI.UA. Set I 

I ,H-Reg 5. Set con-
I Idition code O. Test I 

IUCWactive. Store I 
lunit addr. Move I 
Ilink to MX. Branch I 
Ion SIO to GMGR. I 

I 

, 

~LfD GMGR GMDR 

Rd out 1st CCW word. Clear work area 
Test CCW format. Set (MW). Wait for 
flag op bits. Test for STI-SV I-Op:rn 
console address. Branch down. Store all 
on SIO. Test for' B=O. 3 UCW words 
Reset interrupt latch. from MC, MD & 
Start interface sequence.1 MF in control 
Compare addresses. < storage. Test if: 
Test for zero status. from Request.. , 

~end service-out. Set, Reset H-Reg 5. 
Active bit. Update RTN to MX .. 
UCWaddress. Branch 
to GMDR. 

....... 
,....., 

~ I 

,......, 
Addreg; Command ,...., 

~ddres~ I Status ,........ ~ 

7 

'FIRST DATA BYTE 

GMSR GMDR 

4-
I 
I 
I 

If 5, 

_________ .~ _________ -.-_____________ .....J 

D400 
BAL MX P=K33. Set 
Share Request (MAO, 3) 
Reset S-Reg. Test for 
MPX request. Set 
Select-Out, Start 
Re-selection. Read 
U~iiac£d ress (M B I), 
Form UCW address. 
Read UCW into MF, 
MD, & MC. Set 
Channel loaded bit 
(MAAO,O). Branch on 

lI'CW Active. ' .• 

Clear work area (MW). Test 
for STI, SVI, Op In. Test 
SKIP or Output. Read data; 
MBI MBS 3. Set Se~ice 
Out. Store byte from ~BS 3. 
I ncrement address, decrement 
count. Test for data check. 
Test for count=O. Clear: work 
area. TestSTI,SVI,08-ln 
down. Store all 3 UCW words 
from MC, MO, and MF in 
control storage. Test if from 
Request. RTN to MX. 
Reset H-Reg 5. 

0400 

! -""''''''''' 
UCW Word 1 LS1 B - MC Key' 00 Nextq;W'Address 

UdWword 2 L~1'C"":'MD"'~-'- Command' """,. ·"~::";'·"··"'··D···ata.A'd· dress 
Key '0 ;","":'00', ..... / 

UCW Word 3 LS1 D - MF I 1 Flag/~~:s., UCW/CHNL Stat Count-HI 

LAST DATA BYTE 

GMSR 

BAL MX P=K33 
Set Share Request. 
Reset S-Reg. Test for 
MPX request. Set Select 
Out, start Re-selection. 
Read unit address (MBI). 
Form UCW address. Read 
out UCW into: MF, MO, 
& MC. Set Channel 
Loaded bit. 
Branch on UCW Active. 

Count-LO 

GMDR 

Clear work area. Test for STI. 
SVI, Op In. Test SKIP or output. 
Read data MBI MBS 3. Set 
Service Out. Store byte from 
MBS 3. I ncrement address, 
decrement count. Test for Data 
Check, test for count=zero. Test 
for COA, set SKIP (MFO,3). Set 
output and count (MFO, 56). 
Clear work area (MW). Test STI, 
SVI, Op In down. Store all 3 
UCW words from MC, MD, & MF 
in control storage. Test if from 
request. RTN to MX. 
Reset H-Reg 5. 

.) (Read Operation) 
\ \ '\ ". , 
\1 I 
J \ \ 
J \ 

1 I 

JJ . I 

,......... 
~ 

. 
~ ~ -. 

\\ 
I 

" Zero Da~tPutop \\ Zero D~tPutop 
Addre~ Datr--' Add'r~ Da~ 

11 
,......., ,..--, ,......., ,......., 

J 

I 

, 
, 
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Start I/O (Part 1 of 4) 

GLAA 

From I-cycles 

100PO 

Decode SIO. 
Read CAW, test 
for program 
errors. Set SIO 
bit in XO 

CHANAD001 

Test channel 
address 

CHANSL10 

Build UCW 
address. Set H5 
test interrupt, 
if no, set CCO 
read 1st UCW 
test active 

No 

Byte-Multiplexer 

I () t-------... 

ACTIVE 00 

Update UCWaddress 
move UCW word to 
MA. Store unit 
address. Set P 
to 33. Move link 

8-21 

Return to I-cycles 

Yes 

Yes 

CHANAD 011 

unit status to O. 

Return to I-cycles 

Set P = 92. 
Branch on 
selector channel. 

8-60 

GSOP SXINST 

Stop Loop 

Return to l-cycles 

Start I/O 

• The system must be in supervisor state for all I/O operations. 

• The initial selection routine places the I/O device in service on 
the channel. 

• A trap routine handles each data byte (in byte mode). 

All I/O instructions are decoded in the I-cycles (GAIC) routine 
and enter a common I/O decode (GLAA) routine. In GAIC, 
the processor tests whether the system is in the supervisor state. 
(If not, the GLAA lOOP 1 entry point is used, causing a branch 
to the common interrupt routine.) The GLAA routine determines 
the channel involved and enters the CAW data into local storage. 
The CAW is analyzed to determine the address of the first CCW. 
The UCW address is now constructed in the X-register, and the 
unit address is checked for shared subchannels (multiunit addresses). 
If the address is valid, condition code a is set and H5 is set to 
block other trap requests. 

Next, the first UCW word is read into the R-register, and the active 
bit is tested. Active bit on means that the subchannel is in operation; 
thus is unavailable. Assume that the active bit is not on - update 
the UCW, move the first UCW word into MA (in LS), restore the 
unit address to the X-register and branch to GMGR (the general 
routine). 
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Start I/O (Part 2 of 4) 

8-20 

GMGR START 

Read CCW test 

chaining. 

Remove flags. 
Test PCI 

IDABR 0 

Test 2 low order flag 
bits. Test count. Set 
seq code. Branch 
on command. 
If write, turn 
on output. 

BS 8-22 

No 

No 

Program check. 
Reset chain flags. 
Set test I/O bit. 
Set skip and output. 
Set command to O. 

CKCMND 00/10 

Invalid Commands, 

go to store short CSW 

CKCMND 01 

Sense 

CKCMND 11 
Read 
Bkwd 

CMNDCK10 
Read 

CMNDCK 01 
Write 

CMNDCK 11 
Control 

Set decrement Turn on output 
Turn off skip 

CDABR10 

Reset Active 

Reset status, set 
ur.it and chan status. 

BS 8-22 

Set active, wlr and 
program chk. 
Set skip and output 

RESTKY 

GMSR ACTIVE 1 

No 

Turn on output 
Turn off skip 

Yes 

Turn off skip 

The first function of the GMGR routine is to fetch and analyze 

the CCW at the address specified by the CAW. The following 

information is checked in the CCW. 

1. The two low-order bits of the flag byte are tested to ensure 

that they are zero. 

2. The initial byte count is tested for nonzero state. 

3. Test for (not) a TIC during a SID. 

4. Test for invalid command. 

5. Ensure that a TIC is to a CCW on a doubleword boundary. 

6. Ensure that a TIC is not to a second TIC. 

When it is determined that all the foregoing conditions are 

satisfied, a test is made to determine the type of command 

involved and whether a console operation is being performed. 
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Start I/O (Part 3 of 4) 

8-21 

GMGR INTTST 

Read Console 
Address, Check 
for Match 

No 

CONSAD 0 

Perform Initial 
Selection Routine 

8-23 

STATIN 0 

Logout 
GMLO 
IFCC 

Yes 

8-36 

Move address to M BO 
Set address out(MTO.2) 
Set Select out (MTO.1) 

r-___ C_o_n_t_ro_I .. l!nit busy sequence 

No 

PCIBR 0 

Reset Active 
Set Unit and Chan 
Status 

GLAA STCSW 

Store short CSW set 
Cond Code 1 RTN 

--MBI 

- - -MTO.2 

Initial selection is performed next, placing the I/O device 
concerned in service on the interface. 

The charmel begins the initial selection sequence by transmitting 
an address byte on the 'bus-out' lines and raising 'address-out'. The 
address byte selects the unit to execute the operation. Each control 
unit attached to the interface attempts to decode the address; but, 
because all interface addresses are different, only one unit can 
interpret the coded byte. 

When 'select-out' rises at the control unit that successfully decodes 
the address byte, that control unit conditions either: 
1. 'Status-in', indicating that the selected unit is busy and cannot 

execute another operation, or 
2. 'Operational-in', indicating that the designated unit will 

complete the initial selection sequence. 
If no control unit decodes the address byte (specified control 

unit is offline; the address byte is invalid, etc.), the control unit 
with the lowest priority propagates 'select-in' to the channel when 
its incoming 'select-out' is conditioned. The 'select-in' or 'status
in' reply to 'address-out' causes the channel to drop 'address-out' 
and terminate the selection sequence. 

If 'status-in' was raised, 'select-out' drops and 'address-out' drops 
after 'status-in' drops. 

8-27 

MTO.5 

8-21 

Short CSW = Device and 
Channel Status. 
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Start I/O (Part 4 of 4) 

8-22 

GMGR 

Initial Selection 
Continued 

Yes 

Yes 

Reset Sel-Out. 
Set Cmnd-On Bus
Out. Move Key. Set 
Command-Out. Set 
Seq Code 1. Check 
status. Set service-out 
Set Seq Code 2 

Set condition code 
3. 

Reset H5 
RTN MX 

Yes 

No 

GMLO 
8-36 

8-22 

MTO. 1,2 

MTO.1 

MBO REG 

MTO.3 

MTO.4 

When 'operational-in' causes the channel to drop 'address-out', the 
selected control unit then transmits an address byte on 'bus-in' 
lines and conditions the 'address-in' line. To ensure that the right 
device has been selected, the channel compares this address to the 
address it placed on the 'bus-out' lines. 

After checking the address, the channel responds to 'address-in' 
by transmitting a command byte and conditioning 'command-out' 
to the control unit. The command byte designates one of seven 
operations (read, read-backward, write, control, sense, test I/O, or 
the No-Op special control), and establishes conditions to control 
execution of the operation. 

The control unit must then drop 'address-in'; and after 'command
out' falls, the control unit places its status information on 'bus-in' 
and raises 'status-in'. If the I/O device is available and capable of 
executing the command, the status byte is zero. If the channel 
accepts this status byte, it responds with 'service-out'. This signal 
completes the initial selection sequence. 

If the selection is completed successfully, the key is moved from 
MD to MC in local storage, the active bit is turned on, UCW address 
is updated and moved to the working area and stored back in 
control storage, and the Op bits are reset. 

The microroutine now exits from GMGR to GMSR to handle 
disconnecting from the channel, if byte-mode operation; or 
handling data, if burst-mode operation. For byte mode, the 
microprogram returns to I-cycles so that other functions may be 
performed. 
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Share Trap Request 
Share Trap 

GMSR 0400 

Store link, set 
P = 33. Set share 
req. branch on 
MPX or console 
req. Br on Addr 
in and carry. 

UCWAOO 

Read unit address. 
Check parity. 
Set cmd out. 
Reset sel out. 

Form UCW address, 
read UCW, set 
channel loaded, 
Br on active. 

A GMOR OATALP 
8·25 

r 

10/11 

REQEST 10/11 

Set sel out, 
set sequence code 
initialize ctr. 

8-23 

Yes 

AORIN 10/11 

No 

Entry to the share-trap routine is a resu It of request·in up and 
H3, & H5 = 000. S, P, N2 & N3 are stored in MPX link word. 

REOEST 01 

Read console 
printer addr 

Branch to 
console 
routine 
GKOT. Start 

REOEST 00 

Reset share 
request 

__ -- MT01 

- - MTO 

LOGFUL __________ MBO 

__ MBI 

___________________ MT01 
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When the first data byte is ready for transfer, 'request·in' is devel
oped and the microprogram traps to GMSR - the share·trap 
routine. This routine handles reselection, and then exits to the 

GMDR routine to handle the byte of data. 

Share Trap - Data Handling 

• A share·trap routine handles each data byte. 

• When byte count is reduced to zero, data transfer ends. 

When the first data byte is ready for transfer, 'request·in' is devel
oped and the microprogram traps to the GMSR (share trap) 
routine. Before the byte of data is transferred, the following 
functions are handled: 
1. Store link information, set share request bit. 
2. Test for console request or MPX. 
3. Reselect the device. 
4. Develop UCW address and read UCW into local storage. 
5. Test active bit. 

The microprogram now branches to the GMDR routine to 

handle the byte of data. 



Data Handling Routine 
8-24 8-39 

8-41 

GMDR DATALP 

Test Disconnect 
I n_ Branch on 
Status-I nand 
Service-In. 

r--------, 
Stat us-I n/Service-I n I 

'I 00 = Neither or both, Op In up_ I 
01 = Service-In and Op-In. 

I 10 = Status-In and Op-In. I 
11 = Op-In down. 

I I L ________ --1 
STSVA 01 

Branch on Skip 
and Output_ 
Transfer Data_ 
Test Count, Loop 
and RTN. 

SKPOUT 00 
(Readt 

Read Data Byte 
from MBI. Set 
Service-Out. I nc/ 
Dec Count and 
Address_ 

_ MBI Write Data Byte to 
MBO. Set Service 

Note: Count 
0, S2 = 0 

Test Share 
Req. RTN MX 

....... MTO 4 Out. L- _______ ---,.--___ ---' 

SKPOUT 10 

Send Service-Out MTO 4 

Set Data Check. 
Remove Chain Bit 
Zero out MW. 

11 

- MBO 

01 

GMMS 
BRONCC 10 

MT03 

Br on SLI Bit, Set WLR 
and Reset CC. 

8-23 BU 

GMGR 
ADDRIN 11 

STSVA 11 

Handle PCI and/ 
or I nterrupt Set 
I B and Latch as 
Req 

No 

BADSTA 00 

No 

8-27 

GMMS 
SKIPBR 0 1 

MTO Reg 

8-41 

G 8-27 

IPL Wait Loop 

D 

STSVA 11 

No 

(Op In Downt 

In GMDR, the routine branches on 'status-in' and 'service-in' 
tag lines. After receiving 'service-in', the skip and output bits 
are examined to determine the operation. The byte of data 
is now transferred, and the byte count is modified. 

If the byte count has not been reduced to zero, the UCW 
is updated and stored and the microprogram returns from 
the trap to the original routine to await another share trap. 
The process continues until all the data has been handled_ 
When the last byte transferred reduces the byte count to 
zero, a count zero or. status next condition is set in the 
UCW, PCI and/or interrupt are handled, the UCW is stored, 
and the program returns from the trap. When 'status-in' 
rises, the microprogram branches to GMMS to initiate 
status handling. 
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Ending Status and Interruption Handling 

r 
, 

PROGRAM 

Microprogram 

Trap 0400 

H-Reg 5 Bit 

UCWActive 

Interrupt Lt. 

Qp Out 

Request In 

Addr Out 

Hold Out 

Select Out 

Op In 

Addr In 

Comnd Out 

Service In 

Status In 

Service Out 

Bus Out 

Busln 

~ GAAI 

I H~erruPtio~ 
I I R~u~ 
I STATUS BYTE (Channel End) I I 
I I I 
J. GMSR GMDR GMMS GMDR I I 'L ______________________________________ ~ 
Store link. Set P=33. Clear work 
Set Share Request. area. Test 
Reset S-Register. STI,SVI, & 
Test for MPX request. Op In. 
Set Select Out, start Branch on 
Re-selection. Read STI/SVI 
unit address. Form Read 
UCW address. Read status into 
out UCW into MF, MBS3. 
MO, & Me. Set Test for bad 
channel loaded. status. Test 
Branch on uew for count 
active. o indication 

Branch to 
GMMS. 

I 

, 

r 
." 

. 
I 

r 

~ 

I 

~ ,..., 
I 

Test for bad status. 
Test for ,Cmd Chain. 
Test for IPL. Set Addr 
in MOl. Test IB empty. 
Set interrupt latch 
(MTO,5). Set unit 
address in interrupt 
buffer. Test UCW 
active. Set status 
indicators (MFl bit 4 
& 7). Set status in 
interrupt buffer (MBS3 

MBS1). Set service-
out. Set count zero. 
Branch on Op-I n down. 
Go store UCW. 

I 

I . ........, 

I 

Store all 
3 UCWwords 
from MC, MD. & 
MF into control 
storage. Test if 
from request. 
Atn to MX. 
Aeset H5. 

I 

)) 
, 
fI 

,\ 

II 

I 
I 
I 
I 

t 

HANDLE 
INTERRUPTION 

REQUEST 

GICM 

(P=52) 
Start interruption 
priority sequence. 
Test timer. Test 
I/O or external. 
Test for selector
channeliinterrupt. 
Assume multiplexer 
channel interruption 
Set unit address in 
XO, X3. Set chan
nel address. Branch 
to GLAA IENTRY 

SET UP CSW 

GLAA 

Set interrupt bit. Set unit 
and channel address into 
V-Register Test for MUA. 
Set up UCW address in X2 
and X3. Set H-Aeg 5. 
Read 1st UCW. 
Test active bit. Move 
word X into MA. Store 
unit address. Move link 
to MX. Move 1 st UCW 
word to MF. Read 2nd 
UCW word into MD. Aead 
3rd uew word into MC. 
Test for logout. Move I B 
status into MBS 3. Branch 
to GMSW STAAT. 

I 

I 

GMSW 

Reset interrupt latch. 
Clear MBS 1 and MW. 
Test active. Test 
status queued. Restore 
UCWaddress. Remove 
status bits. Reset active 
bit and store UCW. 
Move unit status, store 
CSW. Test for logout. 
Move extended status. 
Test EC mode, test 
interrupt. Reset H-Reg. 
5 bit. Go load PSW 
(GICM, GIPW). 

I 

PSW HANDLING 

GICM 

Store PSW in I/O Old 
PSW location. 
Set up address of I/O 
Old PSW location. 
Branch to GIPW. 

~ 

J 

GIPW 

Assembly and store 
I/O Old PSW. 
I ncrement address in 
V-Reg for I nput/Out
put new PSW (78) 

location. Read I/O 
new PSW double-word. 
Load new PSW (mask, 
OMWP CC, key, etc.) 
Reset I LC. Load key 
for 2nd op and 1 st op. 
Test for Machine Check, 
I nterrupt Pending and 
Wait State. No Wait, 
RTN LNK to GAAI. 
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Start sub-routine 
for test CSW 

J 
GAAI 



Status I nterrupt and I PL Ending (Part 1 of 2) 

From 8~5 
GMDR 

BRONCC 01 

Reset command 
chain bit 

BRONCC10 

IPL no CC. 

Set P. Move 
unit address. 

- MTO.5 

8-28 __ Y_e_s_:::.. 

8-36 

GMLO OPINT1 11 

___ MTO.4 
GMDR 

8-25 

- MTO.3 

t----- Enter from Selr and IFA 
IPLOFF 

Ending Procedure 

• Channel-end signals end of data handling. 

• Device-end signals end of command. 

• Ending status may be stored or queued. 

An I/O control unit signals the channel that it has executed the 

data transfer portion of a CCW command by sending channel-end. 

Sending device-end signals the channel when the selected I/O 
device has fully executed the CCW command. Channel-end (CE) 
and device-end (DE) are status conditions and are identified as 
such by the 'status-in' tag line. 

Channel-end and device-end status may occur in the same 
status byte or in separate status bytes depending on the CCW 
command and the I/O unit involved. 

A control unit may present end ing status at three different 
times: 
1. During initial selection. 
2. I mmediately following a data-handling sequence. 
3. By raising 'request-in'. 

When the channel receives ending status, it may either request 
the CPU to interrupt the current instruction sequence and store 
the required information in the CSW, or it may obtain a new CCW 
and start its execution. This depends on the UCW flag bits and 
the type of status t~e channel receives. 

Consider normal ending status for an input operation. Assume 

that the channel receives 'request-in' causing a share trap and 
normal reselection. The control unit then presents 'status-in'. 
Refer to the GMDR routine and assume O-count (count field 

equal to data bytes) giving a branch to the GMMS routine at the 
SKIPBR 1 entry point. 
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Status Interrupt and IPL Ending (Part 2 of 2) 

8-25 
8-27 

Set UCW Status. Set 
interrupt 

MTO.4 

BRONCC 11 

Set Sup Out 
Set Skip Flag 

GMCR START 

8-41 

8·27 

MUADEV 0 

L _ MTO.3 

UCWSTR 

Yes 

MTO.6 

GMLO OPINT1 11 8-25 

GMDR STSVA 11 

The status is read from bus-in (MBI) and tested for bad status 
(any bits on other than status modifier, CE, or DE). Assume not 
CC or IPL. The interrupt bit is tested in the Ops and flags byte of 
the UCW. If the interrupt bit is on (interrupt buffer full) and it is 
not a multiunit address, the routine activates 'command-out' to 
indicate to the control unit that its status byte was not accepted. 
When a control unit receives 'command-out' it queues or stacks 
its status (that is, it holds the status in its status register) and 
deactivates 'operational-in'. 

Assuming that the interrupt bit is not on (I B is not full), the 
microprogram turns on the interrupt bit, places the unit address 
in the I B (MBSO) in local storage, and tests the active bit. For 
this example, assume that the UCW is active, meaning that the 
status now being presented is the first status received from the 
I/O unit for the command sequence it is presently executing. In 
this case, the microprogram places the status in the buffer and 
activates 'service-out'. When 'operation-in' falls, the program 
branches to the GMDR routine to store the UCW, and returns to 
the MPX trapped address. The CPU handles the interrupt request 
when it has the opportunity to do so. 

When the UCW is not active, this means that the unit is presenting 
status a second time, normally device-end status. In th is case, the 
microprogram sets the I B status to 0 and sets the status-next and 
status-queued bits; then activates 'command-out'. When 'operational
in' falls, the program branches to the GMDR routine, stores the 
UCW and returns to I-cycles. The CPU handles the interrupt when 
it has an opportunity to do so. Refer to the next section for details 
of MPX channel interruptions. 

Byte-M ultiplexer-Channel Interruptions 

• A byte-multiplexer-channel interruption can be caused: 
1. At the normal end of an operation for status presentation. 
2. If the PCI bit is on in an active subchannel. 
3. If an error occurs during an I/O operation. 
4. When a device presents unsolicited status that is accepted 

by the channel (such as not-ready to ready device-end). 

• An interruption buffer (I B) is provided in local storage for 
MPX channel interruptions. 

• There are two types of Status: 
a. Primary: normal channel end. 
b. Secondary: normal device end. 

Normal Primary Ending Status Interruption 

The MPX channel initiates a normal ending status interruption 
when it receives ending status from a control unit (and operations 
are not command-chained). It does this by turning on the MPX 
channel interrupt latch during the GMMS (main status handling) 
routine. 
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Byte-Multiplexer Channel Interruption 

GAAI 
Take Interruption 

GLAA IENTRY 

8-30 

Set interrupt bit. 
Set up UCW 
address. 
Test MUA 

MUASIT (. 

Set H5 bit on 
read 1 st UCW wd. 
Test active 
update address 
if not active. 

Multiplex 
interrupt 
request. 

SRINT 01 

No 

GMSW 
START 

MPX 

Primary Status 

GMLO SHARE 0 

GMGR 

Secondary 
Status 

INTTST 

Select device 
send 0 command 
read status 
set service-out 
to status set seq 
code 2 

Disconnect 

The CPU cannot honor an interrupt request until it has completed 
the current instruction. Execution of the interrupt operation 
begins in I-cycles (GAAI) when an interrupt is detected, and then 
branches to the common interrupt routine (G ICM), where the 
interrupt is identified as being on the MPX channel. The micro
program then branches to the I/O routine (G LAA) where the 
following objectives are accomplished: 
1. Set the H5 bit ON to block MPX share traps. 
2. Access the UCW for the interrupting device and test the active 

bit. If the UCW is active, branch to the GMSW routine and 
perform the remaining objectives of the interrupt routine. 

3. Reset the interrupt latch. 
4. Reset the active bit. 
5. Remove buffer status bits. 
6. Handle PCI if specified. 
7. Set data check if required. 
8. Store full CSW (all bytes meaningful) and reset H5. Go load 

new PSW. 

Normal Secondary Ending Status Interruption 

If, in item 2, the UCW is not active, it indicates that the device 
is presenting status a second time, normally device-end status. For 
example, suppose a control unit initiated an interrupt by presenting 
channel-end status alone. When the CPU executes this interrupt, 
it turns the UCW active bit off. Therefore, when the CPU executes 
an interrupt initiated by device-end status from the control unit, 

the UCW is inactive. 
For this condition the microprogram branches to the GMGR 

routine and performs the initial selection of the unit in order to 
obtain its status. Following this sequence (send 0 command -
read status - set 'service-out' to status - then disconnect) the 
program branches to GMSW and performs the CSW Store (zero 
out CSW, store status only). 

After the MPX channel interrupt latch and H5 have been 
reset, any unit to which status has been stacked may have its 
status accepted into the I B, causing an interrupt request. 
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CSW Store 

8-39 

MATCH 0 

Yes 

BRINT 11 

(Go Load PSW) 

No 

BRINT 01 

Set condition 
code 1. (CSW has 
been stored). 

Reset H5 
Return to I-Cycles 

8-42 

8-29 8-37 
8-38 

Yes 

Reset active bit. 

Yes 

Yes 

MT05 

ENTRY POINT, GMSW START 

From GLAA; 

• This is the entry point from the G LAA routine honoring an 
interruption request. 

• START is also the entry point from the GLAA routine when 
a test I/O instruction determines that the device specified 
has presented status. Entry here fulfills the major objective 

of TID (store CSW). 

From GMGR; 

• GMSW START is entered from the GMGR routine during a 
start I/O instruction when initial selection is not completed 
because the control unit is busy. 

• START is the entry point from GMGR during a test I/O 
instruction when the UCW is active and a STatus Queued 

condition exists. 

• From GMGR during test I/O when the UCW is not active 
and non-zero status exists. 

From GMLO; 

• START is the entry point from GMLO at the end of an 
error logout operation. 

From GKDI; 

• START is the entry point from G KD I for a halt I/O operation 
on the documentary console. 

ENTRY POINT, GMSW MATCH 0 

• The MATCH 0 entry point is used from theGMGR routine 
during a test I/O instruction when the control unit is busy. 
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Normal CCW 

Read-Out 

No 

(Via GMSR) 

No 

PCI8ROO 

Reset 18 Status 
Set addr in I B 
Turn on Int latch 

No 

Yes 

No 

GLAA STCSW 

Store Short CSW 
Set CC1 RTN 

RTN 
Resume normal 

channel operation 

Yes 

_ _ Chan Status Bit 0 

Program-Controlled Interruption (PCI) 

• The PCI bit allows the program to initiate an interruption. 

• The PCI bit sets up an I/O interruption when the interruption 
buffer latch is off (IB empty). 

• When the CPU executes an interruption initiated by the PCI 
bit, the PCI bit becomes part of the channel-status byte that 
is stored in the CSW. 

The program-controlled interruption bit is bit 4 of the CCW flag 
byte. It also becomes bit 4 in the UCW Op and flags byte that is 
generated for the CCW. The PCI bit in the CCW initiates an 
interruption without, in any other way, affecting the channel 
operation. It may be used by the program to initiate an interrupt
ion at any point in a chain of CCWs to determine how the operat
ion is progressing. 

The PCI bit is effective at two different times: 
1. During the execution of the CCW in which it occurs. 
2. During the CSW store routine of an I/O interruption. In this 

case, the PCI bit does not initiate any action but becomes bit a 
of the channel status byte that is stored in the CSW. (The CSW 
is then interrogated by the program, and action is taken accord
ing to the conditions found). 

When the CPU executes and interruption initiated by the 
multiplexer channel, it resets the PCI bit in the UCW associated 
with the unit that initiated the interruption. This occurs whether 
or not the interruption was caused by the PCI bit. If PCI interrupt 
is not allowed, the PCI flag is propagated to the next CCW. 

Interruption Conditions 

The following are conditions, during an I/O operation, that can 
result in a byte-multiplexer channel interruption: 

1. A parity error detected on data during a read operation will 
cause a data check. (The data byte received from the bus-in 
register 'M B I' is checked for parity in the B-register.) A 
channel-control check does not occur for this type of error. 

2. Status received from an I/O unit for: 
a. A chain-data operation in which the data count has not yet 

reached zero. 
b. A command-chain operation in which the data count has 

not yet reached zero and the SLI flag is off. 
c. No chaining, but the data count has not yet reached zero 

and the SLI flag is off. 
In each of these cases the I L bit is set on in the UCW/channel 
status byte of the UCW. 

3. During chaining, one of the following CCW program errors 
occurs. 
a. An invalid CCW command code (bits 4-7 in command code 

equal 0000). This condition is not checked if data chaining 
is being performed. 

b. A transfer-in-channel (TIC) command branches to another 
TIC. 

c. The two low-order CCW flag bits do not equal zero (bits 38 
and 39). Not checked on a TIC command. 

d. Initial CCW data count is all zero. Not checked on TIC 
command. 

e. The three low-order CCW address bits on a TIC command 
do not equal zero (bits 29,30, and 31). 

Note that device-end status has already been received from a 
device before command-chaining to a new CCW occurs. If the 
interrupt latch is already on for some other interruption 
condition on the byte-multiplexer channel, the interruption 
condition for a CCW program check is set up as follows: 

a. A test I/O command is issued (by the microprogram) to the 
device for which the CCW program check occurred. 

b. Command-out is sent to the device when that device 
attempts to present status in response to the test I/O. This 
action stacks the status (which can be all zero) to the 
device. The status is not accepted until the interrupt latch is 
off. When the status is accepted, the interrupt latch is 
turned on and the interruption can be processed. 

In the byte-multiplexer channel, channel-control check is 
caused by a CPU check condition detected during execution of a 
byte-multiplexer channel microprogram in which H-register bit 5 
is on if retry fails to obtain correct operation or if the MPX EXT 
REG (OE) is involved in the operation. 

Channel-control check is set on in the UCW/channel status byte 
of the UCW for use in subsequent storing of the CSW. If 
operational-in (from the unit with which the channel is 
communicating) is down, the operation proceeds to its normal 
ending point (if succeeding errors do not prevent such ending). If 
operational·in is up after the channel control check is set, an 
interface disconnect for the affected unit is performed by the 
channel. (Select-out down with address-out up is the sequence for 
an interface disconnect.) If the interface disconnect is successful, 
the affected control unit disconnects from the channel and, at its 
normal ending point, the control unit attempts to present status. 
In this case, then, the channel-control check is indicated in the 
CSW (stored as a result of processing the interruption condition 
caused by acceptance of the ending status). 

If the interface disconnect is unsuccessful (that is, Op-In fails to 
drop in 32 microseconds), the channel performs a selective reset 
(suppress-out up and operational-out down). The characteristics 
of the I/O device determine whether that device will present 
device end after a selective reset. Therefore, in this case, the 
interruption condition may not occur if the device does not 
subsequently present status. However, it is not likely that CPU 
errors (which caused the channel control check) and interface 
errors with the unit will both occur together. Note also that a 
logout is performed for this error. 

An interface control check occurs when an error is detected in 
the signal sequence between the channel and an I/O control unit 
as follows. 

1. Bad parity on address or status byte from interface. 

2. No address match on initial selection. 

3. The device appeared nonoperational during command 
chaining. 

4. I nvalid signal sequence on interface. 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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If the unit can subsequently present status to the channel, 
processing of the resulting interruption condition will cause the 
interface control check to be stored in the CSW. However, if the 
channel cannot communicate with the device, the interruption 
condition may not be generated. However, a logout associated 
with the device in error is performed to indicate the error. 

That is, if the IB is in use for some other device's status, the 
channel cannot place status in the lB. If the unit for which the 
channel (or interface) control check occurred cannot be 
communicated with, then that unit cannot generate the required 
interruption condition. 

An address for a CCW or an address for data that references 
(during an I/O operation) a main-storage area beyond the 
capacity of the system (address-check condition), causes the 
program check bit to be set (in the UCW/channel status byte of 
the UCW). If the storage access is for a CCW during command 
chaining, unit status (device end) has already been received 
befory the access to main storage is made for the CCW. If, for this 
condition, the interruption latch is off, it is turned on and unit 
status and address are placed in the lB. When the interruption 
condition is processed, the program check bit is available in the 
CSW. 

If, however, the interrupt latch is on, a test I/O command is 
sent by the channel to the working unit. When that un it responds 

with status, command out is activated to stack that status to the 
unit. The interrupt latch will be turned on when the status is 
subsequently accepted (that is, when it is presented and the 
interrupt latch is off) by the channel. Again, processing of this 
(that is, an address check occurred) interruption condition will 
result inprogram-check status in the CSW. 

If the address check (program check) occurs during data 
transfer (or for CCW access during data chaining), the unit is told 
to stop data transfer and present status. After the status is 
presented, processing of the interruption condition results in 
program-check status in the CSW. 

A protection check for CCW or data accesses is processed in the 
same manner as address check (program check), except that the 
reSUlting indication in the CSW is the protection check bit. 

Note that chaining check status is not used in multiplexer 
channel operations. 
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Channel Logout 

Channel-logout facilities provide a means of preserving for 
analysis a record of pertinent conditions that exist at the time a 
malfunction involving channels occurs. Logout is basically a 
"snapshot" of conditions that existed at the time the error 
occurred. 

Essentially two levels of channel logout occur, depending on 
the nature of the malfunction and on the setting of control 
register 14, bit 2. The bit determines, under control of the 
program, whether extended logouts can occur as part of the I/O 
interruption, or whether only limited channellogouts are 
allowed. 

I/O Communications Area 

The I/O Communications Area (tOCA), a permanently assigned 
area in main storage, is utilized by the logout operation for 
limited channel logout, to point to the address of the extended 
log, and for other logout control information. The IOCA is 
located in main storage 160-191 (AO-BF). 

~ 
0000 = Selector Channel 
0001 = Byte-Multiplexer Channel 
0010 = Block,Multiplexer ~Jlode 

ChannellD: (Locations 168-171.) When stored during the 
execution of the Store Channel to instruction, this area contains 
information that describes the addressed channel. 

I/O Extended Logout Pointer: (Locations 173-175.) The I/O 
Extended Logout (JOEL) pointer field is program-set to designate 
an area to be used by channels to store the extended logout 
information. The low-order three bits of the pointer are ignored 
so that the extended logout always begins on a doubleword 
boundary. Logout information may be stored in the 10EL area 
only when the 10EL mask bit (CR 14 bit 2) is set to 1. 

Limited Channel Logout: (Locations 176-179.) The limited 
channel logout field is also called the ECSW. This field contains 
model-independent information related to hardware errors 
detected by the channel. The ECSW is used to provide detailed 
machine status when errors have affected I/O operations. The 
field is accessible to the CPU program. The ECSW field may be 

a 
0 

0 

0 

N°~I U,ed 1 
Unit 

a 

Detecting I 
the Error--... 

sou~ 
0 

a 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

CPU 

Channel 

Storage Unit 

CPU 

Channel 

stored only when the CSW or a portion of the CSW is stored. It 
may (or may not) be accompanied by the extended channel 
logout. 

(Locations 180-184): Not used. 

(Locations 185-187): Reserved for future use. 

(Locations 188-191): Not used. 

Refer to the sections "Byte-Multiplexer Channel" and 
"Selector/Block-Multiplexer Channels" for logout information as 
it applies to individual channel types. 
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Stop After Log 

The stop after log switch on the console overrides the control 
register and allows extended channel logging when there is an 
interface control check or channel control check. 

Stop after log causes the following action on a channel error: 

• The IOEL pointer is set to 100 (hex). 

• The ECSW is stored in the 10CA and the extended log is stored 
at 100. 

Both the ECSW and the extended channel log are always 
available when running in the stop after log mode. 

The CPU places an identifier in main storage locations 32 and 
33 (machine check old PSW) to identify the failing channel. The 
identification is 1450-1454 for channels 0 through 4 respectively 
and 145F for the CPU. The system stops with -at least one red 
light and the log present indication. 

Channel I I IDOOOO 0000 0000 Maximum 10EL Length 

Error I 
.12 

Storage Unit 

Control Unit 

4 

Main 
Storage 

AO 160 

A4 164 

A8 168 

AC 172 

BO 176 

B4 180 

B8 184 

BC 188 

15 16 

Reserved 

ChannellD 

IOEL Pointer 

Limited Channel Logout (ECSW) 

Reserved 

Reserved 

Reserved 

10CA 

Field 
Validity 

Flags----... 

Typeof-l 
Termination - I 

Disconnect In 

sequence-I 
Code 

0 13 

a 14 

a 15 

16 

0 17 

0 18 

19 

20 

21 

22 

23 

24 

25 

0 26 

0 27 

28 

29 

30 
31 

Sequence Code 

Unit Status 

CCW Address & Key _ 

Channel Address 

Device Address 

00 = Interface DisconlJect 

01 ~ Stop, Stack or Normal Termination 

10 = Selective Reset 

11 = System Reset 

I/O Error Alert 

}._----' 

SEQUENCE CODES 

000 Error during execution of TIO. 
001 Error during initial selection. Command-out 

has been sent. 
010 Command has been accepted by the device, 

no data has been transferred. 
011 At least one data byte has been transferred, 

or channel idle state. 
100 The command in the current CCW has either 

not been sent or not accepted by the device. 
101 Polling Data transfer--unpredictable. 

(For further definition of sequence codes, refer to 
the IBM System/370 Principles of Operation). 



Error Handling and Logout 

Byte-multiplexer channel check facilities are incorporated in the 
microcode routines. When Interface Control Check (I FCC) errors 
occur and are detected by the microcode, a catalog number is set 
to identify the type of failure and then the routine branches to 
the logout routine to perform the logout. 

Channel-control checks are detected in CPU hardware as a 
result of unretryable errors. These errors are also handled by the 
logout routine, but there is no catalog number. The machine
check registers are logged for channel-control checks, whereas for 
I FCC errors, these words in the logout area are set to O. 

The byte-multiplexer channel extended logout is located in 
main storage in the area designated by the 10EL pointer. The 
pointer is in storage location 172, in the 10CA. Logout is under 
control of CR14 bit 2 unless the system is in Stop After Log 
mode. 

The low three bits of the 10EL pointer are ignored so that the 
log always begins on a doubleword boundary. If the pointer is set 
such that any part of the log wou Id be out of storage, no part of 
the log is stored. 

The channel logout is attempted anytime a CSW is stored with 
an interface. control check or a channel-control check. Th is is 
done at I/O interruption time and at condition code 1 time to an 
I/O instruction. A channel error does not cause a machine-check 
interruption. 

Channel logs are lost under any of the following circumstances. 

1. CR 14 bit 2 is set to 0 (unless Stop After Log is active). 

2. The 10EL pointer is pointing to an address that is out of 
storage or allows insufficient space for the maximum logout. 

3. A second channel error occurs before the first is cleared; in 
this case, the first log is preserved. 

4. A machine-check log is pending or a machine check occurs 
before the I/O log is cleared. In this case, the first ten log 
words are valid, but the 14 CPU words that may be appended 
are taken as part of the machine check. 

For most conditions causing logout, the format and contents of 
the log are as shown in the diagram. There is the possibility, 
however, of some error conditions or a false logout at which the 
usage of local storage might vary from this pattern. The 
identification of the local-storage log and external registers are as 
shown regardless of content. 

Log 
Build 
Area 

BFOO 

BF04 

BF08 

BFOC 

BF10 

BF14 

BF18 

BF1C 

BF20 

BF24 

1 

2 

3 

4.J 

5~ 
z 

6c:( 
I 

7 U 

8 

9 

10 

11 

12 

13 

14 
::J 

15 ~ 

16 

17 

18 

19 

20 
24 

MAO Bi~·O· ·O·~:~::~-:~-~-~~~~·~-:··~ ~~-I~LO~. 
•••••• _____ ••• ~J • 

UCW Address MA 

~_~~~~4-~~~-----L~~~~------------~MBS 

Spares 

The sequence number in MBS2 may be used to construct the sequence 
code in the Limited Channel Logout area. 

Catalog Numbers (lFCC Only) 

M1 = No-Op-in time-out 
M2 = Status-in time-out 
M3 = No-address-in time-out 
M4 = Address-in bad parity/no address match 
M5 = No-status-in time-out 
M6 = Op-in time-out 
M7 = Bad paritY status-in 
M8 = Time-out in data loop. inbound tag sequence bad: a. Op in failed to fall 

= False share request from doc-console 
= Select-in during chaining 
= Only valid combinations of primary & modifier 

Catalog number byte/bit significance 

M * Primary number 

10 2 314 5 6 7 I 
I L1 = Share trap 
L 1 = Chaining 

~~ 
M = 0 = I nitial selection or burst mode 

Stop after log 10 for SEREP 

I nterruption code in old MCK PSW 
1450 = bvte-multiple 

Log present and some red 
Check light 

b. No SVC or ST A signal 
c. Both inbound tags up 

3145 TM 8-35 



Byte-Multiplexer Channel Error Logout Routine (Part 1 of 2) 

8-22 
8-25 

GMLO 

BK 

IFCC 

Set interface control 
check status bit 

LOGBR 0 

Build log address 
store MA in BFOO 
MBS into BF04 
MC into BF08 

BRIFCC 1 

Set words 4 and 5 
(BFOC and BF10) 
to zero. 

LDMPX 

Load externals store 
MPX in BF14 store 
DOC in BF18 

Restore log start address 
and MA, MBS MC 

I nterface control 
check entry -
A catalog number 
has been set in 
MD2 

Yes 

No 

8-24 
8-25 

BRIFCC 0 

Build machine chk log 
address, read MCKA 
and MCKB from CPU 
and store in BFOC and 
BF10. (Words 4 and 
5) 

Channel control 
check - from 
console printer 
Log routine -
No catalog number 

GMLO CHNCHK 

Set P to 33 
Set channel 

Set address out zero 
out 
Counter reset select
out 

Yes 

No 

GKDT DOCIFF 
Go reset DOC 
Console 

OPINBR 10 

Set channel error 
bit MDO '" 04 

Set channel or CU 
source set active 
ST A queued and 
IFCC 

BN 8-37 

Yes 

CCCBR 1 

Set sou rce bi ts 
set active and 
status ue ed 

No 

Set selective 
reset and 
disconnect in 

Yes 

SELRST 0 

Set suppress-out 
zero out counter 
reset Op-Out 

Yes 
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OPINT211 

Zero out counter 
reset suppress out 

No 

OPIN40 

Set system reset 

OPINT311 



Byte-Multiplexer Channel Error Logout Routine (Part 2 of 2) 

No 

BRINT10 

Move device 
address to 
buffer 

S 8-25 

GMDR PCIBR 01 
Go Store UCW 

BRINT21 

Build log address 
store log in 
BF24 

Build IOEl 
Pointer - set 
Stop after 
log Indicator 

Store IOEl 
pointer for 
stop after log. 
Set MW2 Bit 7 

Yes 

lOGOK 10 

Build log 
address BFOO 

STORE1 1 

Read and store 
ten log words 
into designated 

Read CR 14 
Store ECSW 
Set P = 53 

lOGOK 01 

Read storage 
size, substract 
log length and 
compare to 
IOEl pointer 

CPU lOG 1 

Restore CPU 
appendage. Build 
CPU log address 
F800. Read 
and store g-word 
CPU log 

No 

STORE20 

Read reset and 
store log 
full bits. Build 
address BF08 
restore MC and M D 

GMSWSTART 
Go Store CSW 

BRSIO 1 

DP 8-24 

GMGR PCIBR 0 
Go Store 

Limited log 

STAFlG 1 

8-68 

GSSS ZEROll 
Go To Stop 
After log 

Ending 
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Test I/O--Halt I/O--Halt Device (Part 1 of 2) 

GLAA 

From I-Cycles 

lOOP 0/1 

Decode test 
I/O - halt I/O 
set bit. Branch 
on channel. 

CHANSL10 

Set up UCW 
address. Set H5, 
test interrupt 
read 1st UCW 
word - test 
active. 

Active, No Interrupt 

BRINT 00 

Branch on HIO! 
TIO!HLTDV. 
Test status 
queued. Set 
cond code. 

8-39 BD 

If no .interrupt, 
set condition code 0 

sx 

8-60 

Not active or active with interrupt 

No (Test I/O) 

RTN CDE 
RTN LNK 

No 

Yes 

Yes 

Yes 

Hio 

or 

TIO 

B 8-39 

GMSW 
AV START 

Test I/O - Halt I/O - Halt Device 

• Test I/O (TID) obtains the status of an I/O device. 

• Halt I/O (HID) discontinues operation between the addressed 
channel and whatever I/O device is in operation on that channel. 

• Halt Device (H DV), a variation of H 10, discontinues operation 
between the addressed channel and a particular device. 

Test I/O: The test I/O instruction is decoded, and the execution 
begins in routine GLAA by setting tne TID bit in the instruction 
code byte (byte 0) in the X-register. The UCW address is developed. 

Set H5 bit ON to block requests, test the interrupt bit, and if 
not ON, set condition code O. The first UCW word. (Flags and Ops 
byte) is read and the 'active UCW' bit is tested. The UCW active 
bit ON indicates that the subchannel is unavailable. Active bit 
OFF means that either the I/O device involved has status stacked 
or is free to perform other operations. 

When the UCW is available (active bit OF F), the channel must 
execute an initial selection sequence with the I/O device involved 
and issue a zero command. When the device responds to 'command
out' with 'status-in', the channel tests the status, (set 'service-out' 
to status, and waits for the fall of 'op-in'). If status is zero, set 
condition code 0 and return to I-cycles. If status is not 0, reset 
the status-next bit, store a CSW, set condition code 2, and return 
to I-cycles. 

When the channel receives 'status-in' in response to 'address
out' (control unit busy) it reads 'status-in' and resets 'select-out'. 
When 'status-in' falls, the routine branches (on TIO) to GMSW to 
store the un it-status byte (store CSWj. 

When the active bit is on, it means one of three things: 
1. The subchannel is busy, either with the specified device or 

another device. 
2. The subchannel has an interrupt condition waiting, or 
3. Status is stacked. 

When the UCW is active, the interrupt bit is tested. If an 
interrupt is waiting, the UCW word and link information is moved 
in LS, the second and third UCW words are read out, and the 
routine branches to GMSW to store the CSW. 

If there is no interrupt or logout, the high-order device address 
is compared with the control-unit address. Equal comparison 
means that the device specified by the TID instruction has pre
sented status; the routine branches to GMSW to store status. For 
unequal address comparison, the channel might have received 
status from another device associated with the same UCW as the 
I/O device specified by the test I/O instruction. If this is so, the 
channel sets condition code 2 and returns the CPU to I-cycles. 

Halt I/O, Halt Device: The channel begins the execution of a 
halt I/O or halt device instruction in the same manner as other 
I/O instructions. The PSW is checked to ensure that the CPU is 
in supervisory state, and a UCW address is set up and tested for 
validity. Condition code is set, H5 bit is turned on, and the first 
UCW word is read and tested. 
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Test I/O--Halt I/O--Halt Device (Part 2 of 2) 

8·38 

DEVHL T 1 

Read 4th UCW 
word, compare 
addresses, no match; 
set 0 and return 

Interface Disconnect 

RTN LNK 

HLTTST 1 

Set address out 
wait for fall 
of op in, reset 
address out. Zero 
out status byte 
set status 

GLAA STCSW 

Store short 
CSW 
Set condition 
code 1 

MTO.6 

op in. 

HALT I 

(or Halt 
Device) 

8-38 

GMGR INTTST 

Test Doc console 
address, If no match 
Do I nitial Selection 

Enter from GLAA for the following conditions: 
1. HID not active 
2. HID active 
3. Interrupt active 
4. TIO active, status queued 
5. TIO not active. 

Yes 

TEST I/O 

HLT TST 0 

Continue Selection 
Set 0 Command 
on bus out 
Set command out 
Test 0 Status 

8-30 

STATIN 1 

Read Status. Reset 
sel out,wait for fall 
of status in 
Reset Addr out 

Reset Status Bits. 
Set unit and 
channel status 

GMSW 
MATCH 0 

STANON 1X 

next. Set service 
out. Branch on 
fall of op in 
go store CSW 

AV GMSW 
START 

UCW Not Active: When the active bit is not on, the channel 
does not have to test the status byte for an interrupt. When the 
channel finds the UCW available, it branches to GMGR, executes 
the halt 110 interface-test (checks for console Op), and then does 
initial selection. 

If response to 'select-out' is 'status-in', branch to control unit 
busy sequence. Read status, reset 'select-out' and wait for fall of 
'status·in'. (Go to logout if time·out). Assume fall of 'status-in'. 
Reset 'address·out', branch on HIO and turn off status bits. Set 
new unit and channel status in MBS2 and MBS3, move it to the 
V-Reg, and then do short CSW store, set condition code 1 and 
return to I-cycles. 

If on initial selection, response to 'address·out' with 'select· out' 
is 'op-in' (selection is normal) followed by 'address-in' and equal 
comparison, reset 'select-out', and then branch on H 10 to perform 
the interface disconnect routine. This consists of setting 'address
out', waiting for fall of 'op-in', resetting 'address·out', and status. 
Set new status, do short CSW store, set condition code 1 and 
return to I-cycles. 

UCW Active: Test for HDV (bit 15 of immediate operand). If 
HDV operation, read the fourth word of UCW and check for 
address match. If no match, indicating that the device addressed 
is not active, set condition code 0 and return. If address matches, 
indicating that the device addressed is active and therefore should 
be halted, test status queued (if on set condition code 2 and 
return) if no status queued, remove chain flags, set skip and 
output, restore unit address, move link information, read 2nd 
and 3rd UCW words, then go do initial selection. Procedure then 
is the same as described for UCW not active. 

3145 TM 8-39 



Test Channel 

GLAA 

From I-Cycles 

GAAI 

IOOPO 

Decode test channel. 
Set P = 30 
Branch on channel 
addr. 

RTN LNK 
Reset H5 

Set Condition 
Code 3 

Yes 

No 

CHANSL 01 

Set Test Channel Bit 

Set P = 92 Branch 
on selector channel 

Selector 

Branch on (TCH) Op 
Code 

Set Condition 
Code a 

Multiplexer 

No 

Set Condition 
Code 1 
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Test Channel 

• Test Channel (TCH) is executed to determine the status of a 

particular channel. 

• A condition code is set to indicate the status of the addressed 

channel. 

The test channel instruction is executed (when the CPU is in the 
supervisor state) to determine t~e status of a particular channel. 
It tests whether the channel is operating in burst mode. is aware 
of any outstanding interruptions, or is not operational. When none 
of these conditions exists, the available state is indicated. In 
executing TCH, no device is selected, and on the multiplexer 

channel the subchannels are not interrogated. 
The TCH instruction is detected as an I/O operation during 1-

cyeles, and the microprogram branches to the GLAA routine. 
Test channel in other than supervisor mode is a programming 

error and causes a branch to GICM. 
The operation follows a common path for either MPX or SX 

channels until the actual channel address is tested. At this point, 
if it is an SX channel, the test channel bit is set and the micropro
gram branches to the GSOP routine for completion of execution 
and setting of appropriate condition code. 

For MPX channels, testing is completed in GLAA with either 
condition code a or 1 being set. The condition code meanings are 

as follows: 

a -Channel available 
1 - Interruption pending in channel 
2 - Channel operating in burst mode 
3 - Channel not operational 



p 

GMCR 

Set Chain Bit. 

8-25 
8-28 

START 

Read 1 st CCW word 
Check for the TIC. 
Check for double
word boundary 
and CDA bit. 

Command Chaining: 
No 

Continue with next 
sequential CCW. 

CDACCW 1 

Move old flags, read 
2nd CCW word. 
Check for Invalid 
CCW. 

FLAG 10 

Restore CDA Ops. 
Set active, restore 
keys. 
SR on console. 

8-25 A GMDR 
STASVR 10 

GMGR RDCCW2 

Branch on command 
codes. 
Test count, etc. 

8-22 

No 

Yes 

Data 
Chaining 

This routine handles data chaining and command chaining_ The user 
program is checked for a TIC specifying another TI C. 

Yes 

No 

Yes 

Move next CCW 
address. 

Read new 1 st 
CCW word. 

Reset 1 st CCW bit. 
Move Flags. 

FLAG 11 

Set Active and I L 
bits. 
Set program check 

GMDR 
PCISR 0.1 

Yes 

Yes 

WDCHEK1X 

Update TIC Address. 

8-21 

Data Chaining 

• Entry to the chaining routine is from GMDR following zero 
count/CDA flag detection_ 

• Data chaining permits reading from or writing to storage 
locations that are not adjacent. 

• Data chaining is controlled by the CDA flag bit (bit D of Flags 
and Ops byte, M FD). 

• During any data loop cycle in which the working count reaches 
D, the CDA flag is tested; if on, branch to GMCR to obtain 
replacement for working count, data address, and flags from the 
next CCW. 

Command Chaining 

• Entry to the chaining routine is from status handling (GMMS) 
when suppress-out is up and DE status and CC flag bit are 
present. 

• Command chaining allows the channel to execute several 
commands on an I/O device with one start I/O instruction. 

• Command chaining is specified by the CCW CDA flag bit off 
and the CC flag bit on. 

• When the channel completes error-free execution of a CCW 
and receives DE status, the channel reads out the next CCW 
and begins its execution. 

• Status modifier with DE requires the channel to bypass the 
next CCW in favor of the one following it. 

• During command chaining, suppress-out prevents other I/O 
units from beginning a reselection sequence. 

• A program check on a command-chaining operation causes the 
execution of an interruption (store CSW). 
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Store and Load PSW 

GKAD 

Alter/Display 

Check Interrupt 
Code Routine 
(MCIC) 

A 8-30 

GICM 10ADDR 

IMODEO 

Set Address of old 
I/O PSW 

Set OMWP and Key 
in X1. 
Set I LC,CC PGM 
Mask in 10. 

INCRV OX 

Set V-Reg to new 
PSW Address. 

8-27 

GIPW SSMLPW 10 

Read New PSW into 
X&I. 

ECBCO 

Load System Mask. 

CR9 

Read PE Mask. 

GCCR ECMD 0 

Test 

Debug, Force Normal 
or PER Link. 

Load PSW in PM. 

GIPW ENDLD 

Load PSW in EPSW 
and LS. 

RTN LNK 

Store and Load PSW 

• The PSW store routine stores the current PSW in the I/O old 
PSW location. 

• The PSW load routine puts the new PSW into local storage 
and external registers. 

• When the PSW is loaded, the microprogram branches to I-cycles 
and starts execution of the I/O program. 

Byte-Multiplexer Channel 8-42 



Load Key 

I 
Set Load Key Latch. 
Set System Reg byte 2 

bit 4 (normal IPL). 
Turn on Load Indicator. 
Set Clock Start Latch. 
Force System Reset. 
Trap Address D30C. 
Suppress other traps. 

GRST I D30C 

Execute Hardware 
System Reset 

I 
Turn on IMPL Indicator 

CSRD I 
Execute System 
Reset Diagnostics 

GRST I 
Turn off IMPL Indicator 

GMPL I 
R-Reg to zero. 
Q-Reg to zero. 

I 
Command 02 to RO 

1 
Store 1 st word of 
CCW in 0000-0003 

I 

Count = 1 B (hex) to R3 
Flags = CC & SLI to RO 

I 
Store 2nd word of 
CCW in 0004-0007 

J 

Gate Address of IPL 
device from console 
switches to V-Reg 

eli 

, , , , 
'" Hard~are 

" " " / 

02000000 

60000018 

Byte-Multiplexer Channel IPL 

• IPL is started by selecting an input 
device and pressing the load key on 
the console. 

• I PL provides the facility for loading 
a program into main storage. 

• IPL can be from devices on either 
byte-multiplexer channel, selector/ 
block-multiplexer channel or I FA 
(if installed). 

The IPL procedure resembles a SIO 
instruction in which the selected I/O 
device and a zero protection key is 
specified. The eew for this instruction 
has a read command, zero data address, 
a byte count of 24 command chain flag 
on, SL Ion, and command address O. 

The IPL operation reads new informa
tion into the first 3 doublewords of 
storage. The remainder of the program 
can be placed elsewhere. 

The first doubleword contains the 
starting PSW for the entering program. 
The next 2 doublewords contain 2 eews 
that are command chained. The operation 
continues with these and other chained eews 
to enter the full program. 

Selection, handling of data and status, etc. 
follow the same general pattern asfor SIO. 
This diagram is intended to give overall 
flow of the IPL procedure. Refer to other 
parts of this manual for details of selection, 
data handling, status handling, etc. Good 
status and correct programming are 
assumed. 

At ending time, (ee bit not on) all channels 
including IFA branch to the GMMS (IPL OFF 
entry) to reset the IPL latch and end the IPL 
operation. The microprogram then branches 
to GIPW to load the PSW and return to I-cycles. 

Byte-Multiplexer 
Channel 

Move X to MA. 
Restore device 
add ress to X. 
Set P=33. Move 
link to MX. 

Check for 3 low 
zeros, Check 
for zero count. 

Set UCW Active 
Bit. Update 
UCW Address. 

Read 2nd CCW 
word. Perform 
Selection. 

GMSR ACTIVE 1 

Return to Data 
Handling. 

GMMS BRONCC10 

(lPL No CC Bit) 
Test Unit Address 
if no match, go to 
IPL wait state 

MATCH 1 

Set Service Out. 
Reset Active Bits 
Wait for Fall of 
Op-In. 
Store UCW. 

GMMS IPL OFF 

Reset IPL Latch 
Reset H Reg. 
Store I/O Addr. 
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SELECTOR CHANNELS 

• The Model 145 may have from one to four selector channels. 

• Selector channels are designed primarily for use with high
speed devices. 

• Each selector channel can control one operation at a time. 
Each operation is performed in burst mode. 

• The CPU local-storage registers and special microprogram 
routines in control storage are used with selector channel and 
CPU circu its to perform selector-channel operations. 

• Selector share cycles are used for data transfers (including 
sense and control information). 

• The word buffer feature enables assembling four bytes of data 
before requesting a share cycle. 

• There is time between share cycles to allow for CPU processing 
and for operating the integrated I/O devices. 

• Selector-channel addresses are 01-04. Device addresses on each 
channel may be any of the 256 possible bit combinations of a 

byte. 

• The maximum data rate possible with the word buffer installed 
is 1.85 million bytes per second; without the buffer it is 
820,000 bytes per second. 

BASIC DATA FLOW 

SDBO Wd, Hw 
Pre-a5m Byte 
Latches Select 

Main 

SOBI and SDBO .... 
~ Control 

Storage r 

MB2 MB3 

I 
N2 N3 Ml M2 M3 

SX Chan t j --.. Share cycle 
(Forced 
Ctrl Word) 

M-Reg Asm 

; B-Reg 1,2,3 

(Data Addrl 

1v4:@i&KJ&~ Indioa'es OU'pu, Data Flow 

~ Indicot.s Inpu' Dot. Flow 

Sec 
Ctrl 
Asm 

SDBO 
Asm EBI 

GBUF GBO 

~ 
GBS GSP 

il]E: 
GSTAT GF 

~ 
GTAG GTO 

* Low 4 Bits of GCT ~ 
I 
I 
I 
I 
L 

~ 

~ , To Control Points 

C-
Reg. 
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A-Local Expand. B-Local 

Storage Local Storage 

--- Storage ----
Externals GC GD --- GC GD 

GM GW GDRL GM GW 
GBI GB2 GB3 

GBF GCT GBD I (Data 

Addr) 

GE GS GL 

GTI GO GR 
A- B-

ister Register 
* 

SX Chan I A-Byte Asm B-Byte Asm 
I, -". Interface -

---, 
I SDBI 

I 
I ...ilL 

I .. 
I , t t ~ 

I 
I ALU-2 ALU -3 

I I I I 
I t 
L _________ 

Z-Register 

~ 

D-Register 

I 



LOCATIONS 

FFFC 
Control Storage Map 

K-Addressable ABKA 
FFOO 

C 

F870 

CPU Logout GHLC 

F800 

2 

F4BC 

Control Registers 
GRGS 
GCCR 

3 F480 

4 4 

BF30 

ALD Pages 
I/O Logout 

GMLO 
GSER 

GA SX Common BFOO 
GB Basic SX1 
GC Buffer SX1 

Expanded local storage GF Basic SX2 B3FC 

for selector channels GG Buffer SX2 Blk Mpx UCW Pointers GSTB 
GK Basic SX3 
GL Buffer SX3 BOOO 
GP Basic SX4 
GO Buffer SX4 
GW Expanded LS for SX 9FFC 

Sel Channel UCW Pool GSTB 

9000 

, 

8000 

3145 TM 8-45 



FUNCTIONAL UNITS 

Branch Word GA Function 

• Conditions channel circuitry response to subseuqnet control words. 

• Controls Tags-Out and Poll control. 

• Permits access to selector-channel circuits that cannot be accessed 
by normal microprogram. 

h Set GAL Reset GAL Set GAH 

K Field GA, OR, Oh GA, A-, Oh GA, OR, hO 

1 Set Poll Cntl (Sft) Reset Poll Cntl Set Channell 

2 Set Poll Cntl (Hrd) Reset Retry Holdup Set Channel 2 

3 Set Cmnd Retry Set Channel 3 

4 Set Channel 4 

5 Set Count Ready Start I/O Reset Set Channel Loaded 

6 Set Protect Check Set Control Check Set CC, Reset CD 

7 Set Program Check WLR Sample Set PCI 

8 Set I ntrpt Latch Set DCC Mode (Diag) Set Blk Shr Req 

9 Set Select Out Rst Out & Prmd Set D iag Stat 

A Set Suppress Out Reset Suppress Out *Set Channel Primed 

B Bus-In to GR *Set Data Out 
C Set Oprnl Out Reset Oprnl Out *Set Command Out 
D I nfce Ctrl Check (Diag) Service Signl *Set Service Out 
E Set Diag Mode Reset Diag Mode *Set Halt I/O 
F 

Reset GAH 
GA, A-, hO 

Channel Reset 
Chain Reset 
Machine Reset 

Reset Channel Loaded 

(Diag) Buffer Shift 
Rst PCI & Intp Lth 

RST DCW~DIAGJtRST BLOCK 
SHARE. QUE 

Reset Diag Stat, Rst I ntrp Lth 
Set Channel Tried 

Set Address Out 
Reset PCI 
Reset Halt I/O 

*Set Retry Holdup (Also) 
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Selector-Channel Addressing Principles 

RTN Name Selector Channel Micro Program f' 

GSER Error. Cleanup Rtne 

CSES Exceptional Status Trap Htne 

GSHT Halt Rtne 

GSIN Channel I nterrupt Handling 

Source and Destination 
Address - Forcing 

Some SH 'V CPU 

SX 2 Gate A 
~ 

u- !""'"A 
P-Low = 4 

SX 3 Gate A 
I-

.-f- A 

SX 2 Gate A -
U--A 

GSLD Block MPX Load Rtne SX 4 Gate A 

GSOP 

GSSS 

GSTB 

GSTR 

GSAP 

" 

1/0 Instructions Rtne 

Status Store Rtne 

Block MPX UCWs/Pointers 

Trap Rtne 

Address or Protect Check 

" 
Note: The selector channel microprogram 
handles all four selector channels: 

P = 9X forces the correct channel external 
register addressing. 

P = X4 forces the correct channel local
storage addressing. 

~ 

~t-- A 

SX 2 X4 YO 
0 

SX 3 X4 Y4 
0 

l 
SX 1 X5 YO 

0 --
~ 

SX 4 X5 Y4 
0 

W 

Close During Sh 'U 

... 

l 

-

Basic LS 

"-

20/G2D 
21/G2C 
22/G2M 
23/G2W 

24/G3D 
25/G3C 
26/G3M 
27/G3W 

28/Gl D 
29/G1C 
2A/G1M 
2B/G1W 

2C/G4D 
2D/G4C 
2E/G4M 
2F/G4W 

~ 

Open During SH 'l.J 
Expanded LS 

60/G2DRL " 64/G3DRL 

68/Gl DRL 

6C/G4DRL 

'\.. " 

To A/B 

To PBA 

Destination 

Address - Forcing 

Some SH '\J -CP U SXI X4---1 

Some SH 'V CPU --..... ~ 
SX 4 Gate -----__ ..-1 

P-H igh = 9 ------.... +-+-1 

SX 2 Gate -----I-.... +-J 

SX 3 Gate ---_+-.... -1 

A 

-SX4X51 0 

O -SX2X61 

0 -SX3X71 

" 
H ru CPU Some S 

P-High = 
Ext Ctr 
OTime 

0 
9 I-

I Asm Decode-
A 

SX 1 Gate 

SX 4 Gate 

SX 2 Gate 

SX 3 Gate 

Externals 

20/Gl BUF 
21/G1BS 
22/G1STAT 
23/GlTAG 

28/G4BUF 
29/G4BS 
2A/G4STAT 
2B/G4TAG 

30/G2BUF 
31/G2BS 
32/G2STAT 
33/G2TAG 

38/G3BUF 
39/G3BS 
-3A/G3STAT 
3B/G3TAG 

A f--

--
A 

--
A --
A 

--
A -

Source-Address 
Forcing 

'" I'\. -

) 
v A 

-

~r-
/A v 

100.-

r0-

-'. 
./ A 

r---

--
r-

~ 
~ A 

!""'""'" 

100.-

" 

-"-

v 

) 

To Basic 
Ext Asm 

To Expan 
Ext Asm 

To Basic 
Ext Asm 

To Expan 
Ext Asm 
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Selector-Channel Local-Storage Assignments 

Word Word I Word ""'gnments 
Addr Name Byte-O Byte-1 I Byte-2 Byte 3 

Selector Channel 2 
I 

20 GO Protect Key CCW bytes 1-3 

21 GC Flags CCW Byte 5 Count 
SX2 

22 GM Protect Key CCW Address + 8 

23 GW Marks . I Time Out Ctr Unit Address 

Selector Channel 3 

24 GO Protect Key CCW bytes 1-3 

25 GC Flags CCW Byte 5 Count 
SX3 

26 GM Protect Key CCW Address + 8 

27 GW Marks I Time Out Ctr Unit Address 

Selector Channel 1 

28 GO Protect Key CCW bytes 1-3 

·29 GC Flags CCW Byte 5 Count 
SX1 

3A GM Protect Key CCW Address + 8 

2B GW Marks I Time Out Ctr Unit Address 

Selector Channel 4 

2C GO Protect Key CCW bytes 1-3 

20 GC Flags CCW Byte 5 Count 
SX4 

2E GM Protect Key CCW Address + 8 

2F GW Marks Time Out Ctr Unit Address 

Each of the four selector channels has four Local Storage words 
that contain the UCW for the operation. The microroutine 
specifies only the letters of the name to allow one routine to 
operate for all channels. The channel selection develops address 
bits 4 and 5 to select the correct word in local storage. 

The four local-storage locations of each channel are used as 
general working registers and thus have multiple uses throughout 
the operation of the channel. 

The "Standard Usage" map is valid only when the count ready 
latch (GL bit 0) of that channel is on. 
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SELECTOR-CHANNEL EXTERNAL WORD ADDRESS AND BIT ASSIGNMENTS 

Word Word BYTE NAMES 
Addr Name Byte·O Byte·' Byte-2 Byte-3 

Selector Channell 

20 G1BUF G1BO B2B1 G1B2 G1B3 
21 G1BS G1SP B1BF G1CT G1BD 
22 G1STAT G1F G1E G1S G1l 
23 G1TAG G1TO G1T1 G10 G1R 

24 
25 
26 
27 

Selector Channel 4 
28 G4BUF G4BO G4B1 G4B2 B4B3 
29 G4BS G4SP G4BF G4CT G4BD 
2A G4STAT G4F G4E G4S G4l 
2B G4TAG G4TO G4TI G40 G4R 

2C 
2D 
2E 
2F 

Selector Channel 2 
30 G2BUF G2BO G2Bl G2B2 B2B3 
31 G2BS G2SP G2BF G2CT G2BD 
32 G2STAT G2F G2E G2S G2l 
33 G2TAG G2TO G2TI G20 G2R 

34 
35 
36 
37 

Selector Channel 3 
38 G3BUF G3BO G3Bl G3B2 G3B3 
39 G3BS G3SP G3BF G3CT G3BD 
3A G3STAT G3F G3E G3S G3L 
3B G3TAG G3TO G3TI G30 G3R 

3C 
3D 
3E 
3F 

NOTE: Microcode that addresses externals and local 
storage is of the form G1 BUF, G2D, G3BS, G2M, 
etc., for microcode that is not hardware-switched. 
(Example: GM=G2DR l,SF). 

Microcode that is hardware switched is of the form 
GBUF, GD, GBS, GM, etc. (Example: RDW GM DC, 88). 

SX External Word Address and Bit Assignments 

External Bit Assignments 

GBUF GBO 

0 

2 FWD = BO 
3 I 4 
5 BKWD=B3 
6 I 7 

GBS GSP 

0 Spare 
1 Spare 
2 Spare 
3 Spare 
4 Spare 
5 Space 
6 Spare 
7 Spare 

GSTAT GF 

0 Chain Data 
1 Command Chain 
2 Sup length I nd 
3 Skip 
4 Allow Halt 
5 Input FWD 
6 Input BKWD 
7 Output 

GTAG GTO 

0 Operational Out 
Select Out 

2 Address Out 
3 Command Out 
4 Service Out 
5 Data Out 
6 Suppress Out 
7 Spare 

GBl GB2 GB3 

0 0 0 

FWD = B1 2 FWD = B2 2 FWD = B3 
3 I 3 I 3 I 4 4 4 
5 BKWD = B2 5 BKWD = B1 5 BKWD = BO 
6 I 6 I 6 I 7 7 7 

GBF GCT GBD 

0 Spare 0 Buffer Ctrl Chk 0 Spare 
BF 6 Count through 0 GDRl6 

2 BF 5 2 Chain Data Request 2 GDRl7 
3 BF 4 3 Buffer Partition 3 GB P 
4 BF 3 4 GClO 4 GB 0 
5 GB 2 5 GCll 5 GB 1 
6 BF 1 6 GCl2 6 GB 2 
7 BF 0 7 GCl3 7 GB 3 

GE GS Gl 

0 Prog Ctrl Intrp 0 Channel loaded 0 Count Ready 
1 I ncorrect length 1 I nterrupt latch 1 Count Zero 
2 Program Check 2 Poll Control 2 GR Full 
3 Protection Check 3 Channel Primed 3 Interrupt Cond 
4 Data Check 4 DCC Mode 4 Share Error 
5 Chan Ctrl Chk 5 Command Retry 5 Spare 
6 Intf Ctrl Chk 6 Gate A/Share R eq * 6 

}Position Code 
7 Chaining Chk 7 Gate B/Trap Req* 7 

*(Diag) 

GTI GO GR 

0 Operational In 0 0 
1 Address In 1 
2 Status In 2 Chan Bus Out 2 Communication 
3 Service In 3 I 3 with Data Flow 
4 Select In 4 4 (Data, Command, 
5 Data In 5 Chan Bus Out 5 Address, Status) 
6 Request In 6 I 6 I 7 Disconnect In 7 7 
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GBUF External Word (Bytes GBO-GB3) 

The selector-channel word buffer external facility (GBUF) 
consists of the seven byte-registers that are located logically 
between the normal channel GR-register and the GO-register. The 
GR-register is functionally part of the buffer. This configuration 
allows space within the buffer for two complete words. Each 
position of the buffer has a buffer-full bit in addition to the data 
bits and parity bit. (Refer to "GBS External Word.") 

Under normal operating conditions, the GBUF external word is 
not addressed by the microprogram. The data-handling functions 
of the buffer register operate within circuitry via the normal data 
paths and are active during a share cycle to move data from the 
SDBO to the external bus or from the external bus to the SDBI. 

When the selector-channel word buffer feature is present, there 
are complete buffer facilities for each installed selector channel. 
Refer to "Selector Channel Word Buffer." 

GBS External Word (GSP, GBF, GeT, and GBD) 

GSP: This byte has no assigned function. 

GBF (Buffer Full Byte): The buffer-full bits control the shift of 
data through the buffer. This facility is addressed by the 
microprogram for a logout operation. 

GeT: The GCT facility consists of the GCl register, buffer 
control check latch, and the block buffer at 4-latch. These 
facilities are buffer-control circuitry; they are not addressed by 
the microprogram except for logout. Refer to "GCl Register." 

GBD: The GBD facility consists of bits 30 and 31 of the GDRl 
register and the buffer byte counter. Refer to "GDRl Register." 

GSTAT External Word (GF, GE, GS, and GL) 

GF: The GF facility consists of eight latches, also called flag bits. 
Some of the latches are set/reset by circuitry; others are set/reset 
by the GA microword. 

GE: The GE facility is primarily for identifying check 
conditions. It also indicates the presence of a program-controlled 
interrupt. The facility consists of eight latches. 

GS: The GS facility consists primarily of share-trap controls and 
indicators that· are set and reset by microprogram routines via the 
GA function. Bits 6 and 7 are used for diagnostics also. 

GL: The G l facility consists of eight latches that are used to 
indicate various conditions and share cycles. 

GTAG External Word (GTO, GTI, GO, and GIR) 

GTO: The GTO external facility makes Tags-Out information 
associated with selector·channel operation available to the 
microprogram. There are seven latches (one position of the byte 
is unassigned). The latches are set and reset by the GA function, 
with the exception of some that are reset by circuitry. The 
conditions of these latches may be tested by the microcode. 

GTI: The GTI external facility provides communication between 
the selector-channel tags-in register and the microprogram. The 
tags-in register consists of eight polarity holds that represent the 
eight tags-in bits. The condition of the GTI can be tested by the 
microcode. 

GO: The GO register (bus-out) receives data bytes either directly 
from the GR register (bus-in) or from the GR register via the 
word buffer circuits. The GO register can be tested by the 
microcode. 

GR: The GR register can be gated to accommodate anyone of 
the following: a) Channel Bus-In; b) Channel Bus-Out; or c) 
Status. G R is the only byte of the selector-channel externals that 
can be used as a destination in microprogramming. 

The inbound information can be: 
Address from unit 
Status from unit 
Data from unit. 

The outbound information can be: 
Address to select unit 
Command to unit 
Data to unit. 

Outbound information is always passed to Bus-Out through the 
GO register. 
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Initial Selection Polling Controls 

Signal ALD 

350 ns. Delay (clock) GB 512 

Poll Control Latch GB 313 t 
Channel Loaded Latch GB 213 t 
Channel Primed Latch GB 313 

Retry Holdup Latch GB 311 

Hold GO for Compare GB 513 

Add ress·O ut Latch GB 312 

Recirculate Latch GB 512 

Select-Out Latch GB 213 

Hold-Out (If) GB 313 

Operational-I n (If) GB 211 

Address-In (If) GB 211 

Address Miscompare L GB 513 

Command-Out Latch GB 312 

Count Ready Latch GB 413 

Status-In (If) GB 211 

Status Latch GB 513 

Service-Out Latch GB 113 

Start 350 Delay 

Chan Loaded 

(Not) Status L 
(Not) 350 Delay ____ ~ A 

Status-In not Srv-O ___ ---' 

Status Delay Driver ----I 

GB512 

1 
1 

350 ns. 

350 Delay 

GB081 

The only clock in the polling controls is a 350 ns. delay block. By 
controlling the input gating and the selection of the output level, 
the controls are made to follow in sequence with the accepted 
delays for the interface exchange. 

elect Out Latch (Not) S 
(Not) 0 pin 

L Set GA 

K 1 Dec 

Set Cou 

Reset 

nt Ready 

Set GAH 

K 5 Dec 

Reset GAH 

Reset ________ ---J 

~ 

POLL CTRL 

A Poll Ctrl 
FL 

i.-... 

-10 
GB313 

CHNL LOADED 

FL Chan Loaded 

GB213 

During the initial selection from the start I/O instruction, the 
hardware initial selection controls select and confirm the device 
address, issue the first command, and test the returned initial 
status. With a zero status condition, the operation is allowed to 
continue into the data transfer. The initial selection sequence 
microprogram provides the address and the first command ·along 
with the interlocking signals. For SIO, after the microroutine has 
supplied the device address and command, the routine loops with 
a time-out test until the controls return the signal to indicate that 
the polling was successful". If the polling is unsuccessful, the 
operation ends either with a time-out condition or a returned 
initial status from which the microroutine sets the appropriate 
condition code. 

I nitial selection on command chain does not use the micro
program loop. 

The microroutine first sets the poll-control latch to prevent a 
channel device from gaining control of the channel through the 
request-in line. This latch must remain set until after the interface 
select-out line has been raised. The microroutine next sets the 
channel-loaded latch to indicate a channel in-use condition for 
subsequent operations. This latch remains set throughout the 
channel operation. 
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Initial Selection Polling Controls 

CHNL PRIMED 

Set GAH ------r-,r--'r-- Chnl Primed 
K A Dec _____ ;J A -- FL 

Serv Out ------f---. 
Reset J 0 

GB 313 

RETRY HOLDUP 
Set GAH 

GA Retry Dec ----I A 
GA Retry Holdup 

FL 

GB 311 

HOLD GO 

Chnl Primed A 

(not) Sel OUt -------1 
FL Hold GO for compare 

Reset 
o 

(not) Retry Holdup 
GB 513 

(not) 350 Delay ---t 

Address In Latch A 1--""-- Start 350 Delay 

Chnl Primed -----I 

(not) Cmd Out 

(not) If Addr Out 

(not) Op In Latch 

Chanl Primed 
ADDR OUT 

350 Delay --------1 

Op In ----------r-
O
-. 

Reset 

FL 

GB 312 

Halt 1-0 Addr Out ----I 

Addr Out 

If Address Out 

The channel-primed latch is set by the m icroroutine after the 
device address has been loaded into the G R register and transferred 
to the GO register. The output of this latch initiates the polling 
sequence. The latch remains set throughout the polling, and its 
reset indicates a successfu I poll ing to the m icroroutine. 

The retry-holdup latch is set at the same time as the channel
primed latch through a special set decode gating. The latch 
output serves as an interlock to be reset by the microroutine 
when the command has been placed in the GR register. 

If a microword sets a latch, (such as Service-Out) that is reset 
by hardware asynchronous with the microcode, the holdup latch 
is also set. The holdup latch prevents the hardware reset to 
ensure that microretry does not cause the latch to set multiple 
times and give invalid signal sequences. 

The hold-GO-for-compare latch is set immediately following 
the set of the channel-primed latch to enter the address in the 
GO register and to ensure that it remains until the address has 
been compared. At the same time that the latch is set, the initial 
gating to set the address-out latch is used to start the 350 ns_ delay. 
At the end of the delay period, the final gating is made to set the 
latch. The latch output blocks the initial set gating to stop the 
350 ns. delay drive; the output then falls at the end of a 350 ns. 
delay period. The initial delay ensured that the address was on 
the bus-out lines for the required time before raising the address

out tag line. 

(not) 3500 I 

Chnl Pr 

e ay 

imed 

If Addr ess Out 

Addr In 

Reset 

(not) Diagnostic M 

~ 

A 

"""'-

RECIRCULATE 

.- Recirculate 

FL L Start 350 Delay 

.r-
IO 

GB 512 

If Hold Out 

350 Delay SEL OUT 
---------1----1-~ __ -Select Out L 

Recirculate _______ --1 A 

Reset 

Not Equal 

(not) Cmd Out ------f 
350 Delay 

Hold GO for Com 

Reset 

ch 

350 Delay 

Adr In Lat 

Chnl Prime 

(not) Hold 

(not) adr M 

d, 

GO for Com 

iscompare 

(not) Som e In Tag 

Reset 

FL 

GB 213 

ADR MISCOMPARE 

Adr Miscompare 

FL 

GB 513 

r--

CMD OUT 

A - ~ Cmd Out 

FL - _r-
IO 

GB 312 
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The recirculate latch is set when the 350 ns. delay signal falls. 
The latch output initiates a new drive for the 350 ns. delay. The 
prime purpose of this latch is to control the delay output. After 
the delay period, the output remains in the raised level until 
after the recirculate latch is reset. A combination of the 
recirculate latch output and the rise of the delay output gates the 
set of the select-out latch. 

'Hold-out' enables the control unit to recognize 'select-out'. 
'Select-out' on means that 'select-out' and 'hold-out' are both on. 

When the addressed control unit raises the address-in tag line, 
the recirculate latch is reset to start a 350 ns. dealy in the fall of 
the delay signal. During this period, the output of the address
compare circuits is allowed to settle and deskew bus-in. If the 
not-equal signal is developed, the address-miscompare latch is 
set. When the 350 ns. signal falls, the hold-GO-for-compare latch 
is reset to allow the command to be entered into the GO register. 
The latch set signal also initiates a new 350 ns. delay. With rise 
of the delay signal, the command-out latch is set if the addresses 
compared. The delay provides the necessary bus-out interface 
delay, and the latch output raises the command-out tag line. The 
output of the command-out latch also blocks the reset gating of 
the hold-GO-for-compare latch and the 350 ns. delay drive. The 
subsequent fall of the delay signal is not used in the sequence. 



(not) Sta 

Set GA 

K 5 De 

tus Stop Cond -
L 

c 

Count Z 

Reset 

ero 

ay 

r---

A 

~ 

-350 Del 

Status In not Srv Out _ 
A 

Chnl L oaded -
(not) S tatus In 

Reset 

Set Count 

CNT ROY 

--- r--
FL 

r--

1 0 

GB 413 

STATUS LATCH 

Ready 

Count Ready 
At some point in time during the polling sequence, the micro

routine has set the count-ready latch to indicate that the data
address and count information has been stored in local storage, 

and that the channel·circuitry is conditioned for data transfer. 
The latch output is used to reset the poll-control latch. 

When the addressed control unit raises the status-in tag line, 
the status-in not service-out signal developed initiates a new drive 
for the 350 ns. delay. At the end of the delay period, the status 

- Status Latch latch sets. The latch output blocks the gating that developed the 
delay drive to start the fall delay. If the initial status is zero, the 
service-out latch is set at the end of the delay period. The output 
of this latch raises the service-out tag line on the interface to 
indicate acceptance of the status. The bus-out lines are forced to 
zero while the tag line is raised. The output of the service-out 

-10 
l 

FL 

GB 513 
latch also resets the channel-primed latch, indicating the completion 
of the polling sequence to the microroutine. 

(not) 350 Delay 

Status Latch 

(not) Intrp Cond 

Chnl Primed 

SERVICE OUT 

If the status is not zero, the hardware does not automatically 
respond with 'service-out'. I nstead, a request is made for the 
GSES trap, which will handle bad initial status and respond to 
'status-in' with microcode. 

(not) Some In Tag 

Reset o 

FL 

GB 113 

Service OUt Lch 

When the addressed control unit drops the status-in tag line, the 
status latch and the service-out latch are reset, completing the 
channel connection. The next response is from the addressed 
control unit when ready for/with data. 

3145 TM 8-53' 



Device Initiated Polling Controls 

Signal ALD 

350 ns. Delay (Clock) GB 512 

Request-In (If) GB 211 

Select-Out Latch GB 213 

Hold-Out (If) GB 313 

Operational-In (If) GB 211 

Address-I n (If) GB 211 

Command-Out Latch GB 312 

Status-In (If) GB 211 

Selr (x) Trap Req GB 514 

(not) Diag Mode ------, 

Request In Lch ----4 

(not) Chnl Loaded 

(not) Op In ------t 

(not) Poll Ctrl ___ --t 

SEL OUT 

FL 

Reset __ _ 

GB 213 

If Hold Out 

Select Out L 

The select-out latch is set with the up-level of the request-in 
line at the interface. The output of this latch raises the hold-out 
line on the interface to initiate the polling. The interface select
out line is tied in the raised level. When the control unit receives 
the select-out and hold-out condition without the address-out 
tag, it. tests its request-in control to determine whether it has 
placed the request. The control unit that placed the request sets 
its address on the bus-in lines and raises its address-in tag line. 

(not) Chanl Loaded ---.... 

(not) Cmd Out -----"1 1-4~-- Start 350 Delay 

Address In ______ --. 

(not) Bus In Par Ck -------, 
350 Delay ---------. 

CMD OUT 

Reset -------------1~1 
(not) Some I n Tag ________ -;_O .... __ ~_:_I 

Chan Loaded -------t 
(not) Status L-------t 

(not) 350 Delay --------1 
Status In not Srv a -----I 
Start 350 Delay __________ , 

GB 312 

350 ns 

GB 512 

POLLING CLOCK 

Cmd Out 

350 Delay 
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When the channel is not connected with any of the devices for data 
transfer, a control unit may request service through the request-in 
line of the interface. Under this condition, the channel operational
in line is down, and the channel-loaded and the poll-control latches 
are reset. An automatic polling occurs without any m icroroutine. 
The operation ends with a trap request to handle the status. The 
controls stop with the device address in the GR-register and the 
status on the bus-in lines. 

When the channel controls detect the address-in tag signal, the 
initial gating to set the command-out latch is completed. This 
signal drives the 350 ns. delay for the settling delay for the bus-out 
lines. The bus-out lines are forced to zero for the proceed 
indication. After the 350 ns. delay period, the command-au t 
latch is set to raise the command-out tag line. At the same time the 
address on the bus-in lines is set into the GR register for later 
presentation to the CPU. 

When the requesting control unit detects the proceed indication, 
it drops the address-in tag line. This causes the channel control 
to drop the command-out tag. When the control unit has placed 
its status on the bus-in lines, it raises the status-in tag line. When 
the status-in tag is detected, the request for a trap is developed 
to handle the information. The status latch and the service-out 
latch are not set. The status remains on the bus until the trap 
releases them by either accepting the status or calling for the status 
to be stacked. 



Share-Cycle Controls 

Share Cycle Timing Chart 

O-T I l-T I 2-T O-T I l-T 

I FA or Selr 1 Share Req 

Selr 1 Timing Lth 

Selr 1 Share Req Lth 

Share Lth S-R -SXl Share Cycle 

Some Share Cycle CPU 

Block SXl Share 

Selr 1 Gate 

Set Some Share Cycle 

Selr Share Req CPU 

Sell Interlock Lth 

Selr Share B Cycle 

Selr Share B + C 

Selr Share Inlk 

Selr Share C Cycle 

Share C Delayed Lth 

Selr Share D Cycle 

Share D Delayed Lth 

Selr Share E Cycle 

A control unit requests data service by raising either the service
in or the data-in line on the interface. For the nonbuffered 
channel, this signal initiates the share-cycle request. The buffered 
input share-cycle request is developed when the four low-order 
positions of the buffer become full. 

Only one share cycle can be in progress at a time. The channel 
obtaining service determines which area of local storage is accessed 
for protect key, count, and data-address information during the 
share cycle. 

With the I FA option, channel 2 has the highest priority in case 
of simultaneous requests for share-cycle service; I FA is next in 
priority, and channel 3 is last. Without I FA, the priority is channels 
1,2,3, und 4. 

No channel can obtain service for a share cycle in the machine 
cycle immediately following a share cycle for that same channel. 
Also, each channel is guaranteed that no other channel may have 
more than one request serviced when a service request is out-

-
12-T G-T I l-T I 2-T 

First 
Share Cycle 

G-T I l-T I 2-T G-T I l-T 

- -
If interlock lat h is set, 

block share rer 

Second 
Share Cycle 

rains up. 

standing for another channel. For example, suppose channels 2, 
3, and 4 simultaneously request service. Channel 2 obtains service 
because it has the highest priority. Channel 3 obtains service next, 
and during the channel 3 share, channel 2 requests another share 
cycle. Channel 4 is serviced before channel 2 because the channel 
4 request has been pending since the last channel 2 request. 

When a channel has a share request, the early-share latch for 

I 2-T 

that channel is set except when the channel is already taking share 
cycles. Anyone of the early-share latches being set develops the 
set-some-share-cycle I ine to initiate the share-cycle sequence. The 
share-cycle clock is started at 1-time of the following cycle except 
when that cycle is the first cycle of a storage word. The clock is 
started by setting the share-request latch. At the following O-time, 
the share-B latch is set to define the first of the share storage cycles. 
The timing chart shows the relations of the clock outputs and the 
major control signals. 

G-T I l-T I 2-T G-T J 

-

All selector-channel data transfers are made using the share-cycle 
controls. The current microroutine is stopped for two control-word 
cycles (one memory word) for each data transfer. A data transfer is 
for one byte on a nonbuffered channel or up to a fullword on a 
buffered channel. The share-cycle transfer uses a storage word that 
is forced into the C-register by the controls. During the two cycles, 
the data is moved to or from storage, the address is incremented 
by the number of bytes in the transfer, and the count is decre
mented by the number of bytes in the transfer. The operating 
control address is held in the N2- and N3- registers and returned 
to the M2- and M3-registers during the storage 2 cycle of the 
share cycle. 
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Share Request Priority Controls 

IFAorSX1 
Share Req 

r---

W/O IFA Selr 1 
A W IFA Selr 2 

Time Lth 

Share Latch S-R 

Machine Reset 

W/O IFA Selr 1 
W IFA Selr 2 

Share Reg Lth 

W/O IFASelr 1 
W IFA Selr 2 
Share Cycle 

o - Some Share Cycle CPU 

- 0 ~4-~--------~----------~.-~TI I 
__ ---II A 

Selr 3 Share Req 

Selr 4 Share Req 

A 
FF FF 

4t- - r--

GAl15 lG -
GAll5 GAll5 

r---
Selr 3 - Selr 3 

- A Time Lth Share Req Lth 

----- FF FF 
GAl15 

LEJ 
-..--

GA115 GAl15 

I 

Selr 4 -

-
4t-- A 

-

"-- FL 
W/O I FA Selr 1 
WIFASelr2 ~ 

Interlock -

GAl13 r-t-t----il A I--- 0 L.......r;l.-
L F L '--_-'i L.J 

SX2, SX3, __ .....a 
+ +-+-4--IU--1 

SX4 Req Lth 

GA113 

SX3,4 Req Lt 

Selr 3 
Share Cycle 

FL 

(;A 11::l 

SX4 Req Lt 

-t--t-t-t I 

GAll3 

W/O I FA Selr 2 
or IFA 

Interlock 

~ __ O_ .. rB-~A 
L- FL 

GAl13 

Selr 3 
Interlock 

GA113 

J---I I t------, 

Selr 4 
Time Lth Share Req Lth Selr 4 

~ A J-~----+--~ 
"-- FF FF 

~~-+-+-+-;-~-~---~~ __ -rS~h~a.r~e~C~Y'CI~e, 

--t. GAl15 

~r--t-----:~_--,~~--:~_--, '- a to 45 Time 
FL '-----I A 

GA115 GA115 

OTime ~ __ ~r1~ __ -;---
A I 

OTime Diy o 
1 st Cycle Lt -

L..-_-J 

L~~ ________________ G_A_l_l3 ____ ~ 

L-~============================~~ o r Set Some Share Cycle 

A 

~ 0 
...--i--i 

A 

GAlll 

A 

I-- 0 
1.....-1-----1 A 

--
GA 111 

-

- or--
- ---

-' 
-0-
-
-

W/O IFA Selr 1 

W IFA Selr 2 
Gate 

W/O IFA Selr 2 
or IFA 
Gate 

Selr 4 Gate 
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1 Time -
o Time Diy A 

r-- ...... 

(Not) Storage 
_ (Not) Bloc 

1 Cycle 
k Share ~. - Share Req 

Set Some Sha 

1 Time 
o Time Diy 

OTime 

re Cycle 

-

~ 

~ 
CPU 

PH -

GA 114 

Share Inlk 
I----

PH 

GA 114 

L:hare C Diy 

PH 

GA 114 

~hare D Diy 

PH 

GA 114 

Share Latch S-R 

1 Share B Cycle 

-
Selr Share Req CPU 

Selr Share 8 Cycle 
PH 

-r---- ~ GA 114 
Selr Share 8 C Cy 

1 Share C Cycle 
Selr Share I nlk Lth 

Selr Share C Cycle 
PH 

~~ 

GA 114 

Share D Cycle 
Selr Share D Cycle 

PH 

~ 
GA 114 

Share E Cycle 

Selr Share E Cycle 
PH 

~ 
GA 114 

C-Register Share Words (With Buffed 

CO Cl C2 
0123 4567 1234 4567 0123 4567 

Output 0100 0000 1011 1000 0000 1100 
In Fwd 0100 1000 1000 1000 0000 1100 
In Bwd 0100 1000 1000 1100 0000 1100 
Skip 0100 1000 1000 0100 0000 1110 

C-Register Share Words (Without Buffer) 

co Cl C2 
0123 4567 0123 4567 0123 4567 

Output 0110 0000 1011 1000 0000 1100 
In Fwd 0110 1000 1011 1000 0000 1100 
In Bwd 0110 1000 1011 1100 0000 1100 
Skip 0110 1000 1011 0100 0000 1110 

With the rise of the share-request (share-A) signal, the highest 
priority channel having its early-share latch set has its share latch 
set. The output of the share latch gates the appropriate addresses 
and controls for the honored channel during the share cycle. The 
some-share-cycle signal developed from the share latch output 
blocks the previously addressed control word on the SDBO from 
entering the C-register and the early decodes. At the same time, a 
storage word for the share cycle is forced into the C-register. The 
local-storage and external addresses for the share cycle are forced 
through, gating with the channel share-cycle line and are not 
entered into the C-register. The channel command lines gate the 
appropriate bits into the C-register for the read/store control and 
the direction of the address update. The buffer memory flag bits 
control the address update and the count decrement. 

During the first share cycle, the encoded local-storage address 
contains the data address of the specified channel. This data 
address is set into the M-register for the storage addressing. The 
address is then incremented or decremented by the amount equal 
to the sum of the buffer memory flag bits and destined back to 
the originating local-storage address. Depending on the direction 
of the data movement, the specified channel GBUF word is gated 
and the appropriate main-storage gates are set. The data follows 

C3 
0123 4567 

0000 1000 
0000 1000 
0000 1000 
0000 1000 

C3 
0123 4567 

0000 1000 
0000 1000 
0000 1000 
0000 1000 

the normal data paths either from the SDBO to the external bus 
or from the external bus to the SDB!. In the case of the read 
function, the data movement occurs at the start of the second 
share cycle. 

During the second share cycle, the encoded local-storage 
address is incremented by one for the count of the specified 
channel. The count is decremented by an amount equal to the 
sum of the buffer memory flag bits and destined back to the 
originating local-storage address. During the latter portion of the 
second share cycle, the Z-register is sampled to set the GCL 
latches to indicate the remaining count to the buffer controls. 

A share request for a second channel can be initiated during the 
storage 2 cycle of a share 2 cycle to follow immediately. No CPU 
cycle occurs between the share 2 cycle of the first share cycle and 
the share 1 cycle of the second share cycle. The interlock that 
ensures that the second channel is allowed a request allows one 
CPU cycle to occur between share cycles for the same channel. 
The third and fourth share cycle lines from the clock are used in 
conjunction with the second-cycle destining, and the retry 
controls. The operating channel share latch is reset at 1-time 
delay of the second share cycle after the local-storage access for 
the count. 
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OPERATIONS 

The selector-channel data-flow paths follow those of the basic 
data flow shown previously in this manual. During the instruction 
setup and normal microroutine operation, the basic CPU paths 
are used in the normal manner. It is only during the share cycle 
used to move channel data that the flow is shown. 

When the share-cycle request is honored, the CPU has already 
transmitted the address for the next control word to the storage 
unit. That address is also in the N-register, where it remains 
unchanged during the share cycle. The addressed data from 
control storage is blocked from entering the C-register. The 
selector-channel share-cycle controls force a storage word into the 
C-register to control the operation. 

The data address for the main-storage access during the share 
cycle is read from the GDR l-register in expanded local storage 
into the B-register and the M-register_ During the first share cycle, 
the address is updated (incremented or decremented) by the 
number of memory flag bits set for the transfer. The updated 
address returns to expanded local storage by way of the 
Z-register, the D-register, and the SDBO assembler. The new 
address is also available on the EB I to set the latches of the 
GDRl-register. 

The share-cycle write data moves from main storage to the 
GBUF external by way of the SDBO, the SDBO preassembly 
latches, the byte-selection circuits, the SDBO assembler, and the 
EBt. The memory flag bits set determine which of the bytes read 

. into the buffer. Read data moves from the GBUF external to 
main storage through the EDBO, the A-register, the A-byte 
assembler, and the SDBI. The memory flag bits set determine 
which of the bytes are stored. 

During the second share cycle, the count for the channel 
operation is read into the B-register from the GC-register in local 
storage. The count value is decremented by the number of 
memory flag bits set for the transfer. The updated count returns 
to local storage by way of the Z-register and the D-register. The 
new count is also available from the Z-register to set the latches 
of the GCl-register in the buffer externals. These latches are 
originally set from the EDBI when the CCW count was destined. 

The control address left in the N-register at the start of the 
share cycles is moved to the M-register through the M-register 
assembler. The address remains in the N-register for use if another 
share-cycle request is honored immediately_ 
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Start I/O 

Operational Overview 

CPU-Progr sx-slO· GAAI ( 

$ 

GSTR GSOP 
Branch I 

SXMicropgr. ~~~ ____________________ t-=-____ G_S_O_P ______________ -t ________________________ -1 __________________ -------1--------------------------~------------------------~--------------~ 
Test for superv. state Test if test chnl·op 

GLAA 

Clear GWO Clear GW2 

1. Start I/O LT. (SYSO.B6) 

2. Poll Control 

3. Channel Loaded 

4. Set GR-Register 
:rr":- {-!. (. ~. ,1,1/ .' ... I' .... ~ / .. 

5. Set Primed 

6. Retry Holdup 

7. 350 Diy Active 

8. Hold Go· Latch 

9. Address-Out 

10. Recirculate-L T. 

11. Select-Out L,/"t i" 

12. Op-In 

13. Address-In 

14. Count Ready 

15. Command-Out 

16. Status-In 

17. Status- Latch 

18. Service-Out 

Test valid chnl addr. Set op·code in L-Reg 

Test Op-code 
Rd-out CAW into Q-Reg 
Test CAW format 
Set start I/O bit 
Br. on chnl addr. 
Set P=K92 
Br. on SX2 chnl 
Sot chnl2~ 
(GA or K20) 

Set P=K94 
Clear GW2 
Test chnl loaded ... 
G50=1 
Set start I/O Lt 0 
(SYSO, or K02) 
Set poll control e 
(GA, or K01) 
Test if poll cntrl is set 
(Timeout-loop) 
Set unit addr into GW3 
Set unit addr into GR 
(GTAG=V, S1I 

Set chnl loaded e 
(GA, or, K50) 
Set S7=1 (indicat. S10) 
Move CAW into GM 
(GM=Q,SF) 
Reset interrupts 
(GA,A-, K70) 
RD 1st CCW WD into GD 
Test for valid cmd. 
RD 2nd CCW WD into GC 
Test for progr. chk 
Set primed/GA-retry 
Hold up eo 
(GA, or, KAO) 

Set command into G R 
Set data address into G D R L 
Move protect key 
(GDO=GNO) 
Set count ready 
(GA, OR, K05) 
Store next CCW addr. 
(GTW GM DC, BO) 
Reset Retry Hold Up 0 
(GA, A-, K02) 

=0 

Test IPL (SYS2, 84) 
Test for non zero status 
Set condo code=O 
(P=O, OE, K02) 
Set condo code into UO 
(UO=UOL, OE, PH) 
Set P=K50 
Reset start I/O L T 0 
(SYSO,A-,K02) 
Return to I-cycle 
(0,1 in RTN LNK) 

_
__________________________ ~U~P~R~ .... ~ ...................................................................................................................................... ~ luPR 

uPRI ,14 

__________________________________________ ~~~U~P~R~.! ................................ ~ ...... ~ ........................................................................................ r 
Unit ( ddrlSS Command J 

5 1 10 1 1 10'8 

5 

lOp-In 

Addr-In 

___________________________________________________________________________________ ~l~O~~~--l_~~~ .................................................................................. .. r 
________ ~--------------------------------------------------------------------------------~I~e~TI~ -. ............................................................................ ~Sf 
________________________________________________________________________________________________________ ~In~r~Time~_l .......................... ~15~-----------------------------------1 
-----------------------------------------------------------~------------------------~~~P~R~1_ ................................ ~~ .................................................... ~ f 

13 

__________________________________________________________________________________________________ ~--------______________________________ ~1~5~~I~t~f~i~ 
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Selector Channel Start I/O (Part 1 of 3) 

From I-Cycles 
GAAI 

GLAA lOOP 0/1 

Decode I/O 
Op, test mode. 
Read and check 
CAW. Decode 
channel Adr. 

8-20 
8-38 

No 

Test interrupt 
and loaded latches 
Set condition code 

RTN LNK 
Reset H5 

MICROROUTINE 

condition code 1 

-----------------r 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Set latches to 
gate channel 
1,2,3, or 4. 

Put instruction 
in T and device 
Addr in L. 
Reset counter 

-------------- - ~-___ ...J--_~ - ----------, ,----

Set start I/O 
set poll control 
reset DCC Latch 

RTN LNK 
Return to I-Cycles 

Test for error in 
channel, if yes, set 
lockup CSW and 
condition code 1 

I 
1 
I 
1 
I 
I 
I 
I 

~d-1- -- -- -- -- -- --1- - - --

CIRCUITRY 

- -GA 111 

SID L = 1100 0001 
TID L= 1101 0010 
HID L ~ 111 a a 1 00 

Set poll control 
to block device 
initiated requests 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Selector Channels 8-60 

Initialization 

The selector-channel data-transfer operations are initiated and set 
up through a series of microroutines. During this period, the 

appropriate hardware controls are set and the data address and 
count information are set into assigned local-storage addresses. As 
soon as the start signal is given to the hardware controls after 
having set the device address, the controls initiate an automatic 
polling sequence. The microroutine waits until the polling is either 
completed or rejected before returning to the I-cycles routine. 
When the channel device is ready for data transfer, it raises the 
service-in or data-in line to signal. Data is handled with the share
cycle sequence as required. The data-address and count informat
ion that was stored in local storage is used for the operation and 

then updated. 
All of the I/O instructions are decoded in the I-cycles (GAAI) 

routine and enter a common I/O decode (GLAA) routine to 
determine the channel and enter the CAW data. The selector
channel instruction is further decoded in the GSOP routine to 
determine which of the I/O instructions is being executed. This 
diagram uses the start I/O instructions to show the hardware 
controls and the polling sequence. The other instructions are 
branched to separate diagrams as indicated. 

The poll-control latch is set to block channel-initiated action 
during the sequence. If a channel-initiated sequence has already 

been started, the latch cannot be set and the operation is branched 
to indicate the error condition before returning to I-cycles. 

If the, channel is available, the device address is set into the 
GW-register for later use in the channel operation. 

L __ 

Conditional: can 
be blocked by 
Op-I n or Sel-I n 

Yes 
HID 

I 
I 
I 

L.-___ ---,,--___ --J __ GB313 

Set Device 
Addrto GW 3 
and GR 

8-61 

I 

Return to I-Cycles , 8-74 

Set device Addr 
into G R (transfers 
thru BFR to GO). 

8-61 

GB111 



Selector Channel Start I/O (Part 2 of 3) 

8-72 

8-60 

Reset channel marks. 
Set channel loaded. 

Read 1 st CCW. Test 
in Fwd, in Bkwd. 

Read 2nd CCW test 
program check set 
primed. Move protect 
key. Move Cmd. to 
GR. 

GSTR CMMD 

Test Program Check 
Move Protect Key. 

Put data addr in 
GDRL. 

/ 
/ 

/ 
/ 

/ 

MICROROUTINE 

START I/O 

r---

/ 
/ 

/ 

/ 
/ 

/. 

/ 
/ 

/ 
/ 

/ 

8-75 

r---

I 
I 
I 

-t-
I 
I 
I 
lOut 

8-61 

I // 
----' 

I 

I 
I 

/ 
/ 

/ 

/ 
/ 

/ 

-- - - ---- ------- ----- + 
I 
------

I 
I 

8-60 

Set Channel loaded. 

Set Select-out latch 
(raises hold out). 

8-62 

No 

No 

CIRCUITRY 

GB 213 

GB 313 
Indicates address is in GR, 
channel is dedicated to polling 
(by hardware) until command out. 

GB 213 

GB 111 

Yes 

Request GSES Trap. 

GB 312 

G8413 

I 
I 
I 
I 

The hardware channel loaded latch is set to gate the controls for 
the initial sequence polling. The final test for the operating 
instruction is made, and those other than start-I/O are branched. 
The device address is set into the hardware GR-register, from 
which it is moved to the GO-register to set the bus-out lines. The 
CCW address and key from the CAW are set into the assigned GM· 
register. 

The operation continues in the GSTR routine by reading the 
first CCW word containing the data address into the assigned GD
register and into the GDRL hardware latches. The channel-primed 
latch is then set to initiate the polling sequence. The retry holdup 
latch is set at the same time to serve as a later interlock between 
the hardware and the microroutine. The channel-primed signal 
raises first the address-out line and then sets the select-out latch 
to start the polling with the bus-out address. The select-out line 
is always raised, but the latch output raises the hold-out line, 
making the select-out line effective. 

During the polling initiation, the microroutine continues by 

reading in the second CCW word. This information containing the 
count field is set into the assigned GC-register and the GCL 
hardware latches. The command is set into the GR-register ready 
to move into the GO-register when required. 

The controls wait for a channel response. The responding control 
unit raises the operational-in line; and then after placing its address 
on the bus-in, raises the address-in line. The address-out line is 
dropped, and the incoming address is compared with that in the 
GO-register for a match. During this period, the microroutine sets 
the hardware count ready latch to indicate that the data-transfer 
information is set. 
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Selector Channel Start I/O (Part 3 of 3) 

8-61 

Store CCW Address. 
Reset Retry Holdup. 
Reset Time-Out. 

GSOP AUTOPL 

Loop on Channel 
primed. Wait for 
verification of sel
ection. Reset 
time-out. 

PRIME 0 

Clean Status:· Set 
condition code O. 
Reset SIO. 
Test and reset 
Select-I n Mark 

I-Cycles 

MICROROUTINE 
I 

I 
I 
I 
I 

______ 1 __ 

Channel Primed Goes off at 
Completion of Selection. This 
Prevents Stealing of Control 

~------- ______ L-l 
Yes 

Primed I 
TMEOUT 11 

Counter Time-Out 
Status not returned. 

Set Catalog No. 01. 
Set interface control ch k 

GSER CHNLCK 

8-70 

I 
I 
I 
L_ 

Move Command 
to GO. 

Reset Service-Out. 

CIRCUITRY 

Yes 

GB 511 

GB 312 

GB 312 

No 

GB 211 

Request GSES Trap. 

GB 313 

GB 113 

After storing the next CCW address in the GM-register, the 
microroutine resets the retry holdup latch to indicate that the 
command is ready. The microroutine waits in a time-out loop 
until the channel-primed latch falls, indicating that the polling is 
com·plete. 

When the retry holdup latch is reset, the controls can continue 
the polling sequence following a matching address. The GO-register 
is reset, allowing the command to read in to set the bus-out lines. 
The command-out tag line is then raised to signal the control 
unit. The fall of address-in causes command-out to fall, and the 
GO-register output is forced to zero. The control unit normally 
responds with the initial status on the bus-in lines and raises the 
status-in tag line. If the status is zero, the polling was successful 
and the operation is allowed to continue. The service-out tag line 
is raised to indicate the acceptance. At this point, the channel
primed latch is reset to signal the microroutine. The controls wait 
for the fall of the status-in tag line before dropping the service-
out line. If the status returned is not zero, the controls initiate 
a trap request to handle the condition. The next response is 
from the control unit on the channel when it is ready for data 
transfer. 

Selector Channels 8-62 



Check Facilities 

The selector/block-multiplexer channel check latches are located 
in the hardware as shown on second level diagram 51. These 
latches are set either by the microprogram word set GA function 
as a result of errors detected by the channel microprogram 
routines, or by hardware as a result of hardware-detected errors. 

The output of the check latches goes to the GE (channel status) 
byte of the GST AT external word facil ity. The G E byte also 
indicates program·controlled interrupt. 

The channel control check latch can also be set by certain CPU 
share·cycle errors. 

The handling of selector-channel checks varies depending on the 
cause of the check, the operation in process at the time of 
occurrence, etc. Some check conditions require use of the 
extended-logout capability while others do not. Also, there are 
three degrees of CSW store: Short CSW-Initial selection 
problems; Partial CSW-Device End status; and Full CSW
Channel End Status. 

Channel Check During Selection: 

1. Prepare log in control storage and store ECSW. 

2. If log is allowed, store log in main-storage area designated by 
the IOEL pointer. 

3. Set condition code 1 and store short CSW. 

Channel Check During Data Transfer: 

1. Prepare log in control storage. 

2. Set interrupt latch. 

3. During next interrupt, store ECSW and log in designated 
main·storage area. 

4. Store partial or full CSW. 

Address or Protection Check During Data Transfer: 

1. Set program check or protection check bit. 

2. Reset channel flags. 

3. Normal channel-end handling: full CSW store with program 
check or protection check. 

If the poll-control latch fails such that it cannot be set, the 
microcode cannot control the channel hardware, and therefore 
takes the entire system to a hard stop. 

The selector- and block-multiplexer channels of the Model 145 
monitor the interface for the expected tag sequences. If a control 
unit were to erroneously activate an unexpected tag in addition 
to maintaining a normal interface sequence, the channel may not 
cause a check due to the erroneous tag but might proceed as if 
the erroneous tag did not exist. 
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Selector-Channel Status Handling 

CPU Program 

Conditions: 

No Error 
No Chaining 
Status = Channel-End 
Selector Channell 

1. SELECT-OUT 
I 

2. OP-IN 

3. STATUS-IN TAG 

4. STATUS LATCH 

5. SERVICE-OUT 

D120 

! 
I 
I 
I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 

I 

GSES Routine 

Bal GX P = 94 
Test channel loaded (GS I bit 0) 
Test disconnect-in (GTI 

I bit 7) 
Test Op-I n (GTI bit 0) 
Test interrupt condo (GL I 
bit 3) 
Move device status to G R I (GA, OR, KOB) 
Move status to LS (GCO = 

I GR) 
Test channel primed (GS 

bit 3) I 
If primed off, test for out-

op. 

=0 

= 1 

Test CD & PARTIT 

GAIC 

Status Trap Routine r' 

I 
Status to GW2 (GW2 = GCO) 
Set service out e (GA, OR, 

I KDO) 

I 
Store status and address test 
if I PL (SYS 2 Bit 4) I Set interrupt latch 0 (GA, 

Correct count according to I OR, KOB) I contents of buffer Reset Holdup (GA, A-, K02) 

I 
RTN GS 6, 7 

I RTN GX H, A- K10 

Reset Select out 0 (GA, 
A-, K09) 

I I 
Test checks, Infc or ctrl (GE I I 5,6) 
Set interrupt buffer full I I (GWO, OR, K04) 
Test Stack Status (GWO B5) 

I I 
I I 

I 

--I 2 

--i 3 

I 4 

I 5 
If 
} ) ( ' ...................... p. .......... ~ ........................................................................ ~ 6. CHANNEL LOADED jI 

7. SELRl INTERRUPT LATCH 

8. START 350 ns DL Y 
11-_____ -11 8 

9. 350nsDLY(ACTIVE) 
.1 .... ---... 

9 

10. SELRl TRAP REQUEST t..--... -------.... --------------------ff 10 
11. SELRl TRAP PRIORITY REQ 

12. H3 REQUEST 

13. TRAP 1 CYCLE _----.:13 
14. SEL 1 TRAP LATCH I 
15. H-REG BIT 3 

16. SEL 1 GATE 

11 

12 

( , 
/) 

14 

15 

16 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

Branch on 
Interrupt Set Up CSW 

GICM/GSIN GSSS GICM 

Test Timer Set GD2 Bit 7 Store old 
Test 1/0 or exter- Clear CSW flags (G D PSW 
nal (INTB B5 B7) 3 = 0, OE KOO) Load new 
Test channel Move extn and flags PSW 
(INTB Bl, B2) (R = GD3) Test CSW 
Set chnl Addr I Set channel status 
(X2 = 0, OE, K01) (GCl = GE) 
Set interrupt (GA, I Store full CSW 
OR, Kl0) (STW GM DM, 40) 

GSIN (STW GC DM, 44) I 
Set P = 94 Reset interrupt latch 0 
Set 1/0 interrupt (GA, A-, K70) , 

bit Set Device addr (x = I 
GW 1 = 0, OE, KOBi GW, D1) 

Test if ECSW (GW Reset channel (GA, I 
0, A-, K40) A-, K 10) 

Test checks (G E I Test if IPL 

B5, B6) Set P for I-cycle 

Test loaded (GS I 
(P = 0, OE, K52) 

BO) Reset 1/0 instr bit 
Test interrupt (SYSO, A-, K02) 
(GS B1) I Br to G ICM 10ADDR 
BR to GSSS 
FULCSW I 

I 

6 

I 7 

Note * G CT 2, 3 Branch 

00 Normal operation, add count of buffer 
01 Add!" or protect chk, add count of entire 

buffer 
10 Can't occur in proper ops 
11 New CD not used, unchain. Use count of 

R.H. side 
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Selector-Channel Exceptional Status Trap (Part 1 of 2) 

8-72 Trap from Selection 

GSES 

Yes 

• For parity 
Set interface 1 control check 

error on 
zero device addr, 

address-in 
status and cou nt. 

-1 Set channel loaded. 
Set interrupt latch. 
Set catalog number 
09 -1 

10 

GSER 

Set with GA-OD 

Set with GA-50 

Set with GA-08 

00 

8-66 

~-
I 

r 

• Disconnect In 

Yes 

DISCON 1 

Set interface control 
check set catalog 
number OA 

• Address 
Mismatch 

Set interface control 
check set sta~us 
mark set catalog 
number 06 

No 

11 

Unchain - read last 
CCW addr zero count 

Add count of 

No 

Yes 

.• Select-In 
Received 

Yes 

• Interruption 

Yes 

PRIME51 

Chain reset to 
prevent share 
Reset select·out 
Set service-out 

CHAIN51 

8-66 

No 

Yes 

SELIN 1 

Chaining reset 
reset select·out 
set select-i n 
marker bit 

Return 

-~ 
-i 
-1 

Yes 

GA - 20 

GA-09 

GA-DO 

No 

Yes 

Set catalog number OE 

Set interface 

• Short control
unit busy 
sequence 

SELIN 0 

Status to G R + LS 
chaining reset 
reset select out 

Set status mark 
reset holdup 
for service out 

Return 
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Selector-Channel Exceptional Status Trap (Part 2 of 2) 

The Exceptional Status Trap (GSES routine) is used to handle 
exceptional conditions that occur during selection. The trap 
address is D120 for channels 1,2, and 3 (without I FA) and D100 

for channel 4, or for channels 2 and 3 with I FA. 
The exceptional status trap is also used to handle normal ending 

status. Refer to the chart Selector Channel Status Handling. This 
diagram shows a normal ending status handling sequence. The 
microprogram objectives are shown along with the state of 
pertinent latches and signal lines, tags, etc. 

The interruption handling is also shown from the point of 
GAIC routine where Branch on Interruption occurs through 
the storing of the CSWand loading of a new PSW. 

The IPl ending (lPlOFF branch to the GMMS routine) is 
duplicated on this chart because of its relationship to the status 
handling trap. Refer also to the IPl diagram. This particular 
microprogram sequence is the common ending routine for IPL 
operations on either byte-multiplexer channel, selector mode 
channel, block-multiplexer mode channel or integrated file adapter. 

No 

Reset Select-out 
set service-out 

Yes 

Set Catalog Number 
00. 

GSER CHNLCK 

AB 8-70 

GEBAD 1 

r---- -----, 
I GMMS IPLOFF I 
I Reset IPL latch I 
I Reset H-Reg I 
I 

Set P-reg = 52 
I Store I/O addr. 

I I 
I I 
I I 
I Go Load PSW I GIPW LPSWOP 

I I L __________ J 

Selector Channels 8-66 

BU 8-65 

-1 Set with GA - 08 

l Reset with GA - 02 

No 

CLEAN 0 

Stop - Bad 
IPL Status 



Selector-Channel I nterruption Handling 

From CPU 

Reset PCI chain detect. 

Move channel status 

to local storage. 

Reset device status, 

Store 1 st and 2nd 
CCW. 

BH 8-68 

GSSS FULCSW 

8-29 

GSER CHNLCK 
No 

8·68 

8-70 

8-68 

GSSS FULCSW 

Go to common 
interrupt routine 

LOADEDO 

Set start I/O bit, 

LOAD 

Device address to 
GR 
Set channel loaded 

d-75 

GSOP HAL TIO 0 

I 
1 

I 
I 
I 
I 
I 
I 
I 
I 
I 

---+ 

8-70 

I 
I 
I 
I 

-I
I 
1 

I 
I 

Set poll control 
with GA·K01 

Set infce ctrl 
check with GA·K D 

I Set PCI latch - -- - - --r - -'--__ W_i_th_G_A_._K_7_0 __ --' 

----1---
I 

"'----1----

Device address to 

GR (shifts to GO) 

Set channel loaded 

with GA·K50 

- GB313 

GB213 

GBlll 

Entrance is from the CPU for handling selector 
channel I/O interrupts. 

If the interrupt is taken, return to GICM. 10ADDR 
with P = 52, 52 and 57 = 00. X2 = channel address 
and X3 = unit address. 

If the interrupt is not wanted because of unavailability 
of the device, return to G IPW. CHWAIT 00 with p;:: 52 
and 5 = XX. 
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Selector. Channel Status Store 

8-67 
8-71 

Store ECSW in 176 
clear working regs 
save contents 

• Error entry; channel control check, or interface 
control check has occurred. 

• 16 Bit CSW store 

No 

LOGOK 00 

Reset log present 

ECSW and no log 

COMMON 

Restore full bits 

CPULOG 1 

No 

8-71 
8-74 

BC 

SHORT 
Set primary intrp 
no ECSW or log 

flags. 

SHT 

Move device and 
channel status. 
Store CSW status. 

TSTIO 1 

Channel reset. 
Reset channel active 
bit. 

No 

Yes 

8-37 

# 

FIXR 

Move extension 

FULL 

Set channel status store 
1st and 2nd CSW. Reset 

interrupt latch. 

Device address 
into X3. Reset 

IPL20 
Set P for I-cycles 
Reset I/O instruction 
bit 

GICM 10ADDR 

Yes 

• 64 bit CSW with zero count and 
address 

8-75 BG 

PRIMARY 0 

cswo 
Reset count, CCW 
address, key and 

• Full CSW store 

8-67 BH 

8-75 

SETR 

Reset CSW flags move 
extension and flags 

* CPU appendage indicates an error, in the 
retry routine - an I/O log and CPU 
appendage is required. (19 words). 

Stop - Bad 
IPL Status 

# Enter here from byte-multiplexer 
routines for stop after log. 

Reset log present 

RESTOR 

Move full bit. Set ECSW 

STORE 

Store 1 st log word, set 
counter for 9 more 
words. 

Selector Channels 8-68 

STORE1 10 

Read word from log 
buffer. Store at pointer. 
Decrement counter 

Store CPU log. Read 
1st word and set count 
for 8 more words 

STORE210 

Read word from log 
buffer and store. 
Decrement counter. 



Channel Logout 

Channel logout facilities provide a means of preserving for 
analysis a record of pertinent conditions that exist at the time a 
malfunction involving channels occurs. Logout is basically a 
"snapshot" of conditions that existed at the time the error 
occurred. 

There are essentially two levels of channel logout, depending on 
the nature of the malfunction and on the setting of control 
register 14 bit 2. The bit determines, under control of the 
program, whether extended logouts can occur as part of the I/O 
interruption, or whether only limited channel logouts are 
allowed. 

1/0 Communications Area 

The I/O Communications Area (IOCA), a permanently assigned 
area in main storage, is utilized by the logout operation for 
limited channel logout, to point to the address of the extended 
log, and for other logout control information. The 10CA is 
located in main storage 106-191 (AO-BF). 

F 
0000 = Selector Channel 
0001 = Byte-Multiplexer Channel 

0010= Block,Multiplexer :v1ode 

ChannellD: (Locations 168-171.) When stored during the 
execution of the Store Channel 10 instruction, this area contains 
information that describes the addressed channel. 

liD Extended Logout Pointer: (Locations 173-175.) The I/O 
Extended Logout (JOEL) pointer field is program-set to designate 
an area to be used by channels to store the extended logout 
information. The low-order three bits of the pointer are ignored 
so that the extended logout always begins on a doubleword 
boundary. Logout information may be stored in the 10EL area, 
only when the 10EL mask bit (CR14 bit 2) is set to 1. 

Limited Channel Logout: (Locations 176-179.) The limited 
channel logout field is also called the ECSW. This field contains 
model-independent information related to hardware errors 
detected by the channel. The ECSW is used to provide detailed 
machine status when errors have affected I/O operations. The 
field is accessible to the CPU program. The ECSW field may be 

NO~ 0 
Used 0 

a 
Unit a 

Detect;n. I 
the Error~ 

0 

sou~ 
a 

o 
1 

2 

3 

4 CPU 

5 Channel 

6 

7 Storage Unit 

CPU 

Channel 

stored only when the CSW or a portion of the CSW is stored. It 
may (or may not) be accompanied by the extended channel 
logout. 

(Locations 180-184): Not used. 

(Locations 185-187): Reserved for future use. 

(Locations 188-191): Not used. 

Refer to the sections "Byte-Multiplexer Channel" and "Selector 
Channels" for logout information as it applies to individual 
channel types. 

Stop After Log 

The stop after log switch on the console overrides the control 
register and allows extended channel logging when there is an 
interface control check or channel-control check. 

Stop after log causes the following action on a channel error: 

• The 10EL pointer is set to 100 (hex). 

• The ECSW is stored in the 10CA and the extended log is 
stored at 100. 

• The CSW is not stored; the CSW information is extracted from 
the extended log by SEREP. 

Both the ECSW and the extended channel log are always 
available when running in the stop after log mode. 

The CPU places an identifier in main-storage locations 32 and 
33 (machine check old PSW) to identify the failing channel. The 
identification is 1450-1454 for channels a through 4 respectively 
and 145F for the CPU. The system stops with at least one red 
light and the log present indication. 

Note: The selector/block-multiplexer channel goes into the 
logout pending condition anytime an interface control check or . 
channel-control check occu rs and the sequence code is all. 

Channel 
ID 10000 0000 ooop I Maximum 10EL Length 

E"o, I 8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

Storage Unit 

Control Unit 

4 15 16 

Main 

160 
Reserved 

164 

168 
ChannellD 

AC 172 10EL Pointer 

BO 176 Limited Channel Logout (ECSW) 

B4 180 Reserved 

Reserved 
B8 184 

Be 188 
Reserved 

10CA 

Field 
Validity 

Flags___. 

Typeof-.l 
Termination - I 

0 

0 

0 

0 

a 

20 

-21 

22 

23 

24 

25 

o 26 

o 27 

28 

Sequence Code 

Unit Status 

CCW Address & Key 

Channel Address 

Device Address 

00 = I nterface Disconnect 

01 == Stop, Stack or Normal Termination 

10 = Selective Reset 

11 = System Reset 

110 Error Alert 

SEQUENCE CODES 

000 Error during execution of TID. 
001 Error during initial selection. Command-out 

has been sent. 
010 Command has been accepted by the device, 

all 

100 

101 

no data has been transferred. 
At least one data byte has been transferred, 
or channel idle state. 
The command in the current CCW has either 
not been sent or not accepted by the device. 
Polling Data transfer--unpredictable. 
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Selector Channel Error Routine (Part 1 of 2) 
8-60 8-74 
8-66 8-75 
8-67 

yes 

Set Channel Check 

STORE 

Store for work area 

read full log bits 

Store log full bits 
Store I D gates 
Store for more work 
area, 

Build address of 
chan"nel log buffer. 

Store externals 

Restore GM zero 
device status set ECSW 
present all valid status 
except device 

Yes 

Reset 

• Entry for channel-detected 
errors catalog # is set in • 
GW2 • Entry for processor 

From Log Routine 
GHLC errors 

GSER MACHCK 

Set catalog # OD 
Set control check - .., 
Set processor error I 

I 

Set channel control 
check with GA-K06 

56 = 1 Processor log corresponds 
to this error 

S7 = 0 Channel Check 
57 = 1 Processor Error 

Yes 

No 

LOGFRE 1 

Move MACHCK Regs 
LOGFRE 0 

No 

DCC Latch 
OKCCWO 

Reset CCW 
address valid 

Selector Channel 
Error Routine 
(1 of 2) 

8-71 

r - -- - - -- -- --- - --1 
I Stop After Log ID for SEREP I 
I Interruption Code in Old MCK PSW I 

1451 = Selr CIl 1 
1452 = Selr Ch 2 
1453 = Selr Ch 3 
1454 = Selr Ch 4 

Log Present Light and 
some Red Check Light. 

I • 

-

Word 

Selector/Block-Multiplexer Error Logout (GSER) 

The extended logout routine is the same whether operating in 
selector mode or block-multiplexer mode. The channels attempt 
to logout any time a CSW is stored with either an "i~terface control 
check or a channel control check. The logging is done both at I/O 
instruction under control of CR14 bit 2. A channel error does not 
cause a machine check interruption. 

The channel log is located at the address designated by the 
10EL pointer in location 172. The low three bits of the pointer 
are ignored, thus putti ng the log on a double-word boundary. If 
the pointer is set such that any part of the maximum length log 
would be out of storage, no part of the log is stored. 

The contents and format of the log are as shown: 

Number 
J = 28 - Only channel portion is valid 

~l = 4C - Channel and CPU portions are valid 

1 
a; 
c: 
c: 
co 

..!: 
u 

:::I 
Q. 

u 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 I 19 
20-24 

Log Length GBF GCT GBD 

GF GE GS GL 

GTO GTI GO GR 

MCKA 

MCKB 

Key Data Address 

Key 

Flags Count 

Key Next CCW Address 

Mark Bits Catalog Unit Adr 
Number 

00001 Retry i\ 00000000 00000000 
Retried 

Attempts Instruction 

ABRTY (Retry Register 1) 

SPTL RTY (Retry Re·gister 2) 

HM RTY (Retry Register 3) 

CPU RTY (Retry Register 4) 

Control Word in Error 

System Register H-Reg 

Key I-Register 

ILC CC Prog 
Mask 

XMWP Op-Code Immed Byte 

Spares 

*General Working Plegisters;this usage only true when count ready 

latch is on. 

Selector Channels 8-70 

The first byte indicates the number of bytes in the log. In the 
case of an interface error, the byte indicator designates that the 
first 40 bytes are valid. For channel control checks, a value of 
either 40 or 76 is stored, depending on the cause of the check. 

The next 11 bytes are the external registers of the chaining. 
channel. Words 4 and 5 contain the machine check registers that 
give the status of the CPU error detection circuitry. Words 6 
through 10 give the contents of local storage words 11 through 
19 are the CPU registers that are stored in the case of unsuccessful 

microprogram retry in the channel. 

GBS 

GSTAT 

GTAG 

GDRL * 

GD* 

GC* 

GM* 

GW 

Retry 
Counts 

Catalog Numbers 
00·- Indeterminate 
01 - Automatic Selection Failed 
02 - Halt Stop Will Not Set 
03 - Microcode Select Failed on Halt 
04 - Interface Disconnect Failed 
05 - Selective Reset Failed 
06 - Address Check on Channel-I nitiated Selection 
07 - Short Busy on Chaining 

-08--P()I+·eo11trotwllt'"'frOLS'et·tsuft~ N/,;:J 

U-Reg 

09 - Address Parity Error on Ctrl Unit Initial Selection 
OA- Disconnect-In Received 
OB - Hard Set of Poll Control Failed 

OC - Unused Co rS ,/J7;i=.jV.--:/fur'7-
00- Unseccessful Microprogram Retry 
OE - Select-In on Chaining 
OF - Status-In Parity Error 

I/O Log Start Address: 
Stop after Log: MS 100 (hex) 
10EL Pointer : MS AD-AF 



Selector Channel Error Routine (Part 2 of 2) 

Set Appropriate Sequence Code 

• Interface 
Disconnect 

r-
I 

AL HALT 1 

Reset halt, retry 
holdup and select-

-

8-70 

No 

sequence code 

TIO 1 

LOADED 0 

Device address 
and CCW address 
are invalid 

Reset with GA
KEO, GA - K02 
and GA - K09 

PROSCK 1 

Channel and CPU 
detect, channel a.nd 
CPU source ' 

Note: The protection check and 
address check entries are used 
during a CCW fetch, not during 
share cycles. 

GSAP PROTCK 

Set channel primed 
with GA - KAO 

• Selective 
Reset 

SELRST 

Set selective 

reset mark. Set 
suppress-out 
zero time-out ctr 
Reset Op out 

--, 
I 

I ncrement address 
to TIC + 8 Set 

GSTR PRGCK 1 

Zero command 
Set count ready 

Store CCW RTN 

OUTPUTO 

Chain reset to 

Yes 

Yes 

L __ -
1 
I 
I 
I 
I 
I 
I 

RTN 

L -r-------' 
~ Set suppress out I 

- - --l with GA - KOA 

3 I Set/rst Op out II 

PROSCK 0 

Channel Detect 
Chnl and CU Source 

I with GA - KOC I 
L ______ .J 

No 

• Protection Check 

8-68 

.. 
'. 

GSSS 

• Address Check 

Set program check 

TRAP 1 0 r-------&--~;...:.;...~ 

ECSW 

RTN 
BF 8-68 

-, 
I 
I 
I 
I 

Set interrupt 
latch with GA 
K08 
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8-65 CR 

Set Command chain 
latch 

RTN 

!!.E.!!!.: If this exit is taken, 
the normal command chain 
trap takes place at device
end time. 

Yes 

No 

Status-In with command 
retry combination. Set 
command retry latch. 
Request GSES trap. 

Status_GR 
Set suppress out 
Set service out 

Read address of 
last command 
from buffer 

Yes 

Decrement CCW 
address by 8 

Device adr_GR 

8-61 CS 

Initiated by 
request in 

GSLD trap, load UCW 
(Blk-MPX only) 
Set command chain 
latch. 

RTN 

Command Retry Feature 

Command retry is a channel-control unit procedure that can 

cause a command to be retried without requiring an I/O interrupt
ion. It is initiated by the control unit with a unique combination 
of status bits. 

A control unit may request the retry of a command in order to 

recover from a transient error or because the state of the control 
unit or device prevented the execution of the command when it 
was previously issued. 

A channel, upon accepting a request for command retry repeats 
the execution of the channel program, beginning at the last com
mand executed. 

I/O Interface Sequence 

When the command being executed encounters a condition requir
ing retry, the control unit indicates it by raising 'mark 0 in' and 
'status in' while presenting 'unit check' and 'status modifier' 
('retry status') together with 'channel end' (meaning that the 
control unit or the device is not yet ready to retry the command), 
or with 'channel end' and 'device end' (meaning that the control 

unit and device are prepared for immediate retry of the command). 
'Device end', if not presented with 'channel end', is presented 

later, when the control unit is ready to retry the command. 
The channel acknowledges the occurrence of command retry 

by accepting the status byte containing retry status and indicating 

chaining. If 'device end' accompanies 'channel end', 'ma~k 0 in', 

and retry status, the channel immediately initiates a normal, 
chained initial-selection sequence, reissuing the previous command. 
If only 'channel end' and 'mark 0 in' accompany the retry status, 
the retry is not immediately performed. 

Rather, when the 'device end' or 'device end' with 'status 
modifier' is presented to the channel, it is accepted with chaining 

indicated and a normal reselection occurs to reissue the previous 

command or; in the case of 'device end' with 'status modifier', 
the CCW following the previous command. 

A channel indicates refusal to perform a command retry by 
accepting the status byte containing retry status without indicat
ing chaining or by stacking the status byte. The stacked byte is 
treated as any stacked status. 
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Selector Channel Halt I/O, Halt Device (Part 1 of 2) 

Microroutine 

Select-In 

8·74 

Status-In 

STATIN 1 

Status to G R 
Status to LS 
Reset select-out 

GSSS SHORT 

Set interrupt. 

Store CSW. 
Channel reset 
Set condition 
code 1 

Return to I-cycles 

I·Cycies 

I 
I 
I 
I 

___ (~I:::d~ C~n~l!... ____ L ________ _ 
I 
I 
I 

--------------~---------I 
I 
I --------------1---------

ADRIN 1 

8-74 

I 
I 
I 
I , 
I 
I 
I 
1 

----..,1 
..... 
I .......... 
I ......... 
I ..... , 

--------------, 
r~-_ ---- ---- ---- ---- .... J. 
I ........... -----
I - .......... 
I ................. 
I ............ 

I 
1 

------------~----------I 
1 
I 
I 
I 
I 
1 
I 
I 
I 
I ---------------,-----------
1 
I 
I 
1 
I 

Circuitry 

Set address-out with 
GA-KCO 

Reset retry 
holdup GA-K02 

Set select-out 
with GA-K09 

G R with GA-KOB 

Set status into 
GR (GA-KOB) 

Reset select-out 
with GA-K09 

Channel reset 
with GA-Kl0 

Channel reset 
with Ga-Kl0 

GB312 

GB311 

GB213 

GB312 

GB111 

GB111 

GB213 

The halt-I/O instruction is used to stop a channel operation. The 

instruction could occur at any time. The action and the response 

reported in the condition code differ depending on the point of 

progress in the channel operation. 

The instruction is initiated and decoded in the I/O initialization 

sequence (8-14). The first entry into this sequence is for a channel

loaded condition. I n the case of an interrupt pending, the operation 

returns to I-cycles after setting the condition code to O. 
When the active bit is not present, the operation continues with 

a polling of the channel using the stated address. The automatic 

polling is not used because no command is to be presented. The 

microroutine sets the address into the G R-register and raises the 

address-out tag line after the address has had time to settle on 

the bus-out lines. After a delay of at least 400 ns, the select out 

latch is set to raise the hold-out line. The control unit should 
respond with status-in, select-in, or address-in depending on its 

condition. 
A response of status-in indicates that the control unit is busy 

and cannot connect the addressed device. The status is read 
into the G R-register, and the channel controls are reset. The 
operation is returned to I-cycles after storing a CSW and setting 

condition code 1. 
The select-in response indicates that the addressed device is 

either disconnected or has a power-off condition and cannot 

reply. The channel controls are reset and the operation is returned 

to I-cycles after setting condition code 3. 
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Selector Channel Halt I/O, Halt Device (Part 2 of 2) 

8-60 

No 

Yes 
BA 

Microroutine 

MATCH 0 

Set catalog # 09 
Set interface 
control check 

Busy Channel 8-74 

Set halt I/O It 
wait for allow halt 
reset halt I/O It 
Reset retry holdup 
Reset select-out 

No 

OPIN 0 

Reset device status 

Set interrupt 
latch. Set 
condition code 
2. 

I-Cycles 

GSER CHNLCK 

Time-Out 

No 

Yes 

TIME311 

Set catalog # 04 
Set interface 
control check 

GSER 

GSSS 

HLTDV 1 

Store zero status 
Set interrupt 
Set condition 
code 1 

Return to I-cycles 

CHNLCK 

8-70 

BURST OX 

SHORT 

BC 8-73 

L or ., 
® 8-68 

. 
I 
I 
I 
I 
I 
I 

Circuitry 

- ---.. 
Set interface 
control check with 
GA-KOD 

/' ,J1o. __ S_e_t_h_a_lt_I_IO_lt ___ _ 

-1--=1=- -~-
_./ 

I Allow halt Ith sets -.,10.-____ ___ 

-1- -," 

,I 

I 
-r-
I 

I 
I 
I 
I 

-I-

~ "'-

" " " , 
"
" 

- ---

Reset halt 1/0 latch 
with GA-KEO 
address out forced 

Reset retry holdup 
with GA-K02 

Reset select out 
with GA-K09 

Set interface 
control check with 
GA-KOD 

Set interrupt latch 
with GA-K80 

GB114 

GB313 

GB312 

GB311 

GB213 

GBl14 

G8213 

1 

I 
J 

J 

Selector Channels 8-74 

The address-in response indicates that a connection was successful. 

The address on the bus-in lines is read into the G R-register and 

an address match is performed with the original address. If they 

do not match, the interface control check status is set with the 

appropriate error catalog number. With matching addresses, the 

command-out latch and the half 1/0 latch are set to indicate that 

the address has been taken. When the address-in line falls, the 

allow halt latch is set in the controls to indicate to the micro
routine that a stop sequence can be initiated. 

The halt-I/O latch (reset by the microroutine) forces the controls 
to raise the address-out tag line. The retry-holdup latch is reset 
to allo'yV sensing the fall of the operational-in signal with the reset 

of the halt-stop latch. The select-out line is dropped with the 
address-out tag line raised to signal the channel control unit that 

it should disconnect. If the control unit fails to drop the 
operational-in line within the time-out period, the interface 

control-check status and the error catalog number are set, along 
with condition code 1. 

If operational-in falls as requested, the interrupt latch is set to 

handle the operating ending conditions. The operation returns to 

I-cycles after setting the condition code to 2. 



Test I/O 

8-60 AC Channel Loaded 

No GSER CHNLCK 

No 

,.-G_S_S_S __ -,-_F_U_L_C_S_W=-~ 8-68 

Primary interrupt _---....L.---_ 
store externals N 
"dflags. ~ 

FULL 

Set channel 
status from GE. 
Store 1 st and 
2nd CSW. Reset 
interrupt latch. 

TSTIO 1 

RTN to I-Cycles 

I-Cycle 

GSER CHNLCK 

RTN to I-Cycles 

8-61 
8-67 

Channel Not Loaded 

GSOP HALTIO 0 

Reset device status 
area. Set channel 
primed 
Set zero command 

No 

........... 
"-

"'"" 

/ 
--/ 

"" " 
........... 

........... 
........... 

"-

......... 
.......... 

............ 

/ 
/ 

/ 
/ 

/ 

Set channel 

Channel circuitry 
performs auto poll 
sequence and responds 
by dropping channel 
primed. 

Set interface control 
check (GA - KOO) 

Channel Reset 
with GA - K10 

GSSS CSWO 

Zero count area, 
addr, key and 
extension and 
flags. 

.., 
I 
~ 8·68 

GSSS CSWO 

GB313 

GB111 

GB311 

Selector Channel Test I/O 

The test I/O instruction is used to obtain the operating state of 

the channel and device through the condition code set by its 

execution and, under certain conditions, by storing the CSW. The 
instruction can be used to selectively clear pending interruption 

conditions. The instruction may be executed at any time. 
The instruction is initiated and decoded in the I/O initialization 

sequence. Two entries go into the test I/O sequence. The first 

is for a channel-loaded condition; the second is for nonloaded 
conditions. I n the case of the non loaded entry, the poll-control 
and channel-primed latches are set to interlock the channel for a 

polling sequence. 
In the case of the channel previously loaded, the presented 

address is compared with the device address in storage. When 
the addresses match, an additional test is made of the interrupt 

latch. If the addresses do not match or if the interrupt latch is not 

set, the operation returns to I-cycles after setting condition code 2 

(busy). For the case of address match and interrupt latch set, a 

CSW store operation is performed, the latch is reset, and the 

operation returns to I-cycles after setting condition code 1. 

For the nonworking channel, the routine initiates automatic 

polling (refer to I/O initialization). The TIO command 

(0000 0000) is forced on the bus-out lines during th~ command

out portion. This causes the control unit to place its device status 

(even if stacked) on the bus-in lines. Clean status returns the 

operation to I-cycles with the condition code set to a (available). 

Any nonzero status results in storing the CSW and setting condit

ion code 1 before returning to I-cycles. 
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Selector/Block-Mu Itiplexer Channel I PL 

Load Key 

Set Load Key latch. 
Set System Reg byte 
2 bit 4. 

(Normal IPL) 
Turn on load indicator. 
Set clock start latch. 
Force system reset 
trap address D30C. 
Suppress other traps. 

Gate address of 
IPL device from 
console switches 
to V-reg. 

" "-
"-

" Hardware 

/ 
/ 

/ 

, 

• IPL is started by selecting an input device and pressing the 

load key on the console. 

• IPL provides the facility for loading a program into main 
storage. 

• I PL can be from devices on either byte-multiplexer channel, 
selector/block-multiplexer channel or IFA (if installed). 

The IPL procedure resembles an SIO instruction in which the 

selected I/O device and a zero protection key is specified. The 

CCW for this instruction has a read command, zero data address, 
a byte count of 24, command chain flag on, SLI on, and 
command address O. 

The IPL operation reads new information into the first three 
doublewords of storage. The remainder of the program can be 

placed elsewhere. 

The first doubleword contains the starting PSW for the entering 

program. The next two doublewords contain 2 CCWs that are 

command-chained. The operation continues with these and 

other chained CCWs to enter the full program. 

Selection, handling of data and status, etc. follow the same 

general pattern as for SIO. This diagram is intended to give 

overall flow of the IPL procedure. Refer to other parts of this 

manual for details of selection, data handling, status handling, 

etc. Good status and correct programming are assumed. 

02 00 00 00 

60 00 00 18 At ending time (CC bit not on), all channels including 

IFA, branch to the GMMS (IPLOFF entry) to reset 

the IPL latch and end the IPL operation. The microprogram then 
branches to GIPW to load the PSW and return to I-cycles. 

Block-Multiplexer Channel 

Set poll control test 
DCC mode and set or 
reset latch. 

Build UCW pointer 
from device addr. 
Assign UCW from 
pool. Test shared. 

Device addr to GR 
set channel loaded 
branch on SIO 

Move CAW to G M 
Set channel active 
set holdup to block 
D/A trap 

Read 1 st CCW 
Read 2nd CCW 
Set primed 

GMMS IPLOFF 

Reset I P L Latch 
Reset H Reg 
Store I/O Addr. 

GMMS IPLOFF 

Reset IPL Latch 
Reset H Reg 
Store I/O Addr. 

Go Load PSW 
GIPW LPSWOP 

Put instruction in T
reg, Device addr in 
L-reg. 

Read 1 st CCW 
Read 2nd CCW 
Set primed 

Test for program CK 
move protect key 
Set count ready 

Loop on channel 
primed, wait for veri
fication of selection 

I The microprogram 
I waits here for the 
I accomplishment of 

data transfer (program 
I loading) 
L ______ ~ 
GSES 

Ending status -- reset 
select-out, set service 
out - test IPL 

Selector Channels 8-76 



SELECTOR-CHANNEL WORD BUFFER 

The Word Buffer Feature for the selector/block-multiplexer 
channels permits the assembly of a fullword (four bytes) before 
requiring a share cycle to store the data. When writing, fullword is 
read from storage into the buffer and the bytes are serially fed to 
the channel. This provides a 75% saving in the time required to 
service the channel for data. Each channel has its own buffer 
system; thus, the channel speeds and the CPU throughput are 
improved. 

The buffer system adds seven byte registers between the normal 
channel G R-register and the GO-register. These are connected to 
allow shifting the bytes serially from the G R-register end toward 
the GO-register. This configuration allows space within the buffer 
for two full words. As soon as four input bytes are assembled and 
shifted into the B3, B2, B 1, and BO positions, a request is made 
for a share cycle to store the word. The request is made for a 
word during a write operation as soon as positions GR, B6, B5, 
and B4 are empty. The doubleword size of the buffer allows a 
delay in honoring a request equal to the time required to serially 
transfer four bytes on the channel. 

Each buffer position including the G R-register has provisions 
for ten bits. These include a buffer-full bit in addition to the eight 
data bits and the parity bit. The buffer full bit, when on, 
indicates that the buffer position is in use. It mayor may not 
contain data because the buffer-full bits are used (on an input 
operation) to position the bytes of data when less than a fullword 
is to be transferred. The bit indicates that the buffer position 
cannot have a byte shifted into it. 

The buffer shifting is a ripple process in which a byte can move 
only when the position ahead of it is vacant. The byte may shift 
two positions if the buffer-full bits of both positions are off. A 
byte in the next position to the left cannot shift in the same cycle 
because the position to the right was not vacant at the start of the 
cycle. The example shows the shifting when a new word enters 
the buffer during a write operation. Two bytes of data still 
remained in the buffer from the previous word. During read 
operations, the shift is concerned only with moving a single byte 
enteri ng the G R -register. 

The buffer controls must be able to handle a data address that 
is not on word boundary for the first transfer. The first transfer 
may be for one, two, or three bytes depending on the two 
low-order bits of the data address. A transfer of less than a full 

. word can also occur on the last transfer when the count 
remaining is less than four. The low-order address bits control the 
buffer positions to be used by forcing the buffer-full bits. These 
conditions also develop memory flag bits that control the data 
address and count updates. A forward/backward assembler 
reverses the order of the bytes for a read-backward operation. 

Selector Channel Buffer Data Flow 

Main Storage 

.1 o 
Bus-In 

I 
L _____________ _ 

Write 

Read~ 
3 2 

Main Storage 

- - -- l Bus-Out 

o 

li\><·· .. :1--~I-.: .. -..... -------~. 
I 

J 

3145 TM 8-77 



Typical Buffer Position 

Share 2 Output 2 Time 

A 

Sel Mem Flag 2 

225-270 Time 

Share 2 Output 

GRP 

(Not) BP6 

BP5 

BUFFER POSITION 6 

Buffer Position GR Bits P, 0-7 
~-------------------~A PH 

Buffer Position 6 
Bits P, 0-7 

* Ext Bus-In Byte 2 Bits P, 0-7 

FL 

--t----t A 

--------t A 

A 

A 

GC 111 

GC 112 
GC 113 

L...-. _____ Set Buffer Position 6 

(Not) BP5 

BP6 Chnl or Chain Reset -------jL .... __ J 

D iagnostic Mode~ ..... -----t-------I 

Reset GAH 
K6 Dec Bfr 

o Time Diy 

A FL 

GC 311, 312 

GC 512 

Set BF Time 

Set BP Time 

@ Control Line 

* Positions GR-B4 have Ext Bus-In; positions B3-BO 

feed the Ext Bus-Out through the Fwd/Bkwd Asm. 

Selector Channels 8-78 

Selector Channel Buffer 

Buffer Shifting Buffer Position 
(Write) GR B6 B5 84 B3 B2 B1 BO GO 

Request Honored 0 C B A -- -- -- X Y 
1st Cycle 0 C 8 -- -- A -- X X 
2nd Cycle Svc-Out 0 C -- -- B -- A -- X 
3rd Cycle 0 -- -- C -- 8 -- A X 
4th Cycle -- -- 0 -- C -- 8 A X 
5th Cycle -- -- -- 0 -- C B A A 

6th Cycle -- -- -- -- 0 C 8 A A 

Share Request 
DC8A = Four bytes of new word from storage_ 

XY = Two bytes remaining in buffer and GO_ 

GO has same data as 80 except when inbound 
tag lines are up, or Hold GO latch is on. BO full 
is reset with Service-Out. 

Buffer-Shift Controls 

The buffer-shift control can move a byte of data either one 
position or two positions in the buffer, depending on the number 
of vacant positions ahead of the byte. The data-transfer circuitry 
between the buffer positions is in effect continuous across empty 
positions. The shift pulse repeats with each CPU clock oscillator 
pulse. More than one byte can be movi ng. 

The buffer·full bits of the buffer positions control the shift and 
the final byte positioning. When the buffer-full bit for a position 
is not set, the set line for that position is developed. The data 
enters from the next higher-numbered buffer position and after a 
propagation delay is available at the output of the controlled 
buffer position. These outputs present the same data to the next 
lower-numbered buffer position. That position, if empty, has its 
set line deveioped to read the data into the latches for that 
position. The process would continue through to the last empty 
buffer position in the sequence except for the short time duration 
of the set control pulse (about 28 ns ). 

The buffer full (BF) bit latches are set during the buffer 
position set period. Each buffer-full latch has a follower BP latch 
that is set to the level of the buffer-full latch just before the 
buffer set period. It is the output of the 8P latches that 
determines the distance to be shifted and the buffer-full latches 
to be set. Two gatings are provided for the set of the buffer-full 
latches as shown in the typical logic diagram. An advance of two 

is taken if the second position previous has its BP latch set and 
both the test position and the previous position have their 8P 
latches reset. An advance of one is made if the position previous 
and the position after the test position both have their BP latches 
set. The previous position BF latch is reset when that position BP 
latch is set and the following position BP latch is reset, indicating 
that the data had a position to move. 

The buffer-full latches are set initially as the data bytes are set 
into the high-order buffer positions. For a read operation, the 
buffer-full latch for the G R-register is set with the service signal 
when the data byte is read in. For a write operation, the buffer
full bits for the four higb-order buffer positions are controlled by 
the memory flag bits that indicate the number of bytes being 
transferred from storage. For read, the buffer-full latches of the 
four low-order buffer positions are forced from the two low-order 
address bits to indicate less than a fullword transfer. The forced 
buffer-full bits set in the low-order positions prevent data bytes 
from shifting into these positions. The actual transfer of bytes is 
controlled by the developed memory flag bits. 

A test is made during each advance cycle to determine that the 
buffer-full bit count has not been altered. The test circuit 
contains provisions to accommodate new bytes entering the 
buffer and for bytes being removed from the buffer. The test is a 
simple odd/even count test. Any difference detected sets the 
buffer control check latch. 



Buffer Byte Counter (GB) 

The buffer byte counter contains five latches that carry a binary 

indication of the number of bytes of data in the buffer. Four 

bits are used for the actual count, and the fifth is the parity bit 

(odd parity). The buffer count is used only for read operations, 

when the number of bytes in the buffer is a function of the count 

zero condition. The five latches do not in themselves function 

as a counter. The counter system contains a second set of five 

latches and a decode network. This second set of latches is set to 
a value one greater than the GB count through the logic decode. 

When a new byte of data enters the GR-register, the plus-1 value 

in the increment latches is set into the buffer byte count latches. 

The buffer byte counter is initially set from the logic decode 
of the buffer-full bit set. With each transfer of data to storage, 

the four low-order buffer positions and their buffer-full bits are 
cleared. The buffer byte count is initialized again with the logical 
count of the buffer-full bits set. 

INC 

+ 1 

(Bin) 

INC REG 

~ -
PH 

SetTime ____________ ~--~----------___ 

5 

GC 411 

Share 2 Cycle 
GB COUNTER 

- GB PARITY CK 

PC - GB Parity Check 
Fl -

GC 513 

I---.L--""I"'----------- GB Bits P0123 

A 

GR Full -----,..--.,U 
Buf Pos 6 Full _ Bit 

Count 
Buf Pos 5 Full _ 

(Bin) 
Buf Pos 4 Full _ "'"---

Input Set GR Full 

o 
Reset 8-0-1-2-3 Full ------I -
Set Time 

Set BP Time 

PH 

-

A I--

GC 415 

PH 

C* 

5 

GC 411 

GCl Bits 0123 _ 

C * Control line 

- Comp COUNT ZERO 

Equal J-----1r-l:-- Count Zero 
Fl 

GC 414 

Forward/Backward Assembler 

The forward/backward assembler allows reversing the data bytes 

that form the word to be stored in the reverse order when the 

read-backward command is being processed. The byte in buffer 

. position BO that normally stores as byte a in storage is gated to 

store as byte 3 of the word. The assembler consists of two sets 

of gates. One, controlled by the in-forward signal, gates the buffer 

positions BO through B3 into storage word bytes 0 through 3 

respectively. The second gate, controlled by the in-backward 

signal, gates the same buffer positions into storage bytes 3 

through 0 respectively. The actual bytes of the word to be stored 

are U11der control of the memory flag bits. 

In put Backward 

~ 
BO 

n-
9 

..... -
B1 

'" .l--
9 

..... -
B2 . .--

9 

4'--
B3 

-
9 

-

A 

~ 0 
A 

9 

A 

- 0 

A 
9 

A 

- 0 
A 

9 

A 

- 0 

A 
9 

-

-

r---

I--

GC 612 
GC 622 
GC 632 
GC 642 

Selr Chan Byte 0 

Selr Chan Byte 1 

Selr Chan Byte 2 

Selr Chan Byte 3 
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Share Cycle with Buffer 

When the buffer is installed on the selector channel, the share 
request is made for a fullword instead of for each byte. The buffer

full bits determine the time for a share request. The G R, B6, B5, 
and B4 positions must be empty for the output request (write 

operation). For the input request (read operation), positions B3, 

B2, B1, and BO must be full. In the input operation, part of the 

positions may have their buffer-full bits forced to transfer a partial 

word on the first transfer, but the positions appear to be full. 

In all cases, the count ready latch must be set before share 

cycles, indicating that the count has been stored and that it has 
not been reduced to zero. For an output operation, the share 

request can be made when the first three positions are empty and 

the byte in position BO has been transferred to the GO-register. 

By the time the request can be honored, the data byte in the B4 

position will have transferred. During input operation, the request 

is made when the four low-order positions are full. 
The request may also be forced with less than four bytes in the 

buffer when the status-in tag is received. 

During the time that the reset signal is developed for the four 

low-order buffer positions, a block line is developed to prevent 

shifting data from the four high-order into the low-order positions. 

This block line is also developed during chain·data operations to 

hold data for the new address until the data address has been 

read in. 
The full bits are turned on if the data address is not on a word 

boundary. If too many characters have been accepted, a chaining 

check occurs. 

Note: The partition latch (used only with chain data) is used to 
block the buffer advance. The buffer must be empty before 

accepting new data when a chain data operation is done. The 

partition latch turning on causes the full latch for B4 to be held 

on and the partition latches for B3 and B2 to be held off. The 

data is held in B4 and transferred to B3. Because B3 cannot set 
its full latch, it does not recognize the data and cannot propagate 

the data further. 

Chan Loaded 

Count Ready 

(Not) Chan P 

GC 414 

rimed 

~ 

A 

--

Buffer Share Request Generation 

Selector Channels 8-80 

Not Input 

A 

BFR Pas GR to 4 -
Empty L r--

GB Count Not Zero 

Status In Not Srv Out_ A 0 r--

(Not) Buffer Position 3 Full--BP2 

BFRs 0 to 3 Full A 
Input 

L..-

(Not) Error Block A 
Share Req r--

0 r-- Selr 1 Share Req 
(Not) Buffer Pas 0 to 3 Empty A 
(Not) I nput Partition 



SHARE CYCLE INPUT OPERATION WITH BUFFER 

CPU Cycle J (r 
3 

90 180 
SX2 Share Cycle 90 180 90 180 270 

90 180 270 90 180 270 
1. Service-In 4 , 
2. Service Signal OL Y 1 ,-

I , 
3. Set Bus Into GR l a'4 ,..... 
4. Service-Out L T 1.2 , 
5. SX 2 Share Req. (If Buff ~os 0-3 Full) I 

6. Early 2 Share L T 
I 

Time 5-8 1 
8' Time 

1 1-
7 _ Set Some Share Cycle 6 6 

8. 2 Share LT. 6'20-,!fime J 

9. Share Request L T 7'20aTime 
, 

20·Time 
I 

10. Sel 2 Gate 8 ' 
1 8" 

11. Some Share Cycle CPU 8 
J 's" 

12. Mem Flag L T's 

13. Sel Share I-Cycle L T (Share Bl 

I 
9aTime 

I ,. Set/Reset on Next ---
9 aTime 9.Time 

-" SX Share Cycle 

14. Sel Sh. I nterl. L T 13.Time f3.Time 

15. Sel Share 2 Cycle L T (Share C) 14.Time I 14.Time 

16. Interlock L T 15.Time 150Time 

17. Sel Share 3 Cycle L T (Share D) 
I 16.Time Latch Off ,IActive 'ft):,Time 

18. Interlock L T 
17·Time IT.Time 

19. Sel Share 4 Cycle L T 
I 18.Time Latch Off - Active rrn·Time 

20. Storage 1 Cycle L T 21.Time 21·Time 

21. Storage I nterl. Cycle 20·Time 2~Time 

22. Storage 2 Cycle L T 
I 2,.Time I 21·Time 

23. Force C-Reg To 48 88 DC 08 (=INFWDI 7·Time 

24. Force Ext Addr Bit 3 (PH 1=9) 11·?O·Time 
r 

"TI.Time 

25. Force P-Low 4 (Bit 5 = 1) 11'10 
J I IT I 

26. LS/Ext Read 
. I 

GO/Buff. Count 
I 

27. A-Byte Assm 
I I 

Data'From Buff 
J I 1 I 

28. B-Byte Assm 
I GD-Reg Value Count 

1 

29. Set M-Reg 
. IGD Value I Next Ctrl Wd Addr 1 

30. Set Z-Reg 

31. Set O-Register 

32. Write/Rd Oestin_ 

I I I Low Update Addr I Update Addr J Update Count 
, I 

II Prevo Dest. r---, ~da.teAddr Upda\e Count 
~ 

~ ~ ~ ~. 
r I r I I I I I 
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Selector Channel Buffer 

(Z2) Hi 8 not Zero 

(Z3) Hi 4 not Zero 

Ext Bus-ln 
Byte 2 Bit 0 

Byte 2 Bit 1 

Byte 2 Bit 2 

Byte 2 Bit 3 

Byte 2 Bit 4 

Byte 2 Bit 5 

Byte 2 Bit 6 

Byte 2 Bit 7 

Byte 3 Bit 0 .. -

Byte 3 Bit 1 

Byte 3 Bit 2 

Byte 3 Bit 3 

Byte 3 Bit 4 _______ _ 

Byte 3 Bit 5 ________ ....J 

Selr 1 Share 2---__ --~ 

o GClR~ 
O~~~----~~~--~ 

PH 

Z Reg Byte 3 Bit 4 -----' 

Z Reg Byte 3 Bit 5 ------I 

Z Reg Byte 3 Bit 6 ______ ---.:~ 

Z Reg Byte 3 Bit 7 _______ 3-1 

4 
Selr 1 Share 2 ----...r..,-, 
2 Time ______ -1 GC 412 

o 
Oesti ne SX 1 CCW 2 

(CCW Count Bits) 

GORl 

PH 

Byte 3 Bit 6 ____________ --=2:....J.. ____ ----J 
A 

Byte 3 Bit 7 ____________ --=3-+ ____ ---, 

GW013 GC 414 

Selr Share 2 

GCL and GDR L Registers GORl 

PH 

GW013 . 

GC L Register GDRL Register 

GCl Bits 0, 1,2, 3 

GOl Equal 00 

The GCl register contains four latches that represent the four 
low-order bits of the CCW count value set in the local-storage GC 
register. The latches are initially set from the external bus-in lines 
when the count value is destined. The latch entry is updated 
during each share cycle from the Z-register after the count is 
updated. The count value is not considered in the operation until 
its value is below nine. To ensure that the high-order bits of the 
count have been reduced before sampling, any high-order bit 
present in the GC-register (or Z-register) forces a count of twelve 
or more. 

The G DR l register two low-order bits (30, 31) are gated to the 
decode logic of the memory flag register during share cycles. The 
flag bits are developed to control the bytes transferred and the 
count and data address updates. 

The output of the GCl register is compared with the output of 
the buffer byte counter during read operations to determine the 
actual count zero point. The two low-order bits of the GCl 
register are gated to the decode logic of the memory flag register 
on each share cycle. The memory flag bits control the bytes 
transferred and the count and data address updates. 

After the first share cycle, bits 30 and 31 should be zero except 
for the read-backward operation when 11 indicates the word 
boundary. 

Address 
Count GDRl GDRl Input FWD 

GCl GCl GCl Bit Bit Flag latch 

1 2 3 30 31 0 1 2 

0 0 1 0 0 1 0 0 

0 0 1 0 1 0 1 0 

0 0 1 1 0 0 0 1 

0 0 1 1 1 0 0 0 

0 1 0 0 0 1 1 0 

0 1 0 0 1 0 1 1 

0 1 0 1 0 0 0 1 

0 1 0 1 1 0 0 0 

0 1 1 0 0 1 1 1 

0 1 1 0 1 0 1 1 

0 1 1 1 0 0 0 1 

0 1 1 1 1 0 0 0 

1 x x 0 0 1 1 1 

1 x x 0 1 0 1 1 

1 x x 1 0 0 0 1 

1 x x 1 1 0 0 0 
Memory Flag Bit Generation if Count is not Short 

Memory Flag Register 

The memory flag register contains four latches that are set to 
indicate the number of bytes in the storage transfer. One latch 
represents each byte of the word. A single register functions for 
all four of the possible selector channels. The information from 
the active channel is gated into the decode network to set the 
latches for the current share cycle. The flag bits control the 
buffer-full latch setting for a write operation and the storage 

entry byte gating for read operations. The flag bits also control 
the data address and count updates for both read and write 
operations. 

3 

0 

0 

0 

1 

0 

0 

1 

1 

0 

1 

1 

1 

1 

1 

1 

1 
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Input BKWD Output 

Flag latch Flag latch 

0 1 2 3 0 1 2 3 

1 0 0 0 1 0 0 0 

0 1 0 0 0 1 0 0 

0 0 1 0 0 0 1 0 

0 0 0 1 0 0 0 1 

1 0 0 0 1 1 0 0 

1 1 0 0 0 1 1 0 

0 1 1 0 0 0 1 1 

0 0 1 1 0 0 0 1 

1 0 0 0 1 1 1 0 

1 1 0 0 0 1 1 1 

1 1 1 0 0 0 1 1 

0 1 1 1 0 0 0 1 

1 0 0 0 1 1 1 1 

1 1 0 0 0 1 1 1 

1 1 1 0 0 0 1 1 

1 1 1 1 0 0 0 1 

A logic decode of the input bfr full bits, of the GCl register 
containing the two low-order count bits and the GDR l register 
containing the two low-order data address bits determine the 
flag latches to be set. The normal switching relies on the fact 
that these two registers do not have bits set in them at the same 
time. The exception occurs when the initial count value is less 
than four and is taken care of with special gating. The exception 
conditions may require the transfer of two bytes when the data 
address is three positions from the word boundary. This results 
in setting flag bits 1 and 2 to transfer the appropriate bytes and 
control the updates. The logic also takes into consideration the 
read-backward operation in which the boundary and the relative 
byte positions differ. 



BLOCK-MULTIPLEXER FEATURE 

• The block-multiplexer feature gives the additional capability 
of operating as block-multiplexer channels. It is largely 
implemented by microprogram routines. 

• Channels with the block-multiplexer feature may operate as 
either selector channels or as block-multiplexer channels. 

• Only block-multiplexing can use Disconnect Command 
Chaining (DCC). 

• Any or all installed selector channels can have the block
multiplexer feature. 

• As with the byte-multiplexer channel, block-multiplexer mode 
has multiple subchannels, each of which has an associated 
UCW (in control storage) and can support one I/O operation. 

The block-multiplexer channel feature on the Model 145 permits 
any or all installed selector channels to operate as block
multiplexer channels. When a system is ordered, the user specifies 
those channels that are to operate only as selector channels and 
those that are to have the capability of operating in either 
selector or block-multiplexer mode. 

The setting of a channel mode bit in a control register 
determines whether a channel with block-multiplexing 
capabilities operates as a block-multiplexer or selector channel. 
The mode bit is reset at IPL or on system reset and can be altered 
by programming at any time. 

Better use of channel time can be achieved by operating the 
channel as a block-multiplexer channel. A single block-

multiplexer channel can support interleaved, concurrent 
execution of multiple high-speed channel programs. The block
multiplexer channel can be shared by mUltiple high-speed I/O 
devices operating concurrently, just as the byte-multiplexer 
channel can be shared by multiple low-speed devices. Similarly, 
the block-multiplexer channel has multiple subchannels, each of 
wh ich has an associated UCW in control storage and can support 
one I/O operation. 

The number of UCWs required for the block-multiplexer 
channels installed on a Model 145 depends upon the number and 
type of I/O devices in the system configuration. The maximum 
number of block-multip lexer UCWs possible per system is 512 
(assuming all are nonshared). 

BLOCK-MULTIPLEXER CHANNEL OPERATION 

A block-multiplexer channel functions differently from a selector 
channel in the way in which it handles command-chained channel 
programs. A selector channel executing a command-chained 
channel program is busy during the entire time the channel 
program is in operation, whether data transfer is occurring or not. 
A block-multiplexer channel executing a command-chained 
channel program has the ability to disconnect from the 
operational device during certain nondata transfer operations. 

Thus, a block-mUltiplexer channel can be freed during a 
nonproductive activity; for example, during disk seeking and 
most record positioning, thereby allowing more data to be 
transferred per unit of channel-busy time. 

Refer to the diagram, Selector/Block-Multiplexer Channels. The 
two timing charts parallel the operation of a 3330 DASD on a 
selector channel and a 3330 DASD operating on a block
multiplexer channel. These are not necessarily typical 
configurations or operations but are presented to compare 
selector channel vs block-multiplexer channel. The objective on 
both devices is to read record 7. 

For the selector channel, let us arbitrarily start the search at ID 
5. The channel is busy from the start of the search until equal 
compare on record 7, and the completion of the read operation 
plus the unpredictable length of time until the CSW is stored. The 
average time for the record search is 12.5 ms. 

For the block-multiplexer channel, the 3330 is sector-oriented 
(has rotational position sensing) and is able to alert the channel 
when the desired record is approaching the point of coming under 
the read head. The 3330 disk has 128 sectors. In the example, we 
perf~rm SID initial selection and Set Sector command to define 
the sector (100) that we wish to read. After setting the sector, the 
channel issues channel-end status, stores the UCW and releases the 
channel for other operations. This allows an average time of 8.3 
ms that the channel is free for other operations. 

As the sector approaches read time, the device indicates that it 
requires service by Request-In with Device-End status. This causes 
the UCW that was stored for this device to be loaded into the 
channel registers, and reselection occurs. Command chaining is 
active causing chaining to the next command-Search ID 7. 

Reselection occurs again with CE-DE-Status Modifier. This means 
break the search loop ("jump" the TIC) and perform the next 
channel command-Read Data. Reselect again (each command 
causes selection), read data from record 7, then issue CE-DE, 
store the UCW and release the channel. 

At this point, another difference between a selector channel 
and a block-multiplexer channel becomes apparent. The selector 
channel remains busy after CE-DE status until the CSW is stored. 
The channel has to wait for either a TID instruction, or interrupts 
allowed. On the channel with block-multiplexing capabilities, 
even if a device is incapable of disconnecting on command 
chaining, the channel stores the UCW and releases the channel for 
other operations (upon receipt of CE-D E status). 

A basic principle of block-multiplexer operations is that 
channel-end status allows devices to DCC; the option of doing it 
is dependent on the capability of the device. 

CHANNEL AVAILABLE INTERRUPTION 
I 

The channel available interruption facility adds efficiency to 
block-multiplexer channel operations. With a typical operation of 
several devices operating on a block-multiplexer channel, the 
channel is alternately busy and free. Unless the free time between 
CE and DE is utilized fairly consistently, it is obviously of little 
advantage. It is desirable for the CPU program to issue 
instructions during the free time. 
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The channel available interruption capability is the means of 

informing the program that the channel is available. The operation 

is: The program tries for a channel operation. If the channel is 
busy, the response will be to set condition code 2 and the channel 

tried latch. When the channel becomes free, a channel available 
interruption is taken. Thus the desired operation may bE: 

performed at the first opportunity. This avoids repeated busy's 
that would result from a program loop. 

Channel Channel 
I Search 10 I 
I TIC , ~'\/ 

~~ \-\~ 

Initial Selection 
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Share Cycle 
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Channel loaded (Busy) 
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H 
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Average Time = 8.3 ms 
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BLOCK-MULTIPLEXER CHANNEL UCW 
ASSIGNMENT 

On the Model 145, with the block-multiplexer option, a block of 
control storage is reserved for UCWs. This group of UCWs 
constitutes a 'pool'; that is, it is available to all installed block
multiplexer channels, with no set number for any given channel. 
Any mUltiple of 16 UCWs up to 512 maximum can be specified. 

Up to 16 per channel (64 maximum) of the UCWs available to 
the block-multiplexer channels can be reserved for shared 
subchannels; the remaining UCWs are used for nonshared 
subchannels. Four plugcards are provided to assign the channel 
number and the device address set of up to 16 shared subchannels 
for each channel. The service representative wires these plugcards 
to the user's specification at installation time or when changes are 
required. (Refer to Shared Subchannel Assignment.) Each shared 
subchannel is accessed from a block of 16 contiguous device 
addresses of the form XO through XF, and no more than one 
control unit should be attached to each shared subchannel. 

The 256 possible device addresses on a block-multiplexer 
channel are divided into 32 device address groups of eight. Each 
block-multiplexer channel has a UCW address pointer table with a 
halfword entry for each device address group. The halfword entry 
in the table translates the actual UCW addresses in control storage 
from the device address as needed. 

Each device address group is one of three types according to the 
UCW requirements of the devices that are to be attached. All 
devices in an address group must have the same UCW 
requirements. The three types are as follows. 

Type 1: Each device of the group requires an unshared UCW, 

Type 2: All the devices of the group use the same shared UCW, or 

Type 3: A UCW is not to be assigned for any device address of 
the group, and the devices are not allowed to operate in block
multiplexer mode. 

All the devices on a shared control unit must use the same UCW 
and may require several Type 2 device address groups. The type 
of each device address group and the listing of the shared address 
groups that are to use the same UCW must be specified at order 
time so that the UCW address tables can be correctly initialized 
from the plugcards. Also, an estimate of the number of UCWs 
required for unshared (Type 1) operation is necessary so that the 
size of the UCW pool can be set realistically. 

When the first start I/O is executed for a nonshared device, the 
channel determines whether a block of eight UCWs has been 
assigned to the range of eight addresses in which the device 
address falls. If a UCW is not assigned and the device is 
successfully selected, the channel assigns nonshared UCWs to a 
block of eight contiguous device addresses of the form XO 
through X7 or X8 through XF. These UCWs remain assigned until 
a system reset occurs. 

For example, the assignment of a nonshared UCW to device 
1 A3 (channel 1, device A3) causes the assignment of UCWs to I/O 
addresses 1AO through 1A7. 

When the first start I/O is initiated to another device on the 
same channel and in that same block of addresses, the channel 
determines that a block of UCWs has already been assigned, and 
the correct UCW is addressed. 

If a start I/O with a Type 1 device address that has not had a 
UCW assigned is attempted on an available channel and no UCWs 
are available, the result is a condition code 3 setting. 

The method used for semidynamic UCW allocation of Type 1 
devices allows flexibility in reassignment of a device from one 
channel to another. 

Shared UCW Assignment 

A plugcard is used for each channel with block-multiplexer 
channel feature for assigning initial UCW type and related UCW 
pointer and control register values. The plugcards provide two 
bits, A and B, for each group of 16 addresses. This is double the 
number of addresses in a group of addresses in the address pointer 
tables. Thus, Type 2 UCW assignment is restricted to groups of 16 
addresses (two address groups in the table). The bits are plugged 
to indicate 11 at assembly time. The significance of the jumpers is 
as follows: 

A B 

o 
o 

1 Selector channel mode only, DCC not allowed. 
o Unshared UCW/DCC allowed. 
1 
o 

Assigned to shared UCW. 
Continuation of addresses for a shared UCW. 

During IMPL, the A and B bits are read from the plugcards, and 
the UCW Address Pointer tables are initialized as required. For 
example, suppose the customer has requested that address groups 
80·87 and CO-C7 be assigned a shared UCW and that devices in 
group 90-97 be restricted to selector mode only. Assume that we 
are discussing a system with a single block-multiplexer channel. 
Group 80-SF and CO-CF would have the A and B jumpers wired 
to 01. Group 90-9F would have the jumpers wired to 11. All 
other groups would be wired to 10. You cannot wire groups of 
eight, but the plug wiring controls groups of 16 in the range 
XO-XF. In the preceding example, we were forced to dedicate 
groups of 16 to satisfy the customer's requirements. 

Each shared UCW requires a UCW and one additional byte. 
Because of this, a group of eight UCWs provides seven shared 
UCWs. The eighth UCW in a group provides the extra seven bytes 
required for the seven shared UCWs. Thus, in reality, the group of 
16 UCWs that are available for shared control units provide 
facilities for 14 shared UCWs on each selector/block-multiplexer 
channel. 
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Semidynamic UCW Address Assignment 

The general theory of semidynamic UCW assignment has been 
previously discussed. This section is devoted to the details of how 
this operation is accomplished. First consider the functional units 
involved in UCW assignment. In addition to the plugcards and 
associated circuitry, there are tables, registers, and the UCW pool 
in control storage. 

UCW Address Pointer Tables 

Each block-multiplexer channel has a 16-word UCW Address 
Pointer table in control storage. These tables start at locations 
BOOO, B 1 00, B200, and B300 for channels 1, 2, 3, and 4, 
respectively. The table is initialized according to plugcard wiring 
for shared UCWs (specific address in the UCW pool), and with the 
value 0002 for UCW address groups that require unshared UCWs. 
If selector mode of operation is required for devices on the 
selector channel with block-multiplexer mode feature, the UCW 
pointer table for the appropriate address groups is initialized to 
0003_ 

The two low-order bits of the UCW pointer (bits 6 and 7) 
define the restrictions that are initially imposed on the related 
device address group. In subsequent operations, these bits 
indicate whether or not UCWs are assigned. The other bits are 
initialized to O's if the group is unassigned, or to a location in the 
UCW pool starting at 9000 if shared UCWs are assigned. As 
groups of addresses are dynamically assigned UCWs, the pointer is 
set to appropriate addresses in the UCW pool. 

UCW Assignment Registers 

Four halfword registers in control storage are used by the 
microprogram to control semidynamic UCW assignment. These 
registers are located in control storage FFD4-FFOB. Bit 0 in the 
first register, Master DCC Control, is set from a control register 
and controls whether or not Disconnect Command Chaining 
(multiplex-mode) is permitted on the addressed channel. The 
register at F F06, Start UCW Pool, is initialized to the first 
available unshared UCW in the pool as determined by shared 
UCW assignment. The halfword at FFD8 is initialized at IMPL 
time to the address of the end of the UCW pool +1 to indicate 
End UCW Pool. The fourth halfword indicates Next Available 
Group, and is also initialized at IMPL time. This value is initially 
the same as Start UCW Pool, and is modified upward as Unshared 
UCW groups are assigned. Before each group is assigned, a 
comparison is made of End UCW Pool and Next Available Group 
to determine whether UCWs are available for assignment. 

Pointer Adr _ 

OeviceAdr -
Initial Value--... 

Assigned-

BODO B008 BOlO B018 B020 B028 B030 
00-07 08-0F 10-17 18-1 F 20-27 28-2F 30-37 
0002 0002 0002 0002' 0002 0002 0002 

9088 9100 9080 9108 -
B002 BOOA B012 BOlA B022 B02A 8032 
40-47 48-4F 50-57 58-5F 60-67 68-6F 70-77 
0002 0002 0002 0002 

9100 

B004 BOOC B014 B01C B024 B02C 8034 

80-87 88-8F 90-97 98-9F AO-A7 A8-AF 80-B7 

9001 9001 0003 0003 

B006 BOOE 8016 801E B026 B02E B036 

CO-C7 C8-CF 00-07 08-0F EO-E7 E8-EF FO-F7 

9009 9009 

UCW Pointer Table Channell 

UCW Pointer Format 

10123456710 1 23456~ 
H 
00 = Unshared/Assigned/OCC Allowed 
01 = Shared 
10 = Unassigned 
11 = OCC Not Allowed 
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B038 
38-3F 
0002 

Bl00 

\\ 00-07 

B200 \\ 00-07 

8300 ~ 00-07 

0002 0002 0002 J 

B03A 
78-7F Bl02 II 

40-47 

B202 1/ 
40-47 

8302 
II 

40-47 

0002 0002 0002 

803C B13C B23C I B33C 
B8-BF B8-BF B8-BF B8-BF 

0002 0002 0002 

803E B13E B23E 833E 

F8-FF F8-FF F8-FF F8-FF 

0002 

\\ \\ 0002 

\\ 
0002 

Channel 2 Channel 3 Channel 4 

Control 
Storage 

FF04 

FF08 Next/Current Group 

E"mPlel 8 9 0 8 0 

9 2 C 0 9 0 8 0 



UCW Pool 

The pool of UCWs is located in control storage starting at address 
9000. Each UCW is eight bytes, and a group of UCWs is eight 
UCWs that relate directly to device address groups. UCWs are not 
contiguous in the pool. A block of 16 consecutive UCWs are 
alternately assigned to two groups of device addresses. The odd 
and even groups require eq'ual numbers of UCWs from the block 
of 16 (one rowan the pool chart). This is the reason UCW groups 
are provided in multiples of two; therefore, the number of_LJCWs 
available is any multiple of 16 up to 512 maximum. The 
maximum pool would require the block of control storage from 
9000 to 9FFF inclusive. The term even refers to addresses with a 
low-order hex 0 (9000,9010,9020, etc.). The term odd 
designates addresses with a low-order hex 8 (9008, 9018, 9028, 
etc.). 

Operation 

Semidynamic assignment of unshared UCWs is accomplished by 
the GSOP routine previous to a SID selection. Consider a· 
sequence of examples: 

Example 1: Assume a single selector channel and 96 UCWs. 
Shared UCWs have been assigned by plugcard for addresses 80-8F 
and CO-CF on channell. Devices in address groups 90-9F have 
been wired for restriction to selector-mode operation. All other 
groups of UCWs are wired to permit being dynamically assigned 
as unshared UCWs. 

With the conditions described, the first SID is to device address 
110. From channel/device address 110, the routine builds pointer 
address BOlO. The value 0002 that is in the pointer indicates that 
UCWs are unassigned; and therefore need to be assigned for the 
group of addresses 10-17. The End UCW Pool +1 (value 92CO and 

Number of 
Groups of 

16 

2 

3 

4 

5 

6 

UCW+ 1 = 

the Current Pointer value 9080) are read and compared; 
inequality indicates that pool space is available. The Current 
Pointer is moved into BOlO, thereby establishing UCW assignment 
for the addresses 10-17 to the UCWs in locations 9080, 9090, 
90AO, ... 90EO, 90FO. The Current Pointer is updated by +8 to 
9088, becoming the Next Available Group pointer. 

Example 2: 510 on device 111. Build UCW Pointer address 
BOlO. The pointer was set to 9080 in example 1; thus bit 6 = 0, 
meaning that UCW is assigned, proceed with channel operation. 

Example 3: SID on device 101. This gives Pointer address BODO. 
0002 (B6=1) indicates that UCWs have not been assigned to this 
group. Repeat test to see whether UCWs are available and then 
read current pointer (9088). Store 9088 in channell UCW 
pointer BOOO. This establishes UCW assignment for devices 00-07 
in locations 9088, 9098, ... 90E8, 90F8. The current pointer is 
now updated by +78 to 9100, the Next Available Group. 

Example 4: SID on device 153. Pointer address = B012. 
Unassigned, available. Read Current Pointer (9100) and store in 
table at B012. This assigns UCWs to the even doublewords in the 
group (9100,9110,9120, ... 9160,9170). The Current Pointer 
is updated to 9108 (Next Available Group). 

Example 5: SID on device 123. Pointer address = B020. Store 
Current Pointer (9108) in B020, this assigns UCWs to the odd 
doublewords; that is, 9108,9118,9128, + ... 9168,9178. The 
current pointer is updated to 9180, next available group. 

UCW Pool 

:: C:-=-9-FE-O--=--=-------~--------============-----==:::--=== M,,:mum UC:OI Bounda" 
:::::::: 

Maximum 

UCW +1 = 9AOO 

Example 6: 510 on device 10C. Pointer address = B008. Read 
Current Pointer-change it from 9180 to 9100 (because device 
address bit 4 = 1). Set pointer value 9100 in B008, and update 
pointer to 9188. 

We have assigned two pointer table entries the same value: 
9100. This does not cause duplicate assignment of areas in 
control storage with the same UCW. The r;nethod of interpreting 
device addresses prevents this from happening. Consider the two 
addresses 53 and OC that apparently are being pointed to the 
same UCW area. 

Case 1: Device address 53. From the GSOP microroutine; 

GD= 1001 0001 0000 0000 GW3=Device Address 
GD3=GW3XH,OE,GD3 0011 0000 = 0101 0011 

1001 0001 0011 0000 XH = 0011 0000 
9 3 0 = Correct UCW address 

Case 2: Operation with device address OC. Refer again to the 
GSOP microroutine; 

GD= 1001 0001 0000 0000 GW3= 0000 1100 
GD3=GW3XH,OE,GD3 1100 0000 XH = 1100 0000 

1001 0001 1100 0000 
9 C 0 = Correct UCW address 

- Shared UCWs 

! . Un,hared UCW, UCW Format 

I 

9288 
Key Next CCW 

I 

Channel I 01234567 Status 

L Subchannel Active 

I nterruption Pending 

Command Chaining 

Command Retr y 

I 

Address 

Count 
I 

3145 TM 8-87 



Semidynamic Unshared UCW Assignment 

Microroutine 

SIO Instruction 
poll control is on. 

GSOP POLL 01 

Device address to 
channel regs. Branch on 
DCC master control 
build UCW pointer 
from channel and device 
address. 

Assign 
unshared UCW 
from pool. 

No 

Read End and 
current UCW 

Store assigned pointer. 
Update and store 
UCWassignment 
registers. 

Set UCW Assigned 
Mark. Continue. 

Yes 

Yes 

Move pointer into 
channel regs. 
Test shared. 
Read UCW. 

Continue 
ChannelOp 

Continue 
Channel Operation 

Go Set 
Condition Code 3 

Example 

UCW Assignment for device 10 on channel 1 

Device Address == 0 0 0 1 0 0 0 0 
X3, OR, K07 0 0 0 0 0 

0 0 0 0 
Bits 45 = 00 0 0 0 0 a 
X3, A, K38 

Read Channel Adr 0 0 0 1 0 0 0 0 
Build X2 and X3 - X2 == 0, OE, KBO 

Pointer Address == 

X2 X3 

0 1 0 o 0 0 

B 0 

Read Pointer 
RDH R CS, X R2 

o 0 0 0 0 o 0 0 

B6 Unassigned 
B7DCC 

Read End and Current Pointer 
ROW ROC, 08 (FFD8) 

RO 
o 0 0 1 0 0 

Compare 
RO, DE, R2 
Rl,OE,R3 

9 4 

0 o 0 

o 0 0 0 

R1 
o 0 0 0 

o 

Z Bus =I- 0, Therefore S2 = 1 Move R To Y 

Device Address . V3 

000 1 000 0 

B4 ---------/ 

R3 

Store pointer value (Y = 9080) in address at X (BOlO) 
R3 B4 == 0 UCW set is even - perform update 
of value in R3 R3 

100 0 0 0 0 0 

000 

0 o 0 0 
0 

0 0 1 0 

// 

o 0 0 0 
o 

R3 = R3+K08 0 0 0 0 

1 000 o 0 0 == Next available group 

Store address of next available group in FFDA. 
FFDA = 9088 

o 0 
9 

R2 
o 0 0 0 

o 

R3 
0000000 

8 o 

Block-Multiplexer Feature 8-88 

Assignment of unshared UCWs is performed for a complete 
device address group by the GSOP routine at selection time for 
the first successful SID to any device of the group. 

When the microroutine determines that the channel is unloaded, 
it set poll control and begins the UCW initial ization procedure. The 
master DCC control byte is read first to determine whether DCC 
is permitted; if not, the DCC is allowed, the DCC mark bit is set 
and the DCC latch is set. 

The device address bits are manipulated to build the low-order 
byte of the UCW pointer address; the channel address determines 
the high-order byte. The pointer is read and tested to determine 
whether a UCW has been assigned to this group. If so, the channel 
operation proceeds. If not assigned, and DCC is allowed, the 
address group requires UCW assignment. 

The End UCW Pool, and Current UCW Pointer values are read 
and compared to determine whether UCWs are available for 
assignment; if not, the routine ends and sets condition code 3. 

If UCWs are available, the assignment continues. The Current/ 
Next Available UCW pointer address in FFDA is moved and stored 
in the pointer table at BXXX (the address that was generated 
from the channel/device address). The current UCW address is 
updated as requ·ired and becomes the next available UCW address 
for the next group assignment. A mark bit is set to ind icate UCW 
assigned, and the channel operation continues. 



STORE/LOAD UCW TRAPS 

A significant factor in block-multiplexer channel operation is the 
storing and loading of the UCW. This is the heart of Disconnect 
Command Chaining. The general philosophy is similar to byte
multiplexer channel operation. The store UCW and load UCW 
operations are performed by microprogram trap in the GSLD 
routine. 

After trapping to the GSLD routine, the state of operational-in 
determines whether to take the store or the load routine. The 
store UCW routine is taken when the DCC latch is on, the channel 
is loaded, and operational-in drops. This may be between channel
end and device-end on a command chaining channel, or after 
ending status. 

The UCW is stored in the UCW pool at the address that was 
assigned during the SIO of this device or another device in the 
same address group. The channel is active during the store 
routine. The store UCW routine stores all pertinent information 
for the channel operation in the control-storage area assigned. 
The channel is then freed for other operations. If the channel
tried latch was previously set, a channel available interrupt is 
requested at this time. 

When the device requires service, request-in is raised. If the 
channel is busy, request-in is ignored and will be repeated at the 
next rotation of the disk. If not busy, a control-unit-initiated 
selection is performed. Select-out is set, address-in occurs, and the 
address is latched in the GR register. The channel responds with 
command-out. The control unit responds with status-in, and a 
load UCW trap is requested. The UCW pointer address is 
developed from the channel/device address. Because operational
in is up, the load UCW routine is performed. The UCW is loaded 
into local storage. The command chaining latch is set, also 
channel loaded and channel active, and the routine returns from 
the trap. 

The CC latch requests a chaining trap in GSTR to handle 
command chaining. From this point, operation is essentially the 
same as for selector channel until ending time. 

At ending status time (assume CE status, no chaining), the 
routine traps to GSES to handle status and put it in the interrupt 
buffer (if available) and turn on the interrupt latch. DCC latch, 
channel loaded, and Op-In down requests GSLD trap again to 
store the UCW. The UCW is stored with CC reset and interruption 
pending on. With status and address in the interrupt buffer, the 
channel is unloaded and is available for other operations. Under 
CPU control, G ICM, GSIN and GSSS handle the interrupt and 
store the CSW. 
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Store/Load UCW 

Routine 

Initial Selection 

DCC Latch J 
M 

Data Transfer 

Status 

CC L3tch 

Channel Loaded 
M 

Select-Out 

Opemtional-I n 

I nterrupt Latch 

Routine 

Initial Selection 

Seek 

I 
H 

JH 

Seek 

~ 
CE 
~ 

H 

GSLD 

I 
Store UCW 

if! 

JJ 

Selector Channel 

(No DCC Capability) GSTR 

RD Home Address 
I I 

DE 
1-11( 

H 

1 
H 

GSES GICM GSIN GSSS 

---I···· )III -.11 I JIll - .. 

CE/DE 
~ 

M 

M 

J,J 
-----------------.. 1 1--.... _1 

fJ 

Block-Multiplexer Channel 

H MH H .' 
GSLD GSTR _-.'1111---. 

Load UCW 

M 

GSES 
---II 

GSLD 

Store UCW 

M 

CPU Controlled r-______ ~A~ ______ __ 

GICM GSIN GSSS 
~~~ 

DCC Latch " ) ~""""""""""""""""""""""""""""""~f flJ ...................................................................................................... ~J 

Data Transfer ~ 
CE 

Status ..... 
H 

DE 

~ 
H 

CE/DE ... 
M 

CC Latch I 1 I 
H M M H 

Channel Loaded I I 
M 

Channel Tried 
I 

M M 
M 

Select-Out 
I I I 

MH H By Reg-In (H) H MH H 
Operational-I n I I 1 I 

I nterru pt Latch 

UCW 

Active and M 

~ .................................... ~ .. u.n.u.s.ed .. -.U.C.W .. iS .......................... ~ ... ln.t.e.rr.u.Pt.p.e.n.d.ini9 ...... ~1 ~ ........................ ~fjl 
M 

Active & Chaining M 

M loaded in Channel 

H == Set/Reset by Hardware 

M == Set/Reset by Microprogram 

MH == Function of Microprogram and Hardware 
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BLOCK-MULTIPLEXER OBJECTIVES 

TIO 

No 
Yes 

Yes No 

CCl 

On 

CC2 

No Yes 

No Yes Assign UCW 

CC3 

Yes 

Move Data Addr GDRL 

When CCO exit is taken, data transfer 
will be done by hardware. CMD chain 
and data chain will be done by GSTR 
trap. Ending status will be handled 
by the GSES trap. 

CCO 

This starts hardware 
initial selection up to 
CMD OUT 

GR 

Set Count Ready 
This allows data transfer 
to take place after 
initial status 

Reset Holdup Latch 
This allows initial 
selection past CMD OUT 

Yes 

of Nonzero 
Status 

CCl 

1- 00 

Primed is reset by 
hardware if initial 
status is zero. If not, 
the GSES trap occurs 
primed is reset 
in the trap. 

Yes 

To Error 
Logging 
Routine 
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No 

Load Status 
from Intrp 

Buffer 

CC1 

TID 

CC1 

No 

CC1 

CC1 

No 

= 00 

cco 

CC1 

No 

CC2 

To Error 
Logging 
R"outine 
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Parity Error 
On Addr On
C.U. Init Seln 
Set Inf Ck 

Out and Primed 

I 
Set Sel In 
Mark Bit 

This Trap Requested If: 
1. Parity error on Addr 

during C.U_ init. sequence 
2_ Adr in does not match adr out. 
3. Select-in on initial seln. 
4. Short Ctrl-unit busy seq. 
5. Status-in with intrp. condition. 
6. Disconnect-in received 

7. Command retry signal 

No 

No 

STAT Trap 

Rst Dee 
Lat 

Rst Select 
Out and Primed 

Set CC 
Latch 

I 

Yes 

Yes 

Set 
Supr-Out 

I 
Set Srv-Out 

Rst Cd and IDA 
Mark Bits 

I 

No 

Decrement 
CCW Adr by 8 

Dev Adr GR 

8-94 

Yes - Initial Status 

Set Nonzero 
Status Mark 

RTN 

Yes 

Yes 

Set Cmd Out 
Stack Status 

RTN 

Dev Stat-Gr 

No - Ending Status 

No 

Set Srv Out 
Store Dev Adr 

and Dev Stat In 
Interrupt BFR 

Reset Sci-Out 

I 
Rest Supr-Out 
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Load Subchnl 

int·) Channel 

No 

Store Unit 
Addr in Intp 
BFR - Do not 
Set Intp BFR 

Full 

Restore UCW 
with CC and CMO 

Retry Reset and 
Intp Pending 

Bit Set 

Set CMO 
Out 

stack stat 

RTN 

Up 

UCW Trap 

Store Status and 
Un it Addr in I ntp 
BFR - Set Intrp 

Buffer Full 

Unload 
Chnl into 
Subchnl 

Yes 

RTN 

Address 

TIO CMO 

Set Prog Ck 

Yes 

RTN 

GSTR 

Subtract 8 from 

CCW Address 

Block-Multiplexer Feature 8-94 

Yes 

8-95 

1\10 

RTN 



~ 
Read 1 st 

Half CCW 

No 

No 

RTN 

8-94 

Yes 

Read 1 st Half 
TIC'ed to CCW 

RTN 

RTN 
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SELECTOR-CHANNEL TEST EXAMPLE 

From Prevo Sect. __ __ 

"FAOO" 

"FECC" 

"SE XX" 

"F884" 

"F888" 

Actual Res 

Expec. Res 

"T" 

Go Fetch 
Next Test 

Fetch Section 

Initialization 
Go to first test 

Feature entry 
result comp bypass 
test # update 

Act.! Exp. result 
compo print out if 
no compo test # 
update 

I f loop test or 
last test bit. No 
update test # 

If tight loop bit 
bypass compo and 
test # update 

I 
I 
I 
I 

·1 

I 
I 

To Common 
Retain EBOO 

Read selector-

(00). Set retain 
overlay flag (for 
common retain routine) 

Set SX1 section 
ID (EJ), initialize 
for SX 1. testi ng 

Test Builder 
"EEOO" 

Fetch flag, count 
and I D bytes from 
test scheme table 
compute addr of 
C-Word in dictionary 
read C-Word 
Modify C-Word 
for next addr. 
store C-Word 
into common test 
field 

Return via 
link Reg 3A 
M3 Bit 5 

EBOO 

Read SX channel 
ID flag; branch 
on channel 
tested 

Set SX2 section 
ID (EK). Initialize 
for SX2 testing 

"88UO" 

Test Scheme Table 

"C0041C1C1CD"- _A-2 L ~O~~~~~ _ *Note 

_A2 L ______ _ 
A31 

--r--------
A4 

. I 

i 1 
-- t--
Las~ 
Testl 

Addr C-Word I D 

Word Dictionary 

I E400 1 100 

I 

E404 r - - - - - -I 01 
I- -- - - --I 
1 1 

I I 
1 1 

"E4 70"-. ~~O- ic;C;9;0- -I~;, ':"COC49300" 
- - - - - - - - -1--':'282EOOOO" 

"E474"_ ~~':-'..?.8~EQ9Q9 __ 12 ~ 
1 1 

1 I 
---1-----;-
E7F8 1 , FE 

Set SX3 section 
ID (EL). 
Initialize for 
SX3 testing 

COC49304 
COC49308 
COC4930C 
282E0010 

Set SX4 section 
ID (EM). 
Initialize for 
SX4 testing 
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Reset SX I D 
test bits and 
retai n overlay 
flag 

Note: Selector
channel testing 
completed. Monitor 
calls in next test 
sequence. 

} Test A 1 Example 

Return via link 
Reg 3A = 0037F888 

Note: 8800 = Flag Byte 

Bit 0 = 1 Execute Test If Buffer 
Bit 1 = 1 Execute Test If No Buffer 
Bit 2 = Spare 
Bit 3 = Spare 

Bit 4 = 1 Test Exec on Specific Chan. 
Bit 5 & 6 = Which Channel 
Bit 7 = Spare 

Preparation is: 
D800 + 4X Addr. Mod. Byte Value 

8801 = Count Byte Number of 
Word I D's in this test 

8802 = First Word ID or Address 
Mod. Byte 

8803 - 8805 = Word IDs 

The selector-channel microdiagnostic program is extremely long. In order 
to compact the tests and save disk space, a scheme was devised to utilize 
a monitor, a Scheme Table, and a Dictionary Table. With these factors 
the test builder program builds the SX channel diagnostics as it progresses. 
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IBM 1401/1440/1460 AND 1410/7010 COMPATIBILITY 

The 1401/1440/1460 and 141017010 Compatibility Features for 
the Model 145 consist entirely of microprogram instructions. 
Emulator programs provided for the Model 145 use these 
Compatibility Feature microroutines in conjunction with simulation 
routines, the Model 145 instruction set, and the as supervisor and 
data-management routines to emulate the 140017010 series 
operations. 

Two compatibility features are available: 

• 1401/1440/1460 Compatibility. This feature permits the 
system to execute 1401/1460 and 1440 instructions. 

• 1401/1440/1460, 1410/1710 Compatibil ity. This feature 
executes 1401/1440/1460 and 141017010 instructions. 

This section describes the characteristics of the 1401/14401 
1460,141017010 feature, because it is capable of performing the 
functions of both features, depending on the emulator program 
that is in use at the time. Two emulator programs are provided for 
the two unique compatibility operations. Differences in storage 
requirements, common region assignment, etc. are indicated as 
necessary for the two features. 

For ease in discussing the various combinations of features, the 
term 1400 refers to 1401/1440/1460 operations, and the term 
1410 refers to 141017010 operations. 1400/1410 refers to the 
combined feature. 

The operations performed by this feature (via microprogram 
routines are; 

• 1400/1410 Op-code fetching and decoding, address translation, 
indexing, and error checking. 

• 1400/1410 arithmetic operations, including Modify Address for 
1400 but excluding Multiply and Divide. 

• Comparisons. 

• 1400/1410 Branch if Character Equal (BCE), Branch if Bit 
Equal (BBE), and Branch if Wordmark or Zone Equal (BWE). 

The 1400 also handles unconditional branches and store address 
registers. 

• CPU data moves. 

• Data handling on input/output operations. 

• 140011410 address verification (BIFLAG). 

The compatibility feature fetches and analyzes each 1400 
instruction. It executes some instructions directly; for others, it 
passes control to the emulator program, which emulates the 
instruction and returns control to the compatibility feature. 

The Integrated Emulator Program uses a special emulator 
instruction for performing the operations of the 1401/1410 

compatibility features. This special instruction has a six-byte 
format. The first byte is always EA. The second byte designates 
the operation to be performed. Th:: remaining bytes are used as 
needed for address and general register indicators. Refer to the 
Emulator I nstruction section for details. 

1400·series characters (program and data) are stored in the 
simulated 1400/1410 main storage by the Integrated Emulator 
Program as a special a·bit internal code. The bits of the internal 
code are weighted for 1400/1410 representation as shown. 

I nternal Code bit 
1400/1410 Weight 

*Bit 7 on is an error. 

012 
a 4 2 

3 4 5 6 7 
B A WM 0* 

The exchange of information between the integrated emulator 

program and the 1400/1410 Compatibility feature is accomplished 
through the defined use of general registers and a section of main 
storage referred to as the common region. 

STORAGE ALLOCATIONS 

T he emulator program designates certain required Model 145 
facilities. Segments of main storage are assigned, but they have 
address flexibility that can be under control of the operating 
system. General registers are given assignment by the emulator 
program. The microprogram routines reside in control storage. 

Main Storage 

Segments of main storage are assigned for: 

• The emulator routines, consisting of simulation routines and 
the emulator Op codes OIL, BOIL, ANUM, CaMP, MCPU, Mia, 
and BI FLAG. The amount of main storage required depends on 
the options chosen when the emulator is generated. The 
common region area varies depending on whether the 1400 or 
the 1400/1410 featu re is present. 

• Data·management routines. The control program and the 
number and type of input/output units that are in use affect 
the storage requ irement. 

• Buffers: Main storage required for buffers for unit-record 
equipment, tape units, and disk units depends on the number 
and types of units being emulated. 
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1401/1440/1460 PARTITION OR REGION 

2K to 10K Data-Management Routines 

Buffers and Control Blocks 

Available Storage 

2K to 16K 1401 Systems Simulated 1400/7010 Storage (size of system 
2K to 16K 1440 Systems being emulated) 

8K to 16K 1460 Systems 

Approximately 20K to 34K Emulator Routines (including common 
region) 

Local Storage 

General registers 2 through 7 are used to simulate 1400 registers; 
as base addresses that point to emulator facilities; and as work 
registers, control byte, and other control information for the 
operation of the feature. 

Control Storage 

Control storage contains the compatibility sequences HAUM, 
HBVW, HCOM, HICY, HIND, HIOA, HMCP, HMIO, HMOD, 
HOPD, HOUT, and HZAS. The number of words required is 
approximately 1200 for the 1400, and 1450 for the 1410. 

GENERAL REGISTERS 
BYTE USAGE 

GR BYTE 0 BYTE 1 I BYTE 2 1 BYTE 3 

2 MICROPROGRAM WORK REGISTER 

3 ZEROS COMMON REGION 
Base Address B2ddd 

4 VALID BAR B-ADDRESS REGISTER 
ADDRESS* 

5 VALID AAR A-ADDRESS REGISTER 
ADDRESS* 

6 OIL IAR INSTRUCTION 
COUNTt ADDRESS REGISTER 

7 CONTROL LINK REGISTER 
BYTE 

* BYTE ZERO = VALID ADDRESS 
BYTE NONZERO = INVALID ADDRESS 

t 1400 - BIT 7 SHOULD ALWAYS BE 0 
1410 - BIT 7 INDICATES INTERRUPT PENDING 

1410/7010 

2K to 10K 

10K to 80K 1410 Systems 
40K to lOOK 7010 Systems 

Approximately 22.5K to 44K 
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Common Region 

The elements of the common region are listed by word/byte in 
the following chart. The Hex Addr column is the displacement of 
its word from the D I L pointer (B lddd or B2ddd). The pointer 
addresses must be located on a 256-byte boundary. 

Number 
of 

Words 

lA. 8 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11 . 

12. 

13. 

14. 64 

15. 64 

16. 64 

17. 64 

18. 64 

19. 64 

Hex 
Addr 

Byte(s) 

-20 

B2ddd 0 
1,2,3 

04 0 
1,2,3 

08 0 
1,2,3 

OC 0 
1,2,3 

10 0 
1,2,3 

14 0 
1,2,3 

18 0 
1,2,3 

lC 0 
1,2,3 

20 0 
1,2,3 

24 0 
1,2,3 

28 0 
1,2,3 

2C 0 
1,2,3 

30 0 
1,2,3 

xOO 

xOO 

B1ddd 

100 

200 

300 

Use/Contents 

8 words of working storage for micro
program use 

D-modifier 
Current IAR if an I/O Op having 
instruction length of greater than 4. 
If a CPU Op, bytes 1,2 = 0; byte 
3 = instruction length/switches. 

Zeros 
Minimum boundary of target CPU 

Zeros 
Maximum boundary of target CPU 

Zeros 
Storage wrap address 

CPU indicator 
OIL Interrupt address 

Zeros 
D I L restart address 

Zeros 
BDI L restart address 

Zeros 
Address error address 

Zeros 
1400 U I/O Op-code address (Not 
used in 1410) 

Zeros 
1410 Control Address Register (CAR) 

Zeros 
1400 unusual instruction format 
address or 
1410 invalid instruction format 
address 

Zeros 
1400 move or load I/O Op-code 
address or 
1410 Interrupt ha nd ling address 

Zeros 
Address pointer to a collating sequence 
table 

Internal code to EBCDIC conversion 
table 

EBCDIC to internal code conversion 
table 

1400/1410 Op-code table 

1400 hundreds address table or 
1410 ten thousands address table 

1400 tens address table or 
1410 thousands address table 

1400 units address table or 
1410 hundreds address table 

Number Hex 
of Addr 

Words Byte(s) Use/Contents 

20. 64 400 1410 tens address table 

21. 64 500 1410 units address table 

22. 4 400 1400 index table. Note displacement 
or 

16 600 1410 index table. Note displacement 

lA. Eight words of working storage are reserved for micro
programming. These words are accessed by the microprogram 
through a negative displacement from the S2ddd operand of 
the D I L instruction. The purpose of the eight words is for 
hardware retry and the interruptibility of long operations. 
These words provide the microprogram with storage space 

1. 

for re-entrant hardware routines. 

Byte 0 - DMOD: The d-modifier associated with the 
current 1400/1410 instruction. 

Bytes 1,2,3 - CURRENT /AR: When the microprogram 
detects a valid-length I/O operation with an X-control field, 
these three bytes contain the address of the I/O instruction. 
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When I/O operations are not encountered, bytes 1 and 2 
are set to zeros, and byte 3 is used as an instruction-length 
counter, and switches as follows. 

For 1400 

Byte Length Indicator Instruction 
Bits: 0 1 2 3 4 5 6 7 Length 

0 0 0 1 0 0 0 0 
0 0 0 0 0 0 1 2 
0 0 1 1 0 0 0 0 3 
0 0 0 0 1 0 0 4 
0 0 1 0 0 1 5 
0 0 0 0 0 6 
0 1 1 1 0 0 7 

0 0 0 0 8 

Note: If instruction length is greater than 8, that byte 
becomes FF. 

Indicator Bits: 
5 on = Complete A-address 
6 on = Complete B-address 

7 on = d-modifier for instruction lengths of 2, 5, and 8 

For 1410 

Byte Length 
Bits: 0 1 2 3 4 

0 0 0 1 0 
0 0 0 0 
0 0 1 1 0 
0 0 0 0 
0 0 0 
0 0 0 
0 1 1 1 0 
1 0 0 0 0 

0 0 1 0 
0 0 0 
0 1 1 0 

0 0 0 

Indicator Bits: 
5 on = Complete A-address 
6 on = Complete B-address 

Indicator Instruction 
5 6 7 Length 

0 0 0 
0 0 2 
0 0 0 3 
0 0 0 4 
0 0 0 5 

0 0 6 
0 1 7 
0 0 8 
0 0 9 
0 0 10 

0 11 
12 

7 on = d-mod ifier for instruction lengths of 2, 7, and 12 

Note: The dual use of these bytes is stressed and should be 
kept in mind. The length and indicator bits are always set 
except for the following conditions. 

• An I/O Op-code with an I/O X-control field, and having 
an instruction length greater than four, is detected. In 
this case, bytes 1,2, and 3 are an absolute binary address 
of the I/O Op-code. 

• When the control byte of an Op-code table entry is X'OO'. 

• When an unusual condition is encountered while decoding 
the operation code. 

2. Byte 0: Zeros. 

Bytes 1,2, and 3: - Minimum Boundary of Target CPU: 
This is the address of simulated 1400/1410 storage location 
O. I t is also the relocation factor for target storage. 

3. Byte 0: Zeros. 

Bytes 1,2, and 3: - Maximum Boundary of Target CPU: 
This is the address of the last effective storage location of the 
target CPU. 

4. Byte 0: Zeros. 

Bytes 1,2, and 3 - Storage Wrap Address: This is the 
storage wrap address for 1400/1410 indexing. It contains 
up to 16,000 in binary plus the relocation factor for the 
1400, and up to 100,000 in binary plus the relocation 
factor for the 1410. 

5. Byte 0 - CPU Indicators: This byte is used as a CPU 
compare indicator, as follows. 

Bit 0 Zero balance (1410 only). 
Bit 1 Low 
Bit2 High 
Bit 3 Equal 
Bit 4 Divide overflow (1410 only). 
Bit 5 Arithmetic overflow 
Bit 6 Not used 
Bit 7 Not used. 

Bytes 1,2,3 - DI L Interrupt Address: A D I L count is kept 
in bits 0-6 of byte 0 in GPR 6. The DI L count is decremented 
by one for each DI L instruction issued by the emulator 
program. When the OIL count goes to zero, the address kept 
here is loaded into the current PSW to branch to an emulator
program subroutine that handles time dependencies. If the 
D I L count is initially zero, it is assumed that no interrupt is 
contemplated. 
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6. 

7. 

8. 

9. 

10. 

11 . 

Byte 0: Zeros. 

Bytes 1,2, and 3 - DIL Restart Address: Contains the 
address of a single 0 I L instruction. This is used by the 
microprogram t::l restart 01 L when a system interrupt is 
taken after a 1400/1410 B, V, or WOp-code execution, or 
after a 1400 a or HOp-code execution. 

Byte 0: Zeros. 

Bytes 1,2, and 3 - BOIL Restart Address: Contains the 
address of a single branch OIL. 

Byte 0: Zeros. 

Bytes 1,2, and 3 - Address Error: Contains the binary 
address of an emulator program subroutine to handle 
addresses that constitute an address reference outside of 
target storage. 

Byte 0: Zeros. 

Bytes 1,2, and 3 - 1400 U 1100p-Codes: Contains an 
address of an emulator program to be inserted in the current 
PSW when the 1400 instruction contains an X-control field, 
that is, a 1400 U%xxd instructions. (Not used for 1410.) 

Byte 0: Zeros. 

Bytes 1,2, and 3: Contains the binary address of the 1410 
control address register. (Not used for 1400.) 

Byte 0: Zeros. 

Bytes 1,2, and 3 - Invalid Format Address: Contains the 
address of an emulator-program subroutine to which the 
compatibility feature links when: 

1. A wordmark is missing from an Op-code, or 
2. An invalid instruction format is detected. 

12. Byte 0: Zeros. 

Bytes 1,2,3 (1400) - 1400 Move or Load I/O Op-Code: 
These bytes contain the subroutine address that simulates 
the 1400 move I/O or load I/O operation. 

Bytes 1,2,3 (1410) - 1410 Interrupt: These bytes contain 
the subroutine address that handles the 14'10 interruptions, 
if permitted within 1410 OIL operations. 

13. Byte 0: Zeros. 

Bytes 1,2, and 3: Contains the binary address of a collating 
sequence table (1410 only). 

14. 64-Word Internal Code to EBCDIC Conversion Table: This 
table is used by the emulator program to convert internal 
code to EBCDIC (see Table on page 9-7). 

15. 64-Word EBCDIC to Internal Code Conversion Table: Used 
by the emulator program to convert EBCDIC to Internal 
Code (see Table 1). 

16. 64-Word Op-Code Table: The first word of this table is at the 
address specified by B 1ddd of the 0 I L or BO I L instruction. 
It is arranged so that the 1400/1410 Op-code in Internal Code 
minus 2 (resets the wordmark bit) plus the B lddd portion of 

17., 
18., 
19., 
20., 

01 L equals the correct table entry for that Op-code. The 
table must be on a 256-byte boundary (last eight bits of 
address are zeros). Each word of th'e table is: 

Byte 0 = control byte. 
Bytes 1,2, 3 = subroutine address to simulate Op code 
with the exceptions of 1400 V, W, a, and H Op codes 
and 1410 B, V, and W Op codes. 

21. 64-Word Address Conversion Tables: These tables are used 
to translate 1400/1410 addresses (in internal code) to a 
Model 145 binary address that includes the relocation 
factor. See "Conversion of 1400/1410 Addresses" within 
the 01 L description. 

22. 4-Word Index Table (1400): When 1400 is specified, this 
table is displaced x'400' from B lddd. The last three words 
correspond to the 1400 index registers. The contents of each 
word represent the address of the units position of a 1400 
index register with the relocation factor included. The first 
word contains the minimum 1400 address (in binary) plus 
the relocation factor. 

16-Word Index Table (1410): When 1410 is specified, this 
table is displaced x'600' from B1ddd. The last fifteen 
words correspond to the 1410 index registers. The contents 
of each word represent the address of the units position of 
a 1410 index register with the relocation factor included. 
The first word contains the minimum 1410 address (in 
binary) plus the relocation factor. 
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WITHOUT WOROMARKS WITH WOROMARKS 

1400 BCD Internal I/C Internal I/C 
Char Code Code Hex EBCDIC Hex Code Hex EBCDIC 

Blank 000000 0000 0000 00 0100 0000 40 0000 0010 02 0000 0000 
111011 1011 1100 BC 0100 1011 4B 1011 1110 BE 0000 1011 

) or tl 111100 1100 1100 CC 0100 1100 4C 1100 1110 CE 0000 1100 
[ 111101 1101 1100 DC 0100 1101 40 1101 1110 DE 0000 1101 

< 111110 1110 1100 EC 0100 1110 4E 1110 1110 EE 0000 1110 
:$ (GM) 111111 1111 1100 FC 0100 1111 4F 1111 1110 FE 0000 1111 
& or + 110000 0000 1100 OC 0101 0000 50 0000 1110 OE 0001 0000 
$ 101011 1011 1000 B8 0101 1011 5B 1011 1010 BA 0001 1011 

101100 1100 1000 C8 0101 1100 5C 1100 1010 CA 0001 1100 
101101 1101 1000 08 0101 1101 50 1101 1010 OA 0001 1101 
101110 1110 1000 E8 0101 1110 5E 1110 1010 EA 0001 1110 

6. 101111 1111 1000 F8 0101 1111 5F 1111 1010 FA 0001 1111 

100000 0000 1000 08 0110 0000 60 0000 1010 OA 0010 0000 
010001 0001 0100 14 0110 0001 61 0001 0110 16 0010 0001 
011011 1011 0100 84 0110 1011 68 1011 0110 86 0010 1011 

% or ( 011100 1100 0100 C4 0110 1100 6C 1100 0110 C6 0010 1100 

V (WS) 011101 1101 0100 04 0110 1101 60 11010110 06 0010 1101 
\ 011110 1110 0100 E4 0110 1110 6E 1110 0110 E6 0010 1110 
+It 011111 1111 0100 F4 0110 1111 6F 11110110 F6 0010 1111 
b 010000 0000 0100 04 0111 1010 7A 0000 0110 06 0011 1010 
..... 001011 11" 1011 0000 BO 0111 1011 78 1011 0010 B2 0011 1011 
@ or' 001100 1100 0000 CO 0111 1100 7C 1100 0010 C2 0011 1100 

001101 1101 0000 DO 0111 1101 70 1101 0010 02 0011 1101 
> 001110 1110 0000 EO 0111 1110 7E 1110 0010 E2 0011 1110 

v' 001111 1111 0000 FO 0111 1111 7F 1111 0010 F2 0011 1111 

? 111010 1010 1100 AC 1100 0000 CO 1010 1110 AE 1000 0000 
A 110001 0001 1100 lC 1100 0001 Cl 0001 1110 lE 1000 0001 
B 110010 0010 1100 2C 1100 0010 C2 0010 1110 2E 1000 0010 
C 110011 0011 1100 3C 1100 0011 C3 0011 1110 3E 1000 0011 

0 110100 0100 1100 4C 1100 0100 C4 0100 1110 4E 1000 0100 
E 110101 0101 1100 5C 11000101 C5 0101 1110 5E 1000 0101 
F 110110 0110 1100 6C 11000110 C6 0110 1110 6E 1000 0110 
G 110111 0111 1100 7C 11000111 C7 0111 1110 7E 1000 0111 

H 111000 1000 1100 8C 1100 1000 C8 1000 1110 8E 1000 1000 
111001 1001 1100 9C 1100 1001 C9 1001 1110 9E 1000 1001 
101010 1010 1000 A8 1101 0000 DO 1010 1010 AA 1001 0000 

J 100001 0001 1000 18 1101 0001 01 0001 1010 lA 1001 0001 

K 100010 0010 1000 28 1101 0010 02 0010 1010 2A 1001 0010 
L 100011 0011 1000 38 1101 0011 03 0011 1010 3A 1001 0011 
M 100100 0100 1000 48 1101 0100 04 0100 1010 4A 1001 0100 
N 100101 0101 1000 58 1101 0101 05 0101 1010 5A 1001 0101 

Hex 

00 
OB 
OC 
00 

OE 
OF 
10 
lB 

lC 
10 
lE 
IF 

20 
21 
28 
2C 

2D 
2E 
2F 
3A 

3B 
3C 
3D 
3E 
3F 

80 
81 
82 
83 

84 
85 
86 
87 

88 
89 
90 
91 

92 
93 
94 
95 

WITHOUT WORDMARKS 

1400 
Char 

0 
P 
Q 

R 

* (RM) 
S 
T 
U 

V 
W 
X 
Y 

Z 
0 
1 
2 

3 
4 
5 
6 

7 
8 
9 

BCD Internal 
Code Code 

100110 0110 1000 
100111 0111 1000 
101000 1000 1000 
101001 1001 1000 

011010 1010 0100 
010010 0010 0100 
010011 0011 0100 
010100 0100 0100 

010101 0101 0100 
010110 0110 0100 
010111 0111 0100 
011000 1000 0100 

011001 1001 0100 
001010 1010 0000 
000001 0001 0000 
000010 0010 0000 

000011 0011 0000 
000100 0100 0000 
000101 0101 0000 
000110 0110 0000 

000111 0111 0000 
001000 1000 0000 
001001 1001 0000 

GM = Groupmark 
WS = Word Separator 
RM = Recordmark 
WM = Wordmark 

The BCD code bit weights are: 

The Internal Code Bit weights are: 

The EBCDIC code bit weights are: 

I/C 
Hex EBCDIC Hex 

68 1101 0110 06 
78 1101 0111 07 
88 1101 1000 08 
98 1101 1001 09 

A4 1110 0000 EO 
24 1110 0010 E2 
34 1110 0011 E3 
44 1110 0100 E4 

54 1110 0101 E5 
64 1110 0110 E6 
74 1110 0111 E7 
84 1110 0111 E8 

94 1110 1001 E9 
AO 1111 0000 FO 
10 1111 0001 Fl 
20 1111 0010 F2 

30 1111 0011 F3 
40 1111 0100 F4 
50 1111 0101 F5 
60 1111 0110 F6 

70 1111 0111 F7 
80 1111 1000 F8 
90 1111 1001 F9 

8A8421 

8 4 2 1 8 A WM X 
where X being 0 = standard operation 

1 = error 
X WM B A 8 4 2 1 
where X being 0 = special character 

1 = standard character 

WITH WOROMARKS 

Internal 
Code 

0110 1010 
0111 1010 
1000 1010 
1001 1010 

1010 0110 
0010 0110 
0011 0110 
0100 0110 

0101 0110 
0110 0110 
01110110 
1000 0110 

1001 0110 
1010 0010 
0001 0010 
0010 0010 

0011 0010 
0100 0010 
0101 0010 
0110 0010 

0111 0010 
1000 0010 
1001 0010 

I/C 
Hex EBCDIC Hex 

6A 1001 0110 96 
7A 1001 0111 97 
8A 1001 1000 98 
9A 1001 1001 99 

A6 1010 0000 AO 
26 1010 0010 A2 
36 1010 0011 A3 
46 1010 0100 A4 

56 1010 0101 A5 
66 1010 0110 A6 
76 1010 0111 A7 
86 1010 1000 A8 

96 1010 1001 A9 
A2 1011 0000 BO 
12 1011 0001 Bl 
22 1011 0010 B2 

32 1011 0011 B3 
42 1011 0100 B4 
52 1011 0101 B5 
62 1011 0110 B6 

72 1011 0111 B7 
82 1011 1000 B8 
92 1011 1001 B9 

where WM being 1 = no word-mark 
o = word-mark 
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1410/7010 Op Codes 

R(I)d 

B(I)(B)d 

W(I)(B)d 

V(I)(B)d 

DIRECTION 
OF 

MOVE 

RIGHT 
TO 

LEFT 

LEFT 
TO 

RIGHT 

Branch 
Status 

Channel 
tor On 

Branch if Character Equal 

Branch if Bit Equal 

Branch on Word Mark 
or Zone Equal 

CONDITION WHICH 
ENDS OPERATION 

Move Data One Position 

Move Data to 1 st WM in A-Field 

Move Data to 1 st WM in B-Field 

Move Data to 1 st WM in either 
A- or B-Field 

Move Record to lst WM in either. 
A- or B-Field 

Move Record to 1 st RM in A
Field 

Move Record to lst GM-WM in 
A-Field 

Move Record to 1 st RM or GM· 
WM in A·Field 

BCD CODING (BITS) 

NO 
PORTION 
MOVED 

BLANK 
SCNlS 

~~ 

SCNLA 

SCNLB 

& 
SCNL 

8 
SCNR 

y 

SCNRR 

Q 

SCNRG 

H 
SCNRM 

NONE 

REMARKS 

MNEMONIC 

MOVE MOVE MOVE 
MOVE MOVE NUMERIC NUMERIC MOVE NUMERIC, 

NUMERIC ZONE AND ZONE MOVE WM AND WM ZONE AND ZONE, AND 
PORTION PORTION FROM A- IN A-FIELD FROM A- WM FROM WM FROM 

OF A-FIELD OF A-FIELD FIELD TO B- TO B-FIELD FiElD TO B. A-FIELD TO A- FIELD TO 
TO B-FIELD To B-FIELD FIELD FIELD B-FIELD B-FIELD 

1 

MLNS 

/ 
MLNA 

MLNB 

A 
MLN 

9 
MRN 

Z 

MRNR 

R 
MRNG 

I 
MRNM 

2 
MLZS 

S 
MLZA 

K 
MLZB 

B 
MLZ 

o 
MRZ 

MRZR 

MRZG 

? 
MRZM 

2 

3 
MLCS 

T 
MLCA 

MLCB 

C 
MLC 

# 
MRC 

, 
(comma) 

MRCR 

$ 
MRCG 

MRCM 

I, 2 

4 
MLWS 

U 
MlWA 

M 
MlWB 

o 
MLW 

@ 
MRW 

% 

MRWR 

MRWG 

o 
MRWM 

4 

5 
MLNWS 

V 
MLNWA 

N 
MLNWB 

E 
MLNW 

MRNW 

WS 
MRNWR 

) 
MRNWG 

( 
MRNWM 

1, 4 

6 
MLZWS 

W 
MLZWA 

o 
MLZWB 

F 
MLZW 

> 
MRZW 

postrophe) 
MRZWR 

MRZWG 

? 
MRZWM 

2,4 

7 
MLCWS 

X 
MlCWA 

P 
MlCW8 

G 
MLCW 

TVM 
MRCW 

MRCWR 

Do 
MRCWG 

'* MRCWM 

1, 2, 4 

BCD 
CODING 

(BITS) 

NONE 

A 

B 

A 

B 

B 

A 
8 

B 
8 

A 
B 
8 
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M/L(% Un)(B)R Read a Card without/with 
Word Marks 

20)(B)W Write a Line without/with 
Word Separator Characters 

M/L{%21)(B)W Write Word Marks without/ 
with Word Separator 
Characters 

M/L(O/04n)(B)W Punch Card without/with 

R/RW 

W/WW 

WM/WMW 

Units Position of X
Control Field Specifies 
Pocket Selection, if any 

Units Position of X - crrl 
word marks P /PW Field Specifies Pocket Sel 

M/L(%TO)(B)R 

M/L(% Fl )(B)W 

M/L(% F2)(B)R 

M/L(% F2)(B)W 

Fd 

TABLE 

TABLE 
II 

Console Printer/Load
Console Printer 

Write Console Printer/Load
Write Console Printer 

ingle Record 
th word marks 

Write Disk Single Record 
without/with word marks 

Read D Full Track 
withou ith word marks 

Write Disk Full Track 
without/with word marks 

Control Carriage 

RCP/RCPW 

WCP/WCPW 

RT/RTW 

WT/WTW 

WDT/WDTW 

WDC/WDCW 

SSF 

CC 

d OPERATION 

CHARACTER AT d FOR 
Blank Unconditional 

9 Carriage Channel 9 

@ Carriage Overflow (Channel 12) 

/ Compare Unequal 

5 Compare Equal (B = A) 

T Compare Low (B < A) 

U Compare High (B > A) 

V Zero Balance 

W Divide Overflow 

z Arithmetic Overflow 
Q Branch In uir 

Overlap In Process on Channell 
2 Overlap In Process on Channel 2 

R Printer Carriage Busy 

l·Bi, I 0 Not Ready 
2-Bi, I/O Channel Busy 

4-Bi' I/O Data Check 
8-Bit I/O Condition 

A-Bi' I/O No Transfer 

B-Bi' I/O Wrong Length Record 
Any I/O Channel Status. Indicotor ON 

@ Read Back Check (write disk check) 

Word Mark 

2,B,K,S Zone 
TABLE 

III 
______ --1_..:.3!..:.,C~,.:'L,:..:TL.__..:W_:ord Mark or Zone 

See d-character 
Notes 

See Table VI for 
d-character 

See Table VII for 
d-character 

MNEMONIC 

B 
BC9 

BCV 

BU 

BE 

BL 

BH 

BZ 

BDV 

BAV 
BNQ 

SOL 1 

BOL 2 

BPB 

BNR 1 or 2 
BCB 1 or 2 

BER 1 or 2 

BEF 1 or 2 

BN T 1 or 2 

BWll or 2 

BA 1 or 2 
BRClar2 

BW 

BZN 

BWZ • 

TABLE 
IV 

TABLE 

V 

TABLE 

VI 

TABLE 

VII 

X-CONTROL FIELD NOTES: 
Channel and overlap-mode by char in hundreds position of X-ctrl 
field_ %-Ch 1. non-overlap; @-Ch I, overlap; D-Ch 2, non-over
lap; *-Ch 2, overlap_ 
Read/Write tape in odd-parity mode accomplished by substituting 
B for U in tens position of X-control field_ (Mnemonic character of 
B follows standard mnemonic.) 

d-CHARACTER NOTES: 
d-character for Write Tape to end of storage is X; mnemonic is 
WTE. 
d-characler for Read Tape 10 end of storage or IRG is $; mne
monic is RTG. (These operations cannot be overlapped.) 

MNEMONIC NOTES: 
Overlap mnemonic for all applicable input-output codes is alpha
betic 0 which follows the standard mnemonic. 



1401/1460 Op Codes 

OPERATION CODES 

I Ht'ad 
2 Print 
3 Print-Hc'all 
4 1'111\1,11 
5 I(c'all'PlIllI'h 
6 Print-l'lInl,h 
7 l)rint·H,·ad·Plln!'h 
H HI'ad H,·h~aRl 

9 Pllnc,h He-lease 
A Ad.1 
B Branc,h 

C Compare 
n l\to\'C~ I>igit 
E Edit 
F Form Control 
H Store B "tar 
K Sta('kl'r Select 
L Loacl 
M 1\10\'1' 

N No Op 
P Move Record 

Q Store A Star 
S Suhtract 
U Unit Control 
V Brand. - WM or Zone 
W Bran('h - Bit Equal 
X l\l()\'C~ -Insert Zeros 
y Move Zone 
Z Mo,'e Zl'ro Suppress 

Stop 

0 Clear Wordmark 
/ Clear Stora~e 

SI~t Wordmark 
% Divide 

# Modify Address 
@ l\lultiply 
'! Zero and A,ld 

Ze-ro and Suhtraet 

1440 Op Codes 

Because of the complexity of the 1440 Op-code and modifier 
structure, a brief summarization in this manual is impractical. 
Refer to the System Operation Manual, IBM 1440 Data Proces
sing System, A24·3116, for detailed 1440 Op·code information. 

d MODIFIERS 

d CHARACTERS FOR BRANCH 

nllid 

d-Churnctcr Brun('h On 

h 
9 
@ 

A 
B 
C 
J) 

E 
F 
G 
K 
I. 
N 

Unconditional 
Carriage Channed #9 
Carriage Channd # 12 
"Last Card" Switch (Sense Switch A) 
SI~nse Switch B* 
St'nse Swit('h C* 
Sl'nse Swit('h J) * 
St'nsf~ Switch E* 
St'nse Swit('h r· 
Sf'nse Switl-h (;* 
End of Reel * ** 
Tarl' Transmission Error* 
Access InopcralJll'* 
HC'ad!'r Error if 1/0 Ch,,(,k Stop Switch is off*'" 
PIIllch Error if I/O Che(,k Stop Switch is orr*'" 

P Printer Busy (print storage featureJ* 
=+= Print Error if 1/0 Check Stop Switc'h is off*'" 
I Unequal Compare (B -1= A) 

• Inquiry Clt-'ar* 
Q Inquiry Request* 
R Printer Carriage Rus}' (print storage featu re) * 
S Equal Compare (n = A ) • 
T Low Compare (B < A)* 
U High Compare (R > A)· 
V Read·Write Parity Check or Read·Ba(:k 

Che('k Error· 
W Wrong-Ll'ngth Rl'cord· 
X Unequal·Address Compare· 
Y Any Di!'k·Unit Error Condition· 
Z (hernow·· 
% Processing Chec:k with Process Check Swire,lI 

off·· 

* Special feature. 
* ·Conriilions le,~led are re,~et by a BRANCll I fo' IN DI· 

CATOR ON inMruc:tion. 

d CHARACTERS FOR BRANCH 

IF WORDMARK OR ZONE 

VlIlBBnd 

Condition 

Wordmark 
~ No 7.one (No·A, No·R·hit) 
B 12,wllt'( AB-hit~) 
K II-wilt, (n, No-A-hit) 
S Zno·l.One (A. No·B·hit) 
3 Eithe-r a wordmark. or no 7.one 
C Eithc'r a word mark, or I2-7.one 
J. Eith('r a wordmark, or 11·7.onl' 

T Either a wordrnark, or zt·ro·zone 

d CHARACTERS FOR FORM CONTROL 

Fd 

d Immediate skIp to d Skip after print to 

1 Channel A Channel 1 
2 <:hannel 2 R Channel 2 
3 Channel 3 C Channel 3 
4 Channel 4 D Channel 4 
5 Channel 5 E Channel 5 
6 Channel 6 F Channel 6 
7 (:hannel 7 G Channel 7 
8 Channel H H Channel 8 
9 Channel 9 Channel 9 
0 (:hannel 10 '! Channel 10 

# Channel 11 Channel 11 
@ Channel 12 0 Channel 12 

d Immediate space d After print-space 

J 1 spaee I I spa('c 
K 2 spaees S 2 spaces 
L 3 spaces T 3 spa('es 

3145 TM 9-9 



1400/1410 COMPATIBILITY FEATURE INSTRUCTION EA 

The 1400/1410 compatibility feature instruction is six bytes long. 
The first byte is the Op-code EA. The second byte designates the 
function to be performed. The remaining four bytes are used as 
described under each function. 

The functions are: 

1st 2nd 
Byte Byte Mnem 

EA 00 OIL Do I nterp retive Loop 
Function: 1400/1410 Op-code 
fetching, indexing, address conversion, 
and some branching. 

EA 01 BOIL Branch OIL 

EA 04 ANUM Add Numeric 

Function: 1400/1410 arithmetic 
operations except multiply and 
divide. 

EA 05 COMP Compare 
Function: 1400/1410 compares, 
low order to high. 

EA 08 MCPU Move Data in CPU 
Function: 1400/1410 data moves 
that are internal to the target storage. 

EA 09 MIO Move Data for Input/Output 
Function: Data is moved to 
simulated 1400/1410 storage from 
Model 145 buffer area, and vice versa. 

EA OC BIFLAG Branch Invalid Flag 
Function: Branches to an error 
routine if an invalid address is indicated. 

DIL And BOIL - Do Interpretive Loop 

I nstruction formats are: 

DIL 

EA 00 B1ddd 

BOIL 

FA 01 B1ddd 

B 1ddd contains the base address of the Op code Table. 
B2ddd contains the base address of the first word in the common 
region. 
Bland B2 are GPR 3, the common region base register. 

A. Branch DIL takes the address in the IAR (GPR 6) and stores it 
in the BAR (GPR 4) in case the branched-to instruction is a 
Store B-Address Register; then it takes the branched-to address 
in the AAR (GPR 5) and puts it in the 1400/1410 IAR (GPR 6). 
BD I L then branches to the D I L microprogram entry. 

. B. Normal DIL 
1. DIL count (Byte O-GPR 6): When decremented to zero, the 

DIL interrupt address (word 5 of the common region) is put 
into the current PSW. This causes routing to a software 
subroutine for handling time dependencies. If the initial 
OIL count is zero, it is assumed that no interruptions are 
contemplated and that 0 I L count is not being used. 

2. Op-code verification: Checks the 1400/1410 operation 
code for a wordmark bit (bit 6 = 1). If the word mark is 
missing, the 1400 unusual-instruction-format address or the 
1410 invalid-format address (word 11 of the common 
region) is used to branch to an invalid-format routine. 

3. Routing: The Op·code table is arranged so that the proper 
index into the table is obtained through the following 
procedure: (1) subtract 2 from the fetched 1400/1410 
Op-code (reset the wordmark bit); (2) add the result to 
the B1ddd operand of the OIL instruction. The word at 
this calculated address contains the address of a software 
simulation routine for the 1400/1410 Op code, in addition 
to a control byte for the 1400/1410 Op code. 

This provides the transition between the 1400/1410 
program and the software routine. 

The format of the word fetched from the Op-code table 
is: 

CTL XXX 

CTL: Control Byte 

The Control Byte bit significance is shown in the Control Byte 
Chart. 

XXX: 24-bit address of the subroutine that is to simulate a 
given operation code. (Note: V, W, Q, and HOp-codes do 
not contain a subroutine address.) 
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CONTROL BYTE CHART (1400 and 1410) 

1400 Control Byte Chart 

Bits 0, 1 0 0 Not M, L, 0, U, operation codes 
0 1 o operation code 

0 M or L operation code 
U operation code 

Bit 2 Address double operation code 

Bit 3 B operation code 

Bit 4 Clear storage or set wordmark operation 
code 

Bit 5 0 Exit immediate to software routine 

Bit 6 High-speed execution of current operation 
code 

Bit 7 0 1410 (error) 
1400 

1410 Control Byte Chart 

Bits 0, 1 0 0 

Bit 2 

Bit 3 

Bit 4 

Bit 5 

Bit 6 

Bit 7 

o 1 

o 

o 

o 
1 

Normal CPU op 
G or$ Op code 

I/O operation without X-control field 
M, L, U operation 

Address double operation code 

Op code can have a B-address 

Op code can have a B-address 

Exit immediate to software routine 

High-speed execution of current 
operation code 

1410 
1400 (error) 

4. Conversion of Addresses: Conversion of address characters 
from internal code to an equivalent binary value is 
accomplished with address-decoding tables. There is a 
separate table for each 1400/1410 address position (hundreds, 
tens, and units for 1400 address) (ten thousands, thousands, 
hundreds, tens, and units for 1410). Each table consists 
of 64 words (256 bytes) starting on a 256-byte boundary, 
that is, the binary address of the first byte in the table has 
zeros in the last eight bits. Therefore, each byte in the 
table has an address in which the last eight bits correspond 
to a possible internal-code configuration if all bits of the 
internal code were used (eight bits equal 256 combinations). 
Because bit 6 of the internal code is always zero for 1400/ 
1410 address fields (no wordmarks) and bit 7 is always zero, 
any combination of internal-code bits is located in the table 
on a word boundary (last two bits of the address are zero) 
and offers 64 combinations (six bits equal 64 combinations). 
Each word in the table has the following format. 

Byte 0: Value byte - this byte contains information to 
determine: 

a. Which index word to select (tens table only for 1400; 
hundreds and tens tables for 1410). 

b. When an invalid character is used to index the table 
(all tables). 

c. When the indexing character has a zone combination 
that will cause an invalid address (hundreds and units 
tables for 1400; ten thousands, thousands, and units 
tables for 1410). 

Bytes 1-3: These bytes contain the binary value of the 
1400/1410 address character accord ing to its function (ten 
thousands, thousands, hundreds, tens, or units). The 
relocation factor is included in bytes 1-3 of the ten thousands 
table for 1410. 

To select the correct corresponding binary value, the micro
program inserts the internal-coded 1400/1410 address 
character as the last eight bits of the base address of the 
proper address-decoding table. The high-order address
decoding table (ten thousands for 1410, hundreds for 1400) 
is located at B 1ddd plus 100 hex (256 bytes from op-code 
table). Each successive table is located at multiplesof 100 
hex. These tables are generated by the Integrated Emulator 
Program according to the system being emulated. When 
1400 is specified, only the hundreds, tens, and units tables 
are used. When 1410 is specified, all five tables are used. 

The final 1400/1410 address is the summation of the 
binary values extracted from the address-decoding tables. 

5. 1400 I/O Detection: DI L performs X-control field decoding 
on the A-field of the 1400 instruction as defined in conjunction 
with the CTL byte from the Op-code table. 
a. For an M or L operation code with an X-control field, hex 

2C is added to the B2 operand of the D I L instruction and 
the word at that location fetched. The address in that 
word is placed in the current PSW. 

b. For a U operation code with an X-control field, hex 20 
is added to the B2 operand of the D I L instruction and 
the word at that location fetched. The address in that 
word is placed in the current PSW. 

c. For an M, L, or U operation code without an X-control 
field, the address fetched from the Op-code table for M, 
L, or U entries is placed in the current PSW. 

5A. A valid 140011410 I/O instruction with X-control field 
places the address of the I/O instruction into bytes 1, 2, and 
3 of the first word of the common region (B 2ddd + 0 of the 
DIL instruction). 

6. D-Modifier Character: If the 1400/1410 instruction has a 
d-modifier, place the modifier in the common region. Store 
it in the B2ddd field + 0 of the D I L instruction. 

7. Exit: 
a. Normal Exit: set up the DMOD and the CU R RENT IAR 

or INSTR LENGTH/SWITCHES in the common region 
(first word) as per the definition. 

b. No Exit: high-speed implementation for the following 
1400/1410 instructions. 

• Branch Character Equal 

• Branch Bit Equal 

• Branch if Wordmark or Zone 
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• Branch Unconditional (1400 only) 

• Store A-Register (1400 only) 

• Store B-Register (1400 only) 

D I L in these cases performs the appropriate test for a 
microcode branch to Branch DIL microcode if the result 

of the test is true. Otherwise, it branches to the D I L 
microcode entry point in microcode. Store A- or Store 
B-Register operations branch to the DI L microcode entry. 

8. Interruptibility: DI L is interruptible at the start of 01 L. 
DI L is also interruptible at the end of a high-speed execution. 
Interruptibil ity is periodically checked during microcode 
execution. 

Condition Code: The condition code remains unchanged. 

ANUM - Add Numeric 

This instruction does the 1400/1410 decimal·add or subtract 
operations. It uses a control byte that assists the microprogram 
in the implementation of its several running states. This 
instruction is interruptible. 

ANUM 

EA 04 

The low eight bits of the B 1ddd effective address are interpreted to 
be R 1 R2. 

R 1 contains the units address of the destination field. 
R2 contains the units address of the source field. 
S2ddd is the address of the control byte, which is defined as 
follows: 

XO 1410 Add 

Xl 1400 Add 
X2 1410 Subtract 

X3 1400 Subtract 
X4 1410 Zero and Add 
X5 1400 Zero and Add 
X6 1410 Zero and Subtract 
X7 1400 Zero and Subtract 

X9 1400 Modify Address 
XSDF (bit 7 on) Default to X9 

ANUM, upon completion, set/resets the 141 0 ~ero balance 
status indicator and sets the 1400/1410 overflow indicator, if 
appropriate. 

ANUM executes from arithmetic low order to high order, (high 
memory address to low address). Certain cases of subtract may 
require a recomplement cycle. This must start at the in itial R 1 
address. 

Interruptibility is maintained for all running states. Retry is a 
function of the microprogram technique. Upon completion, the 
R 1, R2 GRs will be decremented by the number of bytes processed. 

All arithmetic functions are performed under complete algebraic 
sign control. The sign of a factor is determined by the combination 
of zone bits in the units position of the fields specified by the 
instrl,lction being executed. 

Condition Code: The condition code remains unchanged. 

COMP - Compare 

This instruction performs the 1400/1410 compare function. 

COMP 

EA 05 Slddd 

The low eight bits of the B 1ddd effective address are interpreted 
to be R 1 R2. 

R 1 and R2 contain the units addresses of the fields to be compared. 
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Execution: 
1. Execution is from high address to low address (Iow·order data 

position to high-order data position). 
2. It stops on the first word mark encountered in either field (bit 

6 = 1 of the current byte). 
3. It sets the bits of the CPU indicator (word 5 of the common 

region) according to the compare results. 
4. Interruptible as on long move. 

Registers at end: 
R 1 and R2 are decremented by the field length. 

Condition Code: The condition code setting at the end of the 
compare is one of the following. 

01 = R2 wordmark stopped the compare. 
10 = R1 wordmark stopped the compare. 
11 = R 1 and R2 word marks occurred simultaneously and stopped 
the compare. 

MCPU - Move Data in CPU 

T his instruction does the 1400/1410 CPU data moves. The value 
of the control byte pointed to by the MCPU instruction causes 
proper execution of the current move operation. 

MCPU 

EA 08 B1ddd 

The low eight bits of the B 1ddd effective address are interpreted 
to be R 1 R2. 
R 1 contains the address of the destination field. 
R2 contains the address of the source field. 

B2ddd is the address of the control byte that controls the move. 

Execution 
1. The bits of the MCPU control byte are weighted the same as 

the internal code (8 4 2 1 B A 0 0). The status of the 
control-byte bits controls the operatio!) as follows. 
A. Move direction: 

a off Move is right to left 
a on Move is left to right 

B. Data Transfer: 
4,2, 1 off 

1 on 
2 on 
4 on 

No data transferred; scan for word marks, 
recordmarks, or groupmark-wordmarks. 
Transfer the numeric portion of the data field. 
Transfer the zone portion of the data field. 
Transfer the word marks from the A-field to 
the B-field. 

C. Stop conditions on a right-to-Ieft move (8~bit off): 
B and A off Transfer or scan only one storage position. 
B off, 
Aon 
Bon, 
A off 
B and A on 

Transfer or scan to A-field wordmark. 

Transfer or scan to B-field wordmark. 
Stop transfer or scan at either A-field or B
field wordmark. 

D. Stop conditions on a left-to-right move (a·bit on): 
B and A off Stop transfer or scan at first word mark sensed 

in either field. 

B off, 
A on Stop transfer or scan at A-field recordmark. 

Bon, 
A off Transfer or scan to A-field groupmark-wordmark. 
B and A on Stop transfer or scan on either an A-field 

record mark or A-field groupmark-wordmark. 
E. Bits 6 and 7 should be 01 for 1400, and 0"0 for 1410, for the 

Model 145 system. 
2. Minimum Model 145 implementation includes the MCPU 

commands for the MCPU control-byte settings shown as follows. 
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Control Byte 
Bit a = a 
Bit 1 = a 
Bit 2: 
Bit 3: 
Bit 4: 

Must be zero. 
Must be zero. 
a for move; 1 for load. 
a for tape or unit record; 1 for disk. 
a for no translation; 1 for translation, or 
a for odd parity; 1 for even parity. 

as defined in the following chart. 

Bit 
234 

a a a 

a a 1 

o 1 x 

a a 

1 a 1 

Significance 

A nine-track, odd-parity EBCDIC tape-move 
operation, or a unit-record move operation. 

(The odd-parity word-separator character is 2D 
in the buffer.) 

See bit 4 parity input/output significance below. 

A nine-track, even-parity EBCDIC tape-move 
operation, a seven-track tape-move operation, 
or a unit-record move operation. 

(The even-parity word-separator character is 
6D in the buffer.) 

See bit 4 parity input/output significance below. 

Specification check. 

A nine-track, odd-parity EBCDIC load-mode 
tape operation, or a unit-record load-mode 
operation. 

See bit 4 parity input/output significance below. 

A nine-track, even-parity EBCDIC, load-mode 
tape operation, or a seven-track load-mode tape 
operation, or a load-mode unit-record operation. 

See bit 4 parity input/output significance below. 

Bit 4 Parity Input/Output Significance (for the above conditions 
only). 
When bit 4 = a (odd parity): 

On Input: If buffer character bit 1 = 1, substitute an asterisk 
(in internal code) and set invalid-data condition code. 

If buffer character bit 1 = 0, data is translated directly to 
internal code. 

Bits 

0 1 2 3 4 5 6 7 
(8 4 2 1 B A 0 0) Meanings 

a a 0 1 0 0 a Move Numeric 
a a 0 a 0 a Move Zone 
a a 1 0 Move 
1 a 1 0 Move Record 
a 1 1 1 0 1 0 Load 
a a 0 0 0 a Scan Left to B-field 

wormark 
a a 0 a a Scan Right to GMWM 

Note: Control-byte bit 7 is always on for 1400 operation. 
3. MCPU is interruptible. 

Registers at end: R 1 and R2 are incremented/decremented by this 
field length. 

Condition Code: The condition code is unchanged. 

MIO - Move Data for Input/Output 

T his instruction assists in the simulation of 1400/1410 I/O 
instructions. Data is moved from the 1400/1410 main-storage 
image to the Model 145 buffer area, or vice versa. 

MIG 

EA 09 B1ddd 

Registers 
The low eight bits of the B 1ddd effective address are interpreted 
tobeR1R2. 

R1 is the register containing the Model 145 buffer address. 
R2 is the register containing the 1400/1410 data-field address. 
Rc is the count register that monitors the length of execution, and 

is located by subtracting 1 from the register number specified 
by R 1. It contains the absolute binary number using one 
origin counting, which represents the number of bytes to be 
transferred. No more than two bytes for 1400 or three bytes 
for 1410 of the GPR represented by Rc should contain a count. 
The count should never specify a buffer overrun into a protected 
area, nor an invalid System/370 address. 

B2ddd points to a control word structured such that byte 0 is a 
control byte and bytes 1,2, and 3 are the addresses of a 
translation table that is located on a 256-byte ooundary. 

Note: Output with translation may have the translate table 
located on a 256 + 1 boundary. 
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On Output: The translated character has bit 1 forced to 0 
before it is moved into the buffer. 

When bit 4 = 1 (even parity): 

On Input: If buffer character bit 1 = 0, substitute an asterisk 
(in internal code) and set invalid-data condition code. 

If buffer character bit 1 = 1, data is translated directly to 
internal code. 

On Output: No change to characters - data bit 1 should be 
1 after translation. 

o A disk load-mode operation. No translation is 
required. 

Bit 5 = 0 

Bit 5 = 1 

Bit 6 = 0 

Bit 6 = 1 

Bit 7 

A disk load-mode operation, but 

On Input: Translate from EBCDIC to internal 
code. 

On Output: Translate from internal code to 
EBCDIC. 

Output to the Model 145 buffer area from 1400/ 
1410 main storage. 
Input to 1400/1410 main storage from the Model 
145 buffer area. 
Do not stop on groupmark-wordmark. Always 
stop at end of 1400/1410 storage or if count is 
zero. 
Stop on groupmark-wordmark. Always stop at 
end of 1400/1410 storage or if count is zero. 
Must be on for 1400, must be off for 1410. 

Validity Checking Data 

Invalid data must be sent to the 1400/1410 CPU as an asterisk (in 
internal code) by hardware. It will be handled at the logic level. 

Word Separators 

During load-mode tape handling, because movement is under the 
byte-count control of Rc, it is clearly possible to be working on a 
wordmarked character in 1400/1410 storage or a word separator 
in the buffer, and have the count go to zero after transmitting a 
word-separator character to the buffer. In this case, the microcode 
sets the condition code as described in the Condition Code section, 
and the problem of handling this situation is delegated to software. 

Rc After a MID 

At the start of an MID, Rc is used as a counting register; in 1400 
operations, the register has bytes 0 and 1 set to zero and bytes 2 
and 3 are used for a count. In 1410 operations, the register has 
byte 0 set to zero and bytes 1, 2, and 3 are used for a count. This 
is a requirement of the Op-code function. At the conclusion of 
the operation, byte 0 of Rc has the following bit settings. 
Byte 0 = 0 000 0000 Count went to zero; no stop condition 

satisfied. 
Byte 0 = 00 1 0 0000 Groupmark-wordmark encountered and 

caused the stop. 
Byte 0 = 0 001 0000 End of 1400/1410 storage was 

encountered and caused the stop. 
The above stop conditions may be tested with the L TR 
instruction. 

Bytes 2 and 3 contain the residual count (1400). Bytes 1,2, 
and 3 contain the residual count (1410). 

Note: Invalid lengths are not checked in the microcode. 

Condition Codes 

CC = 00 
CC = 01 

CC = 10 
CC = 11 

Normal ending of MID. 
Word-separator or wordmark problem encountered 
on last character of the count. 
I nval id data encountered (cannot occur on output). 
Word-separator or wordmark problem and 
invalid data detected during the M 10 operation. 

BI FLAG - Branch on Invalid Flag 

This instruction tests R 1 and R2 to see whether an addressing flag 
(invalid 1400/1410 address) exists in either register specified by 
R 1 or R2. The instruction form is: 

BIFLAG 

EA OC B1ddd 

The low eight bits of the B lddd effective address are interpreted 
to be R 1 R2. 
R 1 any general register. Normally it is the 1400/1410 BAR. 
R2 any general register. Normally it is the 1400/1410 AAR. 
B2ddd is the base displacement address of the 1400/1410 common 
region. 

Execution 

R 1 and R2 are checked to see whether any bits are on in byte 0 
of the registers. If any are on, a branch to the address-error routine 
is taken through the 140011410 common-region word. If no bits 
are on in byte 0 of either R 1 or R2, processing continues at the 
next sequential System/370 address. 

Condition Code 

Unchanged. 
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PROGRAM DEBUGGING INFORMATION 

1 . System/370 Interruptions 
a. System!370 Op-Code Check caused if the EA Op code 

is not installed on the system, or if an invalid secondary 
decode byte is encountered. 

b. Systeml370 Addressing or Protection Check caused by 
8 1 ddd having a value other than zero for 8 1, or by having 
an invalid 8 2ddd address for the system. This check is also 
caused by a violation of the protection key, or if R 1 and/or 
R2 contains an invalid address with respect to the system or 
its protection key. 

c. System!370 Specification Check caused when invalid control 
bytes are encountered. 

2. Miscellaneous Interruptions 
a. Register 2 must be zero upon issuance of this operation, or 

unpredictable results can occur. 
b. Register 3 must point to the hardware common region, or 

unpred ictable results can occur. 
c. 140011410 Address Error or Storage Wrap can be caused by 

a flag set on in byte 0 of either R 1 or R2. Thi~ indicates an 
error in either the 1400/1410 program or the address
conversion table. Storage wrap is caused by encountering 
an X '03' at either the high or low end of the target storage 
area. R 1 and R2 are unchanged. GP register 2 may be non
zero. 

d. Operation Exception if EA is encountered in RI Mode. 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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DIRECT CONTROL 

OPERATION 

The Direct Control feature in System/370 provides a means of 
communicating between two CPUs, or between a CPU and 
external devices. It is intended primarily for transmission of 
control information. A CPU communicates with external 
devices by using the external-interruption mechanism and the 
write direct and read direct instructions. A byte of information 
and control signals are exchanged over the direct control interface 
lines. 

Write Direct 

The write direct instruction is used to place information on the 
direct control bus-out (dir-out) lines, and read direct is used to 
take information from the direct control bus-in (dir-in) lines. The 
write direct instruction causes the byte of information (8 bits) at 
the location designated by its operand address to be placed as 
static signals on the dir-out lines. 

Write Direct 

10 
84 

718 
12 , 51, 6 8, ,9120 

01 

3,1 
Code Immediate Operand Address 

Operand 

These signals may be changed at varying intervals by repeating 
the write direct instruction or they may be allowed to remain an 
indefinite period. No parity is presented with these eight bits of 
control information. The write direct instruciton also causes the 
eight bits, contained in bit positions 8-15 of the instruction, to be 
sent out as eight timing pulses on the timing signal bus-out (sig-out) 
lines. Again no parity is presented. At the same time, a ninth and 
similar pulse is sent out on the write-out line. The leading edge of 
these timing pulses coincides (within skew limitations) with the 
leading edge of the write-out pulse, and the write-out pulse over
laps the change of the signal on the dir-out lines. 

The timing signals and the write-out signal may be used to 
alert equipment to which data is to be sent. When communicating 
with another CPU, the timing pulses are used to cause an external 
signal interruption at the receiving CPU; the write-out pulse is 
used to ensure the validity of the control information. 

Read Direct 

The read direct instruction causes the information appearing on 
the eight dir-in lines to be placed as eight bits in the location in 
storage designated by the operand address (provided the hold-in 
signal is absent). 

Read Direct 

85 

Code Immediate 
Operand 

01 

Operand Address 

Information on the dir-in lines may not be valid while the hold-in 
signal is active. No parity is transmitted with the control information, 
however, a parity bit is generated by the CPU as the data is placed 

in storage. 
Prior to accepting the control information, the read direct 

instruction causes the eight bits in positions 8-15 of the instruction 
to be sent out as eight timing pulses on the timing signal bus-out 
(sig-out) lines. At the same time, a ninth and similar pulse is sent 
out on the read-out line. The leading edges of the timing pulses 
and the read-out pulse must coincide within the skew limitations. 

The function of the hold-in signal is to allow the external 
device to inhibit (hold up) the read operation until current data 
has been placed on the dir-in bus. Hold-in also prevents a read 
operation while information on the dir-in lines is changing and there
fore invalid. When communicating between CPUs, the write-out 
pulse of the sending CPU is received as the hold-in signal at the 
receiving CPU, and thereby prevents the read ing of invalid 
information by the receiving CPU. 

Devices connected to the CPU should be designed to respond 
quickly to the CPUs read-out signal by dropping (deactivating) 
the hold-in line. Note that hold-in overlaps the period when 
information is changing on the dir-in lines. Refer to the timing 
chart (signals originating outside the CPU), page 9-20. Therefore, 
time is allowed to complete a data-sending operation should the 
external device have one in progress. 

Direct Control Interface, CPU to CPU 

Direct Control Bus-Out 0 Direct Control Bus-In a 

Direct Control Bus-Out 7 
}8 Lines . Direct Control Bus-In 7 

Write-Out Hold-In 

Read-Out Read-In 

Timing Signal Bus-Out a Externa I Signal Bus-I nO 

}. 8 Lines 
Timing Signal Bus-Out 7 External Signal Bus-In 7 

CPU 
Direct Control Bus-In 0 Direct Control Bus-Out 0 

1 

Direct Control Bus-In 7 
}_ 8 Lines 

Direct Control Bus-Out 7 

Hold-In Write-Out 

Read-In Read-Out 

External Signal Bus-In 0 Timing Signal Bus-Out a 

External Signal Bus-In 7 t Timing Signal Bus-Out 7 

Direct Control Interface, CPU to External Device 

18 
Lines 

18 
Lines 

Out Lines 

l Direct Control Bus-Out 
, 0-7 

Write-Out 

t
Read-Out 
Timing Signal Bus-Out 

0-7 

Out Lines 

In Lines , Direct Control Bus-In 
0-7 

i 
Hold-In 
Read-In 
External Signal Bus-In 

0-7 

In Lines 

Control Unit 0 

R 

R 

0 

0 
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DEFINITIONS OF INTERFACE LINES 

I n the following signal description, the up-level is the active level; 
the down-level is the inactive level. 

Direct Control Bus-Out 

The direct control bus-out is a set of eight I ines from a CPU to the 
external equipment. The external equipment could be another 
CPU; in which case, direct control bus-out is connected to direct 
control bus·in of the other CPU. 

Data on the direct control bus-out is placed only during the 
execution of the write direct instruction. The data on the lines 
represents the byte at the location designated by the operand 
address of the last write direct instruction. The data placed on 
the direct control bus-out remains valid until intentionally changed, 
as for example, at the execution of the next write direct. The 
write-out pulse overlaps a change on the direct control bus·out 
by 100 nanoseconds, that is, data already on the dir-out lines is 
valid for at least 100 nanoseconds after the rise of the write-out 
pulse to its up-level and new data is valid at least 100 nanoseconds 
before the fall of the write-out pulse below its up-level. 

Write-Out 

Write-out is a line from the CPU to external equipment. The 
external equipment could be another CPU; in which case, the 
write-out line is connected to the hold-in line of the other CPU. 

The function of the write-out line is to signal the external 
equipment when the CPU is placing data on the dir-out lines, 
and to indicate that the data is, therefore, presently invalid. The 
down-level of write-out indicates that the data on the dir-out lines 
is val id. The up-level of the write-out pulse overlaps the transition 
of any signal on direct control bus-out by a minimum of 100 
nanoseconds, and the leading edge of the write-out signal must 
coincide with the lead ing edge of the pulses on the tim ing signal 
bus-out (within skew limitations). 

Read-Out 

Read-out is a line that connects the CPU to the external equipment. 
The external equipment could be another CPU; in which case, the 
read-out line is terminated, but serves no function. 

The purpose of the read-out line is to provide a means of 
signaling the external equipment that a read direct is being 
executed and that the external equipment must provide valid data 
on the direct control bus-in, as indicated by the down-level of 
the hold-in signal. 

Within skew limitations, the leading edge of the read-out signal 
must coincide with the leading edge of the pulses on the timing 
signal bus-out. 

Timing Signal Bus-Out 

Timing signal bus-out is a set of eight lines from the CPU to the 
external equipment. The external equipment could be another 
CPU; in which case, the tim ing signal bus-out is connected to the 
external signal bus-in of the other CPU. The sig-out-O and sig-out-1 
lines are terminated, but serve no purpose. That is, the sig-out-O 
and sig-out-1 lines of a CPU are usable with external devices but 
are terminated as sig-in-O and sig-in-1 in a receiving CPU. 

Direct Control Bus-Out 
(Data from Storage, B Bits) 
(Static Signals) 

Signals Originating Within The CPU 

I A-l 
Current Data .-- I New Data 

----------..~-~~------ -----------

The hold-in signal can occur at any time; it does not have to be 
synchronized with the read-out pulse. (It may occur before, during, 
after, or even as a result of either transition of the read-out pulse.) 

Read-In 
--- - - - - - -~--""~ 

t-- S --I I-- u --t 
1+B-11 H -I'C..J 

Read-in provides no function except as a term ination for the read
out line in the CPU to CPU configuration. 

Write-Out (Pulse) ~ ~-----------~ --- I I L I III P -----~-I • I I 
J.D"II J 'I E4 

Timing Signal Bus-Out 
(Bits 8-15 of Instruction) 
(Pulses) 

---~----------~----------~ II I M T I II' 0-----+1-1 
r+F -I· K I • G1 

---~ ~-----------~ -------,41 .... ----- R ------t.l 
Read-Out (Pulse) 

rl~'----------- N 

Maximum transition time is 200 ns. 
Minimum duration is 500 ns. 
Maximum, including transition, 1000 ns. 

A,B,C,D,E,F,G 
H, J, K 
L, M,N 

B,D 
F, D 

S 
U 
T 

P, 0, R 

Leading edges coincidental within skew tolerances. 
Leading edges coincidental within skew tolerances. 
Overlap of write-out to start of change A, 100 ns (min) 
Overlap of write-out to end of change A, 100 ns (min) 
Earliest time to sample hold line during read direct 
Minimum down time between pulses is 500 ns. 

During a read direct or a write direct, the eight bits contained in 
the instruction (positions 8-15) are sent out as eight timing pulses 
on the eight sig-out lines. The leading edge of the timing pulses 
must coincide, within skew limitations, with the leading edge of 
either the write-out or the read-out signal. 

When the tim ing signal bus-out is connected to external signal 
bus-in of another CPU, the timing pulses on positions 2-7 cause 
an external signal interruption at the receiving CPU. (See "External 
Signal Bus-In".) 

Direct Control Bus-In 

The direct control bus-in is a set of eight lines from the external 
equipment to the CPU. The external equipment could be another 
CPU, in which case, the direct control bus-in connects to the 
direct control bus-out of the other CPU. 

The data appearing on the direct control bus-in are read by the 
CPU only during the execution of read direct. The data is stored 
in the location designated by the operand address of the read direct 
instruction. The CPU reads the direct control bus-in only when 
the direct control bus-in information is valid and after the read-out 
pulse occurs. The data already on the bus is valid for at least 
100 nanoseconds after hold-in rises to its up-level; new data is 
valid at least 100 nanoseconds before hold-in falls below its 
up-level. When executing read direct, sampling O"r the hold line to 
determine validity of the data shall not start until completion of 
the read-out pulse. Sampling of the direct control bus-in shall 
be completed within 100 nanoseconds of the time that both the 
read-out and hold-in lines are at a down-level. 

Hold-In 

Hold-in is a line from the external equipment to the CPU. The 
external equipment could be another CPU, in which case, the 
hold-in line is connected to the write-out line of the other CPU. 
The purpose of the hold-in signal is to prevent the CPU from 
reading the data from the direct control bus-in until such data is 
valid, or until the external device has replaced the information 
on direct control bus-in with current data. 

The hold-in signal shall be in the hold position (up-level) for at 
least 100 nanoseconds on either side of any signal transition on 
direct control bus-in; i.e., hold-in must be at an up-level for at 
least 100 nanoseconds before data is invalid, and must remain up 
at least 100 nanoseconds after new data is valid on the direct 
control bus-in. 

The hold-in signal must have a minimum up-level duration of 
500 nanoseconds and, when at the down level, must remain for a 
minimum duration of 500 nanoseconds. Refer to the timing 
chart (signals originating outside the CPU), page 9-20. 

After the read-out pulse is generated during the execution of 
read direct, the CPU senses for a down-level of the hold-in line 
so that reading of the direct control bus-in can be made, completing 
the instruction. Because the CPU will hang-up waiting for hold-in 
to drop, devices connected to the CPU should be designed to 
respond quickly to the CPUs read-out signal by dropping (deactivating) 
the hold-in line. If the delay between the termination of read-out 
and the termination of hold-in is relatively long, serious interference 
with the computer program can occur. 
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External Signal Bus-I n 

Eight lines, sig-in-O through sig-in-7, make up the external signal 
bus-in. Six of these lines provide access to the computer's external 
interruption mechanism. Two lines, sig-in-O and sig-in-1, are 
term inated in the CPU but serve no other function. The external 
equipment could be another CPU; in which case, the external 
signal bus-in connects to the timing signal bus-out of the other 
CPU. 

The purpose of the external signals bus is to provide a path to the 
external-interruption mechanism of the CPU. The external 
interruption can occur only after the current instruction is completed 
and when system mask bit 7 is a one. The interruption causes the 
external old PSW to be stored at location 24 and an external new 
PSW to be fetched from location 88. As a result of an external 
interruption, the external signals are placed in bit locations 26-31 of 
the external old PSW. 

The external signal requests (pulses) may occur at any time and 
have no relation to the timing of other signals on the direct control 
interface. 

The requests are preserved until honored by the CPU. All 
pending requests are presented simultaneously when an external 
interruption occurs. Each request is presented only once. When 
several requests from one source are made before the interruption 
is taken, only one interruption occurs. (Engineering Note: If a 
constant up-level, for any reason, appears on the external signal 
bus-in, it must no result in CPU hang-up.) 

Because of possible skew between pulses, the CPU cannot 
guarantee that simultaneous pulses (requests) will be recognized 
as such. Skew may cause simultaneous requests to appear as 
separate requests and result in more than one interrupt. 

Signal Duration 
DURATION (IN NS) 

MIN. 
NAME MIN. MAX. DOWN 

SIGNAL* SIGNAL** LEVEL 

Write-Out 500 1,000 500 
Read-Out 500 1,000 500 
Timing Signal (Sig-Out) 500 1,000 500 
External Signal (Sig-In) 500 1,000 500 
Hold-In 500 None 500 

*Measured at up-level. 
** Including transition time: from and to down-level. 

Note: Transition of any signal originating in the CPU may not 
exceed 200 nanoseconds. Refer to timing chart (Signal Originating 
Within the CPU), page 9-19. 

DIRECT CONTROL EXTERNAL WORD 

T he direct control external word (DC at address 17) provides the 
communications line between the microprogram and the direct 
control feature. 

This word contains the direct control bus-out register (DCBO), 
the direct control bus-in register (DCBI), the direct control 
timing-signal bus-out register (TSBO), and the direct control 
hold-in register (DCH I). 

Signals Originating Outside the CPU 

Direct Control Bus-In 
(External Data, 8 Bits) 
(Static Signals) 

I-A-i 
Current Data k-..... r- _N~~a!! ___________ _ 

----- - - - - ~~'-=----------------r-- F ---! I-G--t 

~B.j- D 'I C .... 

Hold-In __ V N--------~ 
(Not Necessarily a Pulse) I I I .... 1 .t_---- E -----.....;.~I 

rK111 H rL-t I 
--}::f-- ---- - - - - _~a-;:I ---------'~ External Signal Bus·ln 

(Up to 6 Lines) 
(Pulse) I. J -II 

A,B,C,K,L 
0, E,M 

F 

G 

Byte o DCBO 
Bits 

0-7 
Byte 1 DCBI 

0-7 

Byte 2 TSBO 
0-7 

Byte 3DCHI 
o 

1-7 

H 
J 

No minimum transition duration specified 
Minimum is 500 ns, no maximum specified 
Overlap of hold-in to start of change A, 100 ns (min) 

No maximum specified 
Overlap of hold-in to end of change A, 100 ns (min) 

No maximum specified 
Minimum duration 500 ns 
Maximum, including transition, 1000 ns 

Name 

Direct-control bus-out 

Direct-control bus-in (may not be used as 
a destination) 

Time-signal bus-out 

Direct-control hold-in not used (may not be 
used as a destination) 

M -----.~I 
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Example: CPU-1 sends one byte to CPU-2. CPU-1 was directed 

by the write direct instruction to move a byte of data from main 

storage to the DCBO and signal CPU-2 by an external interrupt 

that the data was available. 

CPU-2 was interrupted by an external interrupt, and by analyzing 

the cause of the interrupt determined that it must do a read direct. 

The read direct instruction took the data from CPU-2s DCBI and 
placed it in main storage of CPU-2. 

DATA FLOW AND CONTROLS FOR DIRECT CONTROL 

---- CPU-1------------------I--------------- CPU-2 ----

External Int. Facility 

Change PSWs - Handle response from 
CPU-2 (send next data byte) 

Main 
Storage 

84 12 B1 I 01 

Op·Code Immd.Oper Oper. Addr 

Write Direct 

Refer to Diagram 1-38 in the 3145 Maintenance 
Diagrams Manual Form SY24-3580 

~ 
r-. 

JA024 

CY3 

S 
I 

G 

IN 

0 
C 
B 
I 

D 
C 
B 
0 

Force 
Ext 

Interrupt ~I ••• _ 
JA021 

Read In 

Direct 
Control 
Data 
Bus-In 

Hold In 

Direct 
Control 
Data 
Bus-Out 

Write Out 

T Timing 
S Signal .. 
B Bus-Out 
0 p-

Read Out .. .... 

Timing 
Signal 
Bus
Out 

T 
S 
B 
o 

Read Out 

Direct D 
Control C 
Data B 
Bus-Out 0 

Write Out 

Direct D 
Control C 
Data B 
Bus-In I 

Hold In 

Force S 
Ext. I 

G 

Interrupt IN 

Read In 

Read Direct 

Op-Code Immd.Oper Oper. Addr 

85 12 B1 01 

Main 
Storage 

External Int. Facility ... ... Change PSWs. Handle data from 
CPU-1 and give response. 
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TIMINGS FOR DIRECT CONTROL 

Microcode Flow Chart for Write and Read Direct 

Register Contents from I-cycle 
for Write Op: 

S = Op-Code 
U3 = 12 (lmmd Byte) 
Y3 = Data 
V = Main-storage addr. 

Register Contents from I-cycle 
for Read Op: 

S = Op-Code 
U3 = 12 (lmmd. By tel 
V = Main-storage addr. 

I 
RDB 03 ADJ, V 

Pretest Address. 

I 

01 

DCHI 

Branch on BO 
BO = 1 if Write Out 
= Hold in drops 

01 

11 

STB DC ADJ, V 

Store contents 
of DCBI into 
main storage 

I 

From I-cycle 

Entry 

GGDC 

TSBO = 0, OE, U3 

Set timing S. Force 
Int. in CPU No.2 

I 

DCBO = 0, OE, Y3 

Set data into Bus
Out, activate Write
'Out 

J 

I 

Dummy Cycle 

Test for Read or 
Write. 
Branch on S6-S7 

Read Op = 01 

Write Op = 00 

RTN 

Back to I-Cycle. 

C 
P 
U 

C 
P 
U 

2 

Instruction 

TSBO 

Write Out 

DCBO 

Sig-In 

Int. Latch 

Ext. Mask Bit 

Read Out 

Sig-In 

Int. Latch 

DCBI 

TSBO 

Instruction 

Ext. Int Mask 

End of Current Inst 

Any Inst. --+---Write Direct ------+--- Any Instruction --------------\-~I 
.------ From 12 for 750 ns 

t-------------- With J.1- W for 750 ns 

Ext. Int. Rout. 
Handle Resp. 
From CPU-2 

Continue with 

Old Program 

--------Up to next Write Command---------------------~. Data Out 

Interface 
Delay 

I 
I With: A.) Load Sys. Mask 

B.l Load PSW 

I Reset if Inter. 
----------~I Accepted 

_______________ Changes with: Next Write-

End of Current Inst.~ 

~ Any Instruciton -----------------.-a.tl 
Ext. Int. Rout. - Determine 
king of Int., Fetch 
Read Direct Rout. 

With: A.l Load Syst. Mask 
B.l Load PSW 

I I 
I I 

Cycle of CPU-1 ----------~. Data In 

- From 12 

I Read Direct 
continue with 

Old Program 

I = I + KOO 

Synchronize Instruction 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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CHANNEL-TO-CHANNELADAPTER 

INTRODUCTION COMMANDS 

The channel-to-channel adapter (CTCA) transfers data between a The CTCA decodes and uses eleven commands. Bit positions 4-7 
System/370 Model 145 channel and another channel in either indicate the basic operation, and positions 0-3 indicate the 

System/370 or System/360. The connected channels are referred mod ification code. This code expands the basic operation and 
to as channel X and channel Y. The CTCA resides in and is powered provides modification bits for the programmer to use. I n the 
by the channel X system. commands listed below, X = don't care, and M = modifier. 

The primary application of the CTCA is to transfer data between 
main storage of two processing systems. The adapter may also be 
used to connect two channels of the same system for relocation of 
blocks of main-storage data. 

The adapter has an X-side and a Y -side that connect as control 
units to channel X and channel Y. Each side communicates with 

its channel on tag lines in the same manner as any other I/O control 
unit. 

DATA FLOW 

The data path through the adapter is nine bits wide; an eight-bit 
byte plus parity. Entry is from the channel bus-out lines, and 

exit is to the channel bus-in lines. Notice that the Y·side of the 
adapter is identical to the X·side. The logic and data path are 

the same if X and Yare reversed. For uniform ity, the descriptions 
and diagrams are in terms of channel X. 

Input 

Channel X places three kinds of information on its bus-out lines 

during the interface sequence; 

1. At address-out time, the address of the X-side of the adapter 

goes to the address compare X circuit. 

2. At command-out time, the command byte goes to the command 

register. 

3. At service·out time, the data byte goes to data buffer Y. 

Output 

Data buffer Y is the output buffer for the data byte transferred 

from channel X to channel Y. The buffer also sends four other 
kinds of information to channel Y on the bus-in Y lines: 
1. Address X, the address plugged on the card, is sent at address

in time. 
2. The command register output is sent in response to 'sense 

command byte'. 
3. The status byte is sent at status-in time. 
4. The sense byte is sent in response to 'sense adapter status'. 

OPERATIONAL CHARACTER ISTICS 

Two channels communicate through the CTCA using pairs of 
operations. For example, a read command from channel X will 
be handled by a write command from channel Y. The adapter 
responds to the channels with status information that allows 

continuation or indicates the condition that prevents continuation. 

Bus·Out Bit Positions 
Command 0 1 2 3 4 5 6 7 

Test I/O X X X X 0 0 0 0 

Write 0 M M M M M 0 
Write end-of·file 1 X X X X X 0 1 

Read M M M M M M 0 

No-operation 0 X X X X 0 1 

Control M M M M M 1 1 
Sense adapter status X X X 0 0 0 0 

Modified No-Op 
(Disable Compt) 1 X X X 0 
(Enable Compt) 0 X X X 0 

Sense command byte X X X 0 0 0 

Read Backward M M M M 0 0 

Control Command 

The control command as used in the CTCA is always an immediate 
command. This means that channel-end status will be sent to the 
channel during the initial selection sequence, thus freeing the channel 

during the Start I/O operation. A Sense Command byte must be 
issued by the non-initiating channel to free the adapter of the 
control and return it to the idle state. A control from channel X may 
be busy-rejected because Y had previously issued a command. 

Control Issued to an Idle Adapter 

Channel X initiated the control. The complete command byte will 
be set into the X-command register, and Channel-End will be sent 
with initial status, thus freeing channel X. A control immediate 
latch will be set in the X-side and an Attention-Interrupt will be 
presented to channel Y. Channel Y, when free, can accept the 
attention as defined by the IBM System/360 Principles of Operation. 

To free the adapter, a Sense Command Byte command must be 

issued by channel Y. At the termination of the Sense Command 
Byte from channel Y, a Device-End for channel X is generated. 

Control to a Busy Adapter 

A control issued by channel X will receive busy status for the 

following reasons; 

1. A previously issued control by X has not been cleared. This 

response will be the busy bit alone. 
2. A previously issued control by channel X was cleared with a 

channel Y Sense Command Byte, but before the Device-End 
had been accepted by X. The response will be Busy and Device

End. This will clear the Device-End and leave the adapter idle. 

3. The control is issued by X after Y has issued a command. The 

response will be Busy and Attention. The Attention after being 
presented will no longer bring up the Request-I n tag and try to 
interrupt the CPU; but if any other command such as control 

were issued, the response will still be Busy and Attention. 

Control to a "Not Ready" Adapter . 

A control from channel X to the adapter with the V-side not ready 
will receive Unit Check. 
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CTCA Data Flow and Operation 

S/360 or S/370 
::: 

Data -
:- Buffer Y 

System 2 
1-'" 

Bus-In Y 

IAdd"" Y ~ 
I Status -~ 

Byte Y ~-I I 
_ 2 ag

..:.. --~ ChannelY '-- ~- - - - - - - - - - -- -- - - -I Sequence - -
Bus-Out Y +- -- and 

Command Command ~-- "'"-Control Y ~- -..... I r-- Decoder Reg Y Sense 
1 I Byte Y Y r-'- --

I 
Address !- I 
Compare Y I 

1- - - - - - _I 

-- Address S/370 , 
1 ~ 

Compare X 

I Status Model 145 Syste·m 
Command 

I ,- -~ Byte X f----
Command Decoder 

~ Reg X 1-- I I __ .,X - -- Sequence I Bus-Out X 
and -- ..... 

I Tags 
Control X Channel X - - - -- - - - - - - - -- r-I Sense ~--- - - , Bus-In X 

I 1- _~ Byte X ~ 
~ Address X 

~ 

I 

Data ,-1 

Data 
- - - - Control Buffer X 
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Sense Adapter Status 

This command is used to interrogate the condition of the adapter 
to determine the cause of a unit check. No change is made at the 
adapter by the execution of this command. The Unit-Check status 
bit is ignored, and the initial status will be all zeros; then the Sense 
Byte is sent as data to the channel. Channel-End and Device-End 
are presented as the final status. Any outstanding status other than 
Unit Check is presented to the channel as initial status, and the 
adapter disconnects after initial selection. This command receives 
a Busy response if there was an outstanding control at the adapter. 

Sense Adapter Status Bits 

The following is an explanation of what the combination of bits 
indicates. 
1. All bits OFF indicate that the other side is ready. This is the 

normal cond ition. 
2. Bit 1 ON (Intervention Required) and bit 7 OFF (Halt I/O or 

Sel Rst) indicate that the other side is not ready due to a 
system reset on that side. 

3. Bits 1 and 7 both ON indicate that the other side is not ready 
due to a Halt I/O or Selective Reset. 

4. Bit 3 ON (equipment check) indicates that a hardware failure 
has occurred on this side of the adapter. Bits 0, 4, 5, and 6 must 
be interrogated to determ ine whether the other side of the 
adapter was also in error. If they are all zero, this indicates that 
the side doing the sense had the only error. 

5. Bit 2 ON (Buffer Data Check) indicates that the data buffer 
used on this side of the adapter has detected bad parity. The 
operation is not stopped, but a unit check is presented with 
the final status. 

Sense Command Byte 

The sense command byte command is used by one system to 
examine the command byte of the other system. If the adapter 
is idle when the sense is performed, the data byte will be all 
zeros. For the data byte to contain the command byte of the 
other system, the following commands were issued by the other 
channel. 

Channel Y Previously Issued 

Adapter Idle 
Control 
Read Backward 
Read 
Write 

Sense Data 

o 1 234 5 6 7 
o 0 000 0 0 0 
X X X X X 1 1 
X X X X 1 0 0 
X X X X X X 1 0 
o X X X X X 0 

The only exception is when channel X issues a sense command 
byte to the adapter before a previous control from channel X 

has been cleared. If the control has not been answered by a sense 
from channel Y, then the sense would receive a busy response. If 
the X control had been answered, but the Device-End had not been 
accepted or had been stacked by channel X, then the sense would 
receive both Busy and Device-End in the initial status byte. This 
clears the Device End. 

Read or Read Backward 

The CTCA does not recognize the difference between a read and a 

read·backward command. In both cases, the primary function of 
the adapter is to transmit data bytes to the initiating channel. It is 
the function of the channel to place the data bytes in main storage 
in the correct order. 

Read to an Idle Adapter 

When a Read or Read Backward command is issued to an idle 
adapter, the issuing channel receives an all zero initial status, and 
then is held up until the other channel responds with a Write. An 
Attention is immediately set up to signal the nonissuing channel 
that an operation is waiting. The complete Read command is 
stored in the command register and is available to the Y -side by a 
Sense Command Byte command. 

If a previous Write command had been issued by the Y-channel 
before the Read, the Attention on the X-side is reset and both 
operations are performed. A Service-I n requests a byte of data 
from the writing (Y) channel, and it is passed through the adapter 
to the X-channel. The operation continues until either channel 
responds with a Stop (Cmd-O to Srv-I). Upon receiving the Stop, 
a status containing channel-end is presented to both channels. If 
neither channel is chaining, the acceptance of the status by both 
channels frees the adapter. 

Read to a Busy Adapter 

There are three responses to a Read issued by a channel X. 
1. If a previously issued X-control command has not been cleared 

(the X-control command still valid), the adapter responds to 
initial selection with a Busy status. 

2. If there is outstanding status information stored in the X-side of 
the adapter, the response is Busy plus the status. This status 
could be Channel-End and Device-End from a previous operation 
that was stopped with a Halt I/O, or Device-End from a previous 
(X) sense command byte that had not been accepted by the 
channel; or a Device-End produced by the V-side going from the 

not·ready to ready state. 
Busy and Attention status is the response to an X-read command, 

if a channel Y had previously issued a Read, Read Backward, or 
Control. 

Channel-to-Channel Adapter 9-26 



If the Attention had not been previously accepted by channel X, 
the Read command clears it as an interruption condition, although it 
still appears as a response to another Read, until the previously 
issued command by channel Y is satisfied. A (Y) Write is satisfied 
only by an X-read, and a Y-control is satisfied only by an X-Sense 
command. 

Read When EOF was Issued 

If the X-adapter side End of File has been set by a previously 
issued V-Write End of File command, the X-Read is rejected and 
the Unit-Exception bit is presented in the initial status byte. 

Write 

The Write command in the CTCA accepts data from the Writing 
(initiating) channel and transmits the data to the Reading (non
initiating) channel. A Write command might be issued to either an 
idle or a busy adapter. In either case, the response is the same as 
for a read command. 

If Y -Read command has been issued before the X-Write, both 
operations are performed. Channel X receives a zero status in 
response to its command whether attention is accepted or not. 
Service-In requests a data byte from channel X and transmits it to 
channel Y. This operation continues until either channel signals 
Stop. If the operation is stopped by the reading channel, one 
more byte of data than is requ ired is sent to the adapter by the 
writing channel. 

Write End-ot-File 

The Write EOF command is used to signal a Read or Read Backward 
on the other side of the adapter when no more data is to be sent. 
This command is especially useful in trying to stop an operation 
where individual writes are being issued to chained reads. The 
Write EOF sets an EOF latch in the other side of the adapter that 
indicates that no more data will be given and that the Read 
chaining is broken. 

When channel X issues a Write EOF, a pending Read on channel 
Y receives Channel-End, Device-End, and Unit Exception, ending 
status. This occurs before any data has been transferred but after 
zero initial status is sent to the channel. If the Write EOF were 
issued before the Read, and initial status was presented, the Unit
Exception bit would be presented alone and the Read command 
would be rejected. 

The Write EOF is treated on the writing side as a No-Op, in that 
Channel-End and Device-End are returned in the initial selection 
status and the adapter is available for more commands. 

Because a Write EOF is only meant to terminate a Read (or Read 
Backward), the EO F condition is reset if any command other than 
Read is issued on the other side. In this case, the EOF condition is 
never indicated and is lost. 

If after a Write EOF is issued, another command such as control 
is given on the same channel and before a Read is issued on the 
other channel, the attention interrupt condition will be kept 
pending until after the Unit Exception is sent in response to a Read 
command. 

Write EOF commands are not stackable; that is, if three EOF 
commands are issued by channel X, then channel Y issues the Read 

Command only. The first Read command receives a Unit Exception. 
A Halt I/O, or a Selective or System Reset on either side of the 

adapter resets the EOF condition. 

No Operation 
No operation command in the CTCA is always a command im
mediate. The contents of the adapter latches are not affected 
by this command. The response that isssent to the channel 
if this command is issued to an adapter that is busy or has an 
outstanding status is the same as that stated for the read 

command 

Test I/O 

A Test I/O command in the CTCA may be used by the programmer 
to determine the status of the adapter any time the channel is free. 
The status received indicated the condition of the udapter as 

follows. 
Zero status indicates that the adapter is idle. 
A Busy bit indicates that the control unit is busy with an X

control command that has not been cleared. 
If the Y-channel had previously issued a Read, Read Backward, 

Write, or Control that was still in the adapter, and an X-test I/O 
command is issued, the adapter responds with Attention status. 

A Device-End status response to an X-Test I/O indicates that the 
previously issued X-control has been cleared or that the other side 
went from Not-Ready to Ready state. This clears the Device-End 

status. 
A Channel-End and Device-End response indicates that a previously 

issued command was stopped by a Halt I/O. Any of the previously 
discussed status cond itions presented to the channel as Interruption 

have the same meaning. 
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Halt I/O 

The Halt I/O condition (Interface Disconnect) stops the adapter data 
transfer and makes the adapter not-ready. When the CTCA 
recognizes the Halt I/O condition, its response to the halting channel 
is immediate. The adapter drops all In-Tags lines, sets Channel-End 
and Device-E nd (if the reset occurs after in itial status time), and 
waits for a chance to send the status to the channel. If the channel 
not initiating the halt is operating with the adapter, it will receive 

Channel-End, Device-End and Unit Check. If this channel does a 
Sense Adapter Status command to ascertain the cause of the Unit 
Check, it will receive a data byte with bits 1 and 7 on. Bit 1 ON 
indicates Intervention Required (adapter is not ready). Bit 7 ON 
indicates that a Halt I/O or Selective Reset caused the not-ready 
condition. 

System or Selective Reset 

A System or Selective reset is handled like a Halt I/O except that no 
Channel-End or Device-End is sent to the issuing channel. When 
the adapter is powered up, both the X- and V-side receive an 
automatic reset. 

A System or Selective Reset causes the adapter to become not 
ready. In order to make the adapter ready again, it is necessary to 
issue a Read, Read Backward, Write, Write End-of-File, Control, or 
No-Operation to the adapter. For example, if channel X issues a 
System Reset, the X-side is not ready until channel X issues one of 
the commands previously stated. The Y-channel has all of its 
commands except Sense Adapter Status rejected with Unit Check 
as long as the X-side remains not ready. When an X-command 
makes the X-side ready, a Device-End interruption occurs on the 
Y-channel, indicating that the adapter is ready. 

When a Device-End is pending or stacked and the adapter is made 
ready on the other side, the ready Device-End is saved. After the 
pending Device-End is cleared, the adapter interrupts with the 
ready Device-End. When the adapter has a pending or stacked 
Device-End, a saved ready Device-End interrupt, and the Adapter 
is made not-ready, the saved Device-End is reset and only the 
pending or stacked Device.-End interrupt occurs. The state of the 

X-adapter side ready latch has no effect on commands issued by 
channel X. The X-ready latch affects only channel V-commands. 

Status Byte 

Each side of the adapter has a status-byte register where six of the 
eight available status bits are stored. The status bits appear on 
bus-in to the channel as follows: 

Bus-in Bit Position Status 

a Attention 
1 Not Used 
2 Not Used 
3 Busy 
4 Channel-End 
5 Device-End 
6 Unit Check 
7 Unit Exception 

Sense Byte 

The CTCA uses seven sense bits to indicate to the channel the 
cause of a unit check presented in the status byte. Each side of 
the adapter stores its own sense byte. The bits appear on bus-in 
to the channel as follows: 

Bus-in Bit Positron 

a 
1 
2 

3 
4 

5 

6 

7 

Sense Indication 

Unused 
I ntervention required 
Buffer data check (other side of 

adapter) 
Equipment check 

Selection check (other side of 
adapter) 

Control sequence check (other 
side of adapter) 

Status generation check (other 
side of adapter) 

Halt I/O or selective reset 

Intervention Required: The intervention-required bit is turned on 
if the other side of the adapter is not-ready because of one of the 
following three conditions: 
1. System Reset 
2. Selective Reset 

. 3. Interface Disconnect (Halt I/O) 

Buffer Data Check: This bit indicates that bad parity was detected 
at the output of the data buffer that feeds the bus-in interface for 
the other side of the adapter. This indicator is operative only during 
data service. 
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Equipment Check: This bit indicates that this side of the adapter 
has experienced a hardware-error condition. There are five error 
conditions that can occur on either side of the adapter: 
1. Command register parity check 
2. Command decode error 
3. Selection check 
4. Invalid sequence check 
5. Status generation check 

These error indications are available to the field engineer via the 
console display on the host CPU. 

Selection Check: Selection Check is used to indicate that there 
has been a failure in the adapter selection logic. A check is 
indicated if the adapter is selected and the select-out tag has been 
propagated at the same time. 

Invalid Sequence Check: This bit will be on if the Control SequencE 
Latches do not come on or do not go off in the correct order. These 
latches are used to control the interface In-Tags and other adapter 
tim ings. 

Status Generation Check: This bit is turned on when an invalid 
status is generated. The fact that the status was incorrect is 
determined with the use of parity-predict logic for the status byte. 

Halt I/O or Selective Reset: This bit is turned on when a Halt I/O 
(I nterface Disconnect) or System or Selective Reset has been issued 
on the other side of the adapter. 

SPEED 

Data bytes are transferred in burst mode at the speed of the slower 
channel. The operational-in line of the adapter is held up from the 
time of selection until end status, forcing burst-mode operation. 

ADDRESSING 

The CTCA has two eight-bit addresses. One address for each side 
of the adapter is plugged by the customer engineer at the time of 
installation. 

SELECTION 

To select the adapter, channel X places an address byte on bus-out 
at address-out time. The address byte must match the X-side 
plugged address. The plugged address is then returned to the 
channel at address-in time. 

COMPATIBILITY 

The System/370 CTCA has expanded functions that are not 
available on the System/360 channel-to-channel adapter. The new 
adapter can use System/360 adapter programs by inhibiting or 
modifying the expanded functions. 

The following are affected. 
1. The Write EOF command becomes a Write command. 

2. The Sense Adapter Status command becomes the Sense 
Command Byte command. Sense bits are not presented to the 
channel. 

3. The Unit Check and Unit Exception status bits are inhibited. 
4. The Ready latches for both sides of the adapter are forced on 

and are not allowed to reset. The mode of operation is selected 
by a Modified No-Op command issued by either channel as 
follows. 

To enable compatibility, the command is 01 XXX011; for 
expanded function, the command is 11XXX011. 

X-aide power-on reset places the adapter in compatibility mode. 

ONLINE OFFLINE MODES 

The CTCA has an I/O interface switch located on the operator's 
console of the X (host) system. This switch allows CTCA to be 
logically removed from the X- and Y -systems. When the adapter 
has been removed (disabled), it will be unavailable to both the X
and V-sides. An unavailable adapter will not respond to its address 
if selection is attempted (the adapter propagates select-out). 

An indicator labeled I/O INFC DSBLD indicates that the adapter 
is offline. This indicator is lit only if the following conditions are 
satisfied on both sides of the adapter at the same time. 
1. Neither interface is operating with a channel (both Op-In tags 

are down). 
2. Neither interface is chaining commands. 
3. Neither interface has pending or stacked status of any type. 
4. Neither adapter side has a control command outstanding. 

With the I/O interface switch in the DISABLE position and all of 
the four conditions (items 1-4) satisfied simultaneously, the indicator 
is active, indicating that the adapter is then unavailable to the X-
and Y -systems. The adapter remains in this condition until the switch 
is moved to the ENABLE RESET position. 
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I/O INTERFACE ISOLATION 

The E;-TCA has added circuits to allow the power to be turned off 
and on without disturbing the operation of the Y -channel. This 
allows maintenance of the host (X) system and the CTCA without 
disturbing the operation of the (Y) system. 

Select Out Bypass 

Because the adapter receives its power from channel X, it is 
unnecessary to propagate the channel X select-out tag when 
power is off. A select-out bypass circuit is provided to enable 
channel Y to operate with other control units when power is off on 
channel X. 

Some degree of flexibility in assigning priority to both sides of 
the adapter is accomplished by allowing the select-out and select
in tag I ines to be inten;hanged. A jumper arrangement is provided 
to allow the service representative to accomplish the interchange. 

The X-side of the adapter goes to tailgates and therefore can be 
placed in any position on the interface, but it must always be 
connected to one of the channels of the host system. 

Power 0 n-Off Sequence 

In order to ensure proper isolation, the host (X) system must 
supply the following hardware and controls when powering up or 
down: 
1. An I/O interface switch. 
2. An I/O IN FC DSB LD indicator. 
3. Automatic control of the power sequencing of the + 6 volts' 

supply used for the interface driver circuits. This is to eliminate 
transients on the signal lines. 

4. A relay-controlled pick for the ground side of the 6-volt circuit 
for the select-out bypass relay. The sequencing of the functions 
in items 3 and 4 is accomplished as follows. 

To,turn off power, proceed as follows. 
1. Send operator messages to both systems, specifying removal of 

the adapter from use. 
2. Move the I/O interface switch to the DISABLE position. 
3. Wait for the I/O IN FC DSBLD indicator (green) to light. 
4. Press the power-off push button. 

The reverse of the previous procedure is used for power-on. 
1. Press the power-on push button. 
2. I/O INFC DSBLD indicator should come on. 
3. Move the I/O interface switch to the ENABLE position. The 

I/O INFC DSBLD indicator should go out. 
4. Adapter is not ready, but it is avai lable to the program. 

DISPLAYS 

The CTCA uses two external registers, one for each side of the 
adapter for display in the host CPU. The format of these words is 
shown here: 

Bit Position 

o 

2 
3 
4 
5 
6 
7 

8 
9 

10 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
23 

24 
25 
26 
27 
28 
29 

30 
31 

Command check 
Intervention required 
Buffer check 
Equipment check 
Selection check 
Sequence check 
Status Generation check 
HID or selective reset 

Ready latch 
Select propagate 
Side selected 
Sequence counter 1 
Sequence counter 2 
Sequence counter 3 
Sequence counter 4 
Sequence counter 5 

Disconnect 
Status parity bit predict 
Attention latch 
Busy bit 
Channel-End 
Device-End 
Unit check 
Unit exception 

Stack status latch 
Write command 
Read command 
Control command 
Sense command 
End-of-File command 
Spare 
Enable compatibility (X side) 

The X-side uses external register 11 (CTCAX). The V-side uses 
external register 13 (CTCA Y). 
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PROGRAMMING NOTES 

The following information explains operations that are peculiar to 
the adapter. 

Initial Program Load (IPL) 

During the initial program load ing operation, a system reset pulse 
precedes the selection of the adapter. This causes the adapter to 
become not-ready, and any outstanding operation on the other side 
of the adapter is term inated with Channel-End and Device-End sent 
to a Read or Write, and Device-End sent to a Control command. 
Another Device-End will be presented because the Adapter on the 
IPL side went from not-ready to ready, and then Attention status 
will be presented because of the IPL Read Command. The V-side 
of the adapter must respond with a Write command after the 
Ready Device-End is accepted (in order to complete the I PL). 

Command Chaining 

Command chaining may be performed by channel X and channel 
Y and/or both simultaneously; however, it must be remembered 
that all operations performed by the CTCA occur in pairs. 
Therefore, an illogical sequence of commands may send a status 
of Busy and Attention to the last channel issuing a command. For 
example, if both channels are chaining and a read command is 
issued by channel Y followed by a control from channel X, channel 
X will receive an Attention that will cause channel X to disconnect 
from the adapter. Channel Y remains connected to the adapter 
until a correct response is received from channel X, in this case a 
Write or a Write End-of-File command. Because the sense 
commands do not require a reply, they should not be chained in 
answer to a chain of control commands. When channel X issues a 
Write, Read, or chained control command to the adapter, the 
Busy condition remains active until a correct response is received 
from channel Y or until either channel issues a Halt I/O or Reset. 

Halt I/O 

The Halt I/O instruction always causes a Channel-End and Device
End to be sent to the channel that issued the halt, only if initial 
status was accepted before the adapter was halted. The channel

and Device-End status will be sent to the channel as an interruption 
or in response to a Test or Start I/O instruction. 

Attention 

If the adapter has a pending attention interruption, a Test I/O will 
clear the attention as an interruption condition although it will not 
reset the attention status bit. Any subsequent Test I/O will receive 
attention until a match between the channel command occurs; 
for example, a Write on one channel to a Read on the other. When 
a device has the attention bit on in the status byte and receives 
Start I/O, the attention bit will be reset if a match occurs, and the 
adapter will execute the operation. Under the same condition, if a 
mismatch occurs, the Start I/O will receive a condition code of 01 
with the Busy and Attention bits stored in the unit status position 
of the CSW. 

Wrong Length Record 

A Wrong Length Record indication can occur under the following 
four conditions at the end of the operation: 

Read on Channel X to 
Write on Channel Y 

1. X Count equal to Y 
count. 

2. X count greater than Y 
3. X count less than Y 
4. X count equal to Y 

count less 1 

SUPPRESS DATA 

Wrong Length Record Indicated on 

Channel X Channcl Y 

No 
Yes 
Ye:; 

Yes 

Yes 
Yes 
Yes 

No 

The Suppress-Out tag is used in the CTCA to keep the channel 
from being overrun during data-chaining operations. It is also used 
at any time a particular channel needs to stop the operation to 
allow servicing of one of its other channels. The CTCA will not 
request service (Service-In tag) from a channel while its Suppress 
Out tag is up. 
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FUNCTIONAL UN ITS 

The CTCA functional packaging allows a complete logical function 
to be'performed by one MST card. Five of the cards are for the 
X-side of the adapt~, and each has an exact counterpart on the y
side .. Interchanging X and Y on the line and block names adapt 
these diagrams to the V-side. 

Address Compare and Data Flow X 

• The card location is B-B2R2. The ALDs are XX001, XX011, . 
XX021-051. 

Five functions shown on the diagram (CTCA Data Flow and 
Operation) page 9-25 are packaged on th is card. They are address 
X, address compare X, data buffer Y, command register X, and 
command decoder X. 

For channel X to select the adapter, the bus-out X at address-out 
time must compare with the plugged address X. Plugged address X 
is sent to the data buffer X at address-in time. 

Bus-out has three kinds of information; each is identified and 
selected at the correct time by the channel out-tags. 

The address compare circu it is enabled by address-out. 
The command register accepts bus-out at command-out time. 
Data buffer Y accepts bus-out at service-out time. 
The three-way selector gates the command-register output, the 

data byte, and the Y -side address. The two-way selector gates 
the output of the three-way selector and the input B bus-in lines. 
Input B is the sense byte or the status byte. 

The eleven commands from channel X are decoded from the X
command register output into nine adapter commands. Read 
Backward is interpreted as the read command. 

The output of the command register and command decoder are· 
checked for parity; either one in error turns on X command check. 

The command register output generates a new parity bit that 
goes to the Y -data buffer with bits 0-7. The output of the data 
buffer is parity-checked; an error causes a buffer data check. 

Selection and Reset X 

• The card location is B-B 1 T4; the ALDs are XX601-621. 

Selection: The channel must address the adapter, and then send 
select-out and receive operational-in to establish correct selection. 

The channel X hold-out and select-out tags set the select-out 
latch. 

Successful address compare allows 'address matched X' to reset 
the select propagate latch. The select-out latch may then set the 
X-side selected latch. 

X-side selected sets sequence 1 X which generates the operational
in tag. 

Reset: Power-on reset causes both sides of the adapter to receive 
an automatic reset. 

The suppress-out tag and the operational-out tag control system
reset and selective-reset latches. 

Sequence and Control X 

• The card location is B-B1S2, and the ALDs are XX401-451. 

Interface tags and adapter commands enter this card to generate 
the gates and controls needed to transfer data through the 
adapter. 

Locations 

S/370 

Chnnl f-o'Bus-1 n X 

X ~Bus-Out X-

~Tags -

Model 145 r-+-
System 1 f+ 

~ 

Intfc Drivers X 

B-B1 U4 XX901 8863 

Address Compare X 

Data Bfr Y 

Cmmd Reg and Dec 
X 

8-81 R2 XX001 8856 

Selec and Reset X 

8-81T4 XX601 8860 

Sequence and Cntrl X 

8-81S2 XX401 8859 

Console Display 
X 

8F001 3957 

Status and 
Sense X 

8-81 Q2 XX301 8858 

Disable and 
Compatibi I ity 
Latches 

r+-

-
~ 

-

~ 
~ 

~ 

8-81 L5 XX281 8861 

I 

Interface 
Receivers and 
Drivers 

I 
Intfc Drivers Y 

8-81 U2 XX901 8863 

Address Compare Y ~ 

Data Bfr X "'--

r-
Cmmd Reg and Dec r.--Y 

8-81 N2 XX101 8856 

Selec and Reset Y 

8-81T2 XX701 8860 

~ 
Sequence and Cntrl Y 

,..-

8-81 P2 XX501 8859 

I I 

Cons Displ Y 

8-81 K2 XX931 8F002 

~ Status and 
Sense Y 

8-81 M2 XX351 8858 

Priority, Mode 
Selection, and 
8ypass 

8-81 L2 XX251 8862 8-81 L2 XX201 8857 

I 
~I 
I 
I 

Tags ~ 

Not e: 

S/360 or S/370 

Chnnl 
Y 

System 2 

Car d Type FEALD 
pag e 
Car d Location on 

e A; Panel C4 Gat 

Suppress Data Lths 

8-81 L4 XX271 8864 
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Sequence: A series of latches from sequence 1 to sequence S 

allows the adapter to keep in step with the channels. 

Control: The decoded commands, sequence latches, and interface 

tags set a series of latches that control data transfer. 
The gate selector selects the .sense byte, data byte, command 

byte, and status byte. 
'Start data service sequence' or 'sense command or status' sets 

the first byte latch before the go latch is set. 
'Bus-in set' is activated for each kind of byte set into the data 

buffer. Notice that control lines from both sides of the adapter 
generate the 'bus-in set' pulse_ 

The adapter check register is set by buffer check, sequence 

check, and status check errors. 

Disable and Compatibility 

• The card location is B-B 1 LS, The ALD is XX281 .. 

Disable: The I/O interface switch on the console lets channel Y 
operate when channel X is powered up or down. The 'set disable 
latch' line is controlled by the switch. Other input lines prevent 
setting the latch in the middle of an operation_ 

Compatibility: System/360 channel-to-channel programs can be 
used if the CTCA is in compatibility mode. The compatibility 

latch must be reset to allow compatibility. Bit 0 of the modified 
No-Op command provides the set and reset of the latch. 

Select Priority, Mode Selection, and Bypass 

• The card location is B-B 1 L2; the ALDs are XX201-211. 

Select Priority: Each side of the adapter may be logically on select
out or select-in. The chart shows plugging for high or low priority 
for both sides. 

High Priority Low Priority 

V-side BC-BB BC-CC 
BA-CA BA-BB 
CB-CC CB-CA 

X-side CG-CH CG-BG 
AG-BG AG-AH 
BH-AH BH-CH 

Mode Selection: Data-in mode is selected by plugging DE to DO. 

Select-out Bypass: With power off, the relay is normal, allowing 
the channel Y select-out line to take the following path: pin BC to 

pin BB, through the normally closed relay point, through the Dot 
OR to pin CB, to pin CC and select-out tag Y_ 

Status, Sense, and Input B Bus-in X 

• Card location B-B 1 Q2. 

• ALD XX301-321, XX32S~345. 

This card analyzes the condition of the X-side of the adapter to 
generate the six status bits and three of the eight sense bits. The 
other five sense bits are generated with the function they represent 

on the other side of the adapter. 
The circuits shown on ALD XX301-321 include: 

Status Bits 

0 Attention 

3 Busy 

4 Channel-end 

S Device-end 

6 Unit check 

7 Unit exception 

Sense Bits 

1 Intervention required 

3 Equipment check 

7 Halt I/O or selective reset 

Input B Bus-in: Status and sense bits 1,3-6, and parity are selected 
by 'gate status X' and 'gate sense byte X' to become part of the 

'input B bus-in }~' byte that goes to the V-data buffer. The remaining 

three bits of the 'input B bus-in X' are selected on the address 

compare and data flow card. 

Select Priority, Mode Selection, and Bypass 

- L Pick Sel-Out Bypass Rly ---------.... ----1 

Norm Close 

~----~~~----------------+SySRstonpwrUP 
~ ~ 

Gil 

+ Sel Propagate Driver Y -----------------------, 

Note: See ALDs XX941-XX942 
for mode and priority plugging. 

'L+ Sel-Out Tag Y ---""'1 

I 

~ 
I r 

IF . I I -rn-I -
+ Sel-In Tag Y Pin 

BA r. 
I I 
I L 

~--

~---+------- -Y Sel-Out Tag 

+Sel-Out Tag Y~ 

\/ 
+ Sel-In Tag Y~ 

~ 
~ 

'"------------- + Sel Propagate or Bypass 

IF_~ +Tie.up~ 
+sel-lnTagX~T-~ ~----------------XSel-OutTag 

Ir~ 

~F ~L~_r;] 
Pin Pin + S I I T X 

+ Sel-Out Tag X AG ,1"- CH 1----------------- e - n ag ~ 

I I IF 
. I L 

& ~ +Sel-Out Tag X ~ + Sel Propagate Driver X Pin __ ~ 
BH IF 

+ Tie-Up ------~_, 
~ I 

I 

~ r;:l ..... ~ ..... __I~I_---.... ~~----------------- - Sel Data-In Mode 
~ ~ U 
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ABBREVIATION LIST 

Adv Advance Dest Destination ns Nanoseconds 
ALU Arithmetic Logic Unit Det Detect 

AM Address Mark OF Disk File 
Op Operation 

Amp Amplifier Diag Diagnostic 
Osc Oscillator 

Appndg Appendage Diff Difference 
PCI Program Controlled Interrupt 

Attn Attention DL Data Length 
Pos Position 

BCA Bit Count Appendage Diy Delay 
Prog Program 

PSW Program Status Word 
BR Bit Ring EBI External Bus In 

EBO External Bus Out Rd Read 
C Count 

CAR Cylinder Address Register Enc Encode Rdy Ready 

CAW Channel Address Word Eq Equal Recal Recalibrate 

CC Condition Code Ext External 
Req Request 

Rst Reset 
CC Chained Command FBO File Bus Out RO Record 0 
CC Cyclic Code FOR File Data Register R1 Record 1 
CCW Channel Command Word FM File Mask 
CD Chained Data Sch Search 

CE Channel End 
Gen Generate SDBI Storage Data Bus In 

CE Customer Engineer HA Home Address SDBO Storage Data Bus Out 

Chk Check Hi High Sel Select 

Chnl Channel HIO Halt Input/Output Sel'd Selected 

CKD Count, Key, and Data Hwd Hardware Selr Selector 

Clk Clock ID Identifier SERDES Serialize/Deserialize 

Cmd Command IFA Integrated File Adapter SIO Start Input/Output 

Cnt Count IL I ncorrect Length SLI Suppress Length Indication 

Coax Coaxial cable Ind Indicator SS Single-shot 

Con-con Contingent connection Inh Inhibit Std Standard 

Cond Condition Inlk Interlock Supp Suppress 

CPU Central Processing Unit Intp Interrupt Sw Switch 

Ctrl Control IPL I nitial Program Load SX Selector Channel 

CS Control Storage 
K Key 

Sync Synchronize 

CSW Channel Status Word 
KD Key and Data TIC Transfer in Channel 

CU Control Unit 
KL Key Length TIO Test Input/Output 

CUA Control Unit Address Trig Trigger 
CUB Control Unit Busy L Length 

CUE Control Unit End Lch Latch us. Microseconds 

Cyc Cycle Lo Low VFO Variable Frequence Oscillator 

Cyl Cylinder Lth Latch 
WLR Wrong Length Record 

D Data Mod Module Wr Write 

DE Device End ms Milliseconds 
Xfer Transfer 

Dec Decode MS Main Storage 

I FA Abbreviations 10-2 

IFA/2319-A01 Disk Storage Facility 

2319-AOl 2312 2319-A01 2318 2319-A01 

D D 0 0 0 0 D D 
CJ CJ 0 0 0 

B D B D B 

CJ c=J CJ c=J EJ CJ CJ 
C A C 

I r I 
Basic 3 Disk Drives 4 Disk Drives 

2319-A02 2319-A01 

D D D 0 
CJ CJ 

E B 

CJ CJ CJ CJ 
F D C A 

L I 1 
6 Disk Dnves 

2318 2319-A02 2319-A01 

0 0 D 0 D 
CJ CJ c:J 

G E B 

D 0 0 D D 
H F D C 

1 
8 Disk Dnves 

A E C A 

r I I 
5 Disk Drives 

2312 2319-A02 2319-AOl 

D 0 D 0 0 
D 

A 
r 

D 0 
G E B 

D CJ 0 CJ 
F D C A 

T 
7 Disk Dnves 

The I FA must always use the 2319-A01 for its first three 
drives. The basic three-drive system can be expanded to 
eight drives. The diagrams show the normal configuration 
for each combination between three and eight drives. 
Alternate combinations can be made for the last five drives 
using the 2312, the 2313, and the 2318. 
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INTRODUCTION 

GENERAL DESCRIPTION 

• The Integrated File Adapter (IFA) feature connects from 
three to eight IBM 2319-type disk drives to the System/370 
Model 145. 

• The I FA feature is assigned exclusive use of the channel-1 
address and functions as both channel and control unit for the 
files. 

• Data transfer takes place one byte at a time on a share-cycle 
basis the same as with selector channels (non buffered). 

• The initiation of operations and the initiation of each step 
of the file sequence require the use of the CPU controls and 
microprogramming. 

The Integrated File Adapter (I FA) feature for the System/370 
Model 145 provides the mean~ to attach and control three to 
eight disk storage drives of the IBM 2314 type. The I FA takes 
the place of the normal channel control unit. The adapter 
operates with an IBM 2319-A 1 containing the first three disk 
storage drives. 

The primary control for the I FA is contained in the CPU, 
where it can make use of the CPU hardware and microprogram 
for operation. The I FA adds hardware for control during periods 
of reading and writing the file records and for other periods of 
control when the microprogram is not required. The 2319-A 1 
contains the read clocking circuits, the write oscillator, and 
the storage module switching for up to eight files. The disk 
storage drives operate in the same manner as the 2314 system 
connected to a selector channel. The record format is identical, 
and operation requires the same programming systems. 

The interface to the disk drives is identical to that used between 
the disk drives and the 2314-A. When more than the three disk 
drives contained in the 2319-A 1 are required for the system, the 
additional drives can be made up from any combination of the 
following, not to exceed a total of eight: 

1. IBM 2312 
2.IBM2318 
3. IBM 2319-A2 
4. IBM 2313 

1 Drive 
2 Drives 
3 Drives 
4 Drives 

The I FA feature functions both as the disk storage control unit 
and the channel control in the system. This combination 
eliminates the need for channel interface controls, and thus, 
provides rapid access to the files. When the I FA is included in 
the 145, the selector channell addressing and its space is assigned 
to the I FA. The I FA controls also make use of the space assigned 
to selector channel 4. A 145 system with the I FA feature can 
only have selector channels 2 and 3. 

The IFA feature posts a Channel 10 in main storage word 168 of 
00 OA 00 60. The first half byte indicates a selector channel. The 
OOA identifies the I FA to the program. The low-order byte (60) 
indicates a maximum log of 96 bytes. 

The I FA control unit provides the necessary controls for reading 
and writing the file records. In addition, it provides the controls 
for the seek function that places the heads into position to read 
or write the desired track on the file. The I FA can handle all of 
the basic control commands used by the 2314 without two-channel 
switch. 

The I FA control unit consists of one board of MST logic 
located in the normal channel-1 position and an Sl T board in the 
2319-A 1. The I FA does not use the channel-4 logic board but 
does use its external and local storage addresses. 

The I FA control-unit operation is initiated as a channel operation 
using the I/O instructions and channel commands. Primary control 
information for the file operation is stored in the CPU. Operating 
commands are processed by microprograms stored in the CPU 
control storage. The microprogram starts the operation by 
developing the appropriate information for a portion of the 
sequence and issues a mini-op to the control-unit hardware. While 
the hardware is performing the mini-op, the microprogram stores 
a link address and returns to CPU operation. When the hardware 
finishes that portion of the sequence, it requests a trap to return 
to the microprogram link address to continue the operation. 

Disk Surface a 
Disk Surface 1 

Disk Surface 17 

Disk Surface 19 

Cylinder Concept 

Cylinders 000 through 202 

r-"--. 
I 

202' 
I 

I 
1000 
I 

The intersection of one of the 
203 cylinders with one of 20 
surfaces is termed a track. 

An operation may require several of these transfers between the 
microprogram and hardware to complete a command. 

Data movement during the hardware control periods is performed 
by requesting a selector channel share-cycle for each byte. The 
CPU or other channel operations have use of the CPU hardware 
and microprogram for other operations when time is not required 
by the I FA controls either for setup or data transfer. The file 
operation shou Id never overrun during normal operation because 
of the assigned priorities. 

DATA STORAGE 

• Data is written on the surfaces of an IBM 2316 0 isk Pack with 
specific address locations. 

• Data is written serially by bit on the file tracks with the clock 
bits written alternately. 

• The CPU byte parity bits are dropped, and a four-byte cyclic
check is developed and written with each record field. 

The 2319-Al Disk Storage Facility uses the 2316 Disk Pack for 
its storage media. Each pack has twenty recording surfaces on 
which data records can be written. Each disk surface has 203 
concentric tracks on which data can be recorded. (Only 200 tracks 
are normally active.) Twenty read/write heads are arranged on 
each disk drive access to simultaneously align with the same 
numbered track of their respective disk surface. These twenty 
tracks are referred to as a cylinder for addressing (seek location). 
The cylinder number and the head number define a specific track. 
For multi-track operations, all twenty tracks of the cylinder are 
available with sequential head switching. 

Data is recorded on the disk surface serially by byte and serially 
by bit starting with bit 0 of the first byte of the record. The 
clock bits used to write the data are also written on the track 
alternating with the data bits. This allows a synchronized clock to 
be developed during subsequent read operations. The clock bits 
form a continuous pattern that defines data cells on the track. 
The data l-bits are written midway between associated clock bits 
as discrete spots. Nothing is written in the data cell for the data 
O-bits. The eight bits of the successive bytes are written as a 
continuous pattern without separation or extra bits for markers. 

The parity bits contained in the CPU data bytes being written 
are dropped in favor of a two-byte cyclic-code, a byte of file 
identification, and byte of bit count for the field. These four 
bytes are written following each field onthe track. When 
subsequently reading the data from the track, the code and count 
are again developed and compared with those previously written to 
verify the data. A parity bit generator develops a parity bit for 
each byte being read to send with the byte when entering thelCPU. 
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BASIC IFA DATA FLOW 

• Data from main storage is buffered by byte and then serialized 
by bit to write on the selected file. 

• Data read from the selected file is deserialized and buffered 
by byte before entering the CPU and main storage. 

• Control and data information are transferred from the CPU 
to the I FA feature through external registers. 

• Control and data information from the I FA feature to the 
CPU use external registers and some direct control lines. 

• For search operations, data from main storage is buffered by 
byte and then serialized to compare with the data reading from 
the selected file. 

The data flow diagram shows the data paths and the major 

control elements of the control unit of the I FA feature. The 
external bus-in (EB I) lines are used to transfer both data and 
control information from the CPU to the I FA external registers. 
The information comes from either main/control storage or from 
the AlU output. These bytes are set into appropriate external 
registers for use by the I FA control unit. 

Both data and control information entering the CPU from the 
I FA externa I registers use the extern a I bus-out (E BO). The 
information enters the CPU A-register, from which it is either 
stored in the main/control storage or is used within the CPU 
processing controls. These flow paths are the normal transfer 
paths between the CPU and the external registers. 

With in the IF A feature, information entering the external 
registers is transferred to its respective operating registers at the 
appropriate time. Data moves trom the file-data register (FOR) 
to the SERDES. The high and low count registers (FCH, FCl) 
transfer to the byte counter, and the file-op register (FOP) 
transfers to the mini-op register (MOP). 

The data byte in the SERDES is serialized and gated to the 
selected file, the compare circuits, and the cyclic-check circuits 
depending on the operation to be performed. This path is used by 
the write and search operations. For read operations, the data 
from the selected file enters the SERDES, where it is deserialized. 
The completed byte transfers to the file-data register (FDR) 
from which it is transferrred to CPU storage. For search operations, 
the data being read', from the selected file feeds the compare 
circuits and is not deserialized. This sequence repeats for each 
byte until all of the data is transferred. The request to move data 
makes use of the selector-channel share-cycle controls. 
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TRACK FORMAT 
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• Data is written in tracks on the disk surface, and the track is 
formatted into one or more records. 

• The track formatting is done with a group of initial write or 
formatting commands. 

• Gaps are written between records and fields of the track to 
provide time for control-unit operation. 

The track is the smallest addressable unit on the file. The track may, 
however, have several records that can be read out selectively through 
programming. The starting point for all tracks on the file is from a 
fixed index point. The first recorded area on each track following 
the index point is the home-address field that defines the address of 
the track. This is followed by record-O that normally contains a 
track descriptor record used in I BM programming systems. Following 
record-O, the track can have one or more data records (R l-R n) 
depending on the length of the records. The identifiers, the data, and 
the gaps must total no more than 7294 bytes. 

Track formatting refers to the initial writing of the track record 
structure for a specific job. When recorded data and key fields are 
rewritten, they are written within the structure of the track for
matting. The gaps between the r.ecord fields may vary slightly 
because of subsequent speed variations of either the write oscillator 
or the disk drive speed. This is one of the reasons for using gaps 
between records and between record fields. The second reason for 
the gaps is to allow time for the control unit to change the controls 
between fields. What is initially defined as a simple gap is actually 
made up of two or three sections adjoined. 

Home-Address Field 

• The address of the track is written as the home-address field of 

each track. 

• The home-address field contains a flag byte that defines the track 

cond itions. 

Each track has a written field at the beginning that defines the track 
address and the track condition. This area is available to the program 
with the write- HA, the read-HA, and the search-HA commands. 
The home address is normally written after a 73-byte gap from the 
index point. I n cases of a defect at the start of the track, this gap 
is increased to 778 bytes_ The basic gap allows for differences in 
index-point-to-head relationship in different drives and time to 
advance and reselect the head when required. All but the last eight 
bytes of the gap are written with FF-bytes. The remaining eight 
bytes of the gap are written with synchronizing and identification 
information for the following field. The area includes four OO-bytes 

Index 
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.-----~--------._---------r--------I 
Home 

Address Record Zero RO Data Record R 1 Data Record 

~ 
f 2 3 4 5 6 7 8)' 

'-----------HQ" me Address 
~ 

Home Address RO Count Area 

and one FF-byte for VFO clock synchronization followed by two 
address-mark bytes and the sync byte to synchronize the bit ring. 
The sync byte of 00 identifies the home-address field. 

The record portion of the home-address field contains five bytes 
of data followed by the 4-byte cyclic-check infomiation. The 
data bytes are identified as follows: 

Flag 1 byte 

Cylinder 2 bytes 

Head 2 bytes 

Record Zero (RO) 

This byte indicates the track condition. 
Bits 0 through 5 are zeros (not used). 
Bit 6 indicates a defective track. Bit 7 
indicates an alternate track. 

Contain the cylinder address of the track. 
(First byte always zero.) 

Contain the head address of the track. 
(F irst byte always zero.) 

• Record zero is used in the I BM programming systems as a 
descri ptor defi h ing the recorded area. 

• RO can be used to store application data in other systems. 

• RO contains provisions for count, key, and data fields the same 
as other records. (The key field is normally omitted.) 

• The record length is defined by the length values formatted 
in the count field. 

Index 
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fj Data Record R 1 Data Record 
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Key Data Cyclic 
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Track Descriptor Record (RQ) 

Record zero (ROJ is the first information record on the track. It 
is normally used as a track descriptor record in IBM programming 
systems. In this case this record contains the identifier of the 
last record on the track and the number of bytes remaining unused 
on the track. If the track is defective, RO contains the address of 
the alternate track. When the programming system does not require 
RO for this purpose, it can be used as the first data record on the 
track. RO contains the same three fields as the subsequent records 
on the track. These fields are designated as count, key, and data. 

Count Field: The interrecord gap between the home-address field 
and the count field of RO contains 43'bytes. This gap is made 
up of the post-record gap of the HA field, the interrecord skew 
compensation, and the VFO/AM sync area. The first two por
tions of the gap (35 bytes) are written with FF-bytes. The 
VFO/AM area contains four OO-bytes, one FF-byte, two AM
bytes, and the OB sync byte to identify the RO count field. 

The count field contains nine bytes of data followed by the 
four-byte cyclic-check information. The data bytes are 
identified as follows: 

Flag 1 byte 

Cylinder 2 bytes 

Head 2 bytes 

Record 1 byte 

Key L 1 byte 

Data L 2 bytes 

This byte is written by the control unit 
and is the same as the home-address 
field flag byte. 

Contain the cylinder address of the track. 

Contain the head address of the track. 

Contains the track record number (0 

for ROJ. 

Contains the length of the key field 
as a byte cou nt. 

Contain the length of the data field as 
a byte count. 
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The cylinder, head, and record number portion of the count 
field compose the identifier (I D) used to locate a specific 
record with the search-I 0 command. 

Key Field: The key field contains the number of bytes specified 
by the key length (KL) byte in the count field (255 bytes 
maximum) followed by the four-byte cyclic-check information. 
If the key length in the count field is zero, no key field is 
written and no space is allowed for the field or its associated 
gap. 

When the key field is written, a gap of 41 bytes is written 
between the cyclic-check of the count field and the key 
field. This gap is made up of the post-record gap of the 
count field, interfield skew compensation, and the VFO/AM 
sync area. The first two portions of the gap (33 bytes) are 

written with FF-bytes. The VFO/AM area contains four 
OO-bytes, one F F-byte, two AM-bytes and the OA sync byte 
to identify the key field. 

The key-field information comes from the system storage 
during a write operation. This information may be an 
identifier portion of the data field, a search argument, or a 
store catalog for the record. A search on the key field may 
be used to identify or locate the data-field information. 



Data Field: The data field contains the number of bytes 
specified by the two data length (DL) bytes of the 

count field followed by the four-byte cyclic-check informa
tion. If the data length in the count field is zero, this 
record is the 'end of file' indicator and no data or its 
associated gap is written. 

A gap of 41 bytes is written between the previous field 
and the data field. This gap is made up of the post-record 
gap of the previous field, the interfield skew compensation, 
and the VFO/AM sync area. The first two portions of the 
gap (33 bytes) are written with FF-bytes. The VFO/AM 
area contains four OO-bytes, one FF-byte, two AM·bytes, 
and the 09 sync byte to identify the data field. 

The data information comes from the system storage during a 
write operation. This area contains the actual record being stored, 
and its content is based on the application. Information read 
from the data field is normally stored directly into the system 
storage. The information may be fed to the compare circuits as 
part of a search function, and the information not stored. 

Records R 1 Through Rn 

• Records R 1 through Rn on a track are numbered in ascending 
sequence and separated by interrecord gaps. 

• I nterrecord gaps are formatted with greater length, as the 
records become longer, to accommodate greater variables 
during rewrite. 

• The count field contains the record number and track 
addresses along with the field lengths. 

• The key fields and data fields of all records have the same 
specifications as RD. 

Records R 1 through R n on a track contain the appl ication 
information. Their format except for the count-field sync 
byte and flag are identical to that of RO. The number of records 
that can be written on a track is a function of the size of the 
records. The track accommodates a total of 7294 bytes 
following the normal RO record. This byte count includes the 
count fields and all gaps in addition to the key information and 
data information to be written. Each pair of records is separated 
by an interrecord gap that is variable in length to allow for skew 
in rewriting due to speed variations. The option for the key 

field is the same as for RO. 

Count Field: The interrecord gap written between records has 
a minimum of 43 bytes. The gap is increased when the 
combined key-field and data-field length of the previous 
record exceeds eight bytes. The longer gap is to allow for 
the greater skew from speed variations that can occur with 
the longer record. The gap is increased by a factor of .043 
times the KL and DL values of the previous record. The 
total gap is made up of the post-record gap of the previous 

record, the interrecord skew compensation, and the VFO/AM 
sync area. The first two portions of the gap (35 + variable 
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bytes) are written with F F-bytes. The VFOI AM area 
contains four OO-bytes, one FF-byte, two AM-bytes, and the 
OE sync byte to identify a normal count field (not RO). 

The count field of records R 1 through Rn differs from 
the count field of RO in the extension of the use of the flag 
bits. This byte is written by the control unit as follows. 

Bit-O 

Bit-1 

Bits 2-5 

Bit-6 

Bit-7 

This bit is set to 1 for all odd-numbered records, and 
to 0 for all even·numbered records, to aid in missing 
record detection. 

This bit is set to 1 for all segments of overflow records 
except the last. The bit is set to 0 for the last segment 
and for all non-overflow records. 

Not used (set to 0). 

Written the same as in the home-address flag. 

Written the same as in the home-address flag. 

The remainder of the count field is identifical to that of RD. 

Key and Data Fields: The key-field and the data-field formats and 
gaps for R 1 through Rn are the same as those described for RO. 
The key field may be used or not at the user's option. When 

the KL byte of the count field is set to zero, the key field and 
the associated gaps are not written. When the D L bytes of the 
count field are set to zero, the record signals the end-of-file and 
no data field is written. 

R, Key Area* 
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IFA CHANNEL COMMANDS 

• All I FA operations are initiated with channel instructions. 

• The basic channel commands are expanded with modifier 
bits to define the control or fields. 

• Channel commands are chained to perform the desired 
operation. 

• The command codes are executed by developing a sequence 
of mini-ops for control-unit operation. 

The I FA control unit is similar to the conventional file control 
units that interface with a channel. The same programming 
systems that are used to operate a 2314 on a selector channel 
can be used with the IFA (except two-channel switch). The 
channel instructions are used to initiate all I FA operations. 
The control, sense, and data movement operations are 
initiated with the start-I/O instruction and a CAW to define the 
location of the command sequence. 

The IFA uses five of the six channel command words chained 
into a sequence to execute an operation. (The read-backward 
channel command is not used.) 

TIC xxxx 1000 Command sequence branch. 
Sense mmmm 0100 Read out sense information_ 
Control mmmm mmll Seek and non-data operations. 
Write mmmm mmOl Write and search operations. 
Read mmmm mml0 Read operatio':1s. 

The 'm' in positions of the command bytes indicate modifiers 
for the basic command. These modifiers are used in file 
operations to define the control or fields that the command is 
to execute. 

The following modifier bit assignments are used to define 
the file read and write commands to the control unit: 

Sit 0 Multi-track operation. 
Sit 1 Search high. 
Sit 2 Search equal. 
Sit 3 Count field. 
Sit 4 Key field. 
Sit 5 Data field. 

Home-address field is defined with bit 3 and bit 4 without 
bit 5. 

Any command that is not defined in the IFA Commands 
chart is invalid and results in posting a command-reject 
indicator. The command reject is also given along with invalid
sequence indicator when a command is not preceded in a chain 
by the correct command. The command reject is posted with 
the file-protect indicator when the command is not allowed by 
the file mask. 

Most of these commands are defined to the file control unit 
with a sequence of file mini-ops that are developed by the 

microprogram. These mini-ops and their use are defined 
under the heading of "Mini-Op Control." The commands are 
further defined under the group title of "Sense Command," 

"Control Commands," Write Commands," Read Commands," 
and "Search Commands." 

Single Track Multi-Track 

Command Codes Hex Binary Hex Binary 

Transfer-in-Chan x8 xxxx 1000 - - ... - -- - ......... 

*Sense 04 0000 0100 -- ............ ... ......... 

Control, 
No Operation 03 0000 0011 - - ............ ... ......... 

*Set File Mask lF 0001 1111 -- ........... ... ........ 

Restore (2321 Cmd) 17 0001 0111 - - ......... - ............ 

* Recalibrate 13 0001 0011 - - ............ ... ......... 

*Seek 07 0000 0111 -- .......... ............ 

Seek Cylinder OS 0000 1011 - - ............ ........... 

Seek Head lS 0001 1011 - - ............ ... ........ 

*Space Count OF 0000 1111 - - ............ ... ......... 

Write, 
* Home Address 19 0001 1001 - - ............ ......... ... 

Record Zero 15 0001 0101 - - ............ ... ......... 

* Cou nt/Key /Data 10 0001 1101 -- ............ .. ....... 

Special CKD 01 0000 0001 - - ............ .. ......... 

Erase 11 0001 0001 - - ............ ... ......... 

*Data 05 0000 0101 -- ............ .. ........ 

Key and Data 00 0000 1101 - - ............ ............ 

Read, 
Home Address lA 0001 1010 9A 1001 1010 
Count 12 0001 0010 92 1001 0010 

*Data 06 0000 0110 86 1000 0110 
Key and Data DE 0000 1110 8E 1000 1110 
Cou nt/Key /Data lE 0001 1110 9E 1001 1110 
Record Zero 16 0001 Ql10 96 1001 0110 
IPL 02 0000 0010 - - ............ ... ......... 

Search, 
Home Addr Equal 39 0011 1001 S9 1011 1001 

* Identifier Equal 31 0011 0001 Sl 1011 0001 
Identifier High 51 0101 0001 01 1101 0001 
Ident Equal/High 71 0111 0001 Fl 11110001 

*Key Equal 29 0010 1001 A9 1010 1001 
Key High 49 0100 1001 C9 1100 1001 
Key Equal/High 69 0110 1001 E9 1110 1001 

Search (Scan), 
* Key /Data Equal 20 0010 1101 AD 1010 1101 

Key/Data High 4D 0100 1101 CD 1100 1101 
Key/Data Eq/High 60 0110 1101 ED 1110 1101 

Continue Scan, 
Search Equal 25 0010 0101 A5 1010 0101 
Search High 45 0100 0101 C5 1100 0101 
Search Equal/High 65 0110 0101 E5 1110 0101 
Not Status Mod 55 0101 0101 05 1101 0101 
Set Status Mod 35 0011 0101 S5 1011 0101 

or 75 0111 0101 F5 1111 0101 

*These commands are more completely detailed on the 

following pages. 

Transfer-in-Channel (TIC) Command 

• The transfer-in-channel command branches the command
chain sequence to a non-sequential address. 

• When used with the status-modifier indicator from a successful 
search, the command is skipped. 

The transfer-in-channel (TIC) command provides a means of 
branching in the command chain. The command is not 
functional in the file control or in the file but is in effect 
interpreted by the channel controls. The CCWs are normally 
taken from sequential addresses starting with the address 
contained in the CAW. When the TIC command is read in, 
the data address specified in the CCW replaces the current CCW 
address and is used to enter the next CCW immediately. The 
new address can be a previous address to cause one or more of 
the commands to be repeated. It can also be used to uncondition
ally branch to a disconnected group of CCWs. 

In the file sequence, the TIC command is used to repeat a 
search sequence until the search argument in main storage is 
satisfied. A successful search results in the setting of the 
status-modifier bit that in turn causes the skip of one CCW 
address. In this case the TIC command is skipped to allow 
advance to the following read or write command. 

The first command of a chained command sequence cannot 
be the TIC command_ The TIC command cannot branch to 
another TIC command in sequence. In either case the chained 
command sequence is ended with a command sequence error 
posted. 
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MINI-OP CONTROL 

• The CCW commands are converted into one or more mini
op codes that execute the operation_ 

• Mini-ops are sent to the file-control hardware along with a 
count value and a sync byte as required. 

• The value of the count is always twenty greater than the 
length of the field including the cyclic check to allow 
trap time. 

• The mini-op byte provides the basic operation along with 
modifiers to effect the desired conditions. 

The CCW commands are interpreted by the microroutines to 
determine the operation to be performed. The data commands 
that involve reading or writing data on the disk file are 
encoded into one or more mini-op codes that are sent one at 
a time to the file control unit. The mini-ops are developed one 
at a time based on the current command and the previous-op 
algorithm. When the file control completes a mini-op, a trap is 
requested to obtain the next mini-op_ 

When the series of mini-ops to execute one command are 
completed, the microroutine obtains the next CCW and the 
operation is continued with the mini-ops developed for the 
new command. The complete sequence of mini-ops to perform 
the command-chain sequence may include no-op mini-ops to 
effect time-out conditions in the sequence. 

Each mini-op, when sent to the file control, has a count value 
to define the number of bytes to be counted. The read-data and 
write-data mini-ops are also supplied with an appropriate sync 
byte for the operation. I n a read operation the sync byte is 
compared with the byte being read to identify the field. For 
the write sequence, the sync byte is written just ahead of the 
new data_ With the exception of a no-op mini-op with a count 
of zero used to effect a file-control reset, the count value sent 
to the file control is always greater than twenty. In the cases 
of the read-data and write-data mini-ops, the count value is 
the sum of the field length, the four-byte cyclic-check, and 
the twenty-byte post-field gap. The write-gap mini-op has a 

. count equal to the number of bytes to be written_ 

The mini-op is executed as specified by the code and the 
modifiers while the count value is being decremented with each 
c'tcle of the bit ring. The ring may be driven by either the 
read clock or the write clock. When the count has decremented 
to twenty-four for a data operation, the controls are changed 
to handle the four-byte cyclic-check. At 'decode 20', a trap is 
requested for the next mini-op, and the post-field gap is 
either clocked-through or written, depending on the operation. 

The microroutine must develop the new mini-op and count 

value before the counter decrements to one; otherwise an 
overrun is signaled. 

The mini-op codes for I FA operation are set into the FOP 
external from the external bus-in during the microprogram 
trap routine_ When the execution of the previous operation 
reaches the 'count 0 gate' condition, the new mini-op is 
transferred into the MOP register for execution. This sequence 
is repeated until all of the commands in the chain have been 
executed. 

The bits of the operation registers are defined as follows: 

Bit 0 Op Code (Read) 
Bit 1 Op Code (Write) 
Bit 2 Address Mark (Omit) 
Bit 3 Search 
Bit 4 Scan 
Bit 5 I ndex Start 
Bit 6 Format 
Bit 7 Skip 

MINI-OP CODES 

The two high-order bits of the mini-op define the operation 
code to the file hardware. 

(00) No-Op: This mini-op is issued with a count to effect a 
time-out_ It is issued without a count to effect a file
control reset_ 

(01) Write Data: This mini-op is issued along with a count to 
effect the writing of a field. The sync byte supplied defines 
the field_ 

(10) Read Data: This mini-op is issued along with a count to 
effect the reading of a field. The sync byte supplied defines 
the field. 

(11) Write Gap: This mini-op is issued along with a count to 
write the gap preceding a write-data operation. The sync 
byte ending the gap is supplied with the following write
data mini-op. 

MINI-OP MODIFIERS 

The low-order six bits of the mini-op are used as modifiers 
to the basic mini-op code_ 

Bit 2 Address Mark (Omit): This bit is used with the write-gap 
mini-op to block the address mark when the erase command 
is executed. The bit is also set with the read-data mini-op 
to block the data-check controls when the space-count 
command is executed. 

Bit 3 Search: This bit is used with the read-data mini-op to 
execute the search·key and search-KD commands. The 
search bit gates the compare latches for serial data compar
ing. The bit is not set for search-HA and search-ID 
commands because the comparing is performed in the 
CPU. 

Bit 4 Scan: This bit is used with the read·data mini-op to 
perform the search-KD (scan) commands. The scan bit gates 
the scan mask byte (FF) that blocks the compare for that 
byte. The search bit must also be set to gate the 
comparing. 

Bit 5 Index Start: This bit is used to instruct the hardware to 
wait for the index pulse before starting this mini·op. For 
example: When the write-HA command is executed, the 
'index start' bit in the write·gap mini-op starts the 
writing following the index point. In the case of a read-

HA command, the bit is set with the no·op mini·op to 
initiate the reading at the appropriate point. 

Bit 6 Format: This bit is used with the write·gap and 
write-data mini·ops to indicate the formatting sequence. 
The presence of the bit causes the write controls to remain 
set at the end of the field because the entire track is being 
written. 

Bit 7 Skip: This bit is used with the read-data mini-op to 
allow clocking over the field without transferring the 
data. For example: When a write-data command after a 
search-ID command is performed, the key field must be 

accurately clocked·through to find the starting point for 

the data operation. 

STATUS AND SENSE INDICATIONS 

• Conditions that occur during the execution of an instruction 
command-sequence are'reported as channel status and sense 
information. 

• The status information is set into the CSW at the end of the 
operation. 

• The sense information remains stored in the I FA and requires 
a sense command to store it in main storage. 

All status conditions in the I FA are associated with a specific 
device address except the control unit end (CUE). The CUE 
applies to the control-unit base address. A pending status is 
cleared when any of the attached disk drives are addressed except 
when a contingent connection exists. The final status for an 
operation appears as two eight-bit bytes in the channel status 
word (CSW). When chaining commands, each command in 
effect returns a status, but it does not enter the CSW unless 
the conditions require a termination of the operation. A nor-
mal channel-end (CE) and device-end (DE) indication without 
any check indications allows the chaining to continue. Any 
check indications that appear in the CSW bytes occurred on 
the last command that was attempted. 
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FUNCTIONAL UNITS 

IFA DATA FLOW INDEX 

The I FA control unit contained in part in the 3145 and in part in 
the attached 2319-A01 is divided into functional units in this 
section of the manual to aid in understanding. The control-unit 
section of the I FA composite data flow has been subdivided to 
show these areas. There are a few areas that do not lend themselves 
to a functional area discussion. In most cases the parts associated 
with other areas are included in that area. The externals and other 
major storage assignments are included as an extension of this 
heading to allow easy association in the following functional-unit 

discussions. 

The following reference list defines the heading names for the 
indicated functional units: 

II 
I 
II m 
m 

Cyclic-Check Controls 
Data-Transfer Controls 
Compare Circuits 
Write-Clock/Data Generation 
Field-Count Controls 
Operation Registers 
I FA Set/Reset Functions 
Share-Request Controls 
Share-Cycle Controls 

IFA Clock and Bit Ring 
Address-Mark Detection 
I ndex Controls 
Data Module Switch 
Variable Frequency Oscillator 

IFA 

EBI 

1--

I 

I 
I 

r-____ --I~I Bit Counter 1 
I JL213 

CU Ident 
JL216 

--, , 
, 
, 

I , 
: ~,--__ C_Y_CI_iC':":J~::..:~:...:..~e':"l R_e_gi_st_er ___ ~~ : 

I I 
I cc, 
, Chk I 

IFA 2319 

~-- -~ 
1m - -im~ - ;m- - - , ~-- ---: 
I j I I "I 

/' FDR SER I Data Data I , FE030 , 

,roo- .....--'--, ~ Module' 
a_---j-.I ~ , Compare I ,Fixed Write t--_I--t-11I-'~ Switch , 

, DES' JL215 JL313 '--.,..-----,--1 

EBO, I 1 1.-1-,---1 
... _-+-----I--~ 23-3 ,~I I- ..J ~ I I 

'I ~ TJL012 ': ' - - ~ead - ! , 
, Data f+--t-.._-'I'---l FE040 , 

~~ •• _~~~I~ _____ ~ I , 
rr. - - 1- - - 1- - " - - - - J L - - J 
I III ,II Externals ~~nc 
) __ ---it---+--..--I-...... ---..... -~I 21-3 FMod ~---1.""'----+-----4I 

, ~ ~ I ~ 1- JL511 JL511 

I _, I _ ,', , ~~~ ,-,--, ~---~I I FCH FCL FOP FTO FBO I D 
I 20-1 20-2' 20-3 '23-0 23-2 I 1 

JK211 JK311 , JK411 I JK112 JK311 'lAm Det I ~_I 
: t T: I ~r- T ~ __ 1~41~ry~ 
I Byte Counter I MOP I L_+_+-.--+-___ ~-.... ---~___..,.-_I_---..J 
, JI 111 I JL314 : 

I. - --, L T -O-L -l-1m, , 
I I 

Bit 

- - - -, 
1 
I 

Dec 
L-..ll--~ FMod I-... __ ---I-----II---.....J -WS§jJJ 

, GA , Count 
__ --il-....;,~ Setf , Decode , 

Rst JL116 , 
Ring 
JL312 

JL311 I ..... -;--+-i-----...... I----II ~S~ CLKI I :~ 
: FE070 

IFA 

, I 

L _ _ ~ ___ l __ _ _____ -.J 113-- 1 

r---l~---....!.---;F, F::;A~c~o::;-nt~ro;;jls;;----l---L-.I~--U I Index I 
JL-- JK- I ...... _----:I--~I Ctrls ..,,;.,.1 -+.._------, 

L--,.----r---.--==--..---~~..---_,______.---I I l J L411 I I 
10---, L __ ...l 
I I 
I I 
I I 
, Share 

Ctrls , 

, JK511 I 
L __ .J 

, 
,---'--

FGL 
22-3 

JK612 

FST 
22-2 

JK313 

FCs 
22-1 
JK212 

TT 

FFL 
22-0 

JK111 

FSB 
26-0 
JL-

FTS 
26-2 

FE110 

26-1 
JL-

FAT 
26-3 

JL814 
L-.-

TT 
Externals 

Data Flow Index 

~ S 
23-1 

JK214 

~A 

.. 
2319 Logic 

2319 

IFA Functional Units 10-10 



IFA EXTERNAL ASSIGNMENTS 

The I FA external registers are used to transfer information between 
the I FA hardware and the CPU. The transfer of information to and 
from these registers follows the same paths as for other externals. 
Entry to the registers is from EBI lines from the CPU. The registers 
are read out over the EBO bus to the CPU. 

Four of these external words are the normal assignments for 
channel 1, and the fifth word is normally assigned to channel 4. 
Their mnemonic names have been changed slightly to reflect the 

IFA. 

Word 26 byte 3 (FAT external) has in addition to its normal gated 
attention assignment, a mUltiple use in diagnostic mode. The normal 
FAT information is blocked,and seven different bytes can be gated 
to read out as address 26-3. These diagnostic bytes are gated by 
setting the binary address of the desired byte in bits 5, 6, and 7 
of the FBO external while in diagnostic mode. 

Diagnostic Address 0 

o No-Op 
1 Read Data Op 
2 Write Data Op 
3 Write Gap Op 
4 Compare Read Data 
5 Read Buffer 0 
6 Read Buffer 7 

7 Serial Data 

Diagnostic Address 3 

o Count Decode 20 
1 Count Decode 21 
2 Count Decode 22 
3 Count Decode 23 
.4 Count Decode 24 
5 Count Decode 25 
6 Count Decode 26 
7 Count Decode 15 

Diagnostic Address 6 

o IFA High Trap Req 
1 IFA Low Trap Req 

2 Force Trap Bit-4 
3 Force Trap Bit-5 
4 Error Timeout 
5 Control Tag A 
6 Spare 
7 Spare 

Diagnostic Address 1 

o Counter Pas 128 
Counter Pas 64 

2 Counter Pas 32 
3 Counter Pas 16 
4 Counter Pas 8 
5 Counter Pas 4 
6 Counter Pas 2 
7 Counter Pas 1 

Diagnostic Address 4 

o Read Gate 
1 Write Gate 
2 Wr Clock Gate 
3 Standard Index 
4 Block Clock Bits 
5 Serialized Data 
6 Write Sync Gate 
7 Write Zero 

Diagnostic Address FAT External Bit Assignments 

Diagnostic Address 2 

o Count 0 Gate 
1 Count Decode 1 
2 Count Decode 2 
3 Count Decode 3 
4 Count Decode 7 
5 BCA Time 
6 Data Gate 
7 Orientation Latch 

Diagnostic Address 5 

o Bit Ring 3 
CC Register Pas 0 

2 CC Register Pos 15 
3 BCA Position 1 
4 BCA Position 128 
5 Address Mark 1 
6 Read Sync Gate 
7 Head Condition 

Word Byte-O 

20 FBAK FWB 

o 

Display 2 
Lower 3 
Roller 4 
Pas 8 5 

6 
7 

21 FCND 

o 
1 

Display 2 
Lower 3 
Roller 4 
Pas 7 5 

6 

FDS 

Spare 
Entry 
(Not Used) 

Busy 
On-Line 
Un-Safe 
Spare 
Pack Change 
End of Cylinder 
Multi-Module Seltd 

7 Seek Incomplete 

22 FSTAT 

o 

Display 2 
Lower 3 
Roller 4 
Pas 6 5 

6 
7 

23 FTAG 

o 

Display 2 
Lower 3 
Roller 4 
Pas 5 5 

6 
7 

26 FERR 

o 

Display 2 
with 3 
Address 4 
Switches5 

6 
7 

FFL 

Chain Data 
Command Chain 
Supp Length I nd 
Skip 
Spare 
Input 
Cntl Store Cnt Rdy 
Output 

FTO 

Set Cylinder Tag 
Set-Head Tag 

Set Difference Tag 
Control Tag 
CUA Load 
Spare-A 
Spare-B 
Spare-C 

FSB 

CC Hardware Error 
Track Overrun (Wr) 
Bus-Out Parity Ck 
Ser-Des Check 
Data Check 
Data/Cmd Overrun 
Missing Adr Mark 
Write Current Err 

External Word And Bit Assignments For IFA 

Byte-1 

FCH 

o 

2 
3 
4 
5 
6 

.7 

o -
1 -
2 -

32K-
16K-
8K-
4K- - File 
2K- Counter 

1048 High 
512 
256 

FHC 

3 - -- Diagnostic, 
4 - Head/Cylinder 
5 - (CE Panel) 

6 -
7 -

FCS 

o Prog Ctrld I ntrpt 
I ncorrect Length 

2 Program Check 
3 Protection Check 
4 Channel Data Check 
5 Channel Ctrl Check 
6 Interface Ctrl Check 
7 Spare 

FTI 

o 128 
1 64 
2 32 
3 16 - Cylinder 
4 8 Address 
5 4 Register 
6 2 
7 

FGT 

o Command Overrun 
Er:ase Gate 

2 High Compare 
3 Low Compare 
4 Error Timeout 
5 Selected Gated Attn 
6 Contingent Connect 
7 Spare 

Byte-2 

o 
1 

2 
3 
4 
5 
6 
7 

o -
1 -

2 -

FCL 

128 
64 
32 
16 --
8 
4 
2 

FED 

File 
Counter 
Low 

3 - -- Diagnostic 
4 - Error Display 
5 - (CE Panel) 
6 -
7 -

FST 

o Channel Busy 
I nterrupt Latch 

2 Control Unit End 
3 Control Unit Busy 
4 Block CE Mode 
5 Spar~ 

6 Spare 
7 Spare 

FBO 

o 128; (Write Gate) * 
64; (Read Gate) * 

2 32; Seek Start 
3 16; Rst Head Req 
4 8; (Erase Gate) * 
5 4; Select Head 
6 2; Return to 000 
7 1; Head Advance 

FTS 

o Test Sel Sw 0 
1 Test Sel Sw 1 
2 Test Sel Sw 2 
3 Test Sel Sw 3 
4 CE Error Disable 
5 CE Mode Latch 
6· Allow CE Mode Sw 
7 Gated Attn Spare 

o 
1 
2 
3 
4 
5 
6 
7 

o 
1 
2 
3 
4 
5 
6 
7 

o 

2 
3 
4 
5 
6 
7 

o 

2 
3 
4 
5 
6 
7 

Byte-3 

FOP 

*Op Code (Read) 
*Op Code (Write) 
Address Mark (Omit) 
Search 
Scan 
Index Hold 
Format 
Skip 

FMOD 

Module Select Gate 

1_ Module 

J Select 
Module not Selected 

-J- Physical 
- Module 
- Selected 

FGL 

Main Store Cnt Rdy 
Count Zero 
FDR Full 
Interrupt Condition 
Share Cycle Error 
Retry Code 0 
Retry Code 1 
Retry Code 2 

FDR 

File 
Data 
Register 

# FAT 

o 
1 

2 

3 
4 
5 
6 
7 

Gated Attention 7 
Gated Attention 6 
Gated Attention 5 
Gated Attention 4 
Gated Attention 3 
Gated Attention 2 
Gated Attention 1 
Gated Attention 0 

# Diagnostic Address bytes are also gated to the FAT external. 
* The fi Ie head control gates are transmitted in this byte but are not displayed. 
* Mini-Op Codes: OO=No-Op 01 =Write Data 10=Read Data 11 =Write Gap 
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I FA Local-Storage Assignments 

The I FA has eight local-storage words assigned for its use. These 
are the four words normally assigned to channell and the four 

words normally assigned to channel 4. These words function as 
the operating UCW area for operating with main storage and for 

operating with control storage. The remainder of the words are 
used for work areas. Four bytes of the work area have bit assign

ments. The local-storage assignment chart defines the word use 

and the bit assignments of the four bytes. 

Word Word Word Assignments 

Addr Name Byte-O Byte-l I Byte-2 I Byte-3 

28 FD Protect Key Main Storage Data Address 

29 FC Flag CCWOp Main Storage Count 

2A FM Protect Key CCW Address 

2B FM Unit Address Prev Op Algm File Mask Algm I Byte Read Area 

2C FA Cylinder No Head Number Control Storage Addres 

20 FB Control Storage Count 

2E FS Work Area (R) Work Area (KL) Work Area (DL) I Work Area (DL) 

2F FL Mini-Op Link Word 

BYTE DETAIL 

FCO Flag FCl CCWOp FWl Prev Op Algm FW2 File Mask Aigm 

--------------------------------------- -----------------------.. ------------ .... --------_ .. ------ -_ ... ---------_ .. -_ ......... - ------'"' ... _ .. ---_ ...... 
0 Chain Data 0 Multi-Track 0 Rd or Sch HA 0 Inh Set FM 

1 Com Chain Search Hi 1 Wr or Sch HA 1 Allow Wr HA, RO 

2 SLI 2 Search Eq 2 Allow Wr Data 2 Inh Wr Count 

3 Skip 3 Count 3 Allow Wr KD 3 Inh Wr K and 0 

4 PCI 4 Key 4 Allow Wr CKD 4 I nh Seek, Recal 

5 Zero 5 Data 5 Search 10 5 Inh Seek Cyl 

6 Cyl Overflow 6 Read 6 Search Key 6 I nh Seek Head 

7 Zero 7 Write/Search 7 Rd Cor Sch ID 7 I ndex Passed 

I FA Local Storage Assignments 

I FA Control-Storage Assignments 

The I FA makes use of twelve words of control storage to retain 
operating information. Four words starting with address F900 are 
used to save logout and operating information for the interrupt 

operation (interrupt buffer). Four words starting with address F FAO 
are used for work area, CAW backup, I FA identification, and the 

first four sense bytes. Four words starting with address F FFO are 
used for the read/write area for the home address and the count 

fields. The last word is used as an overflow link word for return 
information in record-overflow operations. The I FA has exclusive 

use of these words. 

Word Word Assignments 
Addr Byte-O I Byte-l I Byte-2 

F900 FTAG Register Save Area 

F904 Interrupt Buffer 

F908 I nterrupt Buffer 

F90C I nterru pt Buffer 

I Byte-3 

FFAO I ndex Trap Link for F L 

FFA4 I-Cycles CAW Backup 
-

FFA8 F F 85 Save Area CU #- Drive # CU#-MaxDr# 

FFAC Sense-O Sense-l Sense-2 Sense-3 

FFFO Bit O==Seek Dir Head Save Area Flag 

FFF4 Cylinder No_ Cylinder No. Head No. Head No. 

FFF8 Record No. Key Length Data Length Data Length 

FFFC Record Overflow Link Word 

IFA Control Storage Assignments 
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IFA GA Set/Reset Functions 

The I FA has a group of set/reset functions under control of the 
microroutine GA-address. These controls work the same as the 

set/reset controls for selector channel and with the same addressing. 
The selection of the control group is made by setting the I FA 

channel gate (GA, OR, 10). With any other channel gate, the 
selector-channel functions are set. The terms set and reset define 

the OR and A- logic functions used in their control. Either function 

can be used to set or reset a control function. 

h Set GAL Reset GAL Set GAH 

K Field GA, OR, Oh GA, A-, Oh GA, OR, hO 

Set I nc Length Reset FCS Set IFA Chan Gate 
2 Set Prog Check Reset PCI Set Channel 2 Gate 

3 Set Prot Check Rst Trap Req Set Channel 3 Gate 

4 Set Chan Ctrl Chk Rst CCW 0 & WLR 

5 Set Allow Restart Rst Low Prior Req Set Write Clk Gate 

6 Set Trap Taken Chain End Reset Set CS-C R, In Lchs 
7 Set Contingent Con Rst Contingent Con Set CS-CR, Out Lchs 

8 Set Allow D/A Set MS-CR, In Lchs 

9 Set Chan Busy Reset Chan Busy Set MS-CR, Out Lchs 
A Set I ntrp Latch Rst Intrp Latch Set Control Pulse 

B Set CUB Reset CUB Diag Read Data 
C Set Block CE Mode Rst Block CE Mode Diag Clk Gap Sense 
D Set Low Prior Req Rst H/L Comp, CC Er Diag Data Gap Sen 
E Set IFA Inh Traps Rst IFA Inh Traps Set Data Field Lch 
F 

Reset GAH 

GA, A-, hO 

Rst Command Overrun 

Machine Reset 

Rst Orientation Lch 

Rst Cnt Rdy, In, Out 

Set Halt I/O 
Set CE End-Op SS 

Diag Index 
Diag Raw Data Pulse 

Set Diag Read Gate 
Bit Ring Advance 

Set Diag Mode Latch 
Rst Diag Mode Latch 

----_ ... -_ .. ---_ ...... --------_ .. -.. ----_ .. - ............. --_ ....... --_ .... _ .. --_ ..... -_ ........ _ .. --.... ----_ .. _-- -_ .. --....... -------... -........... -_ ...... --

Set/Reset Controls For I FA 
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VARIABLE-FREQUENCY OSCILLATOR (VFO) 

VFO 

FE040 

• The I FA uses a VFO synchronized with the file read data to 
separate the written clock and data bits. 

• The VFO control circuits function with the search-AM routine 
to synchronize the bit ring. 

• The VFO control circuits recognize the address mark and 
sync byte during the search-AM routine. 

The I FA control unit makes use of a variable frequency oscillator 
(VFO) for its read oscillator to drive the clock. The VFO offers 
more consistent data reading conditions than a reading system 
using the separated read-clock bits because a missing bit condition 
is filled by the VFO pulse. The oscillator has a nominal free
running frequency equal to the write frequency (5 MHz). 

An error-detection circuit compares the VFO timing and the 
'raw read data' entering from the file to determine the relative 
phase of the pulses and develop an error signal to correct the VFO 
frequency. The error correction is damped to prevent correction 
for individual missing or displaced pulses from the file. 

The VFO circuits also develop signals used in the search-address
mark sequence to start the VFO and the bit ring. The search 
routine and the synchronization of the VFO are discussed in 
greater detail under the heading of "Address-Mark Detection." 

VFO Circuits:. The VFO oscillator is a ramp generator that 
develops a decaying sawtooth output. When the error bias 
line is held at the reference level, the output has a nominal 
frequency of 5 MHz. Changing the error bias above or below 
the reference raises or lowers the output frequency. The ramp 
output is fed to the 'error detector', the 'VFO trigger', and 
the 'gate generator'. 

Error Detector: The error-detect circuit compares the difference 
in phase and frequency between the output of the VFO and 
the incoming 'raw read data' from the file. Any variation in 
phase between the two signals develops an error signal that 
feeds the VFO. The difference may be either positive or 
negative with the error signal shifting in respect to a dc 
reference line. The final error signal must cause the VFO to 
operate at the approximate frequency of the incoming raw data. 
The phase angle between the two signals entering the error 
detector must remain great enough to develop the error signal. 
The error signal is allowed to hunt slightly to provide a faster 
correction time. It is dampened sufficiently to prevent 
changing the level for missing bit conditions. 

-
Read Gate A r---Zeros Detect Raw Data 

5 us. lr--- -
Zero 
Det 

- Error Signal ~ 55 tt A t-----il---I 

Raw Data _______ '---_____ ..... r ~ t------- Ones Reset 

r---
A r-VFO Sync Gate -----t--tt----t 

VFO Gate -----af---l--l----i 
~ 

L 
J. 

-
Error 
Det 

r 

'- D f-- SS -

'---

Clock/Data 
Gate 

FF 

A r-

-

A 

-L--

Ramp 
Gen 

"-

VFO Trigger: After the VFO has been synchronized and has 
been operating in a single-frequency area, the output of the 

-
A 

-

VFO is gated to drive a binary trigger. Starting the trigger from 
the reset position with a pulse that has been defined as a clock 
bit defines the set output of the trigger as clock-bit time, and 
the reset output of the trigger as data-bit time. These outputs 
are used to gate the bits of the 'raw read data' line into separated 
clock and data bits. 

Gate Generator: To provide a definite gating period for the data 
bits being sampled from the raw-read-data line, a gate signal 
is developed that lies centered within the VFO trigger data 
gate. This sample gate is developed from the ramp output of 
the VFO with appropriate delay and singleshot circuits. 

Read Data Delay and Singleshot: The gating developed to sample 
and separate the bits of the raw-read-data input have been 
delayed in their development. I n order to sample a clock or 

D 

r-----VFO Osc 
Ramp Gen Output 

Clock/Data Gate 
Gate 
Gen - Gate Gen Output 

Delayed Data 

Separated Data 

Ones Reset Ramp 

Ones Reset 
Gap Det 

0-
--

- A r--- Sep Data 
D f-- r-

Zeros Count Ramp 

-
- Zeros Count 

Data Ga p 

-
A f--- Clock Gap 

--

data bit with the developed gates, the raw data must be delayed. 
An adjustable delay line provides the means to delay the bits 
until they fall within the established gates. The delayed input 
is fed through a singleshot to shape the incoming bits to be 
gated. 

Separated Clock/Data: The separated-clock bits are obtained from 
the delayed raw-data input by gating with the clock-gate output 
of the VFO trigger. The separated-data bits are obtained by 
gating with both the data-gate output of the VFO trigger and the 
output of the gate generator. 

Gap Sensor: Two signals are developed in the gap sensor that are 
used to determine the presence of the address-mark bytes and 
the sync byte during the search-AM routine. The separated
clock bit line is sampled to find a period of greater than 1.6 us. 
without a clock bit. A time-out defines the five missing clock 
bits of the address-mark byte and develops the clock-gap-sense 

I 
I 
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line to signal the search routine. The separated-data bit line is 
sampled to find a period of greater than 1.4 us. without a data 
bit. A time-out defines the four missing data bits of the sync 
byte and develops the data-gap-sense line to signal the search 
routine. This condition causes the bit ring to start advancing 
with the next clock bit. 

Zeros Detector: The raw-read-data line is sampled separately by 
the zeros detector to develop two lines that are needed in the 
early part of the search-AM routine to determine when to sync 
the VFO. The zero detector can differentiate between single
and double-frequency recording. An output is developed on 
the 'zeros count' line for each clock bit that is not followed by 
a data bit (single frequency). Th~ 'zeros count' pulses are counted 
for a period of nine bits to allow the VFO time to synchronize 
before setting the VFO trigger. If a data (one) bit is detected 
(double frequency), the ones-reset line is developed to stop the 

count. The reset line is held with a trigger that remains set until 
the next zero is detected. 



VFO Adjustment Procedures 

1. This procedure uses the write oscillator for adjusting the VFO. 

2. The 2319 dc voltages should be checked before these adjustments 
are made. See the "2319 Installation Instructions," Section E. 

3. All oscilloscope probes must be X 10 and the scope grounded. 

4. All adjustments and test points are in the 2319 frame A 1. 

5. Use I FA microdiagnostic routine SBAO to operate the system. 

Write Oscillator: The write oscillator, located in the 2319 frame, 
is used as a reference for adjusting the VFO. Measured at 01A
A3C6B02, the plus pulse width at the 50% level must be 
100 ±. 15 nanoseconds. The pulse cycle must measure 
200 ± 10 nanoseconds. 

Read Gate Singleshot: Externally sync scope on '-read gate A' 
A3D7D 12 and observe A3D7D04. Adjust the potentiometer on 
theA3D7 card so that the plus level sweep occurs within 
5 ± 0.2 microseconds. 

Error Detector: With the file control in the reset condition, place 
the negative or common lead of a dc voltmeter (20,000 ohms/ 
volt with an isolated ground) on pin A3J4J07. With the positive 
voltmeter lead on pin A3J4J04, adjust the 200-ohm potentiometer 
on the A3J4 card for 1 ± 0.05 volts. 

Zero Detector: 

1. Add jumper between pins A3L4B02 and A3K6D 12. Add 
jumper from pin A3H6D 1 0 to pin A3D6D02. 

2. Externally sync the scope on '+ zeros count' at pin A3H4B04 
and set sweep to 50 ns/cm and vertical sensitivity to 2 v/cm. 

3. Observe the scope in alternate sweep mode with the 'zeros count' 
line at pin A3G6B03 and the 'zeros count ramp' at 
pin A3H4B05. 

4. Adjust the 10K-ohm potentiometer on the A3H4 card to obtain 
the relationship shown in the diagram. 

Input 
Data (Ref) 

Zeros 
Count Ramp 

~oo n, R"o-1 
I 
I 

130 ± 10 ns 

+ Zeros 
Count Line 

Note: Measured from the 10% poi nt of 

the Zeros Count line rise time to 
40 mv from the 0% point of the Zeros 

Count Ramp fly·back time. 

Zeros Detector Adjustment 

Ramp Generator: 

1. Before this adjustment is made, the error-detector and the 
zeros-detector adjustments must be correct. 

.2. Internally sync the scope and monitor the '+VFO trigger' at 
pin A3F4B09. Adjust the 1 OOO·ohm potentiometer on the 
A3F4 card for a pulse width of 200 ± 25 nanoseconds. 

3. Externally sync the scope on the 'VFO gate' at pin 
A3F4B03, set the scope main sweep at 2 us/cm, 
and set the vertical sensitivity to 0.1 V /cm. 

4. Monitor the 'error signal' at pin A3J4BOS and adjust the 
1000-ohm potentiometer on the A3F4 card for minimum 
error signal. 

Minimum Error Signal 

5. When this is done, the VFO nominal frequency is equal to 
the system nominal frequency. Verify the adjustment by 
rechecking step 2 and if incorrect, repeat steps 2 through 5. 

Data Separator: The data separator is a function of the proper 
timing between the output of the 'gate generator' and the 
'raw data' delayed by the delay line. After the initial adjustment, 
the adjustment of the delay line and/or the gate generator 
is made only when a VFO card is changed. Before adjustments 
are made, the ramp-generator and error-detector cards must 
be properly adjusted. 

Gate Generator: 

1. Externally sync the scope main sweep on '+VFO trigger' at 
pin A3F4B09 and observe the 'VFO trigger' at pin A3G4B05 
(use B probe). Adjust the vertical sensitivity so that the 
signal covers 4 ± 0.2 cm and adjust the sweep so that the 
negative swing of the trigger covers 10 ± 0.1 cm as shown in 
the diagram. 

(200 ns Ref) 

10±0.lcm 
at 50% point 

Gate Generator Adjustment No.1 Trigger 

2. Without changing the scope sweep setting, monitor the 'gate 
generator' at pin A3G4J06. Adjust the vertical sensitivity 
so that the signal covers 4 ± 0.2 cm. Adjust the bottom 
potentiometer of the A3G4 card until the leading edge of 
the signal stops or until the end of the potentiometer is 
reached. Then adjust the top potentiometer on the same 
card until the signal covers 6.S ± 0.1 cm reference as shown 
on the diagram. 

6.8 ± 0.1 cm at 50% point 

4 ±. 0.2 cm 

~'---__ -.J 

Gate Generator 

Gate Generator Adjustment No.2 

Data Delay Line: 

1. Program the delay line at A3L5 for 40 nanoseconds. This is 
an initial adjustment. 

2. Without changing the sweep setting of the scope, observe in 
algebraic add mode the output of the 'gate generator' at 
pin A3G4J06 (use probe A) and delayed data at pin A3G4G05 
(use probe B). Invert the data input and set the vertical 
sensitivity so that the signal covers 4 ± 0.2 cm. 

3. Select the correct delay taps on the A3L5 card to obtain the 
relationship shown in the diagram. The scope sweep calibration 
should be about 20 ns/cm. 

4. Remove all jumpers added for the VFO adjustment. 

6.8 ± 0.1 cm at 50% point 

at 50% point 

Delay Line Adjustment 

Tl=T2 at 50% 

point 

Gate Generator 
Inverted Data 

Algebraic Added 
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ADDRESS-MARK DETECTION 

VFO 
FE 040 2319 

Bit 
Ring 
JL 312 AM 

Detect 
JL 413 

• The VFO/AM area is used to synchronize the hardware 
controls to the written information field. 

• The four parts of the VFO/AM area must be identified 
before the data field can be read. 

• If any part of the VFO/AM area is not recognized, the 
sequence is normally restarted. 

• If the hardware controls have been oriented, reading the 
wrong sync byte sets the data-check error. 

The address mark is used with the sync byte to synchronize the 
clocking controls with the written field data. The clocking 
controls are stopped after each field during a read operation. 
Under the disoriented condition, the search for the eight-byte 
VFO/ AM area is started at random. The entering data from 
the addressed track of the selected file may be from a data 
area, a gap area, or from an VFO/ AM area. The search for a 
VFO/AM area, after the file has been oriented, is started just 
ahead of the VFO/AM area. 

The sequence of the eight bytes in the VFO/AM area is: 
1. Four bytes of '00'. 
2. One byte of 'FF'. 
3. Two bytes of address mark. 
4. One sync byte. 
To locate appropriate information, the search must identify each 
of the four areas. The search involves starting and synchronizing 
the variable frequency oscillator (VFO) and then synchronizing 
the bit ring. The sync byte being read is compared with the 
byte presented by the microprogram. 

00 Bytes: After setting the 'read gate', the sequence starts by 
searching for nine consecutive data-bit zero levels (single
frequency recording). This identifies clock bits to 
synchronize the start of the VFO. The zeros are counted by 
advancing the bit ring with the zeros-detect pulse from the 
VFO controls. The count of nine requires that the bit ring 
advance beyond its full cycle. A 'seventh zero' latch is set 

at BR-2 to indicate the end of the first pass. An 'eighth 
zero' latch is used to indicate that the sequence of eight has 
been found. The ninth zero is detected within the VFO 
circuits in the 2319 to ensure accurate setting of the 'VFO 
gate' latch. With the 'eighth zero' latch set, the next 'zeros 
detect' pulse sets the 'condition VFO gate' to allow the 
'VFO gate' to set with the next 'raw data' pulse. 

If the sequence of nine zeros is broken, the presence of a 
data l-bit resets the bit ring to restart the O-bit search. When 
the nine zero bits have counted, the next bit read sets the 
'VFO gate' latch. The fall of the bit being read sets the 
'VFO sync gate' latch. The output of the 'VFO gate' latch 
releases the VFO oscillator and the reset clamp on the VFO 
trigger, starting the VFO with the clock bit. The 'VFO sync 
gate' latch output gates the 'raw read data' input to the 
error-detector circuit and to the data-separation gates. 

The byte counter is set to a value of eight after the zero 
bytes (9 zeros) are identified. The output of the VFO 
drives the bit ring in the normal manner to decrement the 
count. The remainder of the sequence must be completed 
within the eight-byte timing, or the sequence is restarted. 
The output of the 'VFO restart gate' latch gates the counter 
output to the restart controls. 

F F Byte: The byte of 'F F' provides double-frequency 
recording to establish the clocking frequency before enter
ing the address-mark bytes. The error-detector circuit 
adjusts the error signal level to obtain synchronism between 
the input data and the VFO. The gap sensor can now detect 
a missing bit condition of either clock or data bits. No 
actual test is made for an FF-byte. 
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Raw Read Data---..... -----I I r-.----, 

VFO Gate 
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Cond VFO 
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~ 
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Read Gate 

VFO Gate 
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BR Adv Zero 
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Cond VFO Gate 

VFO Gate 

VFO Sync Gate 

Block Osc Trig 

BR Adv VFO Osc 

Bit Ring 3 4 5 6 7 0 2 3 4 5 6 7 

VFO Zeros Clocking 



AM Bytes: The two bytes of address mark each have five 
missing clock bits. The 'clock gap sense' circuit has a time· 
out of about three periods. If a clock bit occurs within this 
period, the time-out is restarted. When the time~out 
condition occurs for the first time, the 'address mark l' 
latch is set if the count decode is 3. The second time-out 
condition causes the 'address mark l' latch to reset and the 
'address mark 2' latch to set if the count decode is 2. When 
the 'clock gap sense' signal occurs without the count decode-1 
or -2, the AM triggers are not set and the search is restarted. 

If for any reason a third time·out condition occurs, the 
'address mark l' latch would set again and the next data gap 
sense causes a restart. The output of the 'address mark l' 
latch blocks the recognition of the sync byte if other than 
two address marks are recognized. 

Sync Byte: The sync byte following the second address mark 
byte has four missing data bits. The data-gap sense has a 
time-out of about three periods. If a data bit occurs within 
this period, the time-out is restarted. When the time-out 
condition occurs, the sync byte has been detected. The 
bit ring (reset to BR-3) is advanced to BR-4 with the next 
data pulse. Five sync bytes allow identification of all fields: 

1. 00 == Home Address 
2. OB == RO Count Field 
3. OE == Rn Count Field 
4. OA = All Key Fields 
5. 09 == All Data Fields 

The last three bits of the sync byte are compared with the 
low-order three bits of the sync byte in the SEROES. If they 
compare, the field is read for the data operation. When the 
sync bytes differ, the address-mark search is reinitiated if the 
file is not oriented. When the file has been oriented, the 
wrong sync byte indicates that a field has been missed and 
results in setting the data-check indication. 

RESTART CONDITIONS 

Failure to recognize each part of the VFO/AM area in sequence 
causes the search sequence to be restarted. The restart conditions 
include the following: 

1. Failure to find nine (9) sequential zero-bits. 

2. Recognition of only one address-mark byte. 

3. Address-mark bytes occurring during the wrong byte count 
decode. 

4. Wrong sync byte when the hardware controls are not 
oriented. 

5. AM-search time-out (byte count == 0). 

When a restart condition occurs, the master VFO restart 
signal is developed. This signal resets all of the search sequence 
latches, the byte counter, and the compare circuits. The search is 
reinitiated, starting with the zero bits after the reset line falls. 

Count Decode 2 -----rirl 
Clock Gap Sense ___ .... -1 A 

OR 

Count Decode 3 -----;.-:A..:.J_J 

JL413 

Address 
Mark 1 

FF 

Data Gap Sense -----__..------1 
(Not) Wr Clk not Qiag ___ -, 

r--.----~----~ A ~--. 
FF 

Bit Ring D D1 Time -----------4 A 
Set GA High--------------f A 

ORI--___ ~_ 

K C Decode -------------t._L...I 

Read Gate Reset -------1 
Master Reset ---------1 

Master VFO Restart ------L 
JL414 

Bit Ring 5 -----------4 
Read Gate -------...... -1 

(Not) VFO Gate -----+-+--1 
JL613 

A t----

JL115 

AM Restart 

Counter Reset 

Force 8 Count 

JL413 
JL413 

Bit Ring D D2 Time ---------1 

Read Sync Gate --~--f 
Unequal -----+ ... --1 A 

Orientation Latch ---...... -----;--t-i 

(Not) DE Sync -----I 

JLD14 

FF By tel AM Byte AM Byte 

C D C D D D D D D C D C D C D D D D D D C D C D C 
Raw Read Data •••• • • • • • •••••• • • • • • ••••• 
Clock Gap Sense 

Data Gap Sense 

Address Mark 1 

Address Mark 2 

Read Sync Gate 

Bit Ring Rst (3) 

Bit Ring Position 3 4 5 6 7 0 .1 2 3 4 5 6 7 0 2 3 4 

Address Mark Detection 

Read Sync Gate 

Wrong Sync Restart 

Data Check I ncorrect Sync 

Sync Byte 

C C C C D C D C D C C 
• • • • •• •••• • 

5 6 3 4 5 6 7 
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I FA CLOCK AND BIT RING 

BIT 
RING 

JL 312 

FE040 

2319 

• The clock and bit ring control data gating for both read and 
write operations. 

• The clock is driven from the write oscillator for write 
operations and from the VFO oscillator for read operations. 

• The bit ring is advanced by a pulse developed in the clock 
circuit. 

• When the bit ring is not in use, it is reset to the bit-3 
position. 

The timing control for file operation contains a clock circuit for 
bit control and a bit ring circuit for byte control. The Game 
circuits are used for both read and write operations. During 
write operations, the clock is driven from the fixed-frequency 
write oscillator. For read. operations the 'standard VFO oscillator' 
signal, synchronized to the incoming data, drive the clock. Either 
the write oscillator or the 'standard VFO oscillator' is driving 
the clock during all periods that the control unit is oriented 
except the VFO synchronization. The clock is also driven during 
No-Op time-outs with the write oscillator. The bit ring is advanced 
by a pulse developed from the clock output. Each cycle of the 
bit ring represents a byte period, and its output advances the byte 
counter. The clock (driven by the write oscillator), bit ring, and 
the byte counter are also used for time-outs. 

Clock 

The write-oscillator and standard-V FO-oscillator lines used to 
drive the clock are double-frequency drives. The clock consists 
of a delay circuit to produce a 'delta clock' pulse and the 'bit 
ring advance' latch to provide single-frequency drive. Five pulses 
are developed by gating the clock input with these two signals. 

The clock outputs are designated ~O, 01,02, 03, and 04. The 
DO-time pulse is developed only at bit-ring-O time to gate controls 
that define the start of a new byte. The remaining four pulses 
are used in combination with bit-ring outputs to control 
sequential functions required for bit and byte handling. 

File Data 

VFO Osc 

~ VFO Osc 

I 400 ns -+-Ie 0 

1--
1--
1-
I 

1 Byte = 3.2 microseconds . I 
oeD ~_ +-j J;I - ._ MIl _ _ 

- - - - - -- - - - - -Bit Ring Adv -Jl1 ____ ~-__ ---I------J--L...--_ 
DOTime ~ • • -
D1 Time I- I- • • 
D2 Time • I • • • 
D3 Time • I • • • 
D4 Time .1 • • • 
IFA Control Unit Clock 

Data Gap Sense ---01-,-., 

Raw Read Sync Gate 
200n5 Index-------t 0 1--------._
Master VFO Restart -----t 
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JL 311 

Write 
Trigger' 

Write .-......-- Write Trigger 

Osc 

Write Clock Gate 

Write Clock Gate Rst 

Master VFO Restart 
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Write Clock Gate 

FF 

A 

0 

Pre 
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FL 

JL 311 

A 

Standard VFO Osc ---1---1--1 

(Not) Wr Clk not Diag A 

o 

JL 311 

Zeros Detect -----;----1 
(Not) VFO Gate or Diag --!-----1 

Clock Logic 

A 
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FL 

JL 311 

Bit Ring 
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FF 

JL 311 
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WRITE CLOCK/DATA GENERATION 

• The double-frequency output of the write oscillator drives the 
write trigger for single-frequency outputs to define the clock 
and data bits. 

• The write-trigger signals are blocked by the not-data or control 
lines for the zero-bit level. 

• The developed clock and data signals are OR'ed to develop the 
write signal gated to the selected module. 

The output of the write oscillator is used to develop the write
data information fed to the selected file-module. The double
frequency output of the write oscillator drives a binary-connected 
write trigger with the fall of the pulse to develop two single
frequency output gates. These outputs are used to gate the next 
oscillator pulse as the clock or data pulse to be written. The zero 
level of the clock or data pulse is obtained by blocking the 
respective AND gate. 

The clock pulses are blocked only during the five bit-times of 
each of the two address-mark bytes. For this purpose, the block
clock latch is set at 'bit ring l' during 'count decode 2' and 
'count decode 1'. The latch is reset at BR-5-D3 time in both 
bytes. 

The data pulses are blocked by the zero-bit level of the serial
data line or the output of the cyclic-code register (position 15). 
The data pulses are also blocked to write the ~O-bytes of the 
VFO area. For the FF-bytes written in the gap areas, no blocking 
is developed, and thus, all bits are written. 

The output of 1:J1e clock-pulse gate and the output of the data
pulse gate are OR'ed to develop the write-data output. This 
output is gated by the write-gate signal to feed the selected file
module. When the write-gate signal is down, the output to the 
file-module is held in the up-level to allow use of the signal coax 
for read-data input. 

Count Decode 2 --------r-,r-, 
(Not) Address Mark Bit ----4-.... --'1 A 

!"- 0 ~ 
Write Gap Op ------+-+ ..... _....-t 

~ 

Bit Ring 1 -------.----1 
Count Decode 1 --------1 

A 

JL 313 

~ 
Bit Ring 5 ----------1 

A 

(Not) Oscillator ---, 
(Not) Write Trigger-

Write Trigger -

BIO'kCIO'~ ~ A 
'----- I t---

FL 
I-- A 

~ 

0 
r---~~ 0 I-- OF Write Data 

and Write Gate 

03 Time ---------L-...J rO rf} 
JL 313 

I 11 ~L313 lit.) JL 313 

Master Reset 

BCA Time --------------1 
(Not) Count Decode 24 ----------1 A 
(Not) Serial Data ------------1t-
Cyclic Code Reg Pas 15 ----------1 
Write Data Op ------------1 A 

Count Decode 21 r--U I--

o ~ __ --Serialized Data 

Count Decode 22 0 r-- A 
Count Decode 23----i -~-I-~ 
Count Decode 24----i"--

Write 
Zero 

JL 313 

Write Gap Op ----... r:A:-Ir---,I-J~-- Write Zero 

Count Decode 7 ----~_ FL 

Count Decode 3 -----r-O-. 

Master Reset -----""----IIL-_ ........ 
JL 117 

Write Data Generation 

Write Gate-

IFA Functional Units 10-20 



OPERATION REGISTERS 

FOP 
JK411 

MOP 
JL314 

• The external FOP register is used to buffer the mini-op byte 
until it is required by the hardware. 

• The mini-op transfers to the MOP register when the byte 
count has been reduced to zero. 

• The bit count of the MOP register is tested for out-of-parity 
conditions that set the bus-out parity indication. 

The mini-op codes for I FA operation are set into the FOP 
external from the external bus-in during the microprogram 
trap routine. When the execution of the previous operation 
reaches the 'count 0 gate' condition, the new mini-op is 
transferred into the MOP register for execution. This sequence 
is repeated unti I all of the commands in the chain have been 
executed. 

The bits of the operation registers are defined as follows: 

Bit-O Op Code (Read) 
1 Op Code (Write) 
2 Address Mark (Omit)' 
3 Search 
4 Scan 
5 I ndex Start 
6 Format 
7 Skip 

MINI-OP CODES 

The two high-order bits of the mini-op define the operation 
code to the file hardware. 

(00) No-Op:This mini-op is issued with a count to effect a time
out. 

• It is issued without a count to effect a file-control reset. 

(01) Write Data: This mini-op is issued along with a count to 
effect the writing of a field. The sync byte supplied defines 
the field. 

(10) Read Data: This mini-op is issued along with a count to 
effect the reading of a field. The sync byte supplied defines 
the field. 

(11) Write Gap: This mini-op is issued along with a count to 
write the gap preceding a write-data operation. The gap ends 
by writing the address mark and the sync byte. The sync byte 
ending the gap is supplied with the following write-data 
mini-op. 

MINI-OP MODIFIERS 

The low·order six bits of the mini-op are used as modifiers to 
the basic mini-op code. 

Bit-2 Address Mark (Omit): This bit is used with the write
gap mini-op to block the address mark when the erase 
command is executed. The bit is also set with the read
data mini-op to block the data-check controls when the 
space-count command is executed. 

Bit-3 Search: This bit is used with the read-data mini-op to 
execute the search-key and search-KD commands. The search 
bit gates the compare latches for serial-data comparing. The 
bit is not set for search-HA and search-I D commands because 
the comparing is performed in the CPU. 

Bit-4 Scan: This bit is used with the read-data mini-op to 
perform the search-KD (scan) commands. The scan bit gates 
the scan mask-byte (FF) that blocks the compare for that 
byte. The search bit must also be set to gate the comparing. 

Bit-5 Index Start: This bit is used to instruct the hardware to 
wait for the index pulse before starting this mini-op. For 
example: when the write-HA command is executed, the 
index-start bit in the write-gap mini-op starts the writing 
following the index point. In the case of a read-HA command, 
the bit is set with the no-op mini-op to initiate the reading 
at the appropriate point. 

Bit-6 Format: This bit is used in conjunction with the write-gap 
and write-data mini-ops to indicate the formatting sequence. 
The presence of the bit causes the write controls to remain 
set at the end of the field because the entire track is being 
written. 

Bit-7 Skip: This bit is used with the read-data mini-op to allow 
clocking over the field without transferring the data. For 
example: when a write-data command is performed after a 
search-I D command, the key field must be accurately clocked
through to find the starting point tor the data operation. 

FOP REGISTER 

The file-operation (FOP) register is byte 3 of the FBAK 
(external word 20) that is loaded from the external bus-in. 
It serves as a buffer for the mini-op code in the I FA. The 
register may be read out to the external bus-out for diagnostic 
purposes. The register contains nine latches. The parity bit is 
retained and tested with the parity of the MOP register. The 
FOP register remains set until the next time it is loaded except 
for reset by the 'machine reset' line. 

MOP REGISTER 

The mini-operation (MOP) register consists of eight latches that 
control the hardware operation. The FOP register byte is trans

ferred directly into the MOP register during the 'count 0 decode' 
time. Bit 0 (read) and bit 1 (write) are decoded to develop the 
no-op, read-data, write-data, and write-gap operation lines. The 
remaining six modifier bits are used without decoding to control 
their respective functions. The outputs of the eight latches are 
used to generate a parity bit that is tested with the parity bit of 
the FOP register to ensure that the transfer: was correct. The 
register has a forced reset during the index trap when the 
resulting no-op code causes a time-out in the index gap. 
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FIELD-COUNT CONTROLS 

FCH 
JK211 

FCL 

JK311 

Byte Counter 
Jl 111 

Count 
Decode 
JL 116 

• Byte counts are used to define the operation through each 
mini-op. 

• The count values are loaded into FCH and FCl externals by 
the microprogram trap routine. 

• The count values are set into the counter in complement and 
advanced to F F F F=O. 

• The counter output is decoded to define functional times within 
the operation. 

The length count (number of bytes) of each field is defined to the 
hardware by the microprogram when the mini-op is issued. The 
count value includes the byte count, the four cyclic-check bytes, 
and the post-record gap as required. A write-gap mini-op has a 
count equal to the length of the gap. The count value included 
with the no-op mini-op defines the length of a time-out period. 

A 16-bit count value is set into the FCH and FCl registers 
from the external bus-in during an IFA trap. The new count value 
is transferred to the byte counter when the previous value in the 
counter has been decremented to zero. The new mini-op is 
entered at the same time. The counter outputs are decoded to 
effect operating functions at their specified times. 

COUNT EXTERNALS 

The count value for a mini-op operation is transferred from the 
CPU in byte 1 (FCH) and byte 2 (FCl) of external word 20 
(FBAK). Eighteen latches store the sixteen bits of the binary 
count value and two parity bits until needed by the byte counter. 
The count value is available for diagnostic purposes through 
external addressing. The registers are reset when the next entry 
is made through the external addressing controls. 

COUNTER DECODE 

'The output of the byte counter is decoded to identify the end 
of the data area, the cyclic-check area, and bytes of the address
mark area. Because the count value is set in complement, the 
decode must be made on the complement values. 'Count decode 0' 
is recognized when the counter positions are all set to the l-bit 
level. No decode is made until the counter value reaches 26. At 
the end o( this byte, a 'gate last request' latch is set to stop the 
share-cycle data requests for write and search operations. The 

Bit Ring 5 
(Not) Error Time·out 
Read Gate -----l'----' 
Reset MOP----~ 

JL 613 

Ext FCH 

'decode 25' performs a similar function by setting the 'end data 
field' latch for read operations. Decodes 24 through 21 gate 
the cyclic-check operation. 'Decode 20' sets the trap reqLiest for 
a new mini-op. The 'decode 15' turns off the 'erase gate' at 
the end of a write operation. Decodes 7 and 3 through 0 gate the 
address-mark bytes. A counter decode of 1 with the trap still 
in progress causes a command overrun condition. The 'decode 0' 
also sets a 'count 0 gate. latch to initiate the transfer of the 
mini·op and the count for the next operation. 
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BYTE COUNTER 

Any operation that is executing a mini-op has a count value set 
in the byte counter. The 16-bit count is entered in parallel from 
the FCH -and FCl externals setting the count value in complement 
at B R-6 ... The counter is advanced (count decremented) at each 
BR-O-DO time. The count value is forced to 26 for an index gap 
and to eight for timing the address-mark search. The output of 
all counter triggers are fed to a count decode to gate actions 
during gap areas and the cyclic-check area. The counter is always 
reset at 'count decode 0' and at index point when encountered 
during an operation. It is also reset following a successful 
address-mark search. 
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DATA-TRANSFER CONTROLS 

FDR ERDES 

JK 411 JL 012 

• Write and search data enters the FOR and transfers to the 
SEROES to be serialized. 

• Read data deserializes in the SEROES and transfers to the 
FOR to enter the CPU. 

• The serialized data-bit count is tested against the parity bits 
being stripped to detect error conditions. 

Write or search data enters the I FA through the file data register 
(FOR) from the external bus-in during an IFA share cycle. At 
BR-O-OO, the data byte is parallel-transferred to the SEROES 
register to be serialized for file transfer. The level of the FOR 
parity bit is tested with the odd/even count of the serialized 
bits to ensure valid transfer. 

Read data (not search) enters the I FA from the file and is 
deserialized in the SEROES register. At BR-7-D3 when a byte 
has been assembled, the data is transferred to the fi Ie data 
register (FOR). The data in the FOR is transferred to the CPU 
on the external bus-out during a share cycle. A parity generator 
on the SEROES register parallel output develops a parity bit for 
the byte as it enters the FOR. 

FILE DATA REGISTER 

The file data register (FOR) is an external capable of both input 
and output and is addressed as byte 3 of word 23 (FT AG). The 
register consists of nine latches for the eight data bits and the 
parity bit. The latches can be set from either the external bus-in 
or the SERDES. The data is read from the latches to either the 
SERDES or the external bus-out. The set, reset, and transfer 
of FOR data is a function of the share-request controls, and their 
operation is detailed under "Share Request Controls." The 
share-request controls contain an 'FOR full' latch to indicate 
when the data is ready. 

SERIALIDESERIAL (SEROES) REGISTER 

The SERDES consists of eight triggers connected for serial-shift 
and parallel entry. Only the eight data bits are enter~d into the 
register latches. A ninth latch in the parity check circuits is 
used to retain the parity bit. Serial data enters the register at 
position 7 gated by the advance pulse. Serial data leaving the 
register from position 0 is set into an output trigger to provide a 
one-bit buffer while the next byte is entered. Data bytes are 
parallel·entered into the register from the FOR at BR-O-DO on 
write and search operations. The bits serial to the write generation 
circuits to write or the compare circuits for search (scan) 
operations. On read operations, the data bytes are parallel
transferred to the FDR at BR-7-D3 time_ The parallel register 
outputs are used to decode the F F-byte (non-compare mask) on 
file-scan operations and to develop parity bits on read operations. 
During read (not search) operations, a decode of a CC-byte on 
count-decode-22 indicates no BCA. The three low-order bit 
positions of the SERDES are scanned into the compare circuit 
with bit ring 5,6, and 7 for sync-byte compare. The SEROES 
register is advanced at D 1-time for either read or write operations. 

The register is not reset during data transfer for either read or 
write operations. 

DATA-PARITY CONTROL 

The parity bits of the data bytes coming from the CPU are 
stripped before writing on the file. To replace the parity bits, 
the I FA develops the cyclic-check information that is written 
at the end of the field. Two checks are made within the I FA to 
ensure that the data has been transferred correctly and that the 
cyclic code is correct. The first check is on the SEROES 
operation; the odd/even count of the bits leaving the register ~ 
is compared with the parity bit for each byte. This check sets 
bit 3 (SERDES Check) in the FSB external. The second check 
is made by comparing the odd/even count of the bits in the 
cyclic-code register with the odd/even count of the FDR parity 
bits of the record field. This check sets bit 0 (CC Hardware 
Check) in the FSB external. During read operations, the parity 
bits developed from the SERDES are used for the test. The 
cyclic-code register test is made following each byte at 
BR-7-D4. 

Std Read Data 

Bit Ring 6 

Word 3 Chan 1·2 

Selr Chnl 1 Ext Source 

Ext FOR 

P ~P 
o 0 
1 II--+-f-I 

2 

EBI-----
(Not) I FA Input 

___ +-.. 3 
4 
5 
6 
7 

x 

Ext Address 23 
JK 412 

Ext Dest Byte 3---L.:.:..J 
Set Read Buffer to FOR 

Write or Search Op 
Data Request Honored 

JK 412 

Sct Count Ready ___ -I 

JL 011 

Orientation Latch 
Bit Ring 7 04 Time A 
Read Sync Gate 
Count Decode 20 0 
Bit Ring 0 A 
Master Reset ----t 

JL 014 

Serial-Deserial (Serdes) 

Serdes Advance 

Serdes Bit 7 

Serdes Bit 6 

Serdes Bit 5 

Serdes Bit 4 

Serdes Bit 3 

Serdes Bit 2 

Serdes Bit 1 

Serdes Bit 0 

Serdes Output 

Write Trigger -
Oscillator -C 
DF Write Data --
Serdes Output and Write Data 

-C -

9 7 

C JK 411 

JL 012 

BCA Time ----I 
Write Gate----I 

01 Time-----e--i 
Read Data Op 
CC Time or C.D. 22 

JL 011 

------D C C C· -- - --D -

SERDES 
Parity 

FL 

FF 

JL 011 

Wr or Sch op 

Cmd or Data Overrun 
IFA Channel Error __ 0 
Bit Ring 7 03 Time A 
Write or Search op ---t 
Data-Gate ------1 

JL 013 

Bit Ring 7 04 Time 

A 

A 

0 

JL 013 

FF 

02 Time ---r-,.,. ...... 

BR7 04 TimBf---...J JL 013 
Master 
Reset 

SERDES 
Check 

SERDES 
Check 

FL 

JL 013 

o Serial Data 

Read Sync Gate - ....... ---+-L--lL--J 

5----------------------, 
Bit Ring 5 

6---------------------, 
Bit Ring 6 

7------------------------~ 
Bit Ring 7 

Rd Sync 
Scan 

JL 014 

--------C D C D C C D --- - - --

JL 014 

• -• C -
3145 TM 10-23 



CYCLIC-CHECK CONTROLS 

OE 

BIT COUNTER 
JL 213 

CYCLIC CODE REGISTER 
JL 211 

• A cyclic code and a bit count are developed during the writing 
of each field and then written following the field. 

• During read operations, the cyclic-code and bit-count values 
are again developed and compared with the written values. 

• An indicator byte is included in the cyclic-check to identify 
the writing control unit and file module. 

• The operation of the cyclic-code register is checked after each 
write byte to ensure that the bit combination agrees with the 
count of entry parity bits. 

The cyclic-check controls include the cyclic-code register, the 
gating for the indicator byte, and the bit-count byte. The four
byte cyclic-check area following each record field is calculated 
and written during write operations. When a record field is read, 
the data bytes are used to calculate the cyclic code and the bit. 
count to compare with the written values. The cyclic-code bytes 
are written by serially shifting the register while feeding the bits 
to the serial-data line. The indicator byte and the bit-count byte 
(BCA bytes) are set into the cyclic-code register and serially 
shifted to write in the same manner. During read operations, the 
register is again used to serialize the calculated values but the 
output feeds an OE logic compare with the entry bytes. 

CYCLIC-CODE REGISTER 

The cyclic-code register consists of sixteen triggers connected as 
a shift register. The input trigger is position 0, and the output 
trigger is position 15. The normal data entry for the register is 
through an exclusive-or circuit into position O. During data entry, 
the output of position 15 is fed to the second input of the OR 
logic circuit to binary-add the bits without carry. The register 
triggers are reset to the zero state at the start of each field. The 
output of the register is written in complement to ensure a 
significant cyclic code for a field written with zeros. 

The bit-count byte is transferred true value into cyclic-code 
register positions 15 through 8. The identifier is entered into 
the cyclic-code register positions 7 through 0 in complement. 
Both BCA bytes are written from position 15 in complement. 
The indicator byte writes true value, and the bit count writes 
complement value. 

The cyclic-code register is gated to enter the bits starting with 
the first byte of data in the field and ending with the last byte 
bf the field. The two-byte calculated cyclic code is serially gated 
from position 15 to write or compare during count-decode 24 
and 23. At the start of count-decode 22, the indicator and the 
bit-count bytes are set into the register. These bytes are 
serialized by the register to write (or compare bit' count) during 

count decode 22 and 21. 

BCA INDICATOR BYTE 

The information in the indicator byte comes from two 4-position 
latch registers. Bits 0 through 3 contain the control-unit address 
used by the program to effect the write operation. This infor
mation is set into four latches by setting the number into the 
four high-order bits of the FBO and raising the set-CUA tag 
(bit 4 of FTO). Bits 4 through 7 of the byte contain the number 

, of the physical file module addressed by the write operation. 
This number is the same as that stored for the low-order four bits 
on sense byte 4. The value is taken from the module-selected 
decode in the FMOD-L external that was returned by the selected 
module over the file interface. The full byte is set into the cyclic
code register (positions 15 through 8) and serialized in complement 
to write true during 'count decode 22'. 

BCA BIT-COUNT BYTE 

The bit counter consists of eight binary-connected triggers. 
Data bits being written or read, starting with the sync byte through 
the first byte of the cyclic code, are serially gated to the counter. 
The carry from the high-order position of the counter is lost. 
Only the low-order eight bits of the binary count are used 
(255 max.). The true value of the counter is parallel-transferred 
to positions 7 through a of the cyclic-code register at the start 
of count decode 22. The value serializes in complement to the 
'serial data' line during count-decode 21 to either write or 
compare. 
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CYCLIC CHECK 

During count decode 24, 23, and 21 of read and search ope~ations, 
the cyclic-code register (pos 15) reads out serially to one side of 
an OE logic compare in complement. The other side of the OE 
logic compare is fed serially with the cyclic code and bit count 
being entered on-the 'compare read data' line. The values being 
read are also in complement because they were written in 
complement. The output of the OE logic sets the 'data check' 
latch if any bit position fails to compare. The 'data check' 
latch also sets for a wrong sync byte when oriented and for a 
detected index while reading. Sense byte 0 bit 4 indicates the 
data-check condition when the unit-check status is indicated. 
If the data check occurred during the reading of a count field, 
the sense byte 1 bit 0 is also set. 

CYCLIC-CODE HARDWARE CHECK 

The cyclic-code hardware check operates only on read and 
write operations. The appropriate parity bits are not developed 
during the search operation. The hardware makes a check on 
the operation of the cyclic-code register after each byte is 
processed. The odd/even count of the bits in the register is 
compared with the odd/even count of the data-parity bits to 
that point of the record. 

To understand the logic of this checking circuit, it is necessary 
to understand the resulting bit count in the register. The first 
byte read into the register binary-adds to zero in the OE logic 
and enters the 0-7 portion of the register with an odd/even count 
exactly the same as the first byte. The second byte does the 
same thing, with the first byte moving to the 8-15 portion of the 
register. 

For the third byte of data, the 8-15 portion of the register is 
serially fed (pos 15) to the OE logic with the data to binary-add 
into the 0-7 portion of the register. The odd/even count of the 
bits at the output of the OE logic is always equal to the odd/ 
even bit count of the two factors entering the logic. The total 
count of bits in the OE logic output varies with the bit relationship 
of the bits in the entry factors. The total odd/even relationship for 
both halves of the cyclic-code register is always equal to the odd
even count of the parity bits of the data bytes entered. 

To combine the count of both halves of the register, a second 
OE logic is used to binary-add these two factors with the output 
entering a binary trigger for the odd/even count. Because the 
check must be made following the entry of the new data byte, 
the odd/even count must include that byte. The output of the 
OE logic feeding position 0 of the cyclic-code register has the 
information that serials into the 0-7 portion of the register after 
entry of the byte. The serial output of position 7 of the 
cyclic-code register has the information that serials into the 8-15 
portion of the register. These two factors are entered into the 
second OE logic for the total odd/even count. 

The parity bit entering the FDR register with the data byte 
during a write operation and the developed SERDES parity bit 
for a read operation are counted by the parity-bit binary trigger. 
The odd/even binary trigger counting the output is tested against 
the parity-bit binary trigger at the end of each byte. The odd/ 
even trigger is then reset at the end of the byte and set again 
for the next byte. The parity-bit trigger continues its odd/even 
count until the end of the field. A difference causes the 'cc 
hwd error' latch to set as the indicator in the sense information 

(byte 2 bit 4). An error is also reported as an equipment check 
(sense byte 0 bit-3). 
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COMPARE CIRCUITS 

COMPARE 
JL 215 

• CPU data and data being read from the file record are compared to 
determine a high, low, or equal condition. 

• The microroutine determines the resulting action for the specified 
command. 

• The file-scan operation allows blocking the compare circuits when 
an FF-byte mask is presented in the CPU data. 

During search and scan operations, data is read from the appropriate 
field of a file record and compared with data from CPU storage. The 
CPU data is handled as write information and is serialized by the 
SERDES to the serial-data line. The 'standard read data' pulses are 
delayed one bit time by buffering with the 'compare read data' 
latch to align them with the serial-data pulses. 

When the search modifier bit is set in the mini-op, the compare 
circuits are activated. A 'compare gate' trigger is set with the fall 
of the 'read sync gate' signal and is reset with the fall of the 'cc calc 
time' signal to define the field. The output of the 'compare gate' 
trigger gates the set of the compare latches. The two data sources 
are fed bit by bit to the set gates of the 'compare high' and 'compare 
low' latches with one signal inverted. When the bits match, neither 
compare gate is conditioned. A mismatch of bits causes the 
appropriate gate to be satisfied, setting the latch. 

If either latch is set, indicating a detected mismatch, the input 
gating for both latches is blocked for the remainder of the compare. 
The outputs of the 'compare high' and the 'compare low' latches 
are fed to the CPU for action by the microprogram. 

The scan operation differs in that a detected F F-byte in the 
CPU data entered into the SE R D ES causes the compare gates 
to be blocked for the byte. 

The compare circuits are also used to compare sync bytes 
during reading operations. The low-order three bits of the 
specified sync byte are gated from the SE R DES with the bit 
ring. These three bits are compared with the last three serial
data bits of the file sync byte. The equal-compare output 
must exist before the field can be read. 
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READ/WRITE CONTROLS 

• The control unit raises the read, write, and erase bits on the 
file-bus-out (FBO) to control the selected file reading and 
writing. 

• Gate latches are set by the operation and timing to control 
both the file and the control-unit operation. 

• The 'write clock gate' selects the write clock and deselects the 
read VFO during write operations and all control-unit clocking 
operations. 

The I FA control unit has four latches that provide gating to 
control the read and write functions. 

1. Write clock gate latch 
2. Write gate latch 
3. Erase gate latch 
4. Read gate latch 

These gate latches are set by the appropriate mini-op code and 
the tim ing to start the operation. The outputs of the 'read gate', 
the 'write gate', and the 'erase gate' latches raise the respective 
bits in the file-bus-out (FBO) interface to the selected file. These 
bits along with the control-tag line gate the respective head and 
amplifier controls to read or write. These bits in the FBO are 
changed without dropping the control-tag line. 

Write Clock Gate Latch 

This latch controls the drive selection of the IFA clock. When 
the latch is set, the clock is driven by the write oscillator and is 
used for all write functions, clock-through operations and time
outs. When the latch is reset, the I FA clock is driven by the VFO 
circuits if operating. The normal set for the latch occurs at 
'count decode 20' of a read operation because the last twenty bytes 
(gap) are clocked through. If a write operation follows, the latch 
remains set for the write operation. When a read functi on follows, 
the latch is reset when the count reaches zero. The latch set can 
be forced by the microroutine and at index time. 

Write Gate Latch 

This latch controls the write circuits in the selected file and the 
control unit. The latch is set when the write-gap mini-op is set 
with a count of zero. It also sets at index time if the index-start 
bit is in the mini-op. The latch normally resets when the 'count 
decode 20' point is reached and it is not a format operation. If it 
is a format operation, the 'write gate' is not reset until the index 
point. A command-overrun condition immediately forces the 
reset of the 'write gate' latch. 

Erase Gate Latch 

This latch controls the erase head circuits in the selected file. The 
latch is set under the same conditions as the 'write gate' latch in 
all cases. The latch normally resets at 'count decode 15' if it is not 
a format operation. For a format sequence, the 'erase gate' must 
remain set with the 'write gate' until the index point. The 
'selected index' signal resets the 'erase gate' latch. A command
overrun condition forces the reset after the count has reached 
the decode 20 point. In all cases the 'erase gate' resets about five 
bytes after the 'write gate' to ensure proper track parameters. 

Read Gate Latch 

This latch controls the read circuits in both the selected file and the 
control unit. The latch is normally set with the read-data mini-op 
at the count zero point to allow the VFO and address-mark search. 
It also sets at a count of zero when the index point is detected with 
the index-start bit in the mini-op. The latch can be forced by the 
microroutine. It is normally reset at the 'count decode 20' time. 
The reset is forced with the detection of the index point and for 
an error-restart condition. 
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SHARE REQUEST CONTROLS 

SHARE 
CTRLS 
JK 512 

• An IF A share request is developed after the F D R has been 
loaded during input operations or unloaded during output 
operations. 

• The completion of the serial operation of a byte by the 
SERDES sets the data-request latch. 

• If the count has not reached zero and no error conditions 
have occurred, the output of the data-request latch initiates 
the share-request sequence. 

The I FA initiates a share request to the CPU when it has moved a 
byte of data to the file data register (FDR) on an input (read) 
operation or removed the byte of data from the FD R on an output 
(write) operation. The count-ready signal must be present to 
indicate that there is available CCW count for the transfer. Each 
time the microroutine loads a data-transfer mini-op and a count 
value, it also sets the 'count ready' latch for either main storage or 
control storage along with the input or output latch. 

The I FA initiates the share-cycle request by setting the 'data 
request' latch. The output level of the 'FDR full' latch and the 
setting of the input/output latches develop the share-request signal. 
When either the file control indicates the last data request or the 
CCW count has been reduced to zero, the 'count ready' latch is 
reset to block further share requests. 

Write or Search Operations 

• The data-request latch is set when a byte has been serialized. 

• The byte in the FDR is transferred into the SERDES, and the 
share-request signal is developed. 

During a write or search operation, the advance to the BR-O-DO 
time indicates that the previous data byte has finished serializing 
and that the new byte in the FDR must be transferred. The 'data 
request' latch is set if no blocking or error conditions have 
developed. For a write or search operation, the 'FDR full' latch 
was set when the new byte was transferred into the FD R. The 
'data request honored' latch sets immediately, and the output 

-resets the 'data request' latch. The latch output also gates the 
transfer of the FDR data to the SERDES. After a delay of 14 ns., 
the FD R is reset and the 'F D R fu II' latch is reset for the next 
transfer. With the 'FDR full' latch reset and the output latch set, 
the share-request signal is developed if the 'count ready' latch is 
still set. The reset output of the 'FDR full' latch gates the reset of 
the 'data request honored' latch, removing the interlock that blocks 
the next request. The 'FDR full' latch is set during the share-cycle 
after the new data byte has been loaded into the FD R register. 
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Read Operation 

• The 'data request' latch is set when a byte has been deserialized. 

• The byte is transferred to the FOR, and the share-request 
signal is developed. 

For the read operation, the BR-7-D3 time indicates that a data 
byte has been deserialized and is ready to be transferred to the 
FOR. The 'data request' latch is set if none of the blocking or error 
signals are present. The input operation develops a gating signal to 
transfer the SERDES to the FOR. After a delay of 14 ns, the 'FOR 
full' latch is set. The combination of the 'data request' signal and 
the 'FD R full' signal sets the 'data request honored' latch. The 
output of the 'data request honored' latch resets the 'data request' 
latch and blocks a second transfer until the latch is reset. With the 
'FOR full' latch set and the input latch set, the share-request signal 
is developed if the 'count ready' latch is still set. The 'FOR full' 
latch resets during the share cycle after the new byte is set into the 
FOR. The reset output of the 'FOR full' latch gates the reset of 
the 'data request honored' latch removing the interlock that blocks 
the next request. 
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IFA SHARE-CYCLE CONTROLS 

• All data is transferred with the selector-channel share
cycle controls. 

• The IF A transfers data one byte at a time the same as the 
non-buffered selector channel. 

• In cases of share-cycle contention, channel 2 has first 
priority followed by the I FA and then channel 3. 

• The honored share-cycle request initiates a timing sequence 
for the transfer. 

• A share-cycle storage word is forced into the C-register to 
effect the transfer. 

• The two share cycles follow the pattern of the basic storage 
word with address and count update. 

All I FA data transfers are made using the selector-channel share
cycle controls. The current microroutine is stopped for the 
two control-word cycles (a stora~e word) for each data transfer. 
All fFA data transfers are made using the selector-channel share
cycle controls. The current m icroroutine is stopped for the 
two control-word cycles (a storage word) for each data transfer. 
An IF A data transfer is for one byte the same as for the non
buffered channel. The share-cycle transfer makes use of a 
special storage word that is forced into the C-register and local
storage address gates by the file controls. During the two cycles, 
the data is moved into or from storage, the data address in load 
storage is incremented by one, and the count in local storage is 
decremented by one. The current control-word address is held 
in the N2 and N3 registers and returned to the M2 and M3 
registers during the last half of the second share cycle to con

tinue the operation. 
The IF A requests a share cycle when a byte deserial ized by the 

SERDES register moves to the file-data register (FOR) during 
a read operation. For write and search operations, the request 
is made when the previous byte in the file-data register moves 
into the SERDES register to be serialized. 

When the selector channels are operating at the same time as 
the IFA, contention may occur in their share-cycle requests. 
Channel 2 is assigned first priority in case of simultaneous 
requests (at sample time). The normal channel priorities for 
channels 1 and 2 are reversed by gating the I FA to the channel-2 

circuits and channel 2 to the channel-1 circuits with an IFA
installed line. At the output of the priority.circuits, the two 
channels are reversed back to obtain the correct addressing 
controls. The I FA, being second in order, has priority over 
channel 3. A second request for the I FA or channel already 
taking a share cycle is blocked for one cycle to ensure reset of 

the request signal. Once a channel has taken a share cycle, it 
cannot again request until all of the other channels have had a 

chance. 
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When the I FA or a selector channel has a share request, the 
timing latch and the share-request latch for the channel are set 
(I FA sets channel 2) except when the channel is already taking 
a share cycle or is interlocked by lower-priority requests. Any 
one of the share-request latches being set initiates the share
cycle sequence. The share-cycle clock is started at l-time of 
the following cycle except when that cycle is the first cycle of 
a storage word. The clock is started by setting the 'selector share 
request CPU' latch. At the following a-time, the 'share B 
cycle' latch is set to define the first of the share-storage cycles. 
The timing chart shows the relations of the clock outputs and 
the major control signals. 

With the rise of the 'selector share request CPU' signal, 
the highest-priority channel having its share-request latch set 
has its share-cycle latch set. The output of the share-cycle 
latch gates the appropriate addresses and controls for the 
honored channel during the share cycle. The 'some share cycle 
CPU' signal developed from the share-latch output blocks the 

previously addressed control word on the SDBO from entering 
the C-register and early decodes. At the same time, a storage 
word for the share cycle is forced into the C-register. The 
local storage and external addresses for the share cycle are 
forced through, gating with the channel share-cycle line and are 
not entered into the C-register. The channel command lines 
gate the appropriate bits into the C-register for the input, output, 
or skip control and the direction of the address update. 

During the first share cycle, the encoded local-storage address 
containing the data address of the I FA is gated. The data 
address is set into the M-register for the storage addressing. The 
address is then incremented by one and destined back to the 
originating local-storage address. Depending on the direction of 
the data movement, the appropriate file-data register and storage 
gates are set. The data follows the normal data paths either from 
the SDBO to the EB I or from the EBO to the SOB I. In the case 
of the read function, the data movement occurs at the start of 
the second share cycle. 

During the second share cycle, the encoded local-storage 
address is incremented by one for the address of the count value 
of the IFA. The count is decremented by one and destined back 
to the originating local-storage address. 

A share request for a channel can be initiated during the 
second share cycle to follow immediately. No CPU cycle 
occurs between the second share cycle of the I FA sequence and 
the first share cycle of the channel sequence. The interlock that 
ensures that the channel share request is reset allows one CPU 
cycle to occur between share cycles for the I FA when no 
channel request has been made. The third and fourth share
cycle lines from the clock are used for second-cycle destining 

and retry controls. The IFA share latch is reset at '1 time delay' 
of the second share cycle after the local-storage access for the 
count. 
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INDEX CONTROLS 

• All records on the disk file are referenced to a common index 
point. 

• Only the index signal of the selected module is returned to 
the control unit. 

• The index signal causes a sequence of timed pulses to be 
generated for control. 

• By forcing the high-priority (H3) trap, the microprogram is 
signaled for appropriate action. 

The index point indicates that the file disk pack is at the starting 
position for all tracks. Several operations either must start at the 
index point; or if read ing into the index point, a special sequence 
must be performed. As a result, a series of index pulses are 
developed following the sensing of the index point. They occur 
only when a head has been selected for either reading or writing 
and not when the file is disoriented. 

B"efore the index" signal from the selected file can initiate the 
sequence, the 'allow index' latch must be set. During the 
initiation sequence for either reading or writing, the select·head 
bit is set and the control-tag line is raised. At the same time, a 
value is set into the byte counter for a time-out to allow head 
selection. When the count is reduced to one, the 'allow head 
condition' latch is set_ At count zero, the 'head condition' latch 
is set. If the 'selected index' signal is down at this point in time, 
the 'allow index' latch is set to gate the pulse when it occurs. If 
the 'selected index' signal is raised at the time of head selection, 
the 'allow index' latch is not set until the pulse falls. This ensures 
that a full index pulse is available for the index sequence. 

When either the 'selected index' signal occurs or the 'diagnostic 
index' latch is set, the index sequence is initiated. The sequence 
is blocked if an error time-out is in progress_ The gated index 
signal provides the gate for the development of the index sequence. 
With the next rise of the write oscillator, the '200 ns index' 
trigger is set to provide a reset for the read and write gates. The 
orientation latch and the bit ring are also reset. The next write
oscillator pulse occurring 200 nanoseconds later resets the 
'200 ns index' trigger and sets the 'delta 200 ns index' trigger. 
The output of this trigger provides a gate for the write/erase 
latches and sets the 'write clock gate' latch_ It also provides the 
gate to set error conditions resulting from the index point. If 
the track is to be written, the write/erase gates are set immediately. 
The 'gate index' latch is set to block a repetition of the sequence, 
and the 'standard index' latch is set. When the third write 
oscillator pulse occurs, the 'delta 200 ns index' trigger is reset. 
The 'standard index' latch is reset at the next bit-ring-7 time, 
ending the basic index sequence. 

If the index-start bit was not set in the mini-op, the 'standard 
index' signal resets the MOP and the counter, and forces a count 
of 26 for an index time-out. When the count is reduced to 20, a 
request is made for a high-priority trap with the 'index trap' 
latch set. The microprogram index-trap routine determ ines if 
multi-track or overflow-record flags are set to require a head 
advance. If the head advance is required, the head is advanced 

and the new head is selected with the normal head-selection 
time-out. After the head is selected, the home-address field is 
entered with a forced read-data operation. The original read-data 
information is stored until the HA entry is completed. The 
original read-data information is then returned to the F BAK 
registers, and the operation is continued_ 

When the index-start bit is included in the mini-op, the 
operation is started with the 'standard index' signal by transferring 
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the count into the counter_ The write gap begins by setting the 
'write gate' and the 'erase gate' and writes the FF-bytes of the 
index gap. The read-data operation begins by searching for the 
VFO and address mark for the home-address field. 

A write operation that encounters the index point while 
writing results in posting the track-overrun sense (Byte-1 Bit-1). 
A read operation that encounters the index point while reading 
a field results in posting the data-check sense (Byte-O Bit-4). 
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MODULE SELECTION 

MODULE 
SWITCH 

FE030 

2319 

The I FA can operate with only one disk storage module at a time. 
The interface lines must be switched from one module to another 
as required by the program. The programmed address defines the 
file module to be selected. The selected module gates itself to the 
interface lines except for the file-data coax. The data switching is 
performed within the module-select circuits physically located in 
the 2319-AO 1 for all eight possible modules. 

Because the disk drives each have a module selection plug, the 
selection depends on the location of the module plug for the 
programmed address defined. The decoded address from the 
program that is entered into FMOD-U external feeds the module
selected interface lines to the disk storage modules. The module 
with the indicated plug brings up the module-selected line for its 
physical address. Within the module, th is line gates the controls 
to the interface. The selected line on the interface gates the 
data-read and write circu its to the data coax of the selected module. 
The module-selected line is also encoded and set into the FMOD-L 
external for use by the I FA. 

The file-data coax serves for both read and write operations. 
The level of the line is normally in the logic-l level held by the 
module load resistors when not in use. When writing, the control 
unit gates the line to the logic-O level, blocking its use by the 
module read circuits. The line is taken to the logic-l level for each 
bit to be written by the 'write data and write gate' line. For 
reading, the module gates the file-data coax to the logic-O level 
to block its use by the control-unit. The line is taken to the logic-l 
level for each bit entering for the raw-data line. The file-data coax 
lines to unselected lines are held at the logic-l level by the module 
load resistors. 
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THEORY of OPERATION 

DIAGRAM LEGEND 

The standard flow-chart convention has been modified slightly 
for the diagrams in this chapter for ease of explanation. Each 
chart is accompanied by a text description that covers the 
operation in greater detail. 

The flow-chart diagrams are designed to show the normal 
execution of the operation with no errors. The basic command 
operations do not have branch conditions detailed. The start-I/O, 
halt-I/O, test-I/O, error-trap, ending, and interrupt operations have 
the major branching conditions detailed. The branch cond itions 
not shown branch out to set appropriate status and result in 
ending the operation either through the error-trap or the ending 
routine. 

A 'Test for Condition A' indicates that the condition specified 
must exist for normal operation. A 'Test not Condition S' 
indicates that the condition is not present. When both conditions 
of a branch are detailed, a diamond block is shown in normal 
convention. 
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BASIC IFA OPERATIONS 

• The initial selection sequence provides the status testing and the 
controls to start a file operation from the program. 

• The routine starts by decoding the channel-1 (lFA) address 
and entering the CAW in the channel controls. 

• The I FA routine first determ ines that the control-un it and 
module addresses are valid for the system. 

• After determining that the addressed file module is not busy, 
the status indicators are reset before allowing the operation. 

• The sense information from the previous operation is reset, and 
the new information is set into the registers. 

• The 510 operation enters a routine to enter the first CCW with 
the command. 

• After determining that the command is valid, the operation 
stores the information in local storage for execution. 

• The command code is decoded, and the operation is routed to 
the appropriate routine for processing. 

All I FA operations are initiated with channel instrucitons. The 
channel-1 address designates that the instruction is destined for 
the I FA control unit. After decoding the 1/0 instruction in the 
GAIC routine, the operation advances to the GLAA routine to 
read in the CAW and to decode the channel for execution. The 
channel-1 (IFA) decode branches the operation to the GPAA 
routine to perform the initial selection for the I FA operation. 
The routines up to this point are the same as those for any channel 
operation. 

The GPAA routine first tests for valid control-unit. Tests are made 
to determine whether the channel is busy or is waiting for an 
interrupt. A start-I/O instruction cannot be initiated under these 
conditions, but a test-I/O instruction can be performed. The 
instruction is decoded to determine the path to be followed. The 
start·I/O instruction is considered first. 

A test is made for the contingent-connection condition that 
indicates that the control unit has a unit-check status pending. 
Further tests are made for unselected status and control-unit end 
before the module is selected. During the module selection, the 
control·unit address (CUA) is inserted for use on write operations. 
Tests are now made for unsafe conditions and for possible seek 
or attention conditions at the file. If conditions indicate that the 
operation can proceed, the routine is continued. 

The command is read from the first CCW and tested for a 

possible no-op or restore command that should not clear the 
previous sense information. Otherwise, the sense information is 
set to zero to start the new operation. The P-register is set for 
file operation, the CAW is set into FM, and the unit address is set 
into FW word of local storage. The control-storage address (in FA) 
for the count storage is initialized for the operation. The retry 
code is set to 01 t, and the routine is branched to the BPBA 
routine to start the operation. 

The GPBA and BPBB routines enter the first CCW and decode 
the command to determine the appropriate routine to continue the 
operation. The first CCW word is ente~ed into local-storage FD
register, and the command in the O·byte is tested for the TIC 

command. If the first command of a command chain is the TIC 
command, it is an invalid seque'!ce and the program-check status 
is set. The second CCW word is read in, if the command is other 
than a TIC, and entered into local-storage FC-register. The 
command and the storage key are moved to their appropriate 
operating positions in local storage, and the S-register is set to 
zero. 

The entry being considered valid, the command is decoded by 
testing two bits at a time until the combination defines either 
a command group or indicates an invalid command to set the 
command-reject status. Four command groups and three 

individual commands are defined to be branched to their 
appropriate routines: 

1. Control 
2. Write 
3. Read 
4. Search 
5. Space Count 
6. Read IPL 

GPBK routine 
GPBE routine 
GPBD routine 
GPBC routine 
GPBF routine 
GPBK routine and GPBD routine 

The command-reject conditions are branched to the file
error (GPCA) routine for handling. 

The GPBA routine is also entered during trap routines to 
obtain the next CCW to continue the operation. If the status
modifier bit is set, the CCW address is advanced by eight to skip 
the following command (TIC). The next command is tested for 
a TIC, and if present, its address is entered as the next CCW 
address and tested for doubleword boundary. At this time, the 
routine reaches the 510 entry point, and the operation follows 
the same sequence. If the previous command contained the data
chain flag, the operation branches before decoding the command, 
with the assumption that it is the same. 
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No-Op Mini-Op 
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o 1 2 3 4 5 6 7 

The no-op mini-op is used to effect time delays during hardware 
operation by setting an appropriate count value. The delay counts 
are greater than 20 and cause the usual trap request when the 
count is decremented to 20. If the mini-op is issued with a count 
value of zero, a hardware reset is forced. The mini-op is used for 
head-select delay, index-gap delay, and the recalibrate setup time
out. 

For normal time delays and for the hardware reset, no bits are 
set in the mini-op. When the delay is to start after the index point, 
the index-start modifier is added to the mini-op. 

Entry of the no-op mini-op may occur in a high trap, a low trap, 
or during an initial selection. The conditions for initial selection 
are the same as for a low trap in the example. Only the mini-op 
and the count are loaded during the trap that initiates the operation. 
No data is transferred to either read or write by the no-op mini-op. 
The next mini-op to be performed in the sequence is loaded 
during the trap at count-decode 20. The next mini-op actually 
starts when the count has decremented to zero. 

Microprogram I FA Hardware 

E1 Enter from Current 
Routine or Trap 

Set Cond ition to Be 
Delayed 

Devel No-Op Mini-op Set FOP 
Devel Count Set FCH-FCL 
Set Write Clock Gate Gates Write Osc to Clk 
End High/Low Trap 

II Count Decode 0 
Set MOP from FOP 
Set Counter to FCH-FCL 

Decrement Count 
Decrement Count 

/ / / 
Decrement Count 

B Set High Trap Count Decode 20 
Trap Honored 
Devel Next Op Set Regs for Next Op 
End High Trap 
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START 

Disk Drive Notes 

Clock advancing with 
write clock if high 
trap entry. 

If cou nt reaches 1 
with high trap set, 
cmd-overrun is set. 

If count decodes zero, 
a hardware reset is 
forced (no time-out). 
Count continues to 
decrement for each 
byte time. 

If cou nt reaches 1 
with high trap set, 
cmd-overrun is set. 



Read Data Mini-Op 
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The read-data mini-op is used to read any defined record field_ 

This includes the home-address, count, key, and data fields as 
defined in the track and record format. The read-data mini-op is 

issued to enter a field for search and scan commands. The mini-op 
is also used by the program for entry of track information and to 
clock-through fields when oriented_ 

For a straight read operation, only the read bit (bit 0) is set in 

the mini-op. Modifiers are added to obtain special controls as 

follows: Bit 2 Address Mark Blocks Data Check. 

Bit 3 Search 
Bit 4 Scan 

Bit 5 I ndex Start 
Bit 7 Skip 

Microprogram 

m Set High Trap 
Trap Honored 

Devel Next Mini-op 
Devel Count (L+25) 
Devel Sync Byte 

Devel Data F low Gates 

Set Count Ready 
End High Trap 

Gates Compare. 
Gates Compare Mask. 
Starts Read at Index. 
Blocks Data Request. 

I FA Hardware 

Count Decode 20 

Set FOP 
Set FCH-FCL 
Set Byte in FDR 

Set CS or MS Gating 
Set Data Flow In 
Move FDR to SERDES 

Cou nt Decode 0 
Set MOP from FOP 

Raise Read Gate 
Drop Write Clock Gate 
Reset Bit-Ring (3) 

Advance Bit-Ring 
Advance Bit-Ring 

/II 
Advance Bit-Ring 
Bit-Ring = 9 zeros 

Set VFO Gate Latch 

Block Osc Trigger 
Set VFO Sync Gate 
Force Counter to 8 

Devel VFO Output 
Reset Block Osc Trig 
Syncs VFO to Read Data 
Release Gap Detectors 

Sense Clock Gap 
Set AM-1 Trig 
Sense Clock Gap 
Set AM-2, Rst AM-1 

The serial data on the disk drive is read by the selected head 
and transferred to the IFA SERDES to deserialize by byte. The 
assembled byte is transferred to either the control storage or main 
storage area designated with a selector channel share cycle. 

During the post-record gap (last 20 count) the microprogram 
loads the hardware registers with the mini-op, the required count, 
the appropriate sync byte, and the data-flow gates. Before reading 
the field, the VFO clock must be synchronized with the written 
track and then the bit ring must be synchronized with the byte
defined data. When this is completed, the data is transferred. 

During the reading of the data, the cyclic code and bit count are 
computed to compare with the values written with the record 
field. If the cyclic-check bytes do not compare, the transferred 

data contains an error that is signaled by the data-check indicator. 

Disk Drive 

Read Amps Gated 

Read Zero Data Bit 

Read Zero Data Bit 

/II 
Read Zero Data Bit 

Read a Bit 

Read FF Byte 

Read AM Byte 

Read AM Byte 

Notes 

Count advanced with 
write clock, 

If count reaches 1 

with high trap set; 

cmd-overru n is set. 

Bit-Ring used to count 
9 consecutive zeros. 
Zero Detect advs ring. 

If a one-bit is read, 
the count restarts. 

Gates VFO full pulse. 

Defines search time-O. 

VFO now drives clock. 

If 1 or 3 AM bytes are 
detected, sch restarts. 

m m tI m gg m 
BYTES H ~ I ~ I ~ I ~ 1111 ~ I ~ I ~ I ~ I ~ I j '-L---.L-~---L...-.L.--L-...l--L-.l-DA-=-T A~AR~EA~..L.:....L.=-.~.:......u ~ I ~ I ~ I ~ I ~ n 

Dec-20 Dec-O Set L+25 Dec-24 Dec-20 Dec-O 

READ DATA MINI-OP (Read Count, Read Key, Read Data, or Read HAl 

Microprogram I FA Hardware Disk Drive Notes 

II Sense Data Gap Read Sync Byte High 
Set Raw Read Sync Gt 
Rst Bit-Ring to 3 
Drop Data Gap Sense Read Sync Data Bit-4 Syncs Bit-Ring to Rec. 

Devel Read Sync Gate 
Gate Bit-Ring Adv 

Set Count and MOP 
Gate SERDES with BR Read Sync Bits 5,6,7 Bit-ring gates SERDES. 

Compare Bits 5,6,7 If compare is equal, 

the data is read. 
If unequal, the search 

is restarted. 

Set Data Gate Latch 
Deserial in SERDES Read Byte from File Data from disk drive 

Devel CC & Bit-count through the I FA SERDES 

Move Byte to FDR to either CS or MS as 

Request Share Cycle Set Data Request defined by flow gating. 

Store Byte in Storage Decrement Count 
1,/1 /II 

Deserial in SERDES Read Byte from File Transfer continues 

Devel CC & Bit-count until count reaches 24. 

Count Decode 25 
Move Byte to FDR Share request blocked 

Request Share Cycle Set Data Request when CCW count = O. 

Set End Data Field Lch 
Store Byte in Storage Decrement Count 

m Count Decode 24 Check data not stored. 

Block Data Request 

Serial CC Reg to Comp Read File CC to Camp Cyc-Code must compare 

Compare Cyclic-Code for correct data. 

Count Decode 22 
Move BCA to CC Reg 
Serial I dent from CC Read Ident from File Ident Byte not camp. 

Count Decode 21 
Serial Bit-Cnt to Comp Read Bit-Cnt from File Bit count must compare 

.Compare Bit-Count for correct data. m Set High Trap Count Decode 20 
Reset Data Gate Degate Read Amps 

Write Clock Gate Set Count advances with 

Trap Honored write clock. 

Devel Next Op Set Regs for Next Op The operation may be 
ended without new op. 

End High Trap If count reaches 1 

with high trap set; 
cmd-overrun is set. 
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Write Data Mini-Op 
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The write-data mini-op is used to write any defined record field. 
This includes the home-address, count, key, and data fields as 
defined in the track and record format. The write-data mini-op 
writes only the actual data field defined except during formatting, 
when the 20-byte post-record gap is also written. 

For an update write operation, only the write bit (bit 1) is set 
in the mini-op. For a format write operation, the format bit (bit 6) 
is added to hold the write circuits active through the post-record 
gap. 

The data from either the control-storage or the main-storage 
area designated is transferred byte by byte with a selector-channel 
share cycle to the I FA FDR. The data is serialized by bit in the 
SERDES to write on the disk drive. 

During the last 20 bytes of the previous write-gap operation, the 
microprogram loads the hardware registers with the write-data 
mini-op, the required count, the appropriate sync byte, and the 
data-flow gates. Before performing the write-data operation, the 
write-gap operation including the writing of the sync byte must 
be completed. 

Microprogram I FA Hardware 

m Set High Trap Count Decode 20 
Trap Honored 
Devel Next Mini-op Set FOP 
Devel Count (L +25) Set FCH-FCL 
Devel Sync Byte Set Sync Byte in FDR 
Develop Data Flow Gates Set CS or MS Gating 

Set Data Flow Output 
Set Count Ready Move FDR to SERDES 
End High Trap 

m Cou nt Decode 0 
Set MOP from FOP 
Set Counter to FCH-FCL 
Decrement Count 
Serialize from SER DES 
Develop Bit-count 

When the gap is completed, the data is transferred. During the 
writ~ng of the data, the cyclic code and the bit count are computed 
to be written at the end of the data record. Checks are made on 
the oddleven bit count serialized and the bit count of the 
computed cyclic code to set the data check and CC-hardware-check 
indicators. For an update write operation the write-gate is dropped 
after writing the BCA bytes (count-decode20). The erase gate is 
dropped at count-decode 15. These gates are not dropped for a 
format-write operation, and the writing continues with forced F F
bytes. 

Disk Drive Notes 

Clock advanced with 
write clock. 

If cou nt reaches 1 
with high trap set, 
cmd-overrun is set. 

Gates set by previous 
write-gap op. 

Write Sync Byte on File Sync byte is last byte 
of write-gap op 
(Also enters BCA). 

BYTES 

m 

II 

Dec-20 

WRITE DATA MINI-OP 

Microprogram 

Request Share Cycle 
Read Byte from Storage 

Request Share Cycle 

Read Byte from Storage 

Request Share Cycle 

Read Byte from Storage 

Set High Trap 

Trap Honored 
Devel Next Op 

End High Trap 

Dec-O Dec-24 Dec-20 

(Write Count, Write Key, Write Data, or Write HA 

I FA Hardware 

Set Data Gate Latch 
Set Data Request 
Set Byte into FDR 
Move FDR to SERDES 
Set Data Request 
Decrement Count 
Set Byte into FDR 
Serialize from SERDES 
Devel CC & Bit-count 

III 
Move FDR to SERDES 
Set Data Request 
Decrement Count 
Set Byte into FDR 
Serialize from SERDES 
Devel CC & Bit-count 
Cou nt Decode 25 
Set End Data Field Lch 
Block Data Request 
Move FDR to SERDES 
Decrement Count 
Serialize from Serdes 
Devel CC & Bit-count 

Count Decode 24 
Block SERDES Output 
Gate CC-Reg-15 to Write 
Serialize from CC-Reg 

Count Decode 22 
Set Bit-count in CC-Reg 
Set CUA into CC-Reg 
Set FMOD-L into CC-Reg 
Serialize from CC-Reg 

Count Decode 20 
Reset Write Gate 

Set Regs for Next Op 

Clock Decode 15 
Reset Erase Gate 

Disk Drive 

Write Data Byte on File 

III 

Write Data Byte on File 

Write Data Byte on File 

Write First CC Byte 
Write Second CC Byte 

Write First BCA Byte 
Write Second BCA Byte 

Degate Write Amps 

Degate Erase Amps 
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Dec-O 

Notes 

Data from either CS or 
MS, as defined by the 
flow gating, feeds 
through SERDES to the 
disk drive. 

Sequence repeats for 
each byte. 

Transfer continues 
until count reaches 24. 
Share request blocked 
when CCW count =0; 
remainder of field is 
written with zeros. 

First byte enters BCA. 
CC-reg output is comp
lemented to write. 

CUA and FMOD-L are set 
in complement. 
Ident byte writes true. 
Count byte writes compo 

I f the write op had 
format bit set, the 
write and erase gates 
remain set. 

The operation may be 
ended without new op. 
If count reaches 1 
with high trap set, 
cmd-overru n is set. 



Write Gap Mini-Op 
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The write-gap mini-op is used to write the gap area just prior to a 
defined data area. This includes the home-address, count, key, and 
data fields as defined by the track and record format. The length 
of the gap written varies with the associated data field to which it 
is coupled. The gap preceding key and data fields has a length of 
21 bytes. The home-address field follows a 73-byte index gap. The 
gap that precedes a count field is 23 bytes plus a variable length 
that allows for data skew in the previous record. The last eight 
bytes of all gaps contain the VFO and sync areas. 

For the normal update write, the write-gap mini-op contains 
only the read bit (bit 0) and the write bit (bit 1). Modifiers are 
added to obtain controls as follows: 

Bit 2 Address Mark 
Bit 5 I ndex Start 
Bit 6 Format 

Microprogram 

m Set High Trap 
Trap Honored 
Devel Next Mini -op 
Devel Count 
End High Trap 

iii 

Blocks writing AM. 
Starts gap at Index. 
I nd icates format write sequ ence. 

I FA Hardware 

Cou nt Decode 20 

Set FOP 
Set FCH-FCL 

Count Decode 0 
Set Write Gate Lch 
Set Erase Gate Lch 
Set MOP from FOP 
Set Counter to FCH-FCL 
Decrement Count 
Allow Clk and Data Wr 

For the write-gap operation, no data is transferred from storage. 
The gap contains FF-bytes, DO-bytes, and AM-bytes that are 
forced in the I FA hardware. The sync-byte written as the last byte 
is entered by the microprogram as part of the following write-data 
operation. 

During the post-record gap (\ast 20 count), the microprogram 
loads the hardware registers with the mini-op and the count for 
the operation. The write-gap operation is started when the 
previous count reduces to zero. The write and erase gates are set 
at this point except when they are already set from a previous 
format-write operation. 

The write gate allows both the clock and data bits to write an 
FF-byte if no blocking circuit is activated. The DO-bytes are 
developed by blocking the data bits. The address-mark bytes are 
developed by blocking the appropriate clock bits. The erase 
command sets the address-mark modifier in the mini-op to 
cause the AM-bytes to write as FF-bytes. The count decode 
defines the sequence of the bytes. 

At count-decode 20, a trap is taken to enter the associated 
write-data operation. At this time, the sync byte for the field is 
entered to write during the count-decode-O time of the write-gap 
operation. The write and erase gates remain set through the 
following write-data operation. 

Disk Drive Notes 

Clock advanced with 
write clock. 

If cou nt reaches 1 
with high trap set, 
cmd-overrun is set. 

Gates Write Amps 
Gates Erase Circuits 

Write FF-Bytes on File Count is decremented 
after each byte. 

BYTES 

m m a m IJ 

~~illIm] F F F F F F F F F 

Dec-20 Dec-O 
Set Gap ent 

WRITE GAP MINI-DP 

Microprogram 

II Set High Trap 
Trap Honored 

II 

Devel Next Op & Count 
Devel Sync Byte 
Devel Data Flow Gates 
Set Count Ready 
End High Trap 

Dec-20 

I FA Hardware 

Count Decode 20 

Set FOP, FCH, FCL Regs 
Set Byte in FOR 
Set Data Flow Gates 
Move FOR to SERDES 

Count Decode 8 
Decrement Count 

Count Decode 7 
Set Wr Zero (Blk Data) 
Decrement Count 

Decrement Count 

Decrement Count 

Decrement Count 

Decode Cou nt 3 
Reset Write Zero 
Decrement Count 
Count Decode 2 
Block 5 Count Bits 
Decrement Count 
Clock 5 Cou nt Bits 
Decrement Count 

Count Decode 0 
Set Write Sync Gate 
Set Bit Count Time 
Gate SERDES to Write 
Serialize from SERDES 

II 

Oec-O 
Set L + 25 

Disk Drive 

Write FF-Byte on File 

Write FF-Byte on File 

Write DO-Byte on File 

Write DO-Byte on File 

Write DO-Byte on File 

Write DO-Byte on File 

Write FF-Byte on File 

Write AM-Byte on File 

Write AM-Byte on File 

Write Sync Byte 

Notes 

FF-Bytes Continue to 
write on file. 

Sync byte writes as 
last write-gap byte. 

If cou nt reaches 1 
with high trap set, 
cmd-overrun is set. 

With the data bits 
blocked only the clock 
are written. 

If AM modifier is set 
FF is written for AM. 

Sync byte entered into 
FOR by write-data op. 

3145 TM 10-39 



Basic Control Command Execution 

• Control commands are executed with the file disoriented and 
with the low-priority trap. 

• The no-op command is processed immediately if it occurs during 
the 'initial selection. 

• Each of the control commands is handled with an assigned 
portion of the GPBK routine. 

• If another command is not chained, the operation branches 
to the ending routine to store status. 

Control commands are processed with the GPBK routine after 
disorienting the file. The control commands are decoded in the 
GPBB routine, and with the exception of the space-count command, 
are branched to the GPBK routine where the final decode is 
performed. When the control command is decoded as a no-op 
command and the entry is through the initial sequence, the ending 
status is presented and the operation returns to the GPBA routine 
for the next CCW. 

If a control command enters the GPBK routine through either 
the high trap or the initial sequence, the initializing controls are 
reset and a request for low trap is initiated. This allows other high

priority devices to obtain service while the I FA is disoriented. 
If the previous operation had the format bit set, the controls 
cannot be disoriented until the index point is passed. 

When the low-trap request can be honored, the operation is 
resumed with the final decoding of the command. Each of the 
control commands has a routine for handling the operation within 
the GPBK routine. At the completion of the selected routine, the 
operation is tested for possible error conditions. If no error exists, 
a test is made for the CC flag to determine whether the command 
is chained. When the command is chained, the operation returns 
to the GPBA routine for the next CCW. The low trap is not ended 
until the new CCW has entered its first mini-op into the control 
unit. If the command-chain flag was not present or an error 
existed, the operation is branched to the GPCG routine to store 
status and to end the operation. 

Start 

Ctrl Op Decode 
End High-Trap/SIO 

Request Low Trap 

End 
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Basic Data Command Execution 

• Data commands are executed by sequentially setting the 
appropriate m ini-ops. 

• The mini-op information is entered into the control unit 
during a high trap. 

• When the control unit finishes a mini-op, a request is made for 
another high trap to enter a new mini-op. 

• At the end of a command execution, the command-chain flag 
returns the operation for another CCW command. 

• If another command is not chained, the operation branches to 
the ending routine to store status. 

Data commands are processed with a sequence of mini-ops to 
control the operation. The command is decoded in the GPBB 
routine and branched to the appropriate routine for execution. 
The execution routine provides additional decoding to define 
fields or special modifiers for the operation. The routine provides 
tests for sequence requirements and file-mask conditions to 
determine whether the operation can be executed. For some 
operations, the physical position or orientation of the record 
requires variations in the operation sequence. After the starting 
point is determined for the operation, the first step of the 
execution is selected. 

A link address is set and the operation is branched to the GPBH 
routine to set information into the control unit. This information 
includes the mini-op, the count, and the sync byte; it also includes 
setting the appropriate gates for the operation. When the controls 
are set, the operation is suspended until the control unit has 
executed the mini-op. If the command is the first of the chain, the 
initial sequence routine is ended with a return to I-cycles. When 
the entry is through the trap routine, the trap ends and the CPU 
returns to the interrupted routine. 

When the control unit detects that the count has been reduced 
to 20, the high-trap request is set for the next mini-op information. 
High-trap entry is made through the GPBH routine to update the 
link address and return the operation to the data-sequence routine. 
After appropriate tests, a new link address is stored and the 
operation branched to the G PBH routine to set the mini-op 
information into the control unit. After entering the information, 
the trap is ended. This sequence is repeated until the command has 
been executed. 

With the final entry through the high trap into the data-sequence 
routine, a further test is made for the command-chain bit. When 
it is present, the operation returns to the GPBA routine to enter 
another command. After decoding for the appropriate data-sequence 
routine, the operation branches to the indicated routine. The high
trap routine is not ended until the information has been sent to 
'(he control unit for the first step of the new command. If the 
command-chain bit was not present, the operation branches to the 
GPCG routine to store status and to end the operation. 

GPAB 
GPBB 

Command Entry 
and Decode 

Execute Mini-Op 

Yes 

Yes 

END 
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INITIAL SELECTION,START I/O 

The channel Start I/O instruction is used to initiate all disk-file operations through the 
IFA. The IFA has been assigned the channel-1 address to the program. When the 
channel routines detect the channel-1 address, they branch the operation to the I FA. The 
CAW carries the normal CCW address to effect the operation. The I FA first determines 
the status of the control unit and the addressed drive for operation. If they are ready for 
operation, the initial selection is continued with the entry of the first command (CCW). 
If instead an interrupt is pending, the control unit is busy, or the control-unit address is 
invalid, the operation is ended with the condition code set to 1,2, or 3 respectively. 

The in itial selection routine continues by testing for CU E status, first command 
sense, and unselected status on the file interface I ines. The addressed module is then· 
selected to test for status conditions. If none of these conditions exist, the initial selection 
routine branches to the CCW entry and decode routine. 

The status or error conditions result in ending the initial selection routine after posting 
the CC-1 status and storing the CSW. 

Operation and Channel Decode 

• The start I/O instruction is entered 
during the normal I-cycles. 

• The instruction is decoded as a 
channel operation and branched to 
the channel routine. 

• The CAW is entered and tested for 
validity. 

• A decode of channel-l branches the 
operation to the I FA routine. 

• Tests are made for valid control-unit 
address, the interrupt latch, and the 
channel-busy latch to determ ine the 

. routine to follow. 

• A valid CU address and no I NT or CHB 
condition is required to continue the 
initial selection. 

START 

GAIC 

Enter Instruction 
Decode 110 Operation 
Test for Priv Op 

GLAA lOOP 0 

Test not I nvalid Chan 
Decode SIO, Set Ind 
Enter CAW into LS 
Test for Valid Zeros 
Test for Daub Wd Bnd 
Decode IFA (Chan 1) 
Set Chan 1 Ind 

GPAA FRIC 

Set SysO B6 (SIO) 
Rst CPU Chk Register 
Test not Tst Chan 
Enter CU & Drives Num 

Page 
10-44 

Page 
10-44 

START 

Sense Command 

Yes 

NORMAL, ENTER CCW 

Page 10.4.3 

GPAA UNSEL 10 

m Test First Command 

• The first command is tested for a possible 
no-op or restore command that retains 
the old sense information. 

• Zero sense bytes when the command 
is an active operation. 

Move CAW to CS 
Test Unsafe 
Test Multi-Module 
Test On-Line 
Test Seek-I ncomplete 
Test Access-Busy 

Test not Unit Check 
Test not TIO Op 
Enter First Command 
Test not No-op Cmd 
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CUE 
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BUSY, CC-2 

Unsel Stat 

Unselected Status 

CSW STORED, CC-1 

o Reset Gated Attention 

• Set read gate on bus-out and pulse the 
control tag line to reset the module 
attention. 

• Set busy and DE status. 

NOT OPERABLE; CC-3 

Rst Tag Lines 
Set Read Gt on Bus-O 
Pulse Control Tag 
RTN Q; Add 4 

Restore CAW to Q 
Deselect Drive 
Test for SIO 
Set Busy & DE Status 

Page 10-43 



m Test for Error Conditions. 

• A test is made for the erase-to-index 
from the previous operation. 

• If the CU E status is pending, the 
routine is branched to the CC-l ending. 

o A test is made of the first command 
specified to determine whether it is the 
sense command. 

• A test is made for any unselected 
status conditions indicating an equip
ment failure. 

• If none of these conditions exist, the 
operations is allowed to continue with 
the initial selection. 

(i Test Selected Status 

o The addressed module is selected to test 
for its operation conditions. 

o The status I ines are tested to branch any 
unusual conditions to the CC-l ending. 

• The 'gated attention' line is tested to 
determine whether the attention latch is 
set in the module. 

o If none of the status conditions or the 
gated-attention are present the initial 
sequence routine is continued. 

10-42 

GPAA CHBINT 00 

Set Block CE Mode 

Test not CU Busy 
Test not Con-con 

Test not Inv Dev Addr 
Set CUA Load 
Rst Module Number 

Set CU Num in Dev-Id 
Select Drive 

Set SysO B6 (SID) 
Zero Bus Out 
RTN Y; Add 4 

10-42 

Il Reset Registers for CCW Entry 

• The CCW address from the CAW is 
entered into local storage as the current 
CCWaddress. 

• The operating registers are set to zero 
to start the operation with the first 
command. 

• The retry code is set to code 001, 
indicating a successful initial selection. 

D Test for Access Busy 

• If the device address is valid, the CU 
address is set into the device-identifier 
register. 

• After selecting the module, a test is 
made to determine whether the access 
is busy. 

o When the access is not busy, the 
routine returns to the initial selection 
ending. 

m Set Busy Status 

• A busy access causes the routine to 
branch to the CC-l ending to store CSW. 

GPAA SKINC 01 

Test not Restore Cmd 

Rst Inhibit Traps 
Zero Sense Bytes 

GPAA RESTOR 

Store Dev Addr in LS 
Set Chan Busy Latch 

Set P-reg 95 

Rst FW,FC,FA,FCS,FBAK; 
Set Retry Code 011 

ENTER CCW 

Test not I nv Dev Addr 

Set CUA Load 
Rst Module Number 
Set CU Num in Dev-Id 
Select Drive 
Set SysO 86 (SID) 
Zero Bus Out 
RTN Y; Add 4 

GPAA SKINC 11 

Set Busy Dev Status 
Deselect Drive 

Test for SIO 

No 

10-42 

Reset CU E I nd icator 

• Set CUE and busy status to indicate 
the condition to the program. 

• Reset the control-unit busy and 
contingent-connection latch es. 

II Set Sense for U nselected Status 

• Set unselected·status and equipment
check sense bits to indicate the 
condition. 

• Set the unit-check status bit. 

o Store sense information in control 
storage. 

• Set CU and device address in control 
storage for reference. 

13 Store CSW, End CC-l 

• Set PCI status if the first CCW 
contained the PCI flag. 

• Set log indication for not primary 
interrupt. 

• Store channel and device status in CSW. 

• If either channel-control check or the 
interface-control check status bits are set, 
the extended log is posted. (See "I FA 
Interrupt Routine.") 

• The channel-busy latch is reset, and the 
module is deselected. 

• The CC-1 ind [cation is set, and the 
operation is returned to I-cycles. 

TSTCUE 1 

Test not Con-con 
Test not HIO/HDEV 
Test not TID 
Set CUE, Busy Status 
Rst CUB & Con-con 
Test for SID 

G~A=A=-____ L-~~~~ 
Set Unsel Stat Sense 

. Set Equip Ck Sense 

Set Unit Ck Status 
St Sense in CS (FFAC) 
Store Mach Chk Byte 
Set Con-con 
Deslect Drive 

Test for SIO 

Set Log not Pri I ntp 

Save FTAG in IB (F900) 

Test not TID 
Store Dev Stat,MS 44 
Asm CPU Det & Chan Err 

Store Chan Stat, MS 45 
Zero Log 180,181,183 
Test not Chan Ctrl Ck 
Test not I ntf Ctrl Ck 

Rst FCS Register 
Rst I nterface Check 

RTN Q; Add 4 

Set Cond Code 1 
Set P-reg 3-bit 
Test not H5 Trap 
RTN LNK (I-Cy) 

END CC-1 
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The channel-busy and interrupt conditions that were tested early in the initial selection 
routine are branched to set the CC-2 indication and return the operation tQ I-cycles. The 
only operating difference for the two conditions is that the channel-busy indicator is set· 

for the CHB condition. 
Whe~ it is determ ined that the instruction control-unit address does not agree with that 

assigned to the I FA, the operation is ended after posting CC-3. If a device address is 
presented that is invalid, the operation ends with the CC-1 posted and the unit-check and 

intervention-required conditions posted. 

I!I Set Channel Busy I nd icator 

• The channel-busy indicator is set to show 
that the operation found the CHB latch 

set. 

~ Reset Channel Busy Indicator 

• The channel-busy indicator is reset to 
show that the operation fou nd the 
CH B latch reset. 

m Busy, End CC-2 

• Reset the 'inhibit traps' latch before 
setting the ending condition. 

• The CC-2 indication is set, and the 
operation is returned to I-cycles. 

m Invalid Address, End CC-3 

• Reset the inhibit traps latch before 
ending the routine . 

• The CC-3 indication is set, and the 
operation is returned to I-cycles. 

Page 
10-43 

GPAA 

Page 
10-42 

Test not TIO 
Test for SIO 
Rst SysO 86 (SIO) 

GLAA ACTSTT 11 

Set Cond Code 2 
Set P-reg 3-bit 
Test Not H5 Trap 
RTN K-

END CC-2 
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Set Cond Code 3 
Set P-reg 3-bit 
Test not H5 Trap 
RTN LNK /I-Cy) 

END CC-3 

I FA Theory of Operation 10-44 

START 

I! m 

BUSY, CC-2 NOT OPERABLE; CC-3 

Sense Command CUE Unsel Stat 

m o 
Unselected Status 

Yes 

13 

o 
NORMAL, ENTER CCW CSW STORED, CC-1 



CCW Entry and Decode 

The CCW entry and decode routine is used to enter new CCW as 
it is required for processing the operation. The CCW entry 
routine can be entered under four conditions. ,These, include the 
initial selection, a CC entry with status modifier, a CC entry 
without status mod ifier, and a CD entry. The last two use a 
common entry but with separate exit conditions. In all cases 
the next CCW is entered and first tested for the TIC command. 
If the TIC is allowed, another command is entered from the 
TIC'ed to address (a second TIC is not allowed). The DC entry' 
is exited after storing the new count and data address. 

Initial selection and CC entries decode the new command to 
branch the operation to the appropriate routine for processing. 
The read-IPL and sense commands are routed to the control 
routine for secondary decoding. 

. m Skip TIC Command 

• When entering with the status
modifier bit set, the CCW address 
is advanced by eight (one CCW). 

m Test Next Command for TIC 

• Enter the next command from the 
current CCW address 

o A test is made for the TIC command 
that calls for entering the command 
from the data address of the CCW. 

• If the first command entered is not 
a TIC, the routine is branched to 
retain the information. 

1'1 Enter Next Command 

• Entry at this point is either from 
initial selection or a TIC~ed-to 
condition. 

Chained CCW, STAT MOD 

GPBA CCORDC 0 

GPBA 

Enter 1st CCW word 

Chain, STAT MOD 

CD return to op 

Chained CCW 

No 

SID entry 

Chain. no STAT MOD Inital SIO entry 

Space Cnt Ctrl Read 

Search 

Controlops Write ops 

Space count Read ops Search ops 

GPBA TICTST 10 

• Test for not a TIC command in the 
new entry. because a TIC at these 
points is not allowed. 

• Store the count and data address in 
local storage for processing. 

• Test for previous CD flag to branch 
the CD entry . 

m Advance Link Address 

• A CD entry left its processing routine' 

through a branch and link function. 

• Four is added to the link address to 
re-enter the routine at the next step. 

II Mask and Decode Command 

• The four conditions of bits 6 and 7 
of the command code define the 
initial decode. 

• The sense branch after being tested 
for validity is b,ranched to the 
control-op routine for processing. 

Set ind for prev CD 
Enter 2nd CCW word 
Move command to LS 
Set key for data addr 
Test not prog chk 

Ret to op 

No 

OPDCOD 00 

Ctrl ops 

• The write/search branch is further 
decoded to separate the write-ops 
and the search-ops. 

• 

GPBB 

for the read-IPL command that is 
handled by the control-op routine. 

The control branch is further 
decoded for the space-count 
command that is handled by its 
own routine. 

GPBB 

GPBB 

Search ops 

SCHWR 01 

Write ops 

Ctrlops 

TSTIPL 0 

TSTSPA 0 

Ctrl ops 
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SENSE COMMAND 

• The sense command reads up to six bytes of sense information 
stored in the file control into the specified address in main 

storage. 

• The command can be executed only after the operating command 
sequence is completed or ended because the sense information 

is stored in the ending routine. 

The sense command provides the means of reading the operation
developed sense information into CPU main storage. The data 
address of the command specifies the starting main-storage address 
for entry of the sense information. The normal count for the 
sense command is six bytes. TheSLI flag must be set on if any other 
count value is used. The sense command is normally issued by the 
supervisor program in its analysis of the status conditions. The 
contents of the sense bytes are defined under "Status and Sense 

I nd ications." 
The sense information is not stored until the operating sequence 

is completed or ended through some error condition. This means 
that the information is not available until the ending sequence 
has been completed. The contingent-connection indicator is set 
in the FGT external when the sense information contains an indi
cator that causes the unit-check status. If the contingent-connection 
indicator is set, the microroutine does not allow operation with a 
different file module. The sense command can be processed on 
the previously selected module only. 

The sense command operation is more fu lIy detai led under "Sense 
Command" in the following pages. 

Byte 0 Byte 1 Byte 2 
-

Bit 0 Command Datil Check in Unsafe 
Reject Count Field 

'----- -_ ..... ---"_ .. _-_. ----------
Bit 1 Intervention Track 

Required Overrun --_._---
Bit 2 Bus·Out End·of Serdes 

Parity Cylinder Check 
- --

Bit 3 Equipment Invalid Selected 
Check Sequence Status 

Bit 4 Data Check No Record Cyclic-Code 
Found Check 

Bit 5 Overrun File Unselected 
Protected File Status 

Bit 6 Track Cond Missing Address 
Check Marker 

Bit 7 Seek Check Overflow 
Incomplete 

Byte 4: Physical File Address (See Text) 

Byte 5: Record Overflow Codes (See Text) 

Byte 3 

Ready 

On Line 

Unsafe 

Write Current 
Sense 

Pack Change 

End-of 
Cylinder 

Multi-Module 
Select 

Seek 
Incomplete 

Sense Bytes 

• 'Six sense bytes are provided to report the file conditions to the 

program. 

• Sense information defines conditions occurring in the control 
unit and the disk drive reported in the status. 

The file control has provisions to transfer six bytes of information 
during the execution of the sense command. These bytes contain 
the details of conditions indicated in the status bytes along with 
other information that may be required for recovery from an 
error condition. Those conditions that are a direct expansion of 
the status set the unit-check status bit when they occur. The chart 
of sense bytes shows the information in the first four bytes. The 
information for all six bytes is defined in the text. 

SENSE BYTE-O 

Bit-O Command Reject: This bit indicates that the command 
presented cannot be performed. The command may be invalid 
or its information invalid. The sequence of commands or 
protected conditions may have been violated. An additional 
sense bit may define the reason for the rejection. 

Bit-1 .Intervention Required: This bit indicates that the 
addressed disk file is not connected or for some reason is 

not ready. 

Bit-2 Bus-Out Parity: This bit indicates that a data-parity 
error was detected during the transfer of information from 
the CPU to the I FA. The check is made in the I FA. 

Bit-3 Equipment Check: This bit indicates that an unusual 
condition was detected in the control unit or the disk file. 
The condition i!l defined by bits in sense byte 2. 

Bit-4 Data Check: This bit indicates that an error was detected 
in the data coming from the file by the cyclic-code or BCA 
information. Reading into index and a wrong sync byte 
when oriented also set the data-check bit. An error in a 
count field also sets byte 1 bit O. The bit is not set for 
clock-through fields. 

Bit-5 Overrun: This bit indicates that the CPU did not respond 
to either a share-cycle or a trap request in time to execute 

the command properly. 

Bit-6 Track Condition: This bit indicates that an operation 
was attempted on a track that was flagged as defective. In 
multi-track operation, switching to a defective track or 
switching from an alternate track also sets the bit. 

Bit-7 Seek Check: This bit indicates that the file was unable 
to complete the seek sequence. The address may be incorrect 
or it may be a hardware failure. It may also occur as the 
result of multi-track switching if a head-compare check 
is detected • 

SENSE BYTE 1 

Bit-O Data Check in Count Field: This bit indicates that the 
indicated data-check (byte 0, bit 4) was detected while 
reading the count field. The error was detected by the 
cyclic-code or BCA checks. 

Bit-1 Track Overrun: This bit indicates that a write operation 
was not completed by the time the index point was 
detected. 

Bit-2 End of Cylinder: This bit indicates that the file has 
advanced beyond the last address of the cylinder on a 
multi-track operation before the end of the command
chain sequence. 

Bit-3 Invalid Sequence: This bit indicates that the sequence 
of commands (CCWs) has violated the accepted practice. 
The 'command reject' (byte 0, bit 0) is also set. 

Bit-4 No Record Found: This bit indicates that the index point 
has been passed twice without finding the record on a 
single-track operation. It is also set with the 'missing address 
mark' (byte 1, bit 6) when the HA or RO field cannot be 
found. 

Bit-5 File Protected: This bit indicates that the file-mask pro
visions are violated by the command. This includes basically 
the seek and write commands, but it also includes multi-track 
operations if the head seek is inhibited. 

Bit-6 Missing Address Mark: This bit indicates that two successive 
count fields read had the same sequence flag (bit 0). The 
intervening address mark was missed. The bit is set with 'no 
record found' (byte 1, bit 4) if the HA or RO fields cannot be 
found. 

Bit-7 Overflow Incomplete: This bit indicates that a record 
overflow operation has been stopped. The track con
dition (byte 0, bit 6) is also set when the overflow was 
to a defective track or from an alternate track. The 
'file protected' (byte 1, bit 5), 'seek check' (byte 0, 
bit 7), or 'end of cylinder' (byte 1, bit 2) indicators 
are set when the respective conditions cause the stop. 
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SENSE BYTE 2 

Bit-O Unsafe: This bit indicates that an unsafe operating con
dition was detected in the file. These conditions include 
simultaneous read and write controls, multiple-head selection, 
and write/erase driver control failure. 

Bit-1: Reserved 

Bit-2 SERDES Check: This bit indicates that a bit has either been 
lost or gained when the parallel-transferred data from the CPU 
was serialized during a write operation. 

Bit-3 Selected Status: This bit indicates that the microprogram 
decode of the selected file status has yielded contradictory 

results. 

Bit-4 Cyclic-Code Check: This bit indicates that a malfunction 
in the operation of the cyclic-code checking hardware has 
been detected. 

Bit-5 Unselected Status: This bit indicates that one of the file 
status lines is active without any of the files being selected. 
This indicates a malfunction of either the status or selection 
controls. 

Bit-6: Reserved 

Bit-7: Reserved 



SENSE BYTE 3 

These bits present the level of the selected file interface lines. 

Bit-o Ready 

Bit-1 On Line 

Bit-2 Unsafe 

Bit-3 Write Current Sense 

Bit-4 Pack Change 

Bit-S End of Cylinder 

Bit-6 Multi-Module Select 

Bit-7 Seek Incomplete 

SENSE BYTE 4 

The bits of byte 4 identify the physical disk drive assigned to 
the given address. Only the four low-order bits are assigned. 
The same four bits are written as the low order of the BCA indi
cator byte at the end of each field. 

Bits 0123 4567 Physical Drive 

0000 0000 A 
0000 0001 B 
0000 0010 C 
0000 0011 D 
0000 0100 E 
0000 0101 F 
0000 0110 G 
0000 0111 H 
0000 1111 Module not defined. 

Note: Modu Ie not defined occurs when the identifier plug for 
the given address has not been inserted. 

SENSE BYTE 5 

This byte is zero at all times except when an 'overflow incomplete' 

(byte 1, bit 7) occurs. 

01234567 
0000 0110 

0000 0101 

0010 0101 

0100 0101 

01100101 

0101 0101 

01110101 

Hex 
06 

05 

25 

45 

65 

55 

75 

Interrupted Condition 
A read command was in progress. 

A write command was in progress. 

A search-KD-equal was in progress, and 
the record is equal to this point. 

A search-KD-high was in progress, and 
the record is equal to this point. 

A search-KD-high or -equal was in 
progress, and the record is equal to 
this point. 

A search-KD (any type) was in progress, 
and the record at this point is low. A 
search-KD-equal was in progress, and 
the record is unequal. 

The status-modifier must not be set 
for the ending. 

A search-KD-high or search-KD-high/ 
equal was in progress, and the record 
to this point is high. 

The status modifier must be set for 
the ending. 

SENSE BIT ERROR CONDITIONS 
The sense bit error condition chart shows the common sense 
display of bytes a and 1. The bits in the remaining bytes carry 
their individual definition and may occur with these displays. 
The chart shows the bit combinations in their left to right 
display sequence with byte 0, bit a shown first. 

Sense Indication Explanation Error 

Byte 0, BO Command Reject The IFA has received an invalid command code. Program 

Byte 0, B7 Seek Check An invalid seek address was received by the I FA. Program 

Byte 1, B 7 Overflow Inc. Overflow has been attempted, either to a defective Program 
track or from an alternate track. 

Byte 1, B3 I nvalid Seq The I FA has received an invalid sequence of commands. Program 

Byte 1, B5 File Protected A command that violates the file mask has been issued. Program 

Byte 0, B 1 Intervention Req The specified file is not "on line" and ready. Equipment 

The specified file is not available. Equipment 

Byte 0, B3 Equipment Check An unusual condition has been detected. Equipment 
(The condition is indicated in sense byte 2.) 

Byte 2, BO Unsafe A File malfunction has been detected. Equipment 

Byte 0, B4 Data Check A data error has been detected by the cyclic·check Equipment 
during the reading of the file record. 

Wrong sync byte detected with the control oriented. Equipment 

Read operation read into index. Equipment 

Byte 1, BO Data Chk Cnt The data error occurred while reading a count field. Equipment 

Byte 0, B5 Overrun The CPU did not respond to either a share request or Equipment 
a trap request in time to execute the command. 

Byte 0, B6 Track Condition An operation other than HA or RO was attempted on a Program 
defective flagged (B 6= 1) track. 

A multiple track operation has attempted to switch Program 
to the next track from an alternate track. 

Byte 0, B7 Seek Check A seek operation is incomplete because of hardware Equipment 

failure. 

Home address did not compare on multiple track 
operation head switch. 

Byte 1, B7 Overflow Inc Home address did not compare on an overflow Equipment 

op,eration head switch. 

Byte 1, B 1 Track Overrun Writing was not completed by the time the index point Program 
was detected. 

Byte 1, B2 End of Cylinder An end of cylinder condition was reached before Program 
satisfying the CCW chain in a multiple track operation. 

Byte 1, B4 No Record Found Two index points were detected on a single track Program 
without finding a match condition. 

Byte 1, B6 Miss Addr Mark The HA or RO field could not be found. Equipment 

Byte 1, B5 File Protect A multiple track operation violates the seek mask. Program 

Byte 1, B7 Overflow Inc An overflow operation violates the seek mask. Program 

Byte 1, B6 Miss Addr Mark Two successive count fields had equal flag bit a Equipment 

settings indicating a skipped record. 

Sense Bit Error Conditions 
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Sense Command 
SIO-CC 

The sense command provides the means of transferring the six bytes of 
developed sense information to main storage. The sense information contains 
the error conditions that resulted from the last operation. The sense command 
is normally the first command of a chain issued by an error-correction routine. 
It cannot be the last command of a data sequence because the sense 
information is not posted until the ending routine. It is assumed for this 
diagram that the operation originates'With the SID instruction and ends 
chained to the next command. 

The sense command is decoded as a control command. The initial selection 
or high-trap sequence entering the command is ended, and a low-priority trap 
requested to process. If the control unit had been previously oriented with the 
disk file, the orientation controls are reset. 

The sense command stores the sense information at the designated data 
address of the command. This information has been retained in control 
storage and external registers by the control unit. 

m Enter and Decode Command 

• The command is entered by the GPBA 
routine after entry from the SID initiation. 

• The sense command is decoded as a control 
command, causing a branch to the GPBK 
routine. 

• The control-unit orientation is ended if the 
operation enters from a command-chain 
sequence (except when the format bit was 
set in the previous operation). 

iii End High Trap or Initial Selection 

• Entry from the SID initiation or the high
priority trap results in requesting a low
priority trap for processing. 

• The initial selection entry ends the SID 
instruction and returns to I-cycles after 
posting CC-O. 

• An entry from the high trap to enter the 
command results in ending the trap and 
returning to the link address. 

START 

Rst I ndex passed 
Rst Prev Op Aig 
Test not Format bit 
Rst Ctrl Tag & Hd Sel 
Test not I F A Trap 
Test not No-op Cmd 
Rst SysO B6 (SIO) 
Set La Trap Lch 
Set P-reg = 92 
Test not IPL 

GLAA CNDCDE 0 

Set Cond Code 0 
Set P-3 on 
Test not H5 Trap 
RTN I-CYCLES 

WAIT~RAP 

START 

iii Move Sense I nformation, I FA to Data 
Address. 

• Sense bytes 0, 1,2, and 5 are entered 
from control storage. 

• Sense byte 3 is the disk-file status as 
indicated by the FDS external. 

• Sense byte 4 contains the addressed module 
number as stored in the lower portion of 
FMOD. 

• The six sense bytes can be stored in 
different locations by a sequence of 
commands with the chain-data flag. 

• A partial transfer of the sense information 
can be made if the SLI flag is set. 

END 

GPBK ADDR=D480 

BAL LO TRAP 
Rst Ctrl Tag & Hd Sel 

Test for H6 Trap 
Set P-reg 95 
Test not No-Op Cmd 
Decode Sense Command 
Enter Sense, CS (F F AC) 

GPBK STOREB 

Test not Skip Bit 
Store Sense Byte-O 
Test not CCW-O/CD 
Test Cntr not Exit 
Test count for Byte-1 
Move Sense Byte-1 
Adv Byte Counter 

K 

Store Sense Byte-1 
Test not CCW-O/CD 
Test Cntr not Exit 
Test count for Byte-2 
Move Sense Byte-2 
Adv Byte Counter 

GPBK SKIPCK 

Store Sense Byte-2 
Test not CCW-O/CD 
Test Cntr not Exit 
Test count for Byte-3 
Move F OS for Byte-3 
Adv Byte Counter 
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Byte 0 Byte 1 Byte 2 Byte 3 

Bit 0 Command Data Check in Unsafe Ready 
Reject- Count Field 

-.-- . 

Bit 1 Intervention Track On Line 
Required Overrun 

Bit 2 Bus-Out End-of Serdes Unsafe 
Parity Cylinder Check 

Bit 3 Equipment Invalid Selected Write Current 
Check Sequence Status Sense 

Bit 4 Data Check No Record Cyclic-Code Pack Change 
Found Check 

Bit 5 Overrun File Unselected End-of 
Protected File Status Cylinder 

Bit 6 Track Cond Missing Address Multi-Module 
Check Marker 

Bit 7 Seek Check . Overflow 
Incomplete 

Byte 4: Physical File Address (See Text) 
Byte 5: Record Overflow Codes (See Text) 

Sense Bytes 

m Test for Errors and Chain 

• The CPU machine-check circuits detect 
transfer errors and branch the routine 
to the IFA controls for ending. 

• The CC flag is tested to determine 
whether another command should be 
entered or the operation should be ended. 

Select 

Seek 
Incomplete 

GPBK 

Store Sense Byte-3 
Test not CCW-O/CD 
Test Cntr not Exit 
Test count for Byte-4 
Move FMOD-L for By-4 
Adv Byte Counter 

GPBK SKIPCK 

Store Sense Byte-4 
Test not CCW-O/CD 
Test Cntr not Exit 
Test count for Byte-5 
Move Sense Byte-5 
Adv Byte Counter 

GPBK SKIPCK 

Store Sense Byte-5 
Test CCW-O/not CD 
Test Cntr for Exit 
Test for CC bit 
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CONTROL COMMANDS 

• Control commands are used to initiate a function sequence and 
to set the file mask; no data transfer is made to/from the file. 

• The seek and recalibrate commands position the selected file 

access and select the head. 

• The file mask inhibits all or a portion of the seek and write 
commands to protect the written file. 

• The space-count command allows recovery of data fields of the 
record when the count field is defective. 

Single Track Multi-Track 

Command Codes Hex Binary Hex Binary 

Control, 
No Operation 03 0000 0011 

*Set File Mask 1F 0001 1111 
Restore (2321 Cmd) 17 0001 0111 

* Recalibrate 13 0001 0011 
*Seek 07 0000 0111 

Seek Cyl inder DB 0000 1011 
Seek Head lB 0001 1011 

*Space Count OF 0000 1111 

The control commands perform a number of non-data functions 
that with the exception of the seek commands have little in 
common with each other. All except the space-count command 
disorient the file-control timing relation with the disk file. Although 
these commands do not involve the transfer of file data, some of 
them do require one or more bytes of information from main 
storage to augment the command. This information is transferred 
during the initiating microroutine except for the case of the space
count command. 

No Operation (No-Op) command performs no actual function. 
Because it disorients the file-control timing, the command can 
be used to skip a record when it is placed between a search and 
a read command. This same condition causes a malfunction 
when the operation is not intended. Attempting a write 
command following the no-op command results in an invalid
sequence indication. The no-op command transfers no 
information to or from main .storage. Except when the erase
to-index function is in progress, the no-op command is 
performed as a command immediate operation. 

*Set File Mask command is used to insert the one-byte file mask 
that defines the permissive write and seek functions that may be 
performed. Without inserting the file mask, all seek commands 
and write commands except the write-HA and write-RO 
commands may be executed. The mask may be inserted at the 
start of the command sequence or at some later point. It should 
not be set between related data commands, because the file 
timing is disoriented. The set-file-mask command must not be 

*These commands are more completely detailed on the following 
pages. 

Mask Byte Bits 2, 5,6, and 7 of the mask must be zero 

FW2 

BO Bl Permit Write Commands File Mask Algorithm Permit Seek Command~ 

a 0 All Except Write Home Address 1000 0000 o o All 

and Write Record RO 

a None 1 0 1 1 1000 o Seek Cylinder or Seek Head 

a Write Data or Write Key and Data 1 01 a 1 1 a a o Seek Head 

All 1 1 00 1 1 1 a None 

File Mask Set-------------' 
Allow Write HA or RO ------------' 
Inhibit Write Count -----------...... 
Inhibit Write Key or Data ----------..... 

L--__ Spare 

1......---- Inhibit Seek Head 
'------ Inhibit Seek Cylinder 

1-____ I nhibit Seeks and Recalibrate 

File Mask Decode and Algorithm 

set twice within a command sequence or the invalid sequence 
indicator is set. The data address of the command is for the one

byte mask. The file-mask chart shows the bit assignments for the 
mask byte and the algorithm set in local storage. 

Restore (2321) command is not used for the I FA operation, but 
the command is not rejected. The reaction to the command by 
the control unit is the same as for the no-op command. The 
file-control timing is disoriented. The restore command is not 

performed as a command immediate. 

*Recalibrate command causes the selected file access arm in the 
2319 to seek to cylinder 000. The head and cylinder addresses 
for the file are set to zero for subsequent operations. The 
recalibrate command does not follow the sequence used for 
the normal seek operations. The command defines the new 
address without additional information bytes from main 
storage. If seeks are inhibited by the file mask, the recalibrate 
command cannot be executed. 

*Seek command causes the selected file access arm in the 2319 to 
move to a new cylinder location and to set a new head selection. 
The data address of the command locates the six-byte file address 
located in main storage to be used for the operation. The seek 
address diagram defines the content of the address bytes. Bytes 
0,1,2, and 4 are not required to address the 2319 files, but 
they must be set to zero to conform with other file systems. 
The file control compares the new cylinder address to the 
address presented by the selected file as its current address. 
From these figures, the direction and the amount of movement 
is determined and supplied to the selected file. The new 
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BIN CYL HD 

Byte a Byte 1 Byte 2 Byte 3 Byte 4 

0000 0000 
Binary 0000 0000 0000 0000 0000 0000 to 0000 0000 

1100 1010 

Hexadecimal 00 00 00 00 to CA 00 

Decimal 00 00 00 00 to 202 00 

Six Byte Seek Address 

address is then set into the selected file cylinder address 
register (CAR). The head address specified by the file address 
is also sent to the selected file without testing the old address. 
If full seeks are inhibited by the file mask, the seek command 
cannot be executed. 

Seek-Cylinder command for the I FA is exactly the same as the 
full seek command. This command does not use the two high- . 
order bytes (Bin) of the file address and is required for 
selection in some file systems. The high-order bytes are still 
tested for a valid address (zeros). For the I FA, the file mask 
is interpreted to allow full-seek or cylinder-seek for either 
condition. 

Seek-Head command causes the selected file in the 2319 to 
change its head selection without moving the access arm. The 
four high-order bytes of the file address are not used, but they 
must be a valid I FA file address. The new head address is set 
into the selected file head address register without changing 
the cylinder-address register. If head seeks are inhibited by the 
file mask, the seek-head command cannot be executed. 

*Space-Count command is used as an aid in recovering information 
from a defective track. If a poor read area is detected in the count 
field of a record, it is possible to retrieve the key and data 
fields by using the space-count command. The command 
attempts to identify the count-field location but does not enter 
the information or post an error. The data address of the command 
command defines three bytes in main storage to be used as the 
key length and the data length in reading the record. The 
defective record is usually located through a search on the 
previous record. 

Byte 5 

0000 0000 
to 

0001 0011 

00 to 13 

00 to 19 



Set File Mask, High Trap - CC 

The set-file-mask command provides the means of entering a mask byte that 
defines the allowable write and seek commands to be processed. The entered 
mask applies for the remainder of the chaining sequence. The mask is reset at 
the end of the chaining sequence. The mask can be set at any point in the 
sequence, but it can not be changed with another mask command. I n the 
reset status, all seeks are allowed and all write operations except write-HA and 
write-RD. It is assumed for this diagram that the set-file-mask command is the 
first in the sequence and that it is chained to another command. 

The set-fuel-mask command is decoded as a control command. The initial 
selection or high-priority trap sequence entering the command is ended and a 
low-priority trap requested to process. If the control unit had previously been 
oriented with the disk file, the orientation controls are reset. 

The mask is entered from the specified data address and decoded. The 
assigned bits are translated into an algorithm as shown in the chart. The 
algorithm is stored in local storage register FW2 for use_ 

II Enter Command and Decode 

• The command is entered by the GPBA 
routine with entry from either the 510 
initiation or chaining. 

• The set-file-mask command is decoded 
as a control command, causing a branch 
to the GPBK routine. . 

• The control-unit orientation is ended if 
the operation enters from a command
chain sequence (except when the format 
bit was set in the previous operation). 

iii End High Trap or Initial Selection 

• Entry from the 510 initiation or the 
high-priority trap results in requesting 
a low-priority trap for processing. 

• The initial selection entry ends the 510 
instruction and returns to I-cycles after 
posting CC-O. 

• An entry from the high trap to enter the 
command results in ending the trap and 
returning to the link address. 

START 

Rst I ndex passed 

Rst Prev Op Alg 

Test not Format bit 

Rst Ctrl Tag & Hd Sel 

Test for H3 Trap 

Rst Hi Trap Lch 

Set Chain-End Rst 

Set La Trap Lch 

RTN HI TRAP 

WAIT FOR LO TRAP 

GPBK ADDR=D480 

BAL LO TRAP 

Rst Ctrl Tag & Hd Sel 

Test for H6 Trap 

Set P-reg 95 

Test not No-Op 

Decode File Mask Op 

START Mask Byte Bits 2, 5,6, and 7 of the mask must be zero 

BO Bl Permit Write Commands File Mask Algorithm B3 B 4 Permit Seek Commands 

o a All Except Write Home Address 1000 
and Write Record RO 

o None 1 0 1 1 

o Write Data or Write Key and Data 1 01 0 

1 1 0 a All 

File Mask Set--------------J 
Allow Write HA or RO __________ ....J 

Inhibit Write Count ---------------' 
Inhibit Write Key or Data ----------~ 

File Mask Bvte 

(I Enter Mask Byte and Set 

• The mask byte is entered from the data 
address and tested for zeros in bits 2, 5, 6, 
and 7. 

• Bits 0 and 1 are decoded to set the write 
algorithm. 

• Bits 3 and 4 are decoded to set the seek 
algorithm. 

II Test for Errors and Chain 

• The command flags are tested for the 
appropriate bits to allow continuing the 
operation. 

• If the CC flag is present, the next command 
is entered. 

ECOND 11 

Test not second FM 
Enter File Mask Byte 
Test for req'd zeros 

Test Write Mask bits 
Set Write Mask Aig 
Test Seek Mask bits 
Set Seek Mask Aig 
Test CCW-O/not CD 
Set CE and DE 
Test for CC bit 
Test not Move Seek 
Rst Bus Out (FBO) 

END 

0000 a a All 

1000 

1 1 00 

1 1 1 a 

o 

'--'-- Spare 

Seek Cylinder or Seek Head 

o Seek Head 

None 

'----- I nhibit Seek Head 
~---- Inhibit Seek Cylinder 

'------ Inhibit Seeks and Recalibrate 
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Seek Commands, SIO - CC 

The seek commands provide the means of moving the access mechanism of the 
selected module from its existing position to the address designated. At the 
same time, a new head may be selected. The three seek commands are handled 
by the same m icroroutine. The resulting operation follows one of two patterns 
defined by whether the access arm is moved. A seek command may be issued 
at any point in the command sequence, but the type of seek specified must be 
allowed by the file mask. It is assumed for this diagram that the seek command 
is originated by the SID instruction and ends chained to the next command. 

The seek commands are decoded as control commands. The initial 
selection or the high-trap sequence entering the command is ended, and a low
priority trap is requested to process. If the control unit had been previously 
oriented with the disk file, the orientation controls are reset. 

The seek command enters a six-byte address from the address designated by 
the data address of the command. Byte 3 contains the cylinder add ress to 
which the access arm is to be moved. Byte 5 contains the head address to be 
selected. The remainder of the bytes must be zeros. 

m Enter Command and Decode 

• The command is entered by the GPBA 
routine after the entry from the SID 
initiation. 

• The seek commands are decoded as 
control commands, causing a branch to 
the GPBK routine. 

• The control-Uilit orientation is ended if the 
operation enters from a command-chain 
sequence (except when the format bit 
was set in the previous operation). 

iii End High Trap or I nitial Selection 

• Entry from the SID initiation or the high
priority trap results in requesting a low
priority trap for processing. 

• The initial selection entry ends the SID 
instruction and returns to I-cycles after 
posting CC-O. 

• An entry from the high trap to enter the 
command results in ending the trap and 
returning to the link address. 

START 

Rst Index passed 
Rst Prev Op Alg 
Test not Format bit 
Rst Ctrl Tag & Hd Sel 
Test not IF A Trap 
Test not No-op Cmd 
Rst SysO B6 (SIO) 
Set La Trap Lch 
Set P-reg = 92 
Test not I PL 

GLAA CNOCOE a 
Set Cond Code a 
Set P-3 on 
Test not H5 Trap 
RTN I-CYCLES 

WAIT FOR LO TRAP 
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START 

Page 10-53 

GPBK COUNTC 11 

Test not End Cnt/CO 
Read Seek Addr Byte-3 

Decode Cntr for byte 
Test Cyl 1 slthan 203 
Set Loop Cntr to A 
Move Cyl to F A·O 
Set Retry Code 000 
Adv Loop Cntr by 1 
Test not CCW-O/CO 

GPBK COUNTC 11 

Test not End Cnt/CO 
Read Seek Addr Byte-4 
Decode Cntr for byte 
Test Byte-4 for zero 
Set Retry Code 000 
Adv Loop Cntr by 1 
Test not CCW-O/CD 

COUNTC 11 

Test not End Cnt/CD 
Read Seek Addr Byte-5 
Decode Cntr for byte 
Aclv Loop Cntr to 1 B 
Test Head I s/than 20 
Adv Loop Cntr by 1 
Test CCW-O/not CD 
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END 

BIN 

Byte 0 Byte 1 

Binarv 0000 0000 0000 0000 

Hexadecimal 00 

Decimal 00 

Six-Byte Seek Address 

II Reset Attention and Test 

• The module attention is reset by setting 
the read-gate bit on the bus and pulsing 
the control-tag line. 

• The seek incomplete indicator is tested 
to determine that the operation was 
completed by the module. 

iii Reset Bus-Out and Test Chain 

00 

00 

• The file bus-out register is cleared before. 
the operation is ended. 

• If the CC flag is present, the operation 
enters the next command: otherwise, the 
operation is ended. 
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CYL HD 

Byte 2 Bvte 3 Byte 4 Byte 5 

0000 0000 0000 0000 
0000 0000 to 0000 0000 to 

00 

00 

1100 1010 

00 to CA 00 

00 to 202 00 
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~ 
WAIT FOR ATTENTION 

GPBK ADDR=D120 

BAL HI TRAP 
Test not CE Mode 
Rst Tags & Bus-Out 
Set Read-Gate on Bus 
Pulse Ctrl Tag 
Test not Seek-I nc 
Test not Read IPL 

END 

0001 0011 

00 to 13 

00 to 1~ 
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II Enter Seek Address 

• The six bytes of the seek address are 
entered one byte at a time and tested. 

G Bytes 0, 1, 2, and 4 are tested for zeros. 

• Byte 3 containing the cylinder address 
is tested for validity (less than 203). 

• A further test of an invalid address is 
made to determ ine whether it is 255 used 
to force a seek incomplete. 

• Byte 5 containing the head address is 
tested for val id ity (less than 20). 
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GPBK 

BAL LO TRAP 
Rst Ctr! Tag & Hd Sel 
Test for H6 Trap 
Set P-reg 95 

Test not No-Op Cmd 
Decode Seek Ops 
Test File Mask for Sk 

GPBK FI LEPR a 
Start Loop Cntr at , 
Test not End Cnt/CD 
Read Seek Addr Byte·O 
Decode Cntr for byte 
Test Byte-O for zero 
Set Retry Code 000 
Adv Loop Cntr by , 

Test not CCW-O/CD 

GPBK COUNTC " 

Test not End Cnt/CD 
Read Seek Addr Byte-' 
Decode Cntr for byte 
Test Byte-' for zero 
Set Retry Code 000 
Adv Loop Cntr by 1 
Test not CCW-O/CD 

GPBK COUNTC " 

Test not End Cnt/CD 
Read Seek Addr Byte-2 
Decode Cntr for byte 
Test Byte-2 for zero 
Set Retry Code 000 
Adv Loop Cntr by , 
Test not CCW-O/CD 
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m Enter Cylinder Addresses to Compute 
Difference 

• The selected module CAR register is 
entered for the old cylinder address. 

• . A difference of zero or a head seek 
command is branched after setting the 
head register to the specified address. 

• Set module cylinder address register and 
time out for set. 

• No access movement takes place when 
the cylinder address is not changed. 

• A backward seek difference is comple
mented. A forward seek difference sends 
a direction indicator to the module with 
the head address. 

II Set Module Registers and Seek Start 

• Set difference register and time out for 
set. 

• Set seek-start on bus and pulse control 
tag. 

• Wait for module to raise the gated 
attention signal when the seek is 
completed. 
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GPBK 

Test End Cnt/not CD 
Test not Error Cond 
Enter Old/Cyl from CAR 
Set CAR,New/Cyl,Hd Sk 
Subt Old/Cyl-New/Cyl 
Test Fwd/Bkwd Diff 
Complement Bkwd Diff 
Set Fwd Ind for Fwd 

GPBK HEADCK' 

Set Rst-Hd-Reg on Bus 
Raise Ctrl Tag 
Set TO for 1420 nsec 
Rst File Tags 
Rst Prev Op Alg 
Set Cyl-Addr on Bus 
Raise Set-Cyl Tag 
Set TO for 1780 nsec 
Rst File Tags 
Set Hd-Addr on Bus 
Set Prev Seek I nd 
Raise Set-Head Tag 
Set TO for 1420 nsec 

. Rst File Tags 

Set Diff on Bus 
Rsise Set-Diff Tag 
Set TO for 1780 nsec 
Rst File Tags 
Set CE Status 
Set Seek-Start on Bus 
Pulse Ctrl Tag 
Test for CCW-O, not CD 
Test for CC, not SLI 
Test for Move Seek 
RTN LOW TRAP; Rst Lch 

Page 10-52 
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Recalibrate, SIO - CC 

The recalibrate command is used to return the access mechanism to cylinder 
000 when it has been determined that the file is not reading the cylinder 
specified by the previous seek. I n normal operation the recalibrate command 
is the first of a chaining sequence, but this is not a requirement. If a set-file
mask command is issued before the recalibrate command, the mask must 
permit cylinder seeks. It is assumed for this diagram that the operation 
originates with the SIO instruction and ends chained to the next command. 

The recalibrate command is decoded as a control command. The initial 
selection or high-trap sequence entering the command is ended, and a low
priority trap is requested to process. If the control had been previously 
oriented with the disk file, the orientation controls are reset. 

No see~ address is required with the recalibrate command because the 
return to zero implies the address. The head and cylinder address registers are 
reset to indicate the zero addresses. The attention line is raised by the selected 
module in the same manner as for the normal seek operation. 

iii Enter and Decode Command 

• The command is entered by the G PBA 
routine after entry from the SIO 
initiation. 

• The recalibrate command is decoded as 
a control command, causing a branch to 
the GPBK routine. 

• The control-unit orientation is ended 
if the operation enters from a chain
command sequence (except when the 
format bit was set in the previous 
operation) . 

iii End High Trap or Initial Selection 

• Entry from the 510 initiation or the high
priority trap results in requesting a low
priority trap for processing. 

• The initial selection entry ends the 510 
instruction and returns to I-cycles after 
posting CC-O. 

• An entry from the high trap for a new 
command results in ending the trap 
and returning to the link address. 

Enter CCW 
Decode Cmd B6, B7 

Rst Index Passed 
Rst Pre v Op Alg 
Test not Format Bit 
Rst Ctrl Tag & Hd Sel 
Test not I FA Trap 
Test not No-op Cmd 
Rst SysO B6 (SID) 
Set La Trap Lch 
Set P·reg = 92 
Test not IPL 

GLAA CNDCDE 0 

Set Cond Code 0 
Set P-3 on 
Test not H5 Trap 
RTN I-CYCLES 

WAIT FOR LO TRAP 

dr 

START 

I 
m Enter Command 

and Decode 

I 
End High Trap II 

or I nitial Select 

I 
Initiate 

Return to 000 

I 

iii Initiate Return-to-OOO 

• The decoded recalibrate command tests 
the file mask to determine whether full 
seeks are permitted. 

• The return-to-OOO bit is set on the bus, 
and the control tag line is pulsed. 

• A no-op mini-op with a count for 16 
milliseconds is used to time out the 
control delay. 

• The write-clock gate is set to advance 
the counter. 

Reset Controls 

Reset Attention 
and Test Chain 

END 

GPBK ADDR=D480 

BAL LO TRAP 
Rst Ctrl Tag & Hd Sel 
Test for H6 Trap 
Set P-reg 95 
Decode Recal Op 
Test File Mask for Sk 

GPBK RECAll 0 

Set Rtn-to·OOO on Bus 
Set TO for 4 usec 
Raise Ctrl Tag 
Set Cou nt for 16 msec 
Set No-op in Op·reg 
Set Wr-Clock Gate 
BAL FL 

WAIT RECAL TIMEOUT 

Ii1 Reset Controls 

• Following the recalibrat time-out, the 
bus-out and tag lines are cleared. 

• The 'chain end reset' line is raised to 
reset the control-unit latches before the 
operation is continued. 

• Tests are made for the appropriate 
command flags to continue the 
operation. 

• The control operation waits for the 
gated attention response from the 
addressed module before continuing. 

II Reset Attention and Test Chain 

• The module attention is reset by setting 
the read-gate bit on the bus, and the 
control tag line is pulsed. 

• The seek-incomplete indicator is tested 
to determine that the operation was 
completed by the module. 

• If the CC flag is present, the operation 
enters the next command; otherwise, 
the operation is ended. 
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GPBK 

Rst Tags & Bus-Out 
Set Chain End Rst 
Test not IPL 
Test not CD Flag 
Test for CC & SLI 
RTN HI TRAP;Rst Lch 

WAIT FOR ATTENTION 

GPBK ADDR=D120 

BAL HI TRAP 
Test not CE Mode 
Rst Tags & Bus-Out 
Set Read Gate on Bus 
Pulse Control Tag 
Test not Seek-Inc 
Test not Read IPL 
Rst Bus-Out (FBO) 



Space Count Command, CC - CC 

The space-count command provides the means of salvaging data from records 
that have developed a defect in the count field. While processing the command, 
the KL and DL information is entered from the data address specified in main 
storage_ The key and data-field information can then be read in the usual 
manner with the appropriate command chained. 

The space-count command is normally issued chained from a previous 
command to orient the control unit_ When chained to a search-I D, the space
count command applies to the followjng record. If the space-count command 
is issued when the head is not selected, the command selects the head and 
orients the control unit to the index point. When followed by a second space
count command, the operation applies to RD. 

The routine for the space-count command is similar to that of the read-count 
command except that the AM and skip modifiers are set in the mini-op. 
Following the dummy read operation, the KL and DL information is entered 
from main storage. 

m Enter Command and Decode 

• The space-count command normally 
enters chained from a previous command. 

• The space-count command is decoded 
first as a control command and then is 
branched to a special routine. 

iii Setup to Read-Count Field 

• Test not previous write operation and 
set the file-mask to inhibit all write 
commands. 

• The read-data mini-op with the AM and 
skip modifiers is set to clock-through the 

count field. 

• The control-storage address and count 
information for entry of the count 
field. 

• The DE sync byte is entered to identify 
the count field. 

• The read data into control-storage 
gating is set for the operation. 

• The flag 80 is inverted to show the 
correct odd/even indication. 

START 

GPBA CCORDC 

Enter CCW 
Decode Cmd B6, B7 

Test not Prey Wr Op 
Set FM to Inh All Wr 
Invert Flag 80 
Rst Orientation Lch 
Set Prev Op Alg 86,87 
Set Rd-Data,AM,Skip 0 
Set DE Sync Byte 
BAL FL 

GP8H CSASET 

Set CS Addr FFF3 
Set CS Count = 9 
Set Mini Count = 34 
Rst Count Ready 
Rst CCW-O & WLR Lchs 
Load Sync 8yte 
Rst Hi/Lo/CC Err Lchs 
Set CS, Cnt Rdy, In 
RTN HI TRAP; Rst Lch 

m 
m 

iii 

iii Enter KL and DL Information 

• The KL and DL information is entered 
into control storage from the data 
address specified by the CCW. 

• The command flags are tested for the 
appropriate bits to continue the 
operation. 

m Set Select Head 

• If the head is not selected when the 
command is entered, the head is 
selected and the control unit is oriented 
to the index point. 

• Set select-head bit on the bus-out and 
raise the control tag line. 

• Set count of 22 for selection time-out. 

• The write-clock gate is raised to control 
the countdown. 

m 

II 

lit 

Enter KL BytefromMS 
Enter D L Bytes fromMS 
Test CCW-O, not DC 

Set Sel Hd on Bus 
Raise Control Tag 
Initial Hi CS Addr 
Set No-Op Mini-Op 
Rst CS Count Area 
Set Mini Count = 22 
Set Write Clock Gt 
Test for H3 Trap 
RTN HI TRAP; Rst Lch 

HEAD SCS:E LAY 

m 
END 

II Set Wait for Index 

• Set the no-op mini-op with the index 
modifier to locate the index point. 

• The orientation latch is reset, and a 
count of 27 is entered for the 
delay. 

II Set I nd icators 

• The index-passed latch is set to indicate 
starting at the beginning of the track. 

• The flag byte is zeroed because the 
first record is RD. 

• The command flags are tested for 
appropriate bits to allow continuing 
the operation. 

iii Test for Errors and Chain 

• The CPU machine-check circuits detect 
transfer errors and branch the routine 
to the I FA controls for ending. 

• When the CC flag is present, the next 
command is entered. 

Set No-Op, Index Op 
Rst Orientation Lch 
Set Mini Count = 150 
RTN HI TRAP;Rst Lch 

WAIT FOR INDEX 

Set I ndex Passed 
Zero Flag Byte 
Test for CC & SLI Flag 

END 
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.... 

REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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WRITE COMMANDS 

• Write commands divide into track-formatting commands and 
data-updating commands. 

• Format commands are used in a sequence to create the 
initial track record format. 

• The data-updating commands write new field information 
within the formatted record. 

• The erase command in effect destroys the data of a written 
record because the area is rewritten without address marks. 

Single Track Multi-Track 
Command Codes Hex Binary Hex Binary 

Write ---- ----- -.. ---
*Home Address 19 0001 1001 --- ----- --.... -
Record Zero 15 0001 0101 ...... - -- ... -- ..... -.. -
*Count/Key/Oata 10 0001 1101 .. --- .... _-- -... _--
Special CKD 01 00000001 .-_ ... -_ ........ -----
Erase 11 0001 0001 ---- ----- -----
*Data 05 00000101 -_ ..... ........... - -----
Key and Data 00 0000 1101 ---- -......... ..----

All of the write commands, including the erase command, move 
information from main or control storage to write on the 
specified area of the track record. The write information for 
home-address and count fields is transferred as a block to control 
storage and then written from there. Because the write 
operations destroy any previously written information, the file 
control requires a chaining sequence that defines the track and 
record before writing. The write information for home-address 
and count fields is transferred as a block to control storage 
and then written from there. Because the write operations 
destroy any previously written information, the file control 
requires a chaining sequence that defines the track and record 
before writing. The write commands divide into two groups. 
The first five commands in the list represent one group used to 
format track records. The last two commands in the list 
represent the second group and are used for normal record 

updating. A write operation starts in the gap following the 
20·byte post-record area of the previous field and continues 
through the post-record gap of the current field. When two 
consecutive fields are written, the write controls remain set. 

The format write commands are used to define the content 
and capacity of records on a track. Writing the count field 
defines the number of bytes that can be stored in the key 
field, if used, and the data field. Until the track format is 
changed, each field can accommodate only data records of 
the length defined by the count field. If the suppress-length
indication flag is set, a shorter length field can be written but 
the file control fills the remainder of the record with zeros 
and the cyclic-check bytes are written at the end of the defined 
field. Following a format write command, the remainder of 
the track is erased unless another format write command is 
chained. 

*These commands are more completely detailed on the following pages. 

During all write operations, information from main storage 
enters the I FA FOR register over the EB I using share cycles. 
As required, the data byte is transferred from the FOR to 
SERDES and a share·cycle request refills the FOR. The bytes 
are serialized by the SEROES to feed the write-data 
generation circu its, where it is gated by the clock to develop 
double-frequency clock/data information. This information 
is fed to the 2319, where the module switching gates the 

selected file co·ax to carry the information to the file write 
circuits. The special bytes used in the associated gap areas are 
developed in the write-data generation circuits. 

... .. ,. ,. 

~~ 

Fixed 
data ~ ,. 

FDR SERDES 
" 

Compare 

~ ~. 
JL215 

"' 
JK411 

JL012 ~~ 

t 
"' ~ 

,,. 
Write 
data 

Read 
data 

*Write Home Address (HA) command writes a new home-address 
field on the track after locating the index point. This is a 
track-formatting command. This is the only write command 
that can be written without a previous search command or a 
continuing write sequence. It does require a previous setting 
of the file mask to allow writing the home-address field. 

Write Record Zero (RO) command writes the count, key, and 
data fields of the track descriptor record. This is a track
formatting command. This command requires either a 
previous write-HA command or a successful searcn-HA 
command to execute. A file mask that allows the write-RO 
record must have been previously set. 

~ 

~ 

*Write Count, Key, and Data (CKO) command writes the full 
record area for records R 1 through R n. This is a track· 
formatting command. The key and data fields can be written 
with this command during formatting, or the count field 
can be written alone if the SLI flag is set. I n the latter case, 
the key and data fields are written with zeros supplied by 
the control unit. The key field can be omitted if the key 
length is set to zero in the written count field. When a 
data length is set to zero in the count field, that record 
defines the end·of-file to the system. This command must 
be chained from either a successful search-lD·equal, a 
write·RO, or another write-CKO command. I n the case of 
the successful search, the read-data or the read-KD command 
can occur between the search and the write commands. 
The write-CKD command must be allowed by the file mask 
in order to execute. 

Write Special CKD command is identical to the normal 
write-CKD command except that the overflow-record flag 
(bit 11 is set in the flag byte. The special write command is 
used to format-write all segments of an overflow record 
except the last. I n subsequent read and search operations, 
the overflow-record flag bit indicates that another segment 
of the record follows on the next track. The command 
sequence required to execute is the same as for the write
CKD command. The file mask must allow the write-CKD 
command. 

Erase comma-nd is used to remove record information after a 
track-overflow condition. The operation is the same as 
with the write-CKD command except that no address 
marks are written. The chaining and file-mask requirements 
are the same as for the write·CKD command. The file 
control remains busy during the erase command. 

*Write-Data command writes the data field of the record with 
new information from main storage. The remainder of the 
track is not changed. The data length specified in the written 
count field defines the number of bytes that can be written. 
If DL=O, the EOF indicator is set and no data is written. 
This command requires that a successful search equal command 
of either the identifier or the key field precede the write 
operation. The file mask must allow writing the field. 

Write Key and Data (KD) command writes both the key and the 

data fields of the record with new information from main 
storage. The count field of the record is not changed. The 
key and data field lengths written in the count field indicate 
the number of bytes that can be written in each field. If 
the key length is zero, only the data field is written. If OL=O, 
the EOF indicator is set and no data is written. This command 
requires a successful search-IO-equal precede the write operation. 
The file mask must allow writing the key and data fields. 
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Write HA, CC - Write RO 
The write-HA command is a format command used to write the identifv.ing 
address at the start of the track. The command writes the 65-byte (753 bytes 
if long gap is written) index gap (FF bytes!, the pre-record and VFO area, the 
five-byte home address, the check bytes, and the 20-byte post-record gap (FF 
bytes). The write-HA command must be preceded by the set file mask to 
allow writing the area. The command must be followed by the write-RO 
command, or the remainder of the track is erased (written with zeros). It is 
assumed for this diagram that the write-HA command is entered through 
command chaining after the mask is set to allow. The command ends with a 
chain to the write-RO command. The Write-CKD Command diagram shows 
the erase ending used if the command sequence is ended. 

The write-HA command is decoded as write command and tested against 
the file mask. If allowed, the head must first be selected to route the write 
signals. The routine then sets the write-gap sequence with the index bit set so 
that the control unit is oriented and writing starts following index detection. 

The home-address data is transferred from the data address specified to the 
home-address area in control storage. The address information is needed for 
subsequent control. The actual writing of the address is from control storage. 

m Enter Write-HA Command After a Set
File-Mask Command. 

• The write-HA operation must be 
allowed by the file mask or an invalid 
sequence is reported. 

• The control unit is not oriented when 
the operation starts because the head is 
not selected. 

• The head-select bit is set on the bus, 
and the control tag line is raised. 

START 

Decode Write-HA 
Test File-Mark to Wr 
Test not Head Sel 
BAL FL 

GPBH SELHD 

Rst File Flags 
Rst CS Count Area 
Set Sel Hd on Bus 
Raise Control Tag 
Set No-Op Mini-Op 
Initial Hi CS Addr 
Set Count 22 
Set Write Clock Gt 
Test for H3/H6 Trap 
RTN LO/HI TRAP;Rst Lch 

HEAD SELECT DELAY 

FIELD 

BYTES 

DATA GAP 

DATA CB TRACK END 

DL 4 Variable 

VFO 

II Set Write-Gap Controls to Start After 
Index 

• A count of 73 is set for writing the 
index gap and the VFO area. 

• The write-gap mini-op is used with the 
index and format bits set. 

• The start of the operation waits until 
the index is detected, and then writes 
the gap with F F bytes followed by the 
VFO. 

• The sync-byte is not entered until the 
write-data controls are set. 

II Set Write-Data Controls for the Home 
Address Field. 

• The home·address field information is 
transferred from main storage to control 
storage before writing. 

• The 00 sync byte is entered before the 
completion of the gap operation. 

HOME ADDRESS 

Set Wr-Gap,lnx,Fmt Op 
Test not long HA Gap 

Set count 73 
Save Flag Byte in LS 
RTN HI TRAP; Rst Lch 

WRITE HA GAP 

Set 00 Sync byte 
Set Prev Op Algorithm 
Set CS count 5 
SAL FL 
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• A count of 30 (5 + 25) is entered with 
the write-data-format mini-op. 

• The read data from control-storage gate 
is used during the writing of the home
address field. 

• The twenty bytes of the post-record-gap 
area are written with F F -bytes at the 
end. 

iii Test for Command Chaining 

• Test command flags for the appropriate 
bits to allow continuing the operation. 

• If the CC flag is present, the next 
command is entered. 

• When the CC flag is not present, the 
operation is ended with the erase-to
index sequence as shown in the write
CKD operation. 

GPBH LOADCS 

Set Wr-Data,Format Op 
Rst Count Ready 
Rst CCW-O/WLR Lchs 
Load Sync Byte 
Store Flag Byte in CS 
Set count 30 (5 + 25) 
Clear Transfer Area 
Tran Cyl Bytes to CS 
Tran Hd Bytes to CS 
Test CCW Count zero 
Set CS Addr (FFF3) 

Set CS, Cnt Rdy. Out 
RTN HI TRAP; Rst Lch 

WRITE HA FIELD 

GPBE CSLOAD 01 

Test for Count Zero 
Test not CD Flag 
Test not I L 
Test for CC Flag 

END 



Write Data, Search ID - CC 

The write-data command provides the means to update the information 
stored in the data field of a record. The command writes the interfield gap, 
the V FO area, the data information, the check bytes, and the 20-byte post
record gap. The write-data command must be preceded by a successful 
search-ID-equal or search-key-equal to identify the record. Writing is also 
allowed in pre-identified sequences (a write-data command following a write
data command). The write-data command must be allowed by the file mask, 
or the operation ends in an inval id sequence. There are no requ irements for 
additional commands to be chained to the write-data command. It is assumed 
for this diagram that a successful search-ID-equal was performed and that the 
write command is command-chained to the next command. 

The write-data command is decoded as a write command and tested to 
determine whether it is allowed. The operation starts to write gap immediately 
following the post-record gap of the previous key field, or the count field if 
the key field is not used. 

The data-field information is transferred from the specified main-storage 
address. 

Enter Write-Data Command After a 
Successful Search-I D 

o When orientation is from the search-I D, 
the key field, if present, must be clocked
through. 

• The write-data operation must be allowed 
by both the file mask and the previous
op algorithm. 

Set Clock-Through Key Field Controls 

• The key field is clocked with the read
data-skip mini-op. 

• A count of KL plus 25 is entered, and 
a sync byte of OA is set. 

• The store data in main-storage gating is 
set, but no data is transferred. 

START 

GPBA CCORDC 1 

Adv CCW Addr + 8 
Enter CCW 
Decode Cmd 86, B7 

Decode Write-Data Op 
Test Allow Wr-Data Op 
Test File-Mask to Wr 
Test for 10 Orient 
BAL FL 

GP8H CLKKEY 

Set Rd-Data, Skip Op 
Test for Key Field 
Rst Count Ready 
Rst CCW-O/WLR Lchs 
Load OA Sync Byte 
Rst Hi/Lo/CC Err Lchs 
Set count KL + 25 
Decode Read Op 
Set MS, Cnt Rdy, In 
RTN HI TRAP; Rst Lch 

CLOCK KEY FIELD 

F F Bytes 

mm 

VFO COUNT 

Set Controls for Writing the I nterfield 
Gap (Data) 

• A count of 21 is set to write the fixed 
interfield gap. 

• The first thirteen bytes are written with 
FF-bytes followed by the eight-byte VFO 
area. 

• The write-gap mini-op is set to write the 
gap. 

• The sync byte is not entered until the 
write-data controls are set. 

Test for No Errors 
Test not EOF 
BAL FL 

GPBH WRGAP 

Test not Format/Erase 
Set Wr-Gap Op 
Rsr Count Ready 
Set count 21 
RTN HI TRAP; Rst Lch 

WRITE GAP (DATA) 

m Set Controls for Writing the Data Field 

• The 09 sync byte is entered before the 
completion of the write-gap operation. 

• A count of DL plus 25 is entered along with the 
with the write-data mini-op. 

• The read data from main-storage gating 
is used during the writing of the data 
field. 

• The twenty bytes of post-record gap area 
are written with FF-bytes at the end. 

Test for Errors and Chain 

• The CPU machine-check circuits detect 
transfer errors and branch the routine 
to the I FA controls for ending. 

• The CC command flag is tested to 
determine whether another command 
should be entered or the operation 
should be ended. 

WRDATA 

Test not Format Bit 
Set Wr-Data Op 
Rst Index passed 
Rst Count Ready 
Rst CCW-O/WLR Lchs 
Load 09 Sync Byte 
Rst Hi/Lo/CC Err Lchs 
Set Data Field Lch 
Set count DL + 25 
Test for Write Op 
Set MS, Cnt Rdy, Out 
RTN H I TRAP; Rst Lch 

WRITE DATA FIELD 

Test not Ofl Record 
Test for CCW-O 
Test not CD Flag 
Test not I L 
Test for CC Flag 

END 
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Write CKD, Search ID - CD - Format End 

The write-CKD command is a format command used to 
initially write a defined record on the track. The command 
writes the gaps, the VFO areas, the record information, and 
the check bytes for the count, key, and data fields. The write
CKD command must be preceded by the write-RO, another 
write-CKD, or a successful search-I D-Equal. The write-CKD 
command must be allowed by the file mask. The command 
must be followed by another write-CKQ, or or the remainder 
of the track is erased (written with zeros). I t is assumed 

The write-CKD command is decoded a s a write command, 
but it must be allowed by the file mask and the previous-op 
algorithm. -The operation starts to write gap immediately fol
lowing the post-record gap. 

FIELD 

BYTES 
The count-field data is transferred from main storage to 

control storage and is written from control storage. The key
and data-field information is written from the specified main

storage addresses. 

for this diagram that a successful search-I D-equal preceded 
and that the write-CKD command was the last in the sequence. 
The operation contains a chain-data sequence and the format 

ending. 

lEI Enter Write-CKD Command After a 
Successful Search-I D-Equal 

• When orientation is from the search-I D, 
the key and data fields for that record 
must be clocked-through. 

• The write-CKD operation must be 
allowed by both the previous-op 
algorithm and the file mask. 

iii Set Clock-Through Key-Field Controls 

• The key field is clocked with the read
data-skip mini-op. 

• A count of KL plus 25 is entered, and a 
sync byte of OA is set. 

• The store data in main-storage gate is 
set, but no data is transferred. 

START 

Decode Write-CKD 
Test for Allow Wr-CKD 
Test File-Mask to Wr 
Test for I D Orient 
BAL FL 

GPBH CLKKEY 

Set Rd-Data, Skip Op 
Test for Key Field 
Rst Count Ready 
Load OA Sync byte 
Rst Hi/Lo/CC Err Lchs 
Set count KL + 25 
Decode Read Op 
Set MS, Cnt Rdy, In 
RTN HI TRAP; Rst Lch 

CLOCK KEY FIELD 
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II Detect Chain Data 

• When CCW ::: 0, test for chain-data flag 
for additional CCW. 

• Enter next CCW, retaining the previous 
command, and continue operation. 

m Set Controls for Writing the Interfield 
Gap (Key) 

• A count of 21 is set to write the fixed 
interfield gap. 

• The first thirteen bytes are written with 
FF-bytes followed by the eight-byte 
VFO area. 

• The write-gap-format mini-op is set to 
write the gap. 

• The sync byte is not entered until the 
write-data controls are set. 

FF Bytes -------' 
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WRITE COUNT FIELD 

Test for CCW-O 
Test for CD bit 
BAL FL 

GPBA CCORDC a 
Enter Next CCW 
Test not TIC Command 
Test for Prev CD Flag 
Move Prev CCW Cmd 
Enter new CCW into LS 
Test not PCI bit 
RTN FL; Add 4 

GPBE CTSHRT 

Test not Data Overrun 
Test for No Error 
Test for Key Field 
BAL FL 

GPBH WRGAP 

Test for Form,not Er 
Set Wr-Gap,Format Op 
Rst Count Ready 
Set count 21 
RTN HI TRAP' Rst Lch 

WRITE GAP (KEY) 

I 

CV 
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VFO 
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COUNT 

13 Set the Ending Controls If the Command 
Is Not Chained 

• The operation branches to the ending 
routine if the command is not chained. 

• The error conditions are tested to set the 
status and sense registers. 

• The interrupt latch is set; the previous-op 
algorithm and the file mask are reset. 

mil 
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GPBH SETSYC 

Load 09 Sync Byte 
Rsr Hi/Lo/CC Err Lchs 
Set Data Field Lch 
Set Count DL + 25 
Decode Write Op 
Set MS, Cnt Rdy, Out 
RTN HI TRAP; Rst Lch 

WRITE DATA FIELD 

GPBH I ADDR=D12 

BAL HI TRAP 
RTN FL; Add 4 

8 

GPBE DATWR10 

Test not Ofl Record 
Test for CCW-O 
Test not CD Flag 
Test not I L 
Test not CC bit 

GPCG ENTRYl 10 

Zero Sense Registers 
Zero Device Status 
Set CE and DE Bits 
Test for On-Line 
Test not Disk Status 
Test not Data Check 

GPCG ENTRY50X. 

Set Chan Status in Ls 
Test not Cmd/Dat Ovrn 
Test for Zero CCW Cnt 
Test not WLR 
Rst CC Flag 
Test no Sense to Star 
Test not Con-con 
BAL FS 

I 
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Ii Set Clock-Through Data-Field Controls 

o The data field is clocked with the read
data-skip mini-op. 

o A count of D L plus 25 is entered and a 
sync byte of 09 is set. 

o The store data in main-storage gate is 
set, but no data is transferred. 

Set Controls for Writing the Inter-record 
Gap (Gap-3) 

• An amount equal to 4.3% of the KL and 
DL counts in the previous record is added 
to the fixed 21-byte count for entry. 

Var Gap Computation: 
Add KL to DL 
Expand to 11 times 
Add 24 to Byte-2 
Drop Byte-3 (Div by 256) 

o The write-gap-format mini-op is set to 
write the gap. 

• The gap is written with F F-bytes except 
for the last eight bytes containing the 
VFO. 

o The sync byte is not entered until the 
write-data controls are set. 

Set Controls for Writing the Count Field 

• The count-field information is transferred 
from main storage to control storage 
before writing. 

• The OE sync byte is entered before the 
completion of the gap operation. 

• A count of 34 (9 + 25) is entered with 
the write-data-format mini-op. 

• The read data from control-storage gate 
is used during the writing of the count 
field. 

• The twenty bytes of the post-record gap 
area are written with FF-bytes at the 
end. 
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GPBH CLKDAT 

Set Rd-Data, Skip Op 
Rst I ndex passed 
Rst Count Ready 
Rst CCW-O/WLR Lchs 
Load 09 Sync Byte 
Rst Hi/Lo/CC Err Lchs 
Set Data Field Lch 
Set count DL + 25 
Decode Read Op 
Set MS, Cnt Rdy, In 
RTN HI TRAP; Rst Lch 

CLOCK DATA FIELD 

GPBH ADDR=D128 

BAL HI TRAP 
RTN FL; Add 4 

GPBE ORIFMT 11 

Compute Var Gap 
Set Count for VG 
Set Wr-Gap,Format Op 
BAL FL 

WRITE VARIABLE GAP 

GPBH I ADDR=D12 

BAL HI TRAP 
RTN FL; Add 4 

GPBE I VGEND 1 

Set OE Sync Byte 
Adv Flag Bit-O 
Set CS Count =9 
BAL FL 

GPBH I LOADCS 

Set Wr-Data,Format Op 
Rsr Count Ready 
Rst CCW-O/WLR Lchs 
Load Sync Byte 
Store Flag in CS 
Set count 34 (9 + 25) 
Move Cyl, Hd MS to CS 
IVICNe R,KL,DL MS to CS 
Test CCW Cou nt Zero 
Set CS Addr (FFF3) 
Set CS, Cnt Rdy, Out 
RTN HI TRAP; Rst Lch 

I 
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8 

m Set Controls for Writing the Key Field 

• The OA sync byte is entered before the 
completion of the write-gap operation. 

• A count of K L plus 25 is entered along 
with the write-data-format mini-op. 

• The read data from main-storage gate 
is used during the writing of the key 
field. 

o The twenty bytes of the post-record 
gap area are written with F F -bytes at 
the end. 

o Set Controls for Writing the Inter-field 
Gap (Data) 

• A count of 21 is set to write the fixed 
interfield gap. 

o The first thirteen bytes are written with 
FF-bytes followed by the eight-byte 
VFO area. 

o The write-gap-format m ini-op is set to 
write the gap. 

• The sync byte is not entered until the 
write-data controls are set. 

D Set Controls for Writing the Data Field 

• The 09 sync byte is entered before the 
completion of the write-gap operation. 

• A count of D L plus 25 is entered along 
with the write-data-format mini-op. 

• The read data from main-storage gate is used 
during the writing of the data field. 

• The twenty bytes of the post-record 
gap area are written with FF-bytes at the 
end. 
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CV 

Test for Format Bit 
Set Wr-Data,Format Op 
Rst Count Ready 
Test for Key Field 
Rst CCW-O/WLR Lchs 
Load OA Sync Byte 
Rst Hi/Lo/CC Err Lchs 
Set count K L + 25 
Decode Write Op 
Set Ms, Cnt Rdy, Out 
RTN H I TRAP; Rst Lch 

WRITE KEY FIELD 

Test for No Error 
Test not CCW-O/D L=O 
BAL FL 

GPBH WRGAP 

Test for Form,not Er 
Set Wr-Gap,Format Op 
Rst Count Ready 
Set Count 21 
RTN HI TRAP; Rst Lch 

WRITE GAP (DATA) 

Test for Format Bit 
Set Wr-Data,Format Op 
Rst Index Passed 
Rst Cou nt Ready 
Rst CCW-O/WLR Lchs 

cv 
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II Set the Erase-to-Index Controls to End 
the Format Sequence 

• The erase-to-index controls are set if 
the previous m ini-op contained the 
format bit. 

o A count of 27 is entered along with the 
no-op-index-skip mini-op to cause a 
trap when the index point is reached. 

• A final test is made for error conditions 
after the erase-tn-index operation. 

o The file is deselected, and the chain-end 
reset is raised to end the operation. 
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C9 
GPCG J FRMIC 

Rst S-register 
Test for I FA Trap Bit 
Set S-reg Ind for Trap 
RTN FS; Add 4 

GPCG I NO CAN 01 

Test for Trap Entry 
Set Interrupt Lch 
Store 1 st Word UCW,IS 
Store 2nd Word UCW,IS 
Test for Format Bit 
BAL FS 

GPCG I HRDER 

~st S-register 
Test not Hard Error 
Test not Data Check 
Test for On-Line 
Test not Cmd Ovrn 
Set Err I nd in FSO 
RTN FS; Add 4 

GPCG I CKHDER 11 

Test not Hard Errors 
Set No-Op,lnx,Skip Op 
Set Gaunt 27 
SAL FL 

GPCG 1 RTNFTP 

Test not IPL 
Test for H3 Trap 
RTN HI TRAP; Rst Lch 

I 
ERASE TO INDEX 

Test not Unit Check 
Test not Erase Gate 
Save FT AG for Logout 
Rst Count Ready 
Rst Tags,Bus,FDR 
Rst Cmd Overrun 
Set Chain End Reset 
Deselect Module 
Test for H3 Trap 
Test for Mod Deselect 
Set Chain End Reset 
RTN HI TRAP; Rst Lch 

END 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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READ COMMANDS 

• Read commands transfer information read from the selected 
file into main storage. 

• Read commands can be performed on either a single-track basis 
or on a multi-track basis. 

• The read-IPL command forces a recalibrate operation before 
starting to read data from R 1 of the track. 

Single Track Multi-Track 

C ommand Codes Hex Binary Hex Binary 
Read, 

Home Address lA 0001 1010 9A 1001 1010 
Count 12 0001 0010 92 1001 0010 

*Data 06 0000 0110 86 1000 0110 
Key and Data DE 0000 1110 8E 1000 1110 
Count/Key/Data lE 0001 0110 9E 1001 1110 
Record Zero 16 0001 0110 96 1001 0110 
IPL 02 0000 0010 - - - -- - --

All of the read commands, with the exception of the read-IPL, are 
similar. They cause information read from a specified area of the 
record to enter either control storage or main storage, replacing 
the previous data. Read commands do not require a previous 
successful search to execute, but a search is desirable to ensure 
reading the correct record. Read operations start with the eight
byte-VFO/AM area to sync th~ clock and read through the cyclic
check bytes. When two consecutive fields are read, each field is 
treated separately with the controls reset after each field. 

Read commands can be performed on either single-track or 
multi-track basis. In the latter case, when successive records are 
read through command chaining, the control unit advances to the 
next sequential head each time the index point is passed. This allows 
reading all of the records from the start to the end of a cylinder 
without interruption. Bit-O of the command byte controls the 
multi-track function. A seek operation must be performed before 
the multi-track operation to ensure that the correct starting head 
number is in local storage. The read commands are not inhibited 
by the file mask. 

During all read operations the information read is sensed by the 
read amplifiers and fed over the selected file co-ax to the module 

switch. The read information is gated to the raw-data I ine and fed 
to the VFO circuits, where the data bits are removed from the 
double-frequency information. The VFO also develops the read 
clo~king to drive the control unit. The data bits are deserialized by 
the SERDES into bytes. When a byte is completed, it is transferred 

from the SERDES to the FDR and a share-cycle request is made. 
During the share cycle, the byte is transferred from the FDR over 
the EBO to the CPU storage. The home-address and count fields 
enter the control storage, and the key and data fields go into main 
storage. 

*These commands are more completely detailed on the following 
pages. 

... --,. 
~~ 

Fixed 
... data ~ ,. 

FDR SERDES ,It 

Compare 

~ ~ 
JL215 

" 
JL012 ~ , 

JK411 

! oJ 

" 
Read Op Data Flow 

*Read-Home-Address (HA) command reads the home-address field 
from the track after waiting for the index point. The information 
goes to control storage to be available to the control-unit and 
then is transferred to main storage as a block. No search operation 
is required to execute. 

Read Count command reads the count field of the next record 
into control storage to make it available to the control-unit. 
The information is then transferred to main storage as a block. 
No previous search is required, but the operation should be 
defined by the previous record to ensure reading the correct 
record. The RO count field cannot be read with this command. 

*Read-Data command reads the data field following a successful 
search or from the next record, depending on the sequence. A 
previous search is not required but should be used to ensure 
reading the correct data field. The data field for RO can be 
obtained with this command if the search-I D-equal command 

is used to locate the record. If DL = 0, the EOF indicator is set. 

Read Key and Data (KD) command reads the key and data fields 
of the same record or the next record into main storage. To 
read the same record, the file must be oriented following the 
count field (search-I D). No previous search is required but 
should be used when a specific record is required. The key and 
data fields for RO can be obtained with th is command if the 
search-ID-equal command is used to locate the record. If the 
key length is zero, only the data field is read by the command. 
If DL = 0, the EOF indicator is set. 

Read Count, Key, and Data (CKD) command reads the next full 
record from the track and stores the information in main 
storage. A previous search is not required, but using the search
I D-equal command for the previous record ensures the correct 
record. This command cannot be used to obtain the RO record. 
If the key length is zero, only the count and data fields are 
transferred. If DL = 0, the EOF indicator is set. 

,~ 

Write 
data ~ 

Read r.. data 

Read Record Zero (RO) command reads the full RO record from 
the track after locating the index point. The information is 
transferred to main storage. No previous search is required. If 
DL = 0, the EOF indicator is set. 

*Read IPL command is used to read the first record from the 
selected file (cylinder 000, head 00) into main storage to start 
the program load sequence. This command can be used in a 
start-I/O sequence when the program requires. The command 

is forced from the console load key when the file address is 
specified. The file controls initiate a recalibrate command to 

move the access arm to cylinder 000 and head 00. When the 
access arm is ready, the file control forces the read-d ata 

command after waiting for the index point. If DL = 0, the 
EOF indicator is set. 

Twenty-four bytes of data are transferred to the first twenty
four positions of main storage. In this information are the PSW 
and two CCWs to allow continuing the reading of data from the 
file. Subsequent commands of read data enter the remaining 
part of the program. The entry continues until the chaining flag 
is removed to allow ending the sequence. 
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Read HA, SIO-CC 

The read-HA command provides a means of entering the present track address 
into main storage. The command requires no special command sequence. The 
control-unit is reoriented at the index point before reading. A common usage 
for the command is to orient the control unit at index before a search 
sequence. It is assumed for this diagram that the read-HA command is the first 
command of a command-chaining sequence. 

The read-HA command is decoded as read command. If the head is not 
selected, the selection becomes the first step of the operation. After waiting 
for the index point, the read controls are set for the" operation. Following the 
index point, the VFO is synchronized and the address-mark and sync byte 
are detected before the field is read. 

The home-address field information is read into control storage during the 
read operation. At the end of the field, the information is transferred from 
control storage to the specified data address in main storage. 

m Enter the Read-HA Command as the First 
Command of a Chaining Sequence 

• Entering as the first command, the 
control unit is not oriented and the 
head is not selected. 

• The read-HA command does not require 
consideration of either the file mask 
or the previous-op algorithm. 

iii Set Head-Select Controls 

• Set select·head bit on the bus and raise 
the control tag line. 

• Set a count of 22 for a selection time· 
out. 

• The write-clock gate is raised to control 
the countdown. 

START 

Set Sel-Hd on Bus 
Raise Control Tag 
Initial Hi CS Addr 
Set No-op Mini-op 
Rst CS Count Area 
Set count 22 
Set Write Clock Gt 
Test not Trap Entry 
Rst SysO B6 (SIO) 

Set Cond Code 0 
Set P-reg B3 on 
Test not H5 Trap 
RTN I-CYCLES 

ama 
FIELD 

DATA GAP 

DATA CB TRACK END ~ 
BYTES DL 4 Variable 

VFO 

II Set Wait for Index 

• A no-op mini-op is set with the index
hold modifier to wait for the index 
point. 

• A count of 27 is set to time a delay into 
the index gap. 

• The index-passed latch and the 
orientation latch are reset. 

m 1111 

HOME AD DR ESS 

HEAD SELECT DELAY 

GPBH I ADDR=D1 28 

BAL HI TRAP 
RTN FL; Add 4 

GPBD 1 READ 1 

Decode Read-HA Op 
Set Prev Op Alg 
Rst Index Passed 
BAL FL 

GPBH 1 INDEX 

Set No-op, Index Op 
Rst Orientation 
Set count 27 
RTN HI TRAP; Rst Lch 

I 

WAIT FOR INDEX 
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Ii' . 
Gil Set Controls for Reading the Home-

Add ress Field 

• Set up the control-storage address and 
count for entry of the home address. 

• Set the read-data mini-op without 
modifiers and a count of 30 for the 
operation. 

• The 00 sync byte is entered to identify 
the field. 

• The read data into control-storage gating 
is set for the operation. 

• Counter is forced to 8 for AM search. 

1:1 Test for No Errors and 
Enter Home Address into 
Main Storage 

• Test for good track and no transfer errors. 

• Transfer the home-address information 
into main storage if the command skip 
flag is not set. 

II Test for Errors and Chain 

• The CPU machine-check circuits detect 
transfer errors and branch the routine 
to the I FA controls for ending. 

• The command flags are tested for 
appropriate bits to allow continuing 
the operation. 

• If the CC flag is set, the next command 
is entered. 

GPCE RDHA1 

Test not Overflow Rec 
Test not Multi-Track 
Test not I ndex passed 
Zero High Counter 
Set CS Addr FFF3 
Set CS count 5 
Rst Count Ready 
Set count 30. (5 + 25) 
Set Data Field Lch 
Set Read Data Op 
Rst Hi/Lo/CC Err 
Set OD Sync Byte 
Rst CCW-O/WLR 
Set CS, Cnt Rdy, In 
Set CS Transfer 
BAL FL 

READ HA FIELD 

Test for No Error 
Enter Flag Byte, CS 
Test not Overflow Rec 
Test for HA Op 
Test for Good Track 
Test not Multi-Track 
Test not Overflow Rec 
RTN FS; Add 4 

GPBD HADROP10 

Test for HA Op 
Rst Index Passed 
Enter Flag Byte, CS 
Test for HA Op 
Test not Skip 
Store Flag Byte, MS 
Test not CS Xfer Err 
Enter CCHH Word, CS 
Store Cyl Bytes, Ms 
Store Head Bytes, MS 
Test for CCW·O 
Test not CD Flag 
Test not Cnt Op/Error 
Test for CC/SLi Flags 

END 



Read Data, Read Data - CC 
The read-data command provides the means of entering the informatiQn 
recorded on the data field of the record. No specific command sequence is 
required for this command, but it is desirable to have identification of the 
record position before reading. It is assumed for this diagram that a sequence 
of read-data commands is being performed. The orientation is from the 
previous data field. 

The read-data command is decoded as a read command. With the track 
oriented at the end of the previotJs data field, the count field must be read 
for the field-length information and then the key field, if present, must be 
clocked-through. (This diagram assumes no key field.) Following the count 
field, the controls are set to read the data field of the next record. 

The data-field information is entered into the specified data address except 
when the command skip flag is set. 

m Enter the Read-Data Command Following 
a Previous Read-Data Command 

• When the command follows another read
data command, the control unit is 
oriented at the end of the data field. 

• The read-data command does not 
require consideration of either the file 
mask or the previous-op algorithm. 

START 

Test for Head Sel 
Final Read Op Decode 

Test not Er-to-Inx 
Rst Hi Prev Op Alg 
Test for Data Orient 

Branch to Read Count 
BAL FL 

iii Set Read Count Field into Control Storage GPBH FI NDOE 
r-~------~------~ 

• Set up control-storage address and count 
for entry of the count field. 

• Set read-data mini-op without modifiers 
and a count of 34 for the operation. 

• The OE sync byte is entered to identify 
the field. 

• The read data into contro~-storage gating 
is set for the operation. 

• Counter forced to 8 for AM search. 

Set OE Sync byte 
Set Read Data Op 

Set CS Addr FFF3 
Set CS count 9 
Set count 34 (9 + 25) 
Rst Count Ready 
Rst CCW-O/WLR Lchs 
Load Sync Byte 
Rst Hi/Lo/CC Err Lchs 
Set CS, Cnt Rdy, In 
RTN HI TRAP; Rst Lch 

FIELD 

BYTES 

VFO COUNT 

II Skip Key Field Controls 

• The flag and length information read 
from the count field is entered into local 
storage. 

• Testing the key length for zero 
determ ines that the record has no key 
field. 

• A partial setup is made for a skip-key 
sequence before the length is tested. 

READ COUNT FIELD 

Enter R,KL,DL (LS) 
Enter Flag Byte (LS) 
Test not HA/Cnt Op 
Test not Key Op 

BAL FL 

GPBH SKPKEY 

Set Rd DataAM, Skip Op 
Rst Count Ready 

Test for No KL 
RTN FL; Add 4 

GPBD ZZERO 01 

Test not End-of File 
Set Read Data in Op 

BAL FL 

Ii' GPBH RDDATA ... Set Controls for Reading the Data Field r-"------L--....;...;...;..;...;..., 

• Set read-data m ini-op without modifiers 
and a count of DL plus 25 for the 
operation. 

• The 09 sync byte is entered to identify 
the field. 

• The read data into main-storage gating 
is set for the operation. 

II Test for Errors and Chain 

• The CPU machine check-circuits detect 
transfer errors and branch the routine 
to the IF A controls for end ing. 

• The command flags are tested for 
appropriate bits to allow continuing the 
operation. 

• If the CC flag is set, the next command 
is entered. 

Rst Index passed 
Rst Count Ready 
Rst CCW=O/WLR Lchs 
Load 09 Sync Byte 
Rst Iti/Lo/CC Err Lchs 
Set count DL + 25 
Set Data Field Lch 
Test for Read Op 
Set MS, Cnt Rdy, In 
RTN HI TRAP; Rst Lch 

READ DATA FIELD 

Test not CD Flag 
Test not I L 
Test for CC Flag 

END 
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mma·mommo 
FIELD DATA GAP GAP 

DATA CB TRACK END 

BYTES DL 4 Variable 

VFO HOME ADDRESS 

Load IPL Operation (Read IPL) 

The read-IPL command provides the means of entering program material from 
a disk file. Normal usage is from the operation of the console load key with 
the address switches set for a disk file. The read-IPL command can also be 
initiated from the start-liD instruction. 
• The initial load controls enter a CCW (02000000 60000018) at address 0000 
of main storage. The CAW is entered with a zero CCW address. 

The command first decodes as a recalibrate command and enters the 
control-op routine. (The file-mask must allow full seeks or the operation cannot 
be performed.) After the cylinder 000 head a has been set up, the command is 
transferred to the read-op routine as a read-data command. 

Record-1 data field of 24 bytes is read into the first 24 positions of main 
storage. The first doubleword contains the starting PSW for the entering 
program. The next two doublewords contain two CCWs that are command
chained. The CC flag was forced for the read-IPL. The operation continues 
with these and other chained CCWs to enter the full program. 

m Set Up Load IPL 

• The address of module loaded with the 
gisk pack for the IPL is entered in the 
console address switches. 

• Operating the console load key forces a 
power-on reset before starting the load 
operation. 

• The O-register is zeroed for the CAW 
entry. 

• A first CCW of 02000000-60000018 is 
entered at MS address 0000. 

• The address switches are entered and 
tested for val id ity. 

• An address decode of channel 1 branches 
the operation to the I FA routines. 

START 

Zero O-reg for CAW 
Zero R-reg for Xfer 
Set 02 Cmd in RO 
St R as 1st CCW (MSOO) 
Set Count of 24 in R3 
Set CC & SLI Flags,RO 
St R as 2nd CCW (MS04) 
Set SIO Ind in XO 
Set SW Addr in V -reg 
Test for Val Ch Addr 
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VFO 

li Enter First CCW 

• Enter first CCW word and test that it 
is not the TIC command. 

• Enter second CCW word and store both 
words in local storage. 

• Decode read-IPL command and branch 
the operation to the control-op routine 
for the recalibrate sequence. 

VFO 
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GPAA SELGA 00 

Test not TIO Op 
Enter First Command 
Test not No-Op Cmd 
Test not Restore Cmd 
Zero Sense Bytes (CS) 

GPAA NOPRST 01 

Rst Inhibit Traps 
Move CAW to LS 
Set UA in LS 
Set P-reg = 95 
Rst FW,FC,FA,FCS,FBAK 
Set Retry Code 011 

GPBA FRMSIO 

Enter 1 st CCW Word 

Test not TIC Cmd 
Set I nd if Prev CD 
Enter 2nd CCW Word 
Move Cmd to LS 
Set Key for Data Addr 
Test not Prog Ck 
Test not Prev CD Ind 

GPBB CCWEND 00 

Mask for Search Op 
Decode Rd Cmd (B6,B7) 
Test not Sch Op Bits 
Test for Read IPL 

GPBK FMTCK 

Rst I ndex Passed 
Rst Prev Op Alg 
Test not Format Bit 
Rst Ctrl Tags & Bus 
Test not H3/H6 Trap 
Test not No-Op Cmd 
Rst SysO B6 (SIO) 
Set La Trap Lch 
Set P·reg = 92 
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COUNT 

II 

II Reset R ecal ibrate Controls 

• Drop control tag line and reset the 
control unit with chain-end-reset. 

• Wait for module to respond with its 
attention signal. 

m Reset Gated Attention 

• Set read-gate on bus-out and pulse the 
control tag line to reset module 
attention latch. 

• Test the seek-incomplete indicator to 
determine that the recal was completed. 

• Force the CC flag into the register to 
continue the operation. 

CI Set Head-Select Controls 

• Set head-select bit on the bus and 
raise the control tag line. 

• Set count of 22 for selection time-out 
using the write clock. 
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GPBK NEXTW1 1 

Rst Ctrl Tags & Bus 
Set Chain-End Rst 
Test for Read IPL 
Set CC Flag (FFL) 
RTN HI TRAP, Rst Lch 

WAIT FOR ATTENTION 

GPBK lADDR=D120 

BAL HI TRAP 
Test not CE Mode 
Rst Ctrl Tags & Bus 

Set Read Gate on Bus 
Pulse Control Tag 
Test not Seek-Inc 
Test for Read IPL 
Test for CC Flag 
Set Head Select Bit 
BAL FL 

GPBH I SELHD 

Rst File Flags 
Set Inhibit Traps 
Rst CS Count Area 
Set Sel-Hd on Bus 
Raise Control Tag 
Set No·Op in Op-reg 
Initial Hi CS Addr 
Set Minj Count 22 
Set Wr-Clock Gate 
Rst Inhibit Traps 
Test for H3 Trap 
RTN HI TRAP; Rst Lch 

I 



~ Perform Initial Selection 

• Tests are made for valid control-unit 
address, the interrupt latch, and the 
channel-busy latch to determine whether 
the operation can be performed. 

• A test is made to determine that the 
erase-to-index from a previous operation 
is not in progress. 

• A test is made of the first command to 
determine that it is not the sense 
command and the sense registers are 
reset. 

• A test is made for any unselected status 
conditions indicating equipment failure. 

o The addressed module is selected to 
determine whether there is any selected 
status to prevent operation. 

o Set the P-register for I FA operation and 
zero the operating registers. 

GLAA 
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CHANAD 001 

Decode IFA (Chnn 1) 
Set Chan 1 I nd 

GPAA J FRIC 

Move CAW to CS 
Set SysO B6 (SIO) 
Rst CPU CK Register 
Enter CU & Drives Num 
Test not Test Chan 
Test for Val CU Num 

GPAA 1 NOCU10 

Test not CHB/INT 
Set Inhibit Traps 
Test not Test Chan 
Test not Er-to-I nx 
BAL Y 

GPAA I CONCaN 

Test not Con-con 
Rst S7-bit for Ind 
RTN Y; Add 4 

GPAA 1 CKEG 10 

Test not CUE Status 
Test for SIO Op 
Test not Sense Cmd 

GPAA I A1000 

Test not S7 (Con-con) 
Test not HIO or HDEV 
Zero Sense Registers 
Test not Unsel Status 
BAL Y 

GPAA I MODSEL 

Test not I nv Dev Addr 
Set CUA Load 
Rst Module Number 
Set CU Num in Dev-Id 
Select Drive 
Set SysO B6 (SIO) 
Zero Bus 
RTN Y; Add 4 

GPAA ~ A15 01 

Test not Unsafe 
Test not Multi-Module 
Test for On-Line 
Test not Seek-Inc 
Test not Access-Busy 
Test not Sel Gtd Attn 
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m End Initial Selection 

• Request low trap and loop at this point 
if the entry is from the load-IPL sequence. 

• If the read-IPL is initiated by a start-I/O 
instruction, the operation is returned 
to I-cycles. 

I! Set Controls for Recallbrate Operation 

• Test file mask to determine that the 
recalibrate is allowed. 

o Set return-to-OOD on bus-out and 
time-out for 4 usec. 

• Raise control tag I ine and set recal ibrate 
time-out for 16 msecs. 

? 
/ 

GLAA CNDCDE a 
Set Cond Code 0 
Set P-reg 3-bit 
Test not H5 Trap 
RTN LNK (I-Cycles) 

WAIT FOR LO TRAP 

GPBI( I ADDR=D48 

BAL LO TRAP 
Rst Ctrl Tags & Bus 
Test for H6 Trap 
Set P-reg = 95 
Decode Rd IPL (recal) 
Test File Mask for Sk 

o 

GPBK I RECAll a 
Set Rtn to 000 on bus 
Set No-Op in Op-reg 
Set TO for 4 usec 
Raise Ctrl Tag 
Set Count for 16 msec 
Set Wr-Clock Gate 
BAL FL 

GPBK I MOVESK 1 

RTN LO TRAP; Rst Lch 

I 

WAIT RECAL TIMEOUT 
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o Set Wait for Index Controls 

• The no-op mini·op is set with the index
hold modifier to wait for the index point. 

• A count of 27 is set for a delay after index 
detection. 

!I Set Controls for Reading the Count Field 
of Record 1 

• The operation is transferred to the read
op routine as a read-data command. 

• The count field of record 1 must be 
located and read for the length information. 

• The control-storage address and count are 
set to enter the count-field information. 

• The DE sync byte is set to identify the 
count field. 

• The read-data mini-op is set without 
modifiers along with a count of 34. 

• The read data into control-storage 
gating is used to enter the information. 

• Counter is forced to 8 for AM search. 

13 Set Controls to Skip-Through the Key 
Field 

• Enter count-field information into local 
storage for processing. 

• The key field may not be present, but it 
is not stored because this is not a key 
operation. 

• The read-data mini-op is set with the AM 
and skip modifiers to skip-through the 
key field. 

• If no key field is present, the mini-op 
is not used. 
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GPBH INDEX 

Set No-Op, Index Op 
Rst Orientation Lch 
Set Mini Count 27 
RTN HI TRAP; Rst Lch 

WAIT FOR INDEX 

GPBH FINDOE 
Set OE Sync Byte 
Set Read-Data in Op 
Set CS Addr FFF3 
Set CS Count = 9 
Set Mini Cnt 34 (9 + 25) 
Rst Count Ready 
Rst CCW-OfWLR Lchs 
Load Sync Byte 
Rst Hi/LofCC Err Lchs 
Set CS, ent Rdy, In 
RTN HI TRAP;Rst Lch 

READ COUNT FIELD 

Enter R,KL,DL (LS) 
Enter Flag Byte (LSI 
Test not HAfCnt Op 
Test not Key Op 
BALFL 

GPBH SKPKEY 

Set RdDataAM,skip Op 
Rst Count Ready 
Test for No K L 
RTN FL; Add 4 
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Load (lPL Operation (Read IPL) Contd. 

D 
FIELD DATA GAP 

DATA CB TRACK END 

BYTES DL 4 Variable 

VFO HOME ADDRESS 
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l! Set Controls for Reading the Data Field 
GPBD ZZERO 01 

• Set the read-data llJini-op without 
modifiers for the operation. 

Test not End-of-File 
Set Read Data in Op 

• The 09 sync byte is set to identify the 
BAL FL 

data field. 
GPBH RDDATA 

• The DL (24) plus 25 is set into the Rst I ndex Passed 

counter for the transfer. Rst Count Ready 
Rst CCW-O/WLR Lchs 

• The read data into main-storage gating Load 09 Sync Byte 

is used to enter the 24 bytes starting at Rst Hi/Lo/CC Err Lchs 
Set Mini Cnt DL + 25 

address 0000. Set Data Field Lch 

• Counter is forced to 8 for AM search. 
Test for Read Op 
Set MS, Cnt Rdy, In 
RTN HI TRAP; Rst Lch 

READ DATA FIELD 

(lg Test For Errors and Chain 

• The CPU machine-check circuits detect 
transfer errors and branch the routine 
to the I FA controls for end ing. 

• The command flags are tested for the 
appropriate bits to allow continuing the 
operation. 

• Because the CC flag was forced during Test not CD Flag 

the read-I PL routine, the next CCW is Test not I L Lch 

entered from address 0008. Test for CC Flag 

• The load-I PL operation continues by 
processing chained CCWs until the chain 
is broken before ending. 

VFO 

m Test Error Conditions for Ending 

• The previous information in the status 
and sense registers is cleared. 

• The channel-end and device·end status 
bits are set. 

• The status conditions of the disk file 
are tested, and appropriate sense bits 
are set. 

• The control-unit error conditions are 
tested, and appropriate sense bits are 
set. 

• The sense information is stored, and the 
required status bits are set for the ending. 

VFO 

NOTE 

The IPL operation 
continues, processing 
the chained string, 
until the CC flag is 
dropped. The CCWs 
entered at addresses 
0008 & 0010 (Hex) are 
used, followed by 
other TIC'd-to CCWs. 

GPCG ENTRYl 10 

Zero Sense Registers 
Zero Device Status 
Set CE & DE Status 
Test for On-Line 
Test not Unsafe 
Test not Multi-Module 
Test not Wr-Cur-Err 
Test not CC Error 
Test not SID Error 
Test not EOC 
Test not Seek-Inc 
Test not Trk Overrun 
Test not Mis-Addr-Mrk 
Test not Bus-O Parity 
Test not Data Check 

GPCG ENTRY50X 

Set Chan Status in LS 
Test not Cmd/Data Ovrn 
Test for Zero CCW Cnt 
Test not WLR Lch 
Rst Cmd Chain 
Test no Sense to Store 
Test not Con-con 
BAL FS 

13 

COUNT 

m Set Interrupt Buffer and End Operation 

• The UCW information and the status are 
stored in the interrupt buffer in control 
storage. 

• If no unit-check conditions were detected, 
the operation ends without posting a 
logout. 

• The load-I PL operation branches to the 
GMMS routine to reset the load indicator. 

• The P-register is adjusted for CPU 
operation. 

• After setting the PSW entry address to 
0000, the new PSW is entered. 

• The PSW factors are tested and positioned 
as the c;urrent PSW before returning the 
operation to the I-cycles routine. 
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GPCG FRMIC 

Rst S-register 
Test for I FA Trap Bit 
RTN FS; Add 4 

Test for Load IPL 
Store 1st Word UCW,IB 
Store 2nd Word UCW,IB 
Test not Format Bit 
Test not Unit Check 
Test not Erase Gate 
Save FTAG for Logout 
Rst Count Ready 
Rst Ctrl Tags & Bus 
Rst Cmd Overrun 
Deselect Module 
Test for Load IPL 

GMMS IPLOFF 

Rst IPL Lch (SYS2) 
Rst H-register 
Set P-reg = 52 
Rst S-register 
St Intp Code in MS02 
Zero V-re PSW Addr 

GIPW SSMLPW 10 

Enter New PSW, MSOO 
Test and Pas Factors 
Rtn I-Cycles for Op 

END 



SEARCH COMMANDS 

• Search commands compare main-storage data with data 
read from a track to locate a specified matching condition. 

• The search commands can be performed on a single-track or a 
multi-track basis. 

• 'Only a search equal command that is not truncated allows 
subsequent writing of information.: 

Single Track Multi-Track 

Command Codes Hex Binary Hex Binary 

Search, 
Home Addr Equal 39 0011 1001 B9 1011 1001 

* Identifier Equal 31 0011 0001 B1 1011 0001 
Identifier High 51 0101 0001 Dl 1101 0001 
Ident Equal/High 71 0111 0001 Fl 1111 0001 

*Key Equal 29 0010 1001 A9 1010 1001 

Key High 49 0100 1001 C9 1100 1001 

Key Equal/High 69 0110 1001 E9 1110 1001 

Search commands fall into two groups. The search equal group is 
used for positive identification of an area and is required for all 
writing sequences and some reading sequences. The search high 
and search high/equal groups are normally used for table lookup 
operations. This group cannot be used to locate for a writing 
sequence. Both groups of commands perform the same function. 
The data from the specified track is compared with data from a 
specified address in main storage. The output condition of the 
compare unit sets the status-modifier bit as an indicator when the 
result matches the command type. The search commands are not 
inhibited by the file mask. 

The normal command-chain sequence for a search operation is 
the appropriate search command followed by a TIC-8 command 
and then the read or write command to be executed. The search 
command is performed; and if the match condition does not occur, 
the TIC-8 command is read to re-execute the search command. 
This continues until the status-modifier bit is set, indicating that 
the match has been made_ The status-modifier bit causes the TIC-8 
command to be skipped, so that the next command to be executed 
is the read or write. 

Search commands can be performed on a single-track basis or on 
a multi-track basis_ For a single-track search, all records on the 
track can be searched for a match. If no match is found, the 
operation is ended after passing the index point twice. 

In a multi-track search, when the index point is reached, the 
-control unit advances the head selection to the next sequential 
head and continues the search. If no match is found, the search 
continues through the last track of the cylinder before ending the 
operation. Bit a of the command byte defines the multi-track 
function. A seek operation must be performed before the multi
track operation to ensure that the correct head number is in local 
storage. If the full first track is to be searched, either a read·HA or 
read-RO command should precede the ~earch. 

*These commands are more completely detailed on the following 

pages. 

~ j 

-'" .. , , 

~I' ,~ 

Fixed Write 
.... data ~ data ~ -r 

FDR SERDES ~ 

Compare 

<-= A. 
JL215 Read 

~ "' 
JL012 AI' data 

JK411 

~ ""'- .L - -

A normal search is for the full area of the field specified. A short 
or truncated search may be performed by using a smaller CCW count 
and the SLI flag set on. If that portion of the record meets the 
requirements, the status-modifier bit is set. No write commands 
can be performed after a short search. 

During search operations with key and data fields, two data 
paths are present to provide the two sets of information to the 
compare circuits. The CPU and the main data paths of the I FA 
are set up for a write operation. Information from CPU main 
storage transfers with share cycles one byte at a time to enter 
the FDR register. As a byte is required, it transfers to the SERDES 
from the F D R and a request is made for another share cycle. The 
SERDES serializes the byte bit-by-bit to feed one side of the 
compare circuit (it does not feed the cyclic-check circu its). For 
the second path, information is being read serially from the 
selected file to feed the other side of the compare circu its and the 
cycl ic-check circuits (it does not feed the SERDES). The 
comparison is made bit by bit as the information is entering. 

Search operations on the home-address field and the count-field 
identifier are compared in the CPU ALU and do not use the I FA 
compare circuits. The information from the selected file is 
entered into control storage using a normal read operation. The 
comparison is performed following the full field entry. 

Search Home Address (HA) Equal command compares the home 
address as read from the track with data from the specified 
address area of main storage. In th is case the track information 
enters control storage and is compared to main storage by the 
CPU ALU. An equal compare sets the status-modifier bit. 

Record Identifier 

---------~,--------

Cylinder Head Rec. Key Cyclic 
Flag Data Len. 

Check No. No. No. Len. 

.I ~~--------------~~,----------------
Count Area 

I 

*Search Identifier (10) Equal command compares the five bytes 
of the record count field that represent the identifier with-the 
specified data address area in main storage. In this case the 
track information enters control storage and is compared to 
main storage by the CPU ALU. An equal compare sets the 
status-modifier bit. 

Search 10 High command compares the five-byte track record 
identifier with the data from the specified area of main storage. 
The information is read into control storage and compared by 
the CPU. If the value of the track record identifier is greater 
than the value in storage, the status-modifier bit is set. 

Search 10 Equal or High command compares the five-byte track 
record identifier with the data from the specified area of main 
storage. The information is read into control storage and 
compared by the CPU. I f the value of the track record identifier 
is equal to or greater than the value in storage, the status
modifier bit is set. 

*Search Key Equal command compares the key field being read 

from the track record with the data from the specified address 
of main storage. The information is compared by the I FA 
compare circuits. An equal compare sets the status-modifier 
bit. 

Search Key High command compares the key field being read 
from the record track with the data from the specified address 
area in main storage. The information is compared by the I FA 
compare circuits. If the value of the track key field is greater 
than the value in storage, the status-modifier bit is set. 

Search Key Equal or High command compares the key field from 
the track with the data from the specified address' area in main 
storage. The information is compared by the I FA compare 
circuits. If the value of the track key field is either equal to or 
greater than the value in storage, the status-modifier bit is set. 
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Scan Commands 

• The scan commands are selective search commands. 

• An FF-byte stored in any position of the search argument in 
main storage suspends the compare for that byte of the record. 

• The scan commands can be chained in either single-track or 
multi-track mode for operation. 

Single Track Multi-Track 

Command Codes Hex Binary Hex Binary 

Search (Scan), 
* Key/Data Equal 2D 0010 1101 AD 10101101 

Key/Data High 4D 0100 1101 CD 1100 1101 
Key/Data Eq/High 6D 0110 1101 ED 11101101 

The scan commands provide a means of selectively searching file 
records. I nstead of requ iring that all bytes of a record match the 
stored argument, the scan commands allow selective bytes to be 
matched. When any byte of the search argument is set to F F, the 

IFA suspends the compare for that byte. The scan commands 
extend the search from the key field through the data field. The 
search is of the data field only, when no key field is written. If 
DL = 0, the EOF indicator is set and the data is not compared. 

The scan function provides three commands that can be used 
for either single-track or multi-track operation. These commands 
are normally chained in the same manner as the normal search 

commands, the TIC command being used to repeat the scan
search until the desired record is found. The status-modifier bit is 
presented when the selected bytes of the record match the 
masked argument as defined by the command. A short or 
truncated search is also possible with the scan commands by 
setting the CCW count to the lower number of bytes. 

For the single-track scan commands, all records on the 
addressed track can be read for the match. If no match is found, 
the operation is ended after passing the index point twice. 

For multi-track scan operations, the records on the addressed 
track are read until the index point is encountered. If no match 
has been detected, the control-unit advances the head selection 
to the next sequential head and continues the search. The operation 

*These commands are more completely detailed on the 
following pages. 

continues and the heads are switched with each passing of the 
index point until the match is found or the end-of-cylinder 
condition is reached. A seek operation must be performed before 
the multi-track sequence so that the correct head number is in 
local storage. Either a read-HA or a read-RO command should 
precede the scan-search to ensure a search of all the records on 

the first track. 

Search Key and Data Equal command compares the scan argument 
in main storage with the information read from the key and 
data fields of the current record. An equal compare indication 
by the I FA compare circuits sets the status-modifier bit. 

Search Key and Data High command compares the scan argument 
in main storage with the information read from the key and 
data fields of the current record. If the value of the track 
record is greater than the argument in main storage, the status
modifier bit is set. 

Search Key and Data Equal or High command compares the scan 
argument in main storage with the information read from the 
key and data fields of the current record. If the value of the 
track record is either equal to or greater than the argument in 
main storage, the status-modifier bit is set. 

Continuing Scan Commands 

• Continuing scan commands allow restarting interrupted record
overflow operations. 

• These commands are originated from sense byte 5 when the 
operation is interrupted. 

• The continuing command defines the original command or the 
status-modifier setting if the final condition has been 

determined. 

Single Track Multi-Track 
Command Codes Hex Binary Hex Binary 

Continue Scan, 
Search Equal 25 0010 0101 A5 10100101 
Search High 45 0100 0101 C5 1100 0101 
Search Equal/High 65 0110 0101 E5 11100101 
Not Status Mod 55 0101 0101 D5 1101 0101 
Set Status Mod 35 0011 0101 B5 1011 0101 

or 75 0111 0101 F5 1111 0101 

When the scan commands are issued for long records written in the 
record-overflow mode, the CCW count is for a record on two or 
more tracks. I f the record execution is interrupted for any reason, 
the operation is halted to allow the program to correct the condition. 
The normal reason for this interruption is the detection of a 

defective or alternate track following head switching. The control 

unit stores the indication of the initiating command and the match 
condition reached in sense byte 5. From this information, the CSW, 
and the original CCW sequence, the program can restart the 
operation after seeking to the appropriate track. 

The conditions that must be defined when the scan-search is 

interrupted are: 
1. The original command condition of high or equal if the match 

has not been decided. 
2. The final setting for the status-modifier bit if the match has 

been decided. 
For example, if during an equal search the first segment was high, 

the continuing command says do not set the status-modifier bit. 
If the first segment had ended with an equal condition, the search
equal continuing command is given. 
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Continue, Search Equal command calls for a continuance of the 
scan-search-equal command from the point that the operation 
was interrupted. The match condition has not yet been decided. 
The'remainder of the record is compared in the normal manner. 
The status-modifier bit is set if the remainder of the record 
compares with the argument. 

Continue, Search High command calls for continuance of the 
scan-search-high command from the point that the operation 
was interrupted. The match condition has not been decided. 
The remainder of the record is compared in the normal 
manner. The status-modifier bit is set if the remainder of the 
record is greater than the argument. 

Continue, Search High/Equal command calls for continuance of 
the scan-search-high/equal command from the point that the 
operation was interrupted. The match condition has not been 
decided. The remainder of the record is compared in the normal 
manner. The status-modifier bit is set if the remainder of the 
record is either equal to or greater than the argument. 

Continue, Do Not Set Status Modifier command calls for 
continuance of any scan-search command from the point that 
the operation was interrupted. The match condition has been 
determined as a mismatch and the status-modifier bit is not to 
be set for the ending status. The operation is completed to 
determine that no error conditions develop. 

Continue, Set Status Modifier command calls for continuance of 
any scan-search command from the point that the operation 
was interrupted. The match condition has been determined 
as a match, and the status-modifier bit is to be set for the ending 
status. The operation is completed to determine that no error 
conditions develop. 



Search I D Equal, SIO - Equal Match 

The search-I D-equal command provides the means of locating a specified record 
on the track or cylinder. The command does not require a specific command 
sequence to perform, but it is normally followed by the TIC command. When 
the search ends in a match, the TIC command that follows is skipped and the 
second following command is performed. If the match does not occur, the 
TIC command causes the search command to repeat on the next record. If it 
is desired to start with the first record of the track, the search-I 0 command 
should be chained from the read-HA comlJ1and. The search-I D-high and the 
search-ID-high/equal commands are performed in the same manner but with 
different match conditions. (A write operation can follow only the search
equal command.) It is assumed for this diagram that the search-I D-equal 
command is the first in a command sequence and that the operation ends in 
a match. 

The search-I 0 command is decoded as a search command. Because this is the 
first command, the head must be selected. (The control unit is not oriented.) 
Orientation occurs when the first count field is identified. In the case of a 
second search, the key- and data fields are not clocked-through, and the count 
field is located in the same manner as for the first search. If the search results 
match the command requ irements, the status-modifier bit is set to cause the 
next command to be skipped (TIC). 

The count-field information is entered into control storage in the same 
manner as for a read-count field operation. Following the entry, the I FA 
enters the information from the specified data address in main storage for 
comparison. The compare operation is performed in the CPU ALU. The main
storage information is not retained for subsequent searches. 

m Enter the Search-ID Equal Command 
as the First Command 

• When the search command is the first 
command of the sequence, the head 
must be selected. 

• The search-I 0 comma)1d does not 
require consideration of either the file 
mask or the previous-op algorithm. 

START 

Test for Valid Sch-Id 
Test not Er-to-Inx 
Test not Head Sel 
BAL FL 

FIELD 

BYTES 

FF Bytes 

Set Select-Head Controls 

• Set select-head bit on bus and raise the 
control tag line. 

• Set count of 22 for selection time-out. 

• The write-clock gate is raised to control 
the countdown. 

LiJ Set Controls for Reading a Count Field 

• Set up the control-storage address and 
count for entry of the count field. 

··IH··IKLID~fD~ r 
COUNT 

GPBH SELHD 

I 
Set Sel Hd on Bus 
Raise Control Tag 
I nitial Hi CS Addr 
Set No-op Mini-op 
Rst CS Count Area 
Set count 22 
Set Write Clock Gt 
Test not Trap Entry 
Rst Sys-O Bit-6 (SIO) 

Set Cond Code 0 
Set P-reg Bit 3 on 
Test not H 5 Trap 
RTN I-CYCLES 

HEAD SELECT DELAY 

Set OE Sync Byte 
S8t Prev Op Alg 
BAL FL 

• Set the read-ddta mini-op without 
modifiers and a count of 34 for the 
operation. 

• The OE sync byte is entered to identify 
the field. 

• The read data into control storage gating 
is set fo r the operation. 

• Counter is forced to 8 for AM search. 

iii' . 
... Test for No Errors and Compare with 

Identifier From Main Storage 

• Test for good track and no transfer 
errors. 

• Enter identifier information from main 
storage one byte at a time. 

• Compare with identifier read from file 
using the CPU ALU. 

• Set status-modifier bit if ALU compare 
matches conditions specified by the 

command. 

1:1 Test for Errors and Chain 

• The CPU machine-check circuits detect 
transfer errors and branch the routine to 
the I FA controls for ending. 

• The command flags are tested for 
appropriate bits to allow continuing 

the operation. 

• If the CC flag is set, the next command 
is entered. 

GPBH SETCSA 

Set Read Data Op 
Set CS Addr FFF3 
Set CS count 9 
Set count 34 (9 + 25) 
Rst Count Ready 
Rst CCW-O/WLR Lchs 
Load Sync Byte 
Rst Hi/Lo/CC Err Lchs 
Set CS, Cnt Rdy, In 
RTN HI TRAP; Rst Lch 

Test for no Errors 
Test for Sch lOOp 
Test for CCW-O 
Get Flag Byte (CS) 
Enter Cyl/Hd into LS 
Test 1 st Rec/not MAM 
Save F lag Byte (LS) 
Enter R,KL,DL (LS) 
Test for Sch lOOp 

GPBC COMPAR 

Ent MS Cyl Byts, Camp 
Ent MS Hd Byts, Camp 
Ent Ms Rec Byt, Camp 
Test for CCW-O 
Test for No Error 
Test Op-Eq & Comp-Eq 
Test not Ofl Rec!DefTK 
Set Prev Op Alg 
Set Status Modifier 
Test not CD Flag 
Test for CC/not SLI 
Test not I L 
Test for Status Mod 

END 
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Search Key, Search Key - No Match 

The search-key commands provide a means of identifying a record from the 
associated key information. The commands may be used to locate the record 
in the manner of the search-ID commands, or they may be used for positive 
identification in random storage systems. The search-key commands are 
normally followed by the TIC command. The search-key command may 
specify equal, high, or high/equal matches for the compare. When the search 
ends in a match, the TIC command that follows is skipped and the second 
following command is entered. If the match does not occur, the TIC command 
causes the search command to repeat on the next record. If it is desired to 
start the search with the first record of the track, the search-key command 
should be chained from read-HA command. It is assumed for this diagram 
that search-key command followed an unseccessful search-key command 
and that the present search did not result in a match. 

The search-key commands are decoded as search commands. Because a 
previous search command was performed, the head is selected. The count 
field for the next record must be read in to obtain the length information. 
This is followed by the search-key operation. If the search results in a match, 
the status-modifier bit is set to cause the next command to. be skipped (TIC). 

For the search-key operation, the key-field information being read enters 
one side of the compare unit as a read operation. The information from the 
specified data address in main storage enters the SERDES and is serialized to 
feed the other side of the compare unit. The key-field information read also 
enters the cyclic-code and bit-count registers to perform the data checks. The 

. information from main storage has the normal write checks. 

m Enter the Search Key Command After 
a Previous Search 

• Because the search is not the first data 
command, the head is already selected. 

• The search-key command does not 
require consideration of either the file 
mask or the previous-op algorithm. 

START 

Test for Valid Sch-Key 
Test for Head Sel 
Test for Sch-K Orient 
Set Previous Op Alg 
BAL FL 

FIELD 

BYTES 

VFO 

III Set Skip-Through Data Field Controls 

• The data field is clocked with the read
data-AM-skip mini-op. 

• The operation is the same as the clock
through operation except that a data 
check condition cannot occur. 

• A count of DL plus 25 is entered and 
a sync byte of 09 is set. 

• The store data in main storage gating is 
set, but no data is transferred. 

D1 Set Controls for Reading a Count Field 

• Set up control-storage address and count 
for entry of the count field . 

• Set the read-data mini-op without modifiers 
and a count of 34 for the operation. 

• The OE sync byte is entered to identify 
the field. 

• The read data into control-storage gating is 
set for the operation. 

SKPDAT 

Set Rd-Data,AM,Skip Op 
Rst Count Ready 
Rst CCW-O/WLR Lchs 
Set 09 Sync Byte 
Rst Hi/Lo/CC Err Lchs 
Set Count DL + 25 
Set Data Field Latch 
Test for Data Op 
Set MS, Cny Rdy, In 
RTN HI TRAP; Rst Lch 

SKIP DATA FIELD 

Set DE Sync byte 
Set Read Data Op 
Set CS Addr FFF3 
Set CS count 9 
Set count 34 (9 + 25) 
Rst Count Ready 
Rst CCW-O/WLR Lchs 
Load Sync Byte 
Rst Hi/Lo/CC Err Lchs 
Set CS, Cnt Rdy, In 
RTN HI TRAP; Rst Lch 

READ COUNT FIELD 

o 

COUNT 
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m Set Controls for Searching the Key Field 

• Transfer the count-field flags and lengths 
to local storage for the operation. 

• Set the read-data mini-op with the search 
modifier along with a count of KL plus 25 . 

• The 00 sync byte is entered to dientify 
the field. 

• The read data from main-storage gating 
is s.et for the operation. 

• The search argument is transferred from 
main storage to SERDES and serialized. 

• The serialized argument is compared 
with the key-field information being read. 

g Test for Compare, Errors, and Chain 

• Set the status-modifier bit if the compare 
output matches the conditions specified 
by the command. 

• The CPU machine-check circuits detect 
transfer errors and branch the routine 
to the IFA controls for the ending. 

• The command flags are tested for 
appropriate bits to allow continuing the 
operation. 

• If the CC flag is set, the next command 
is entered. 

Test for No Errors 
Test not Sch-ID Op 
Get Flag Byte (CS) 
Enter Cyl/Hd into LS 
Test Flags, not MAM 
Save Flag Byte (LS) 
Enter R,KL,DL (LS) 
Decode Sch-Key Op 
Test for Key Field 
BAL FL 

GPBH SCHKEY 

Set Rd-Data, Sch Op 
Test for K-field 
Rst Count Ready 
Rst CCW-O/WLR Lchs 
Load OA Sync byte 
Rst Hi/Lo/CC Err Lchs 
Set count KL + 25 
Test for Sch/Scan Op 
Set MS, Cnt Rdy, Out 
RTN HI TRAP; Rst Lch 

SEARCH KEY FIELD 

I ADDR=D128 

Test Hi/La bits (Lo) 
Zero Device Status 
Test for CCW-O 
Test not CD Flag 
Test for CC/not SLI 
Test not Status Mod 



Search KD (Scan), Sch KD - Eq Match 

The search-KD (scan) commands provide the means of selective searching 
specific portions of records for defined information. The commands differ 
from the conventional search key in that when the stored argument contains 
an F F-byte that position is not compared. The normal command sequence 
for loc~ting and identifying the record is read-count, search KD, and TIC-16. 
The identifier for the record to be scanned is stored for use when the match 
occurs. The search-KD command may specify equal, high, or high/equal matches 
for the compare. When the search (scan) ends in a match, the TIC command 
that follows is skipped and the secon"d following command is entered. If the 
match does not occur, the TIC command causes the read-count and the search
KD commands to be repeated for the next record. It is assumed for this 
diagram that the search-KD was command-chained directly to a previous 
search-KD command. This causes the read-count operation to occur within 
the search-KD command. It is also assumed that a match occurred with the 
current command. 

The search KD (scan) commands are decoded as search commands. Because 
a previous command was executed, the head is selected. The count field must 
be read to obtain the length information. This is followed by the search-KD 
operation that includes first the key field; then the data field. The mini-op 
scan modifier is set along with the search modifier to recognize the FF-bytes. 
If the search results in a match, the status-modifier bit is set to cause the next 
command to be skipped (TIC). 

For the search-KD operation, the key-and data-field information being read 
enters one side of the compare unit except during the bytes indicated by the 
FF-bytes. The information from the specified data address in main storage enters 
the SE R D ES and is serialized to feed the other side of the compare unit. The 
entire key- and data-field information read also enters the cyclic-code and the 
bit-count registers to perform the data checks. The information from main 
storage has the normal write checks. 

Ii! Enter the Search-KD Command After a 

Previous Search 

• Because the search is not the first data 
command, the head has been selected. 

• The search-KD command does not require 
consideration of either the tile mask or the 
previous-op algorithm. 

START 

Test for Valid Search 
Test not E r-to-I nx 
Test for Head Sel 
Test for Data Orient 
Set OE Sync Byte 
Set Prev 0 p to Zero 
BAL FL 

F F Bytes 

VFO 

m Set Controls for Reading the Count Field 

• Set up control-storage address and count 
for entry of the count field. 

• Set read-data mini-op without modifiers 
and a count of 34 for the operation. 

• The OE sync byte is entered to identify 
the field. 

• The read data into control-storage gating is 
set for the operation. 

m Set Controls for Searching the Key Field 

• Transfer the count-field flags and lengths 
to local storage for the operation. 

• Set the read-data mini-op with the search 
and scan modifiers along with a count of 
KL plus 25. 

• The OC sync byte is entered to identify 
the field. 

• The read data from main-storage gating is 
set for the operation. 

• Counter is forced to 8 for AM search. 

• The search argument is transferred from 
main storage to the SERDES and serialized. 

• The serialized argument is compared with 
the key-field information being read (F F 
bytes are not compared). 

COUNT 

GPBH 

Set Read Data Op 
Set CS Addr FFF3 
Set CS count 9 
Set count 34 (9 + 25) 
Rst Count Ready 
Rst CCW-O/WLR Lchs 
Load Sync Byte 
Rst Hi/Lo/CC Err Lchs 
Set CS, Cnt Rdy, In 
RTN HI TRAP; Rst Lch 

READ COUNT FIELD 

Test for No Errors 
Set S-Reg B6-7 
Get Flag Byte (CS) 
Pass MAM Test 
Save Flag Byte (LS) 
Enter Cyl/Hd into LS 
Enter R,KL,Dlinto LS 
Decode Scan Op 
Test for Key Field 
BAL Fl 

GPBH 

Set Rd-Dat/Sch/Scn Op 
Test for Key Field 
Rst Count Ready 
Rst CCW-O/WLR lchs 
Load OA Sync Byte 
Rst Hi/lo/CC Err lchs 
Set Count to Kl +25 
Test for Sch/Scan Op 
Set Ms, Cnt Rdy, Out 
RTN H I TRAP; Rst Lch 

m Set Controls for Searching the Data Field 

• Set the read-data m ini-op with the search 
and scan modifiers along with a count of DL 
plus 25. 

• The 09 sync byte is intered to identify 
the field. 

• The read data from main-storage gating is 
set for the operation. 

• Counter is forced to 8 for AM search. 

• The search argument is transferred from 
main storage to the SERDES and serialized. 

• The serialized argument is compared with 
the data-field inform ation being read (F F 
bytes are not compared). 

II Test Compare, Errors, and Chain 

• Set the status-modifier bit if the compare 
output matches the conditions specified 
by the command. 

• The CPU machine-check circuits detect 
transfer errors and branch the routine to 
the IFA controls for the ending. 

• The command flags are tested for 
appropriate bits to allow continuing the 
operation. 

• If the CC flag is set, the next command 
is entered. 

SCAN KEY FIELD 

GPBH 1 ADDR=D128 

BAL HI TRAP 

J RTN FL; Add 4 

GPBC 1 SCANOP 10 
Store Key Hi/La Bits 
Test not CCW-O 
Test not EOF 
Zero Device Status 
BAl Fl 

GPBH 1 SCAND 

Set Rd-Dat/Sch/scn Op 
Rst Index Passed 
Rst Count Ready 
Rst CCW-O/WlR lchs 
load 09 Sync byte 
Rst Hi/lo/CC Err Lchs 
Set Data Field lch 
Set count Dl + 25 
Test for Sch/Scan Op 
Set MS, Cnt Rdy, Out 
RTN HI TRAP; Rst Lch 

I 
SCAN DATA FIELD 

Test Key Hilla for Eq 
Enter Data Hilla Bits 
Test not Ofl Record 
Test Hilla Bits for Eq 
Test for Sch-Eq Op 
Test not Unit Except 
Set Status Modifier 
Test for CCW-O 
Test not CD Flag 
Test not I l 
Test for CClnot SLI 
Test for Status Mod 

END 
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TRAP AND ENDING OPERATIONS 

I FA operating sequences use a group of trap routines to allow 
trapping into CPU operations and to end the operations. These 
are discussed under a common heading because of the direct 
relation between the error-trap routine and the ending. 

Trap Routines 

• Trap routines allow the hardware to request CPU (I FA) time 
to process a condition encountered. 

• An honored trap request interrupts the current operation to 
process the trap routine. 

• When the ~outine is completed, the CPU returns to the 
interrupted operation. 

The trap routines, when requested through hardware conditions, 
are allowed to interrupt the existing operation as soon as the 
operation priority permits. The address of the next step of the 
existing microroutine is stored as a link for return. The trap 
controls insert the address of the sequence for the requested trap. 
When the trap sequence is completed, the link address is entered 
to resume the interrupted sequence. 

The I FA has six trap routines that can be requested by hardware 
conditions. Four of the traps are of high priority, using'the H3 
indicator for trap control. This priority is below the machine
check trap but above all other channel traps. Two of the traps 
are of lower priority, using the H6 indicator that allows 
interruption by other channel traps. The following chart shows 
the traps, their priority, and the starting address of the trap 
microroutine: 

Gated Attention Trap H3 0120 GPBK 
*Index Trap H3 0124 GPCE 
Mini-Op (H igh) Trap H3 0128 GPBH 
*Error Trap H3 D12C GPCG 
Control (Low) Trap H6 0480 GPBK 
Diagnostic Trap H6 D48C GPDO 

Gated A ttention Trap is requested when the selected fi Ie has 
completed a seek operation and has responded with its 
attention signal. The trap routine responds by forcing the 
attention to reset and then proceeds with the next chained 
command. 

*Index Trap is requested when the index point is encountered 
during an operation without the index-start op-bit being set. 
If data is transferring, this represents an overrun and must be 
handled by the trap routine. I n cases where data is n~t 
transferring, the indicators are tested to determine whether 
the head should be advanced and the operation continued on 

* These traps are more completely detailed on the following 
pages. The remainder of the traps appear within other flow 
charts in this section. 

the next track. When the head is not advanced, a test is made 
for a previous index trap, indicating that the record is not on 
the track. The indicators are set, and the operation is branched 
to the ending routine. 

Mini-Op (High) Trap is set at the count-decode-20 time for each 
mini-op performed unless an error developed. This routine 
immediately enters the link stored in the FL-register to resume 
the command operation in progress. The trap is ended when 
the operation has loaded the next mini-op information and 
stored a new return link. 

*Error Trap is set at count-decode-20 time if an error condition 
has developed in the mini-op processing. When the error-trap 
sets, the mini-op trap is not set. The error indicators are set 
before allowing the operation to branch either back to the 
command operation or to the end ing routine. 

Control (Low) Trap is requested by the microroutine when a 
control command is processed. When the previous operation 
is completed, the file controls are disoriented; thus the high 
priority is not needed. The trap ends after the control command 
is initiated. 

Diagnostic Trap is set when the CE panel switches (2319) are set 
to perform inline diagnostics. The customer's program must 
not be using the I F A at the time. The trap ends after the 
diagnostic operation specified has been initiated. 

Ending Sequence 

• The ending sequence tests for error conditions to develop the 
appropriate sense and status bytes. 

• Ending during initial selection causes the status to store in the 
CSW. 

• After initial selection, the status is stored in the interrupt buffer 
until interrupt. 

The ending sequence provides the housekeeping to record the result 
of the operation and to reset the necessary controls. The entry to 
the routine can be as the result of detected error cond itions or it 
can be the result of completion of the programmed sequence. In 
either case the routine tests for all error conditions and stores the 
appropriate sense and status bytes. During initial selection, the 
status is stored in the CSW. When the operation is no longer in 
initial selection, the status is stored in the CSW. When the operation 
is no longer in initial selection, the status is stored in the interrupt 
buffer, starting at control-storage address F904 for access by the 
interrupt routine. The logout information is stored as required in 
this routine, if the operation is still in initial selection and the 
logout mask permits. The following sections show the information 
stored for each of these classifications. 

Sense Bytes 

• The sense information is stored in control storage for access by 
the sense command. 

The first four bytes of sense information are stored at control
storage address FFAC, from which the information is tnmsferred 
by the sense command. This section contains only a chart of the 
four sense bytes. The detail of these bytes is discussed under 
"Sense Command." 

Byte 0 Byte 1 Byte 2 Byte 3 

BitO Command Data Check Unsafe Ready 
Reject In Count 

Field 

Bit 1 Intervention Track On Line 
Required Overrun 

Bit2 Bus Out End of Serdes Unsafe 
Parity Cylinder Check 

Bit3 Equipment Invalid Selected Write Current 
Check Sequence Status Sense 

Bit4 Data Check No Record Cyclic-Code Pack Change 
Found Check 

Bit5 Overrun File Unselected End of 
Protected File Status Cylinder 

Bit6 Track Cond Missing Multi-Module 
Check Address Select 

Marker 

Bit7 Seek Check Overflow Seek 
Incomplete Incomplete 

Sta tus Bytes 

• Bits 32 through 39 of the CSW define the unit status. 

• Bits 40 through 47 of the CSW define the channel status. 

The status bits carry the standard System/360 channel designations, 
but in some cases are redefined for the I FA operation. The CSW 
bit numbers are shown after the bit name. 

Unit-Status Byte 

Bit 0 Attention (CSW-32) - Th is bit is not used for IF A/2319A 
operations. 

Bit 1 Status Modifier (CSW-33) - Th is bit is set as the result of a 
successful search-command operation to indicate that the 
condition has been found. The status-modifier bit is also set 
with the busy status (bit-3) to indicate control-un it-busy. 
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Bit 2 Control Unit End (CSW-34) - This bit is set if the cont.rol

unit-busy has been presented and the condition has ended. 
The control-unit-end bit is also set with the unit-check status 
(bit 6) when a check condition occurs after the device end. 

Bit 3 Busy (CSW-35) - This bit presented alone in an initial status 
indicates that the device is busy. The busy bit is also presented 
with the status modifier (bit 1) to indicate that the control unit 
is busy with an erase sequence. 

Bit 4 Channel End (CSW-36) - This bit is set at the end of the 
channel operation of each command. 

Bit 5 Device End (CSW-37) - This bit is set with the channel-end 
bit for most commands. The device-end bit is set later when 
the access mechanism is ready after a seek or recalibrate 
command. Device-end is also presented when an attached drive 
goes from not-ready to ready condition. 

Bit 6 Unit Check (CSW-38) - This bit indicates that an error 
condition has been detected in the program or in the file 
hardware. These conditions are defined by the sense bytes 
stored by the control unit. The sense information is available 
to the program through the sense command. If the unit-check 
bit is not set, it may be assumed that no significant sense 
information is stored, 

Bit 7 Unit Exception (CSW-39) -. This bit indicates that an end-of
file condition has been detected for any data operation except 
read-count, write-CKD, search-key, or search-ID commands. 
The unit-exception bit is also set for a data length of zero. 

Channel Status Byte 

Bit 0 Program Controlled Interrupt (CSW-40) - This bit indicates 
that the interrupt posting in the CSW was caused by the PCI 
flag in the CCW. 

Bit 1 Incorrect Length (CSW-41) - This bit indicates that the CCW 
count and the file record length did not agree and that the SLI 
flag was not set in the CCW. 

Bit 2 Program Check (CSW-42) - This bit indicates that some 
address, coding, or sequence in the program is not correct for 
the defined operation. The operation and chaining are suppressed. 

Bit 3 Protection Check (CSW-43) - This bit indicates that the 
storage protect key was violated for storage access during a file 
share-cycle. The condition is detected by the CPU circuits but 
is referred to the I FA for posting. The operation and chaining 
are suppressed. 

Bit 4 Channel Data Check (CSW-44) - This bit is set to indicate 
a bus parity error du ring IF A share-cycles. 

Bit 5 Channel Control Check (CSW45) - This bit indicates that the 
CPU detected an error other than storage protect or storage 



wrap during a file share-cycle. The condition is detected by the 
CPU circuits but is referred to the I FA for posting. The 
operation and chaining are suppressed. 

Bit 6 Interface Control Check (CSW-46J - This bit indicates that a 
mini-op command condition existed during the operation. 

Bit 7 Chaining Check (CSW-47) - This bit is not set by the I FA. 

Extended Logout 

• The I FA stores its logout in the same area as the selector 
channels. 

• The conditions for extended logout storage by the I FA are the 
same as for a selector channel. 

The I F A stores an extended logout either as part of the CC-1 
ending routine in initial selection or as part of the interrupt
handling routine when conditions require. No extended logout 
is stored unless either the channel-control or the interface
control check status bits are set. The logout must also be allowed 
by the logout mask (CR14 bit 2), and there must be space to 
store the full logout. 

The I FA logout is stored in the same area as the selector-channel 
logout starting at the address designated by the IOEL pointer 
(storage location 172). If the pointer address does not permit the 
full required logout to be stored within main storage, the logout is 
not stored. A short logout (10 words) is stored for I FA check 
conditions only. A long logout (19 words) is stored if the CPU 
machine-check conditions also exist. Byte 0 of word 1 defines the 
valid log as a byte count. 

Byte 0 Byte 1 Byte 2 Byte 3 

Word 1 Log Length FCH FCL FOP 

Word 2 FFL FCS FST FGL 

Word 3 FTO FTI FBO FOR 

Word 4 MCKA (Ext 07) 

Word 5 MCKB (Ext 06) 

Word 6 FORL 

Word 7 FO (LS 28) 

Word 8 FC (LS 29) 

Word 9 FM (LS 2A) 

Word 10 FW (LS 2B) 

Word 11 Retry Counts (CS F800) 

Word 12 Retry Register 1 (CS F804) 

Word 13 Retry Register 2 (CS F808) 

Word 14 Retry Register 3 (CS F80C) 

Word 15 Retry Register 4 (CS F810) 

Word 16 Control Word (CS F814) 

Word 17 System Register (CS F818) 

Word 18 I Register (CS F81C) 

Word 19 U Register (CS F820) 

IFA Extended Logout Assignments 
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Ending Sequence Flow Chart 

Entry to the ending sequence is from two normal points in operation. When 
no errors occur in the operation or when the errors are of a programming 
nature, the normal routine branches the operation to the ending routine. If 
there is a hardware-detected error resulting in an error trap, the operation 
goes to the ending routine if no functions are required from the operating 
routine. These conditions are discussed under the "Error Trap Sequence_" 
Two ending conditions exist depending on the entry condition. An initial 
selection entry returns to I-cycles, and a trap entry ends the trap. 

The ending sequence tests the file status and error conditions to set the 
appropriate sense and status indicators. For the initial selection entry, the 
status is stored in the CSW and the operation is ended with the CC-1 posted. 
A trap entry sets the interrupt latch and stores information in the interrupt 
buffer. In both cases the module is deselected and the controls are reset. 

m Test for Error Conditions 

• The previous information in the sense 
and status registers is cleared. 

• The channel-end and device-end status 
bits are set. 

• The status conditions of the disk file are 
tested, and the appropriate sense bits are 
set. 

• The control-unit error indicators are 
tested, and appropriate sense bits are set. 

• Store sense information and set requ ired 
status for ending conditions. 

• The routine branches between a trap entry 
and an initial selection entry. 

Zero Sense Registers 
Zero Device Status 
Set CE and DE Bits 
Test for On Line 

Test for Unsafe 
Test not Multi-Module 
Test not Wr-Cur-Err 
Test not CC Error 
Test not SID Error 
Test not EOC 
Test not Seek Inc 
Test not Trk Overrun 
Test not Mis-Addr-Mk 
Test not Bus-Out Par 

Set Chan Status in LS 
Test not Cmd/Dat Ovrn 
Test for Zero CCW Cnt 
Test not WLR 
Rst Cmd Chain 
Test no Sense to Star 
Test not Con-con 
BAL FS 

GP FRMIC 

Rst S-register 
Test for I FA Trap Bit 
RTN FS; Add 4 

I-CYCLE END 

START 

iii Assemble and Store CSW 

• The FT AG register is stored for later 
use in logout. 

II 

• Store channel and device status in the CSW. 

Reset Controls and Return to I-cycles 

• The module is deselected and the control-
unit is reset. 

• The operation is ended after posti ng CC-1 
and returning to I-cycles. 

TRAP END 

GPCG FIC 10 

Rst PCI Latch 
Rst Retry Code 010 
Save FT AG for Logout 
Rst File Tags 
Move Chan/Dev Stat LS 
Zero Bus 
Set P-reg 92 
BALQ 

GPAA YESTIO OX 

Store Device Status 
Store Chan Status 
Set Ext Chan Status 
Test not Ch Ctrl Chk 
Test not Intf Ctr! Chk 
RTN Q; Add 4 

Rst Chan Busy 
Rst Cmd Overrun 
Set Chain-End Rst 
Deselect Module 
Rst SysO B6 (SIO) 

GLAA CNDCDE 1 

Set Cond Code 1 
Set P-3 On 
Test not H5 Trap 
RTN I-CYCLES 

I-CY END 
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m Set I nterrupt Buffer and End Trap 

• The interrupt latch is set to cause an 
interrupt to store and handle the CSW 
conditions. 

• The UCW information in local storage 
is stored in the interrupt buffer in control 
storage. 

• The module is deselected, and the control 
unit is reset. 

FIC 11 

Test not IPL 
Set Interrupt Lch 
Store 1st Word UCW,IB 
Store 2nd Word UCW,IB 
Test not Format bit 
Test not Unit Check 
Test not Erase Gate 
Save FT AG for Logout 
Rst Count Ready 
Rst File Tags 
Zero Bus 
Rst Cmd Overrun 
Set Chiin End Reset 
Deselect Module 

GPCG RTNFTP 

Test not IPL 
Test for H 3 Trap 
Test not Mod Select 
Set Chain-End Rst 
RTN HI TRAP; Rst Lch 



Inde?, Trap to Advance Head 

When the index point is encountered without the index-hold modifier being. 
set in the mini-op, the hardware forces a no-op mini-op with a count of 27. 
When that count reaches 20 the index trap is set instead of the normal high 
trap. The index trap can result in one of three routines: 
1. A normal single-track operation without head advance. 
2. A multi-track operation to advance the head. 
3. A record-overflow operation to advance the head. 

The latter two routines are similar iA operation and differ from the first in 
the head advance. I n all cases, except when the command is to read either the 
HA or RO field, the home-address field is read into control storage. If the head 
has been advanced, the new head address is compared to ensure that the next 
track is being read. The previous mini-op and count are re-entered to continue 
the operation. 

For this diagram, the multi-track advance head routine is shown. The operation 
starts with the honoring of the index trap and ends with the return from the high 
trap following the HA entry. 

m Index-Trap Entry 

• The entry conditions are tested to 
determine that the trap is required. 

• The FOP, the counter, and the sync 
byte of the current operation are saved in 
control storage. 

iii Advance-Head Controls 

• Test to determine that the multi-track 
(or overflow) operation was in process. 

• Drop the head selection and determine 
that the present head address is less than 
19. 

• Test the file mask for previous seek and 
that the head seek is allowed. 

• Set the head-advance bit on the bus and 
time out for the advance. 

• Raise the head-select line and test for 
possible end-of-cylinder indication. 

START 

GPCE ADDR=D124 

BAL HI TRAP 
Test not C.E. Trap 
Test for Head Select 
Zero Sense Buffer 
Test not Wr·Gap Op 
Test not Index Hold 
Save Cnt and FOP (CS) 
Save F L Link Addr (CS) 
Save Sync Byte (FBO) 
Rst Rd·HA or RO I nd 
BAL FS 

GPCE RDHA 

Test not Ofl Record 
Test for M/T Op 
Drop Head Select 
Test not Alt/Def Trk 
Test not Inh Hd Seek 
Test for Prev Seek 
Test Hd Less/than 19 
Set TO for 3 usec 
Raise Head Adv 
Set TO for 1 usec 
Drop Head Adv 
Set TO for 6 usec 
Set Head Select 
Test not End of Cyl 

FIELD 

BYTES 

DATA GAP 

DATA CB TRACK END 

DL 4 Variable 

VFO, 

~ Set the Controls to Enter the HA Field 

• Set control-storage address and count 
for entry of the HA field. 

• The OD sync byte is entered to identify 
the field. 

• The read data into control-storage gating 
is set for the operation. 

m Test for Correct Head Switching 

• The overflow-record and single-track 
routines are branched at this point. 

HOME ADDRESS 

GPCE IXP 0 

Set CS Addr FFF3 
Set CS count 5 
Rst Count Ready 
Set count 30 (5 + 25) 

Set Data Field Lch 
Test not Ofl Record 
Set Read Data Op 
Rst Hi/Lo/CC Err Lchs 
Load OD Sync Byte 
Rst CCW-O/WLR Lchs 
Set CS. Cnt Rdy. In 
Set CS Transfer 
BAL FL 

READ HA FIELD 

• The flag byte is tested for a possible 
defective track. 

• The old head address plus 1 is compared 
with that read from the HA field. 

II Set the Controls for the Previous Operation 

• Set control-storage address and count for 
entry of the count field. 

• Restore FOP and count control storage. 

• The OB sync byte is entered to identify 
the RO record-count field. 

• The read data into control-storage gating 
is set for the operation. 

• The return from the high trap ends the 
index-trap sequence to advance the head. 

GPCE 

Test not CE Mode 
Test not Con·con 
Enter Flag Byte in LS 
Test not Ofl Record 
Test not HA or RO Op 
Test not Def Track 
Test for MIT Op 

GPCE ANYRO 11 

Camp Old Hd+l to New 
Test for Camp to Zero 
RTN FS; Add 4 

GPCE A0101 

Set CS Addr FFF3 
Set CS count 9 
Restore Count and FOP 
Restore FL Link Addr 
Rst Count Ready 
Test for Sch-I D Op 
Set Flag BO to 1 
Load OB Sync Byte(RO) 
Rst CCW·O/WLR Lchs 
Set CS, Cnt Rdy, In 
Rst CS Transfer 
RTN HI TRAP; Rst Lch 

END 

3145 TM 10-77 



Error Trap Sequence 

An error trap is initiated by the hardware when one of the following errors is 

detected during hardware operation: 

Multi-module selected 
Wrong sync 
MOP parity check 
Command overrun 
Data overrun 
I FA channel error 
Data check 

Unsafe 
Missing address mark 
Loss of on-line 
Write track overrun 
Write current error 
SERDES check 
CC hardware error 

The error trap occurs in place of the normal high trap when the count has 
reduced to 20. The error-trap routine can end in one of three routines depend
ing on· conditions. If an erase-to-index sequence is in progress, the routine 
stores the UCW in the interrupt buffer and ends the operation and the trap. 
When no erase-to-index is in progress, the operation and the check conditions 
are tested to determine the routine. Most conditions branch to the start of the 
normal ending sequence to post the sense and the status before ending the 
operation. Control-storage operations and write commands without errors are 
returned to the operation in progress to end that sequence before ending the 

operation. 

m Enter Index Trap 

• The error trap is a high-trap level with an 
address of D 12C. 

• A test is made to determ ine that the 
operation is not in CE mode. 

• The routine is branched into two 
paths depending on the presence of the 
erase-to-index indicator. 

III Store UCW in I B 

• The contingent-connection latch is set 
if there is a unit-check condition. 

• After the erase gate falls, the FT AG 
register is saved for logout. 

• The current UCW information is stored 
in the interrupt buffer in control storage. 

iii Reset and End Operation 

• The bus-out lines are cleared, and the 
file tag lines are reset. 

• The module is deselected, and the control 
unit is reset. 

• The H3 bit is reset, and the operation is 
returned to the trapped-into operation. 

START 

Set Con-con, if Unit Ck 
Wait for not Erase Gt 
Save FTAG for Logout 
Rst Count Ready 
Store 1st Word UCW,IB 
·Store 2nd Word UCW,I B 
~st File Tags 
Zero Bus 
Rst Cmd Overrun 
Deselect Module 

GPCG RTNFTP 

Test not Load IPL 
Test for H3 Trap 
Test not Mod Select 
Set Chain-End Rst 
RTN HI TRAP; Rst Lch 

START 

II 

II Test Hard Error Conditions 

TO START OF 
ENDING SEQUENCE 

• The hard errors unsafe, not on-line, and 
multi-module status are tested in the FDS 
register. 

• The data check is tested in the FSD 
register and the command overrun is tested 
in the FGT register. 

• The hard error test branches the write 
operations a direct ending and a return 
to the processing routine. 

Page 10-79 

Rst S-register 
Test not Hard Error 
Test for Data Chk 
Test for On-Line 
Test not Cmd Ovrn 
Set S-reg into LS 
RTN FS; Add 4 
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m Decode and Entry Conditions 

• The contingent-connection latch is set to 
indicate the condition_ 

• The command is tested for a write 
operation that requires a test for hard 
errors. 

• The storage entry is tested to determ ine 
whether main or control storage was being 
used. 

• Control-storage read operations are 
further tested for check conditions and 
for HA operations. 

• All conditions except a data-only error on 
an HA operation reset the chaining flags 
before continuing. 

Page 10-78 iii Branch to Ending Sequence 

• Read operations, search operations, and 
write operations with hard errors are 
branched directly to the ending routine. 

m Reset Chaining Indicators 

• CC flag indicator in the FFL external is 
reset. 

• The CC and CD flags in local storage FCD 
are reset to end the chaini~g. 

m Return to Trap Operation 

• A count of 4 is added to the link address 
stored before ending the last trap. 

• The operation returns to the point in 
the processing routine that would have 
been entered by the high trap_ 

TO START OF END SEQ 
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Rst ee & CD bits (LS) 
Rst es Transfer 
Set HIO Reset 

RTN TO OP IN PROe 

Page 10-78 
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IFA INTERRUPT ROUTINE 

The I FA interrupt routine handles the interrupt requests intiated by the I FA 
and disk files. The operation is similar to the interrupt-handling routine for 
selector channels. Entry to the routine occurs when the CPU honors a request 
of the I FA through a test of channel requests. 

The interrupt routine tests for the type,of interrupt (primary, CUE, PCI, and 
GAl to determine the path through the routine. The previous ending routine 
has posted the sense and status conditions in control-storage buffers. For the 
PCI interrupt, the information is sti II active in local storage. The status 
information is updated as required and stored in the CSW in main storage. The 
machine independent log is stored, and then the routine returns to the channel 
routines to interchange the PSWs. 

If either the channel-control or interface-control check conditions are posted, 
the I FA routine posts the mach ine independent log area along with the CPU 
log if differences exist. 

rJ Decode Channel 1 I FA 

• When the I-cycles routine detects an 
interrupt request, it is decoded for the 
appropriate device. 

• The IF A request decodes as channel 1 
and is branched to the I FA GPAA routine 
for processing. 

• The appropriate P-register and SYSO 
information is posted for the operation. 

• Tests are made of the primary, PCI, and 
CUE indicators to determine the path. 

START 

GAIC 

Test for Pend Intp 
Set P-reg for I ntp 

GICM TSTTIM 

Test not Timer Update 
Test I/O I ntp 
Test for IFA Intp 
Set Chan-' Addr 

GPAA 

Set Chan' Gate 
Set P-reg == 92 

INTRPT 

Set SYSO-86 (SIO) 
Zero Chan Checks 

GPAA PRIMBR 00 

Enter CU-Fixed Addr 
Zero CSW Dev Regs 
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II 
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None 

~-------,--------~ 

PCI 

CUE 

m 

g Enter CSW I nformation from Interrupt 
Buffer 

• The previously stored UCW information 
in the interrupt buffer is entered for 
update. 

• The interrupt latch and the PCI latch 
are reset. 

II Develop CSW Information 

• The CSW words are assembled from the 
,FM and FC registers. 

• The PC I status bit is entered to show the 
type of interrupt. 

Rst Interrupt Lch 
Enter 1 st CSW Wd (18) 
Enter 2nd CSWWd (lB) 
Rst PCI Lch 
Set Pri Intp in 182 
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PCIBR " 

Enter FM; 1st CSW Wd 
Ent FC2,3; 2nd CSW VIId 
Set PCI Status 
Zero Log Byte 182 
BALQ 
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m 

o 

o 
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m 
~------~------~ 

II 
~------~------~ 

II Extended Log Setup 

• Compare CPU log with I FA log to 
determine whether CPU log needs to be 
posted. 

• Test log pointer to determ ine whether 
space is allowed .in main storage for 
required words. 

m Store Extended Log 

• The link address in the O-register is saved 
in the X-register to make the O-register 
available. 

• The I FA externals and local-storage 
registers are stored first . 

• If the byte count has not reduced to 
zero, the CPU stored log is written to 
the end of the byte count. 

END 

Test for CPU Log "'IFA 
Set Log Length Cnt 
Subt Cnt from Top MS 
Enter IOEL Pointer 
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GPAA 

Save Q Lnk Addr in X 
Store Log Cnt Byte;Wd1 
St FCH, FCL, FOP;Wd1 
St FFL, FCS,FSf,FGL;lNd2 
St Ext 33 from CS;Wd2 
Store MCKA: Wd4 
Store MCKB; Wd5 
Store FDRL; Wd6 
Store FD (LS 28);Wd7 
Store F C (LS 29); Wd8 
Store FM (LS 2A);Wd9 
Store FW (LS 2B);Wd10 

~ Page 10-81 



iii Find Module with Gated Attention 

• If none of the interrupt conditions tested 
are present, the gated attention cond ition 
exists. 

• The FAT register is tested to find'the 
module that the gated attention applies. 

• After selecting the indicated module the 
seek·incomplete indicator is tested. 

• If no seek incomplete exists, the DE 
status is posted. 

iii Set Seek-I ncomplete Sense and Status 

• The DE and unit-check status are posted 
along with the seek-check sense. 

• The sense word is stored in control storage, 
and the contingent-connection latch is 
set to indicate. 

m Reset Gated Attention 

• The read gate is set on bus-out, and the 
control tag line is pulsed to reset the GA. 

• The module is deselected, and the CU and 
device addresses are stored in local storage. 
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GPAA CUEBR a 

Loop for Lac of FA 
Test for Gtd Attn 
Develop Addr for GA 
Sel Dev Addr Module 

GPAA 

Set DE & UC Status 
Set Seek Check Sense 
Store Sense Word (CS) 
Set Con-con 
BALQ 

GPAA RSTGA 

Rst Tags 
Set Read Gate (FBO) 
Pulse Control Tag 
RTN Q; Add 4 

GPAA RSTGAl 1 

Deselect Module 
Rst Inh Tr;no Con-con 
Store CU/Dev Addr (LS) 
Zero Log Byte 182 
BALQ 

m Set Control-Unit End Status 

• The control-unit end status is entered to 
show the type of interrupt. 

• Move unit address into FW register. 

m Test for Logout Requirements 

• Post machine independent log information. 

• Test log mask bit to determ ine whether 
logout is allowed. 

• When set to stop after log, the log is posted 
starting at MS 512 without reference to the 
logout mask or the 10EL pointer. 

o Store CSW Words 

• Enter CPU-detected errors and channel errors 
into the CSW status. 

• Store the resulting CSW words into the 
CSW in main storage. 

• Test for possible channel/interface 
control status that requires posting the log. 
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GPAA CUEBR 1 

Rst Con-con 
Set CUE Status 
Rst CU B Latch 
Move Unit Addr to FW 
Zero Log Byte 182 
BAL Q 

GPAA STCSW2 

Set CPU Det & Ch Err 
Store 1st CSW Word(MS) 
Store 2nd CSWWord(MS) 
Zero Log 180,181,183 

St Log 182, 183 
RTN Q; Add 4 

GPAA 

Setup Log Byte 183 
St Log 182, 183 
Set Log 176,177,178 
Test not Stop after Log 
Set Retry Code;Log 179 
Store Log Wd 176 (MS) 
Enter Ctrl Reg 14 

Yes 

Page 10-80 

Page 10-80 

II Store Log Identifier 

• Store information to identify the 
origination of the channel log identification. 

• Deselect the module and set the bus-out 
to zero. 

• Remove 86 from SYSQ-register and set 
P-register for PSW interchange. 

til nterchange PSW Words 

• Assemble current PSW information to be 
stored as old I/O PSW. 

• Enter new I/O PSW words into current 
PSW locations. 

m Test for Other Interrupts 

• Adjust new PSW to masking conditions 
before continuing. 

• Test and set system mask conditions. 

• Enter I-cycle link address from new PSW. 

• Test for possible other interrupt requests. 
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GPAA 

Restore Lnk to Q 
BAL Q; Add 4 

GPAA SECCSW 1 

Setup Log Byte 186 
Set Unit Addr Byte 187 
Zero Bytes 184,185 
St Log Wd 184 

GPCC CIFCKS 

Test no Chk Entry 
Rst Module Select 
Zero Bus 
Rst SYSO-B6 (SIO) 
Set P-reg = 52 

GICM 10ADDR 

Dev Old PSW Addr 
Asm Sys Mask, Old PSW 

GIPW BCMODE 

Asm Key/OMWP, Old PSJV 
Asm ILC/CC/Prog Msk 

GIPW STORHIOl 

Store Old PSW Words 
Dev New PSW Addr 
Enter New PSW Words 

GCCR ECMDO 

Test not Debug Mode 
Adj Link to Mask Cond 
Test not Test Op 
Set Load PSW 0 

GIPW ENDLD 

Test/Set Sys Mask 
RTN LNK II-Cycles) 

GAIC 

Test not Pend Intp 
Enter next Inst (I-Cy) 

END 

3145 TM 10-81 



I FA TEST 1/0 OPERATION 
The Test JlO (TIO) instruction is used to determine the operating conditions 
of the file and controls. At the end of the operation, the routine sets one of 

the four condition codes as its indication. 

CC-o 
CC-1 
CC-2 

CC-3 

Available for use. 
CSW has been stored. 
Control unit working. 
Control unit not operable. 

The TIO instruction is entered in the I-cycles routine and decoded as an I/O 
operation. The operation branches to the channel routine for channel decode. 
A decode of channel 1 is branched to the IFA GPAA routine. The TIO 
instruction does not use the CAW information. 

The ftow chart shows the major branching for the four ending conditions. 
The detection of error conditions causes further branching as indicated in the 
comments. 

B Decode and Setup 

• The TIO instruction is read during I-cycles 
and decoded as an I/O operation. 

• The channel controls decode the channel-1 
address as I FA and branch the operation to 
the GPAA routine. 

• The CAW is entered by the routine, but 
the information is not used. 

• The control-unit and module addresses 
are entered and tested for validity. 

• The control-unit validity, the interrupt 
latch, and the channel-busy latch 
determine the initial branch ing. 

START 

GAIC 

Enter Instruction 
Decode liD Operation 
Test for Priv Op 

GLAA IOOPO 

Test not Invalid Chan 
Decode TID, Set Ind 
Decode IFA (Chan 1) 
Set Chan 1 Ind 

GPAA FRIC 

Set SysO B6 (SID) 
Rst CPU Chk Register 
Test not Tst Chan 
Enter CU & Drives Num 

Page 10-83 

I FA Theory of Operation 10-82 

START 

Not INT; cnt CHB INT; not CHB CHB or Both 
r-----~----------------------_,----------~ 

Available; CC-O CSW Stored; CC-1 

Ii Set and Store CSW 

• CC-1 is set when an interrupt is pend ing for 
the addressed module; the CSW is stored 
by the routine. 

• The previously assembled CSW information 
is entered from the interrupt buffer in 
control storage. 

• The CPU-detected errors and the channel
status information are added to the CSW 
before storing in main storage. 

• The presence of either the channel or 
interface control-check status or the 
contingent-connection indicator causes 
the logout ot be stored. 

• After the sequence is completed, the 
operation is ended with the setting of 
CC-1 and returning to I-cycles. 

m II 

GPAA 

Test for TIO Op 
Test for Dev Addr Mch 
BALQ 

CU Working; CC-2 

GPAA STCSW1 

Enter 1 st CSW Word(CS) 
Enter 2nd CSWWord(CS) 
Rst I ntp Latch 
Rst PCI Latch 
Set Pri Intp in 182 
Rst Interface Cond 
Add CPU Det & Ch Errs 
Store 1 st CSW Word MS 
Store 1st CSW Word MS 
Save Q Rtn Addr 
Test not Ch Ctrl Ck 
Test not I ntf Ctrl C k 
Rst FCS Register 
Rst Interface Check 
Restore Q Rtn Addr 
RTN Q; Add 4 

Set Cond Code 1 

Set P-reg 3-bit 
Test not H5 Trap 
RTN LNK (I-Cy) 

END CC-1 

Not Operable; CC-3 

IJ Set Not Operable Ending 

• CC-3 is set when an invalid control-unit 
add ress is used. 

• An invalid or inoperable module address 
resu Its in posting CC-1 . Set Cond Code 3 

Set P-reg 3-bit 
Test not H5 Trap 
RTN LNK (I-Cy) 

END CC-3 



III Test for No Error Condition 

• CC-O is set when the routine finds no 
pending conditions and the control unit 
and the addressed module are operable_ 

• The module address is tested, and the 
appropriate UCW information is 
developed. 

• The module is selected, and the status 
byte is tested to determ ine whether the 
file module is ready. 

• If any status condition is present, the 
operation is branched to the CC-2 ending. 

• Tests are made for contingent-connection 
(con-con) and the control-un it-end 
conditions that indicate that the control
unit is still busy. 

• The module is deselected and the CC-O 
indication is posted if no status conditions 

exist. 

;lPAA 
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CHBINT 00 

Set Block CE Mode 
Test not CU Busy 
Test not Con-con 

GPAA I CONTST 01 

Test not CUE 
Test not SIO Op 
Test not S7 (Con-con) 
Test not HIO or HDEV 
Test not Unsel-!:;tatus 
BAL Y 

GPAA I MODSEL 

Test Valid Dev Addr 
Set CUA Load 
Rst Module Number 
Set CU Num in Dev-Id 
Select Drive 
Set SysO B6 (SIO) 
Zero Bus Out 
RTN Y; Add 4 

GPAA I UNSEL10 

Save CAW in CS 
Test not Unsafe 
Test not Multi-Mod 
Test for On-Line 
Test not Seek-Inc 
Test not Access-Busy 
Test not Sel-Gt-Attn 
Test not Unit Check 
Test for TIO Op 
Deselect Drive 
Rst SysO B6 (SIO) 

GLAA I CNDCDE 0 

Set Cond Code 0 
Set P-reg 3-bit 
Test not H5 Trap 
RTN LNK (I-Cy) 

I 
END CC-O 

m Test and Set Busy Ending 

• CC-2 is set when the control unit is busy 
as the result of the previous I FA operation. 

• The CC-2 indication is posted if no 
error conditions are detected. 

GPAA 
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~CHBINT1D 

Set Cond Code 2 
Set P-reg 3-bit 
Test not H 5 Trap 
RTN LNK (I-Cy) 

END CC-2 
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IFA HALT I/O OR DEVICE OPERATION 

The channel Halt 1/0 instruction is used to program-stop a started 
operation on the IFA. This instruction has two forms to permit 
stopping either all I FA operation (H 10) or stopping an addressed device 
(HDEV). When either form of the instruction is given with a channel-1 
address, the operation is routed to the I FA for handling. The routine 
takes four major branches, depending on address validity, channel busy, 

and interrupt-pending conditions. The pending conditions must apply to 
the addressed device when that form of the instruction is used. The 
operation ends by setting one of the four condition codes with the 
following meaning: 

CC-O 
CC-1 

Interrupt Pending 
CSW Stored for Addressed Device 

CC-2 A Burst Operation was Term inated 
CC-3 Not Operational (I nvalid address) 

m Operation and Channel Decode 

• The halt 1/0 instruction is entered 
during the normal I-cycles. 

• The instruction is decoded as a channel 
operation and is branched to the 
channel routine. 

• The CAW is entered and tested as a normal 
function, but the information is not used. 

• The decode of channel 1 branches the 
operation to the IF A routine. 

• Tests are made for invalid CU address, 
the interrupt latch, and the channel-busy 

latch to determine the routine to follow. 

• A valid CU address without either the 
interrupt or channel-busy latches forms 
a fourth path. 

GAIC 

Enter Instruction 
Decode I/O Operation 
Test for Priv Op 

100PO 

Test not I nvalid Chan 
Decode HIO, Set Ind 
Enter CAW into LS 
Test for Valid Zeros 
Test for Daub Wd Bnd 
Decode IFA (Chan 1) 

Set Chan 1 Ind 

GPAA FRIC 

Set SysO B6 (SIO) 1 
Rst CPU Chk Register 
Test not Tst Chan 
Enter CU & Drives Num 

GPAA 

Set Block CE Mode 
Test not CU Busy 
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m 
INTP PENDING; 

END, CC-O 

Ii Test for HIO/HDEV Operations 

• Tests are made for other possible 
operations because this is a common 

initial-selection routine. 

m Test Error Condition, End CC-O 

• Before the operation is ended, SID 
indicator is reset and the inhibit traps 
latch is reset. 

• The operation returns to the selector
channel routine to set the condition 
code O. 

• After setting the P-register, the routine 
returns to I-cycles using the stored link 
address. 

Set CUB Status 

HDEV 

Set Cond Code a 
Set P-reg 3-bit 
Test not H5 Trap 
RTN LNK (I-Cycles) 

END CC-O 
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o 

HDEV & 
Not Addr Eq 

m Test HDEV with 
Address Equal 

CSW STORED; 
END, CC-' 

m Test HDEV with Addr Equal or HID 

• A channel-busy condition is tested for 
an address-equal condition. 

• The HDEV operation with the address 
unequal is ended as an interrupt pending. 

• An HID operation results in ending a 
burst operating condition before ending. 

• The HDEV operation with an equal 
address results in ending after posting 

the CSW. 

ttl Test Error Conditions, End CC-2 

• A HDEV operation branches to store the 
CSW. 

• If it is not an HDEV, the operation 
branches to end the routine as a burst op 
term ination. 

• The SID indicator is reset, and the inhibit
trap latch is reset before branChing to 
the selector-channel routine to set 
condition code 2. 

• After setting the P-register, the routine 
returns to I-cycles using the stored link 

address. 

BURST OP TERM; 
END, CC-2 
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GPAA HAL TDI 00 

Set Cond Code 2 
Set P-reg 3-bit 
Test not H5 Trap 
RTN LNK (I-Cycles) 

END CC-2 

Page 10-85 



mTest for Error and Status Conditions 

• Tests are made for operating conditions 
to set appropriate indicators and to 
determine the ending condition code. 

• The control-un it-end status condition 
determines whether the gated-attention 
condition should be tested. 

• The contingent-connection condition 
branches the operation to store the CSW 
after setting the CUB latch. 

• The HDEV operation without gated
attention condition branches to store 
the CSW. 

• The H 10 operation and gated-attention 
conditions branch to the interrupt 
pending ending. 

Zero Device Status 
Test not SID Op 
Rst Block CE Mode 
Rst Channel Status 
BAL Q 

Rst Device Status 
Rst Block CE Mode 
Test not SID Op 
Rst Channel Status 
BAL Q 

IJ Set CU B Status 

• With the contingent-connection condition 
set, both the control-unit busy status 
bit and the latch are set. 

• After ensuring that the operation is the 
HIO/HDEV, the routine branches to set 
the CSW. 

II Store CSW, End CC-1 

• The previous channel status is reset 
before entering the new status. 

• The FT AG information is stored in control 
storage for possible logout. 

• The device status developed is stored in 
main-storage address 44. 

• The channel status developed is stored in 
main-storage address 45. 

• The independent log area is zeroed. 

• The extended logout is executed if either 
the channel-control or interface-control 
check status was posted. 

• The channel-busy latch is reset, and the 
module is deselected. 

• The SIO indicator is reset, and the inhibit
trap latch is reset before branching to the 
selector-channel routine to set condition 
code 1. 

• After setting the P-register, the routine 
returns to I-cycles, using the stored link 
address. 

0) 
G~A~OD11 

Set CUB Status 
Set CUB Lch 
Test not SID Op 
Zero Chan Status 
BALQ 

GPAA STCSW4 

Zero Log Byte 182 
Save FT AG in CS F900 
Test not TIO 
Store Dev Stat,MS 44 
OR CPU Det & Ch Errs 
Store Ch Stat, MS 45 
Zero Log 180,181,183 
Test not Ch Ctrl Ck 
Test not I ntf Ctrl Ck 
Rst FCS Register 
Rst Interface Check 
RTN Q; Add 4 

Set Cond Code' 
Set P-reg 3-bit 
Test not H5 Trap 
RTN LNK (I-Cycles) 

END CC-' 

o Invalid Address, End CC-3 

• An invalid control-unit address causes 
the operation to branch to a non
operational ending. 

• The SIO indicator is reset, and the 
inhibit-traps latch is reset before branching 
to the selector-channel routine to set 
condition code 3. 

• After setting the P-register, the routine 
returns to I-cycles using the stored link 
address. 

Set Cond Code 3 

Set P-reg 3-bit 

Test not H5 Trap 

RTN LNK (I-Cycles) 

END CC-3 
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MAINTENANCE FEATURES 

CEPANEL 

A CE panel for I FA operation is provided under the rear cover of 
the 2319-A01 box. The controls and indicators function with the 
inline diagnostic tests included in the I FA microroutines. The 
tests are used to operate the logic and hardware of a disk-storage 
module identified with the "spare" module plug. The tests are not 
intended to test the I FA control-unit operation. 

The normal use for the CE panel is when a fault has been 
indicated in a module during customer operation. After switching 
his work to another file module, the problem module can be 
serviced online while the customer continues his operation. The 
"spare" module identifier plug and either the CE disk pack or an 
unused formatted disk pack are installed. A test is selected with 
the test-select switch and the desired head or cylinder selection 
made on the switches. When the allow-CE-mode switch is set to 
the ON position, the selected test will be performed when the 
I FA control unit is not busy. A complete test is performed, and 
then the control unit is returned to the customer's program. 
Details of the inline diagnostic tests are covered in this manual 
under "Inline Diagnostics" and in microroutine GPDO. 

If no error occurs during the test, the test is repeated after a 
delay of 200 microseconds or when the control unit is again not 
busy. When an error is detected during the test, the repeat is taken 
unless the error-disable switch is set to ON. Error conditions are 
displayed in the error-display indicators on the CE panel for 
analysis. The meaning of the display is detailed in this manual 
under "Inline Diagnostics" and in microroutine GPDO. When the 
error-disable switch is ON, error-display indicators are reset and the 
test is repeated to allow observation. 

The allow-CE-mode and error-disable switches should be set to 
the OFF position when the CE panel is not in use. 

Lights and Switches 

Error Display: This group of eight lamps are the indicators for the 
FED external register. The microroutine sets the FED latches 
for the error indication when an error stops the test. The lamps 
remain lit until the operation is taken out of CE mode or the 
test is repeated. 

CE Mode: This lamp is lighted when the I FA has honored the test 
request and remains lit until the test is complete. 

CE Error: This lamp lights when the test stops with an error 
indication set in the error display. The lamp remains lit until 
the FED latches are reset. 

Probe: This lamp is lighted when the probe latch is set from the 
wired conditions existing in the disk·file logic. The lamp 
remains lit until the lamp test switch is operated. 

Allow CE Mode: This switch is used to place the I FA in CE mode 
to perform the inline diagnostic tests. The switch should be in 
the OFF position when tests are not being performed. 

Error Disable: This switch disables the error-stop control when an 
error is detected during a test. When the switch is in the ON 
position, the test is repeated following a delay time-out or 
when the IFA is not busy. The switch should be in the OFF 
position when tests are not being performed. 

Lamp Test: This is a spring-return switch used to test the indicator 
lamps on the CE panel. Operating the switch also resets the 
probe latch and turns off the probe lamp when released. 

Test Select: This is a sixteen-position rotary switch used to enter 
the number of the inline diagnostic test to be performed. The 
switch should not normally be turned during a test, but the 
test number is read in and stored by the microroutine. 

Head Select/Cylinder Select: These two rotary switches are used 
to set values into the FHC external register. The value set is 
treated as a head selection or cylinder selection as required by 
the specified test. The value set should be valid for its use in the 
test. 

Sync: This is an output jack that supplies a sync pulse for an 
oscilloscope during test operations. The sync pulse originates 
in the I FA area of the CPU and provides a timing related to the 
test start. 
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INLINE DIAGNOSTICS 

• The I FA has microroutines that operate with the CE panel on 
the 2319-AO 1. 

• Tests can be initiated from the CE panel to be performed on a 
specified drive during normal customer operation. 

o These tests check the hardware and control of the disk·drive 

unit and not the I FA control. 

• The test selected repeats until an error occurs and then stops 
with the error indicated on the CE panel. 

• The error stop can be bypassed to allow observation of the 
error under repeat conditions. 

The inline diagnostics provided for the I FA allow troubleshooting 
a defective disk drive while the customer continues to operate the 
system. The defective drive must have the "spare" module 
identifier plug inserted in order to perform the inline diagnostics. 
A CE disk pack or a formatted scratch disk pack (with home 
addresses written) should be installed on the disk drive to prevent 
damage to the customer's records. The diagnostics are performed 
by setting the switches on the I FA CE control panel at the rear 
of the 2319-A01 frame. When the customer's program is not using 
the I F A and there are no pending conditions, the diagnostic 
controls can take over the control unit. 

The test·select switch on the CE panel determines the inline 
diagnostic test to be performed. All sixteen positions of the switch 
are active because two numbers have been assigned to some tests 
to make decoding simpler. 

Select Test 

0 Read Single Track 
1 Restore Seek 
2 Write Single Track 
3 Disk Speed 

4 Read Full Cylinder 
5 Restore Seek 
6 Write Full Cylinder 

7 Cylinder Address Register 

8 Chaining Test 
9 Forward·Backward Seek 
A Write Single Track 
B Sequential Seek 

C Chaining Test 
D Backward·Forward Seek 
E Write Full Cylinder 
F Unsafe Condition 

The specified test is performed once by the diagnostic controls, 
and then a 200-millisecond time-out is taken to allow the 
customer's program to regain control. The test is repeated at the 
end of the time-out if the I FA control unit is not busy. The 
diagno.stic operation normally stops with errors indicated on the 
CE panel. The error indications can be disabled to allow scoping 
or other observation of the operating conditions. 

GENERAL STATUS INDICATIONS 

HEX INDICATION 

21 Drive Read/Write Failure. 
to Bit-O = 0 
3F Bit-l=O 

Bit-2 = 1 
Bit-3 Write Current Failure. 
Bit-4 Data Check Occurred. 
Bit-5 Missing Address Mark. 
Bit-6 High Compare Detected. 
Bit-7 Low Compare Detected. 

41 Control Unit failure. 
to Bit-O = 0 
7F Bit-l = 1 

Bit-2 Channel Data or Control Check. 
Bit-3 Data or Command Overrun. 
Bit-4 Cyclic Code Hardware Error. 
Bit-5 Write Track Overrun. 
Bit-6 Bus-Out Parity Error. 
Bit-7 Serializer/Deserializer Error. 

81 Disk status displayed. 
to Bit-O = 1 
FF Bit-1 Off Line 

Bit-2 Unsafe. 

Bit-3 Busy. 
Bit-4 Pack change. 
Bit-5 EOC detected. 
Bit-6 Multi-module selected. 
Bit-7 Seek incomplete. 

Error Condition Indications 

It is desirable to follow a sequence of tests as defined by the 
diagnostic test chart to ensure that the error indications are not 
taken out of context. The error indicators are keyed to the test 

being performed, and thus the lights indicate only the error bits 
stored. These indications are defined in the Error-Condition 
Indications chart. 

Error Condition Indications 

When the test sequence is allowed to stop with an error, the eight 

error-indicator lights on the 2319-AOl CE panel can be read as two 
hex digits that define the error. If the test sequence is not stopped 
for the error, the error indicators are reset with the restart. 

The indications shown as special conditions in the chart have 
special meaning for the test indicated. The unsafe test indications 
apply to the unsafe condition test only but do not include all of 
the indications that could exist. All of the tests may report with 
the general indications for file·status conditions. The general 
ind ications are divided into three groups that can be identified by 
the two high-order bit indicators. 

No. 

7 
3 
o 
4 

HEX 

- 06 
- 07 

OA 

Al 

B-
C-
D-
E-

-2 

-4 
-8 

UNSAFE TEST INDICATIONS 

INDICATION 

Unsafe indicator set. 
EOC indicator set. 
Both unsafe and EOC set. 

Failed to set EOC with advance to head-20. 

Force multiple head select (V4 + V8). 
Force read and erase gates. 
Force write gate without erase gate. 
Force erase gate and seek start. 

Failed to reset Unsafe at index (with head-
tag and bus-out 1). 

Failed to set Unsafe indicator. 
Unsafe set at entry of force test. 

Test Operation 

Cylinder Address Register Test 
Disk Speed Test 
Read Single Track Test 
Read Full Cylinder Test 

F Unsafe Condition Test 
2, A Write Single Track Test 
6, E Write Full Cylinder Test 
1, 5 Restore Seek Test 
5,<!. ~IIR'''''.D 71!$1" 
Recommended Inline Test Sequence 

G,PDo 

SPECIAL CONDITION INDICATIONS 

HEX INDICATION 

01 No Record Found. 
02 Return to Head 00 Failed. 

t2 Failed to detect index at maximum interval. 
(Test 3) 

04 Return to Cylinder 000 Failed. 

t4 Index pulses occurring to close together. (Test 3) 

08 Seek 2nd Pass Failed (Dif not = Sw) 

~8 Index pulses occurring too far apart. (Test 3) 

OJ) CAR failed to restore to original address. (Test 7) 
09 CAR failed to reset to 00. 
OA CAR failed to load to FF. 

OB CAR failed to load to value in CE head/cylinder 
switches. 

OC Seek Fwd/Bkwd Diff of Sw Failed. 

,C Index trap occurred before head conditioning. 
(Test 3) 

OE Write Test not Allowed (Def/ Alt) 
OF Head Selected not Equal to Switches. 
10 No module selected. 
11 Machine check during inline. 

13 An RO key field was detached. 

FF Gated attention failed to reset. 

03 SEE/( MJiill7EO St,JT #r; C.ID. /I7/. IN ~/(j) 

CS' 
0(, 

FAI'Gf) 70 Oi5T;eT a"sy o.tJ ('bV~e ~ if""" 
(')7 
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Diagnostic Test Decode 

The inline diagnostic test is initiated by inserting the "spare" plug 
in the file module to be tested, setting the CE panel select switches, 
and then setting the allow-CE-mode switch to the ON position. The 
test can start as soon as the I FA control unit is not bu~y. 

The initiating conditions request a diagnostic low-priority trap to 
perform the operation. The routine selects the spare module and 
resets the registers for the test. If no module is selected, the routine 
posts an error indication of 10 and goes to the ending. With a 
module selected, its file status is entered and tested. Any status 
results in posting the status as the error indicator and ending the 
operation. When no error or status is detected, the test selection is 
entered and decoded to branch the operation to the appropriate 
routine. 

The error-ending condition resets the registers and operating 
latches. The module is deselected, and the operation returns from 
trap. The 200 ms delay is set to block the next request. 

Diagnostic Chaining Test (8 or C) 

The chaining test allows performing four of the diagnostic inline 
tests in sequence to obtain an overall performance indication. The 
routine first performs the unsafe test followed by the CAR test, 
the write full cylinder test, and the seek restore test. The address 
switches on the CE panel are set for the desired test cylinder. The 
test error stops following any portion that contains a detected 
error. The error indication defines the test and the nature of the 
error. 

0246AE 

Rd/Wr 

1.5.9.S.D 

Seeks 

START 

GPDO ADDR=D48C 

SAL Diag Trap 
Set Inhibit IFA Traps 
Test for CE Mode 
SAL FL 

GPDO RESETO 

Save Program Switch 
Rst Error Display Reg 
Select Spare File Mod 
Rst IFA Local Storage 
Rst Gated Attn 
Rst Head Reg (File) 
Rst Count & FOP Exts 
Rst Tags Out 

Test for Gt Attn Rst 
RTN FL; Add 8 

3 

7 

CAR 

8.C,F:..--___ '--__ _ 

Unsafe 
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GPDO DRIVE 1 

Set 10 for Error Ind 

GPDO 

Set FED for IFA Errors 

Rst Registers 

Test not Chaining Test 

Rst Tags and Sus-O 

. 'Deselect Module . 

Rst Cnt Ready 

Rst Count and FOP 

Set CE Wait Time SS 

Set Chain End Rst 

Rst Inhibit Traps 

RTN form Trap 

END 



Cylinder Address Register (CAR) Test (7) 

The CAR test checks the ability of the cylinder address register 
in the disk file to set and reset. The existing address in the 
register is read in and stored. The first test sets an address of 
00 into the CAR and then reads the entry back for test. The 
second test sets an address of FF into the CAR and then reads 
back to test. The third test enters the cylinder select value set 
in the address switches into the CAR and then reads the entry 
back to compare with the switches. The final test returns the 
original value to the CAR and fhen reads the entry back to 
compare with the stored value. 

CAR TEST 

GPD 1 CARTST 

Enter and Save Orig CAR 

GPD 1 CARCK 

Set Bus·Out to FMO 
Inc Pass Counter 
Raise Set Cyl Tag 
Enter Value from CAR 

Set FMO to FF 

Set FMO to Addr Sws 

Set FMO to Orig CAR 

Chain CAR TEST 

GPD 1 CEEND 

No 

GPD1 CEEND 

Rst Tags and Bus-O 
Deselect Module 
Rst Cnt Ready 
Rst Count and FOP 
Set CE Wait Time SS 
Set Chain End Rst 

Rst Inhibit Traps 
RTN from Trap 

End 
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Disk Speed Diagnostic Test (3) 

The disk speed test times the period between successive index 
pulses to determine if the speed is within tolerance. The 
specified tolerance for disk speed places the index pulses 24.5 
to 25.5 milliseconds apart. After conditioning the head, a 
count equal to 25.5 milliseconds is set with th-e no·op mini-op. 
Unless the speed is very slow, the index trap should occur 
before the mini·op trap. The next test is made with a count 
for 24.5 milliseconds set. Unless the speed is high, the mini'op 
trap occurs before the index point is reached. A third test is 
made with a count for 1 millisecond. If the index trap occurs 
before the mini-op trap, the speed is within tolerance. 

Speed Test 

Set Select Head 

GPD2 

Pass 1 SPEED 01 

Set COUilt, 25.5 ms 

Pass 3 SPEED 11 

Set Count, 1.0 ms 

Pass 2 SPEED 10 

Set 02 for Error Ind 

Pass 4 SPEED 00 

Set 08 for Err9r Ind 

Pass 2 

Set Count, 24,5 ms 

Pass 1 

Set ~C, Error Ind 

Pass 3 ERTS0611 

Set 04, Error Ind 

Pass 4 

GPD 1 

Rst Registers 
Test Not Chaining Test 
Rst Tags and Bus-O 
Deselect Module 
Rst Cnt Ready 
Rst Count and FOP 
Set CE Wait Time SS 
Set Chain End Reset 
Rst Inhibit Traps 
RTN from Trap 

End 
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Diagnostic Unsafe-Condition Test (F) 

The unsafe-condition test provides a sequence of forced tests 
that cause the disk file unsafe indicators to set and reset_ When 
an error is detected, the test operation is ended with the 
sequence number and the error condition in the indicators. 

Alternate heads are conditioned in sequence with a test for 
unsafe and end-of-cylinder indications. Error conditions are 
reported if any drive lines are affected. This test posts 
error indications of 06 for unsafe, 07 for EOe, and OA for both 
conditions. 

Following head selection sequence, the head advance is forced 
again to determine that the end-of-cylinder indication 
operates. A failure to set the EOe indicator gives an error 
indication of hex-A 1. 

Subsequent tests force the unsafe indication with combinations 
of two heads selected, read and erase gates, write and not erase 
gates, and erase gate with seek start. A head is conditioned and 
the wait for index trap operation initiated before each test. 
Tests are made for the unsafe condition before the test, after 
the forced test, and after a forced reset. Hex-A through hex-E 
in the high-order four bits define the force unsafe test. Bits 4 
through 6 of the error indication define the unsafe test found 
in error. 

UNSAFE TEST 

GPDO LASTHD 01 

Raise Head Select 

GPDO 

Reset Head Reg 
Preset Sel Head (FMO) 
Preset Ctrl TClg (Fl'vl1) 
Raise Head Selnct 
Wait for Index 
Set Hd Reg for 2 Hds 
I nc Test Marker 
Test not Unsafe with Test 
Test Unsafe has Rst 

Rst Head Register 
Raise Head Select 
Wait for Index 
Preset Rd, Erase (FMO) 
Inc Test Marker 
Test not Unsafe Entry 
Test Unsafe with Test 
Test Unsafe has Rst 

Raise Head Select 
Wait for Index 
Preset Wr, Not Er (FMO) 
Inc Test Marker 
Test not Unsafe Entry 
Test Unsafe with Test 
Test Unsafe has Rst 

Wait for Index 
Preset Er, SeekSt (FMO) 
Zero Diff Counter 
Inc Test Marker 
Test not Unsafe Entry 
Test Unsafe with Test 
Test Unsafe has Rst 

Rst Tags and Bus-O 
Deselect Module 
Rst Cnt Ready 
Rst Count and FOP 
Set CE Wait Time SS 
Set Chain End Rst 

Rst Inhibit Traps 
RTN from Trap 

End 

Chain CAR TEST 
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Read/Write Diagnostic Test 

READ SINGLE TRACK TEST (0) 

When performing the read test single track, the operation 
repeats using the head selection set in the address switches 
for the track. The head is selected and, after waiting for 
index, the home address field is read into control storage. A 

test is made to ensure that the track is not flagged defective 
before proceeding with the reading of record-D. 

The count field is read into control storage to obtain the 
field length of the data field. The data field is read with the 
skip bit set because there is no storage area assigned. The test 
provides a check on the reading controls and the cyclic-check 
circu its. An error trap is initiated fur any errors detected 
during the transfer. The following error indications are set 
in the trap sequence. 

READ FULL CYLINDER TEST (4) 

When performing the read test full track, the head address 
that was stored in the previous operation is used. The operation 
is the same as for the single track test except that before ending 
the stored address is advanced by plus-l. With each repeat of 
the test, a new head is used for each test. The head advance 
continues with each test until it reaches 20, then the stored 
value is set to 00. Thus, if the test is allowed to continue, it 
reads all of the tracks in the cylinder and then repeats. 

If trouble is detected in the full cylinder test with a 
specific head, the condition may be repeated using the single 
track test. An error trap is initiated for any errors detected 
during the transfer. The following error indications are set 
in the trap sequence. 

WRITE SINGLE TRACK TEST (2 OR A) 

When performing the write test single track, the operation 
repeats using the head selection set in the address switches for 
the track. The head is selected and, after waiting for index, 
the home address field for the track is read into control 
storage. A test is made to ensure that the track is not 
flagged defective or alternate before proceeding with the 
writing. 

The record-O count field gap is written followed by the count 
field information set into control storage. This information 
contains the cylinder and head addresses from the home 
address followed with record-O and the length information. A 
data length count of 6144 was entered to write nearly a full 
track. After writing a data field gap, the operation continues 
by writing the data field from control storage starting at the 
low order and continuing for 6144 bytes. The remainder of 
the track is erased to index as a format write sequence. 

READ/WRITE 

GPD1 

GPD1 FULCYL 0 

Save Switch Head Addr 

Chain READ/WRITE 

GPD1 FULCYL 1 

Enter Prev Head Addr 
Adv Head Addr 
(Zero If Last Head) 

Store New Head Addr 

GPD1 STRDWR 

Set Allow Restart 
Set Head Register 
Raise Head Select 
Wait for Index 
Set HA Fld Sync/Cnt 

No 

GPDl RTNCPU 

Read HA/Cnt into CS 

B 

Page 10-93 

Yes 

Page 10-93 

Set Op 05 & Count 
E rase to Index 
Set Cnt Fld Sync/Cn·t 

Page 10-93 

No 

PASSCK 10 
GPD2 WRPASS10 

Set Data Fld Sync/Cnt 
Read Data with Skip 

B 

Page 10-93 

2nd Pass 

3rd 
Pass'--__ 

Page 10-93 
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Page 10-93 

GPD1 

Rst Tags and Bus-O 
Deselect Module 
Rst Cnt Ready 
Rst Count and FOP 
Set CE Wait Time SS 
Set Chain End Reset 
Rst I nhibit Traps 
RTN from Trap 

END 

Page 10-93 
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Chain SEEKS 



· To prove the writing operation, a read operation follows 
covering the home address, count field,and the data field. The 

information of the data field is only tested by the cyclic-check 
in the same manner as for the normal read test. An error trap is 

initiated for any errors detected during the transfer. The 
following error indications are set in the trap sequence. 

WRITE FULL CYLINDER TEST (6 OR E) 

When performing the write test full cylinder, the head address 
that was stored in the previous operation is used. The 
operation is the same as for single track except that before 
ending, the stored address is advanced by plus-1. With each 
repeat of the test, a new head is used for each test. The head 
advance continues with each test until it reaches 20, then the 
stored value is set to 00. Thus, if the test is allowed to continue, 
it reads all of the tracks in the cylinder and then repeats_ 

If trouble is detected in the full cylinder test with a specific 
head, the condition may be repeated using the single track test. 
An error trap is initiated for any errors detected during the 
transfer. The following error indications are set in the trap 
sequence. 

GPD2 

~ P'9,'0-92 

I DECODE 10 

Adv Pass Count (Low) 

GPD2 ROSCH 0 

Read 

Page 10-92 

Page 10-92 
3rd Pass 

GPD2 WRCNT 0 

Page 10-92 

Page 10-92 

GPD~~LAGCKI 
Page 10-92 

No 
Page 10-92 

GPD2 CHECK 1 

Set 01 for Error Ind 

GPD2 7KEYYESO 
I Set 13 for Error I nd 

F 

Page 10-92 ~ 
Page 10-92 

GPD2 HEADCK a 

Set OF for Errorlnd 
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Seek Diagnostic Tests 

RESTORE SEEK TEST (1 OR 5) 

The restore seek test provides a means of returning the access 
mechanism to cylinder 000 followed by a seek to the cylinder 
address set in the address switches. The test provides the means 
of moving the access arm into position for subsequent read or 
write tests. A test is made after each movement by reading the 
home address of the aligned track and comparing with the 
expected address. 

FORWARD SEEK TEST (9) 

BACKWARD SEEK TEST (D) 

Two seek tests are provided to allow performing the operations 
at the extremes of addressing. The first test (9) executes a plus 
difference seek and follows it with an equal minus difference 
seek. The second test (D) executes the minus seek first and fol
lows with the plus seek. After each seek, the home address for 
the aligned tracked is read and compared expected address. 
For these tests the address switches are used for cylinder 
difference. The value entered is used for both plus and minus 
movements. Care must be taken never to set a difference 
greater than the number of cylinders remaining in that 
direction. If the value is greater, the access will go to a crash 
stop. 

SEQUENTIAL SEEK TEST (B) 

The sequential seek test causes the access to advance one 
track at a time. One test cycle advances the access twice if no 
error occurs on the first advance. The direction of advance is 
controlled by a direction indicator stored at FFFO bit-a. The 
sequential seeks continue in the direction of the indicator until 
cyl-OOO or cyl-255 is reached and then the indicator is reversed 
to continue the test. After each seek the home address is read 
to determine if the seek reached the computed cylinder number. 
The address switches are not used for the sequential seek test. 
The one difference is set by the microroutine and the CAR 
register is updated for each operation. 

SEEKS 

GPDO PROGHI 10 

Enter CS Direction Ind 
Enter CAR from File 
Preset Diff of 1 
Test not Last Cyl 
(Chg Dir Ind if Last) 

GPD1 FORBAK 

Set Fwd/Bkwd I nd 

GPD2 

Set New Addr in CAR 
Set Head and Direction 
Set Different Count 
Set Seek Start 
Wait for Gtd Attn Trap 

Page 10-95 

Page 95 

Fwd/Bkwd 
Page 10-95 

Page 10-95 

2nd 

Restore 
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No 

GPD1 

Set FED for Error Ind 

GPD1 CEEND 

Rst Registers 
Test not Chaining Test 
(Chain count Zero) 
Deselect Module 
Rst Cnt Ready 
Rst Count and FOP 
Set CE Wait Time SS 
Set Chain End Reset 
Rst Inhibit Traps 
RTN from Trap 

End 
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Chain Seeks 

GPD1 SEKTST 0 

Enter Sws; Seek Adr 
Set Rtn to 000 (Recall) 
Set Ctr for 15 ms TO 
Set Write Clock Gate 
Wait for Timeout 
Test for Busy Status 
Rst I nhibit Traps 
Wait for Gtd Attn Trap 

Raise Head Select 
Wait for Index 
Set HA Sync/Cnt 

Page 10-94 

Page 10-94 

Page 10-94 

Page 10-94 

Page 10-94 

GPD2 

Enter CAR from File 
Camp CE Track Addr (CS) 

H 
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Error Trap Sequence 

When either a read or write test is performed, the normal error 
conditions are set and result in setting the error trap at count-20. 
This condition can occur following any field processed. The normal 
error trap entry is branched to the inline diagnostic routine GPD 1. 

The routine first tests the FDS external for any disk file status 
conditions. If any disk status condition exists, the FDS information 
is set into the FED register to display the error. The busy-bit is 
moved to B3 and Bit-O is set to , to indicate disk status. 

If no disk status is posted, the control unit status conditions in 
external FSB and FCS are tested. If any control unit status exists, 
the assembled information is set into the F ED register to display 
error. Bit-O is set to 0 and bit-' is set to , to indicate control unit 
status. 

When neither disk status nor control unit status conditions exist, 
the routine tests read/write status conditions exist, the routine 
tests read/write status conditions in externals FGT and FSB. It is 
assumed that if no other status was set, a read/write condition 
exists. The assembled information is set into the FED register to 
display the error. Bits-O and -1 are set to 0 and bit-2 is set to , to 
indicate the read/write status. 

After posting the status, the routine ends the test with the 
normal CE resets and the timeout. The setting of the error switch 
determines if the test sequence is halted. 

ERROR TRAP 

GPD1 

Move FS8-H to Low 
Set 83 for FS8 85 
Set 82 for FCS 84/85 

Set 8617 for FGT B2/3 
Set 83 for FS8 87 
Set 84/5 for FS8 84/6 
Set 80/81 to 0 
Set 82 to 1 

Rst Registers 
Test not Chaining Test 
Rst Tags and Bus-O 
Deselect Module 
Rst Cnt Ready 
Rst Count and FOP 

. Set CE Wait Time SS 
Set Chain End Reset 
Rst Inhibit Traps 
RTN from Trap 

END 
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IFA POWER SUPPLIES and INTERFACE 

POWER SUPPLI ES 
All power for the IFA and the associated disk drives is supplied 
by the 3145. No additional line connections are used. 

The I FA logic on the A·gate is supplied by the CPU power 
suppl ies for that gate. Power originates from the motor-generator 
set at 20S V, 400 Hz, 3 phase AC: CB·2 and CP-101 control the 
ac power to TR-101 that reduces the voltage and rectifies it to dc. 
This dc output is then regulated by Reg-101 to produce the + 1.25 
V and -3.0 V lines to the I F A area (A-B 1) of the A·gate. These 
voltages are set for their CPU requirements. 

The dc voltages for the 2319-A01 and associated disk drives are 
supplied by five supplies in the 3145 power frame and one supply 
in the CPU frame. These supplies are designated as foil ows: 

Volts 

-3.0 
+3.0 
-36 
+6.0 
+36 
+12 

Supply 

TR-1 Reg-1 from 400 Hz. 
TR-1 Reg-2 from 400 Hz. 
TR-1 Reg-3 from 400 Hz. 
TR-1 Reg-5 from 400 Hz. 
TR-2 from 400 Hz. 
TR-10S from 50/60 Hz. (CPU) 

The four regulators for the first four voltages are located under 
a cover at the upper rear of the 3145 power frame. The input 
power is controlled by CB-5 and CP-1 from the 400 Hz supply. 
They are transformed and rectified by TR-1 located to the left 
of the regulator cabinet. These are standard Mid-Pack regulators 
that have transistor voltage regulation and a circuit breaker over 
current protection. Their outputs feed the mixer board to the 
right of the supplies to feed the DB-jacks for the disk drives. These 
supplies are used only for the I FA facility. 

A +36 volt supply located to the left of the regulator cabinet 
also goes to the mixer board to feed the I FA connectors. The +36 
V supply is not adjustable from its nominal design setting. 

The +12 volt supply that feeds the IFA jack to the 2319-A01 
mixer board comes from TR-1OS. This supply is located on the 
left side of the CPU frame behind the console and feeds the CPU 
mixer board. Initial regulation of this supply is provided by a 
ferroresonant transformer. Final regulation is by an amplifier card 
on a 16 V output. The T R -lOS supply also feeds the 7.25 ac 
voltage to the 2319-A01 CE panel through the IFA jack. The 
voltage levels of the TR-1OS are set for CPU requirements. The 
50/60 Hz input power is controlled by CB-4, CB-3, K27, and 
F102. 

During the power-ON sequence, all of the I FA de power supplies 
are turned ON during sequence 1. The 3 phase ac power is also 

applied to the disk drives through the J63 jack on the end of the 
power cable. During the I/O start sequence the 'sequence pick' 
line is raised to allow the disk drives start in sequence through 
their own controls. 

During a power-OFF sequence, the 'controlled ground' line 
opening causes the disk files to unload their heads and remove the 
access mechanism from between the disks. Until the access arm is 
in its home position the 'heads extended' line remains UP. The 

CPU power·OFF sequence can not remove power from the disk 
drives until all units have dropped the 'heads extended' line 
remains UP. 

Adjustments 

The four dc Mid-Pack supplies for the disk files and the 2319-A01 
are individually adjustable to the requirements of the IFA facility. 
Each regulator has a small knurled knob that controls the voltage 
set potentiometer on the SMS card. These voltages should be set by 
monitoring the voltage levels at the disk drive on TS·4 or TS-S. 
The proper operating level is specified in the 2319-A01 Installation 
Manual. 
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IBM 2319-A01 INTERFACE 

The 2319-A01 must be physically butted to the left side of the 
3145 power frame. Any additional disk drive boxes are placed 
side by side butted against the left side of the 2319-A01. All 
cabling between the power frame and the 2319-AOl and its 
associated disk drives is routed within the box area. Each of the 
cables is pre-connected at one end in the appropriate box and 
shipped with that unit. The other ends of these cables are plugged 
into an alotted areas in the other box. 

These cables can be traced by use of CPU ALD pages WF102, 
WF 111, WF 121, and WF 122. The 2319-A01 connections are 
shown on ALD WF002. 

AC Cable 

A 208 V" 50/60 Hz, 3 phase cable originates in the ac distribution 
of the 3145 power frame and term inates in the J63 jack. The J63 
jack connects to the ac connector cable in the 2319-AOl where it 
feeds the TS-1 blocks at both sides of the box. A jack is provided 
at the left side of the box to plug the cable for the next box, if 
used. When mUltiple disk drive boxes are used, each box plugs 
into the one to its right and provides connection for the box to the 
left. 

Simplex Cables 

Each of the disk drives has a simplex cable that originates in either 
a TS-4 or a TS-5 block in the associated box. These cables plug 
into the assigned jack located at the upper left rear of the power 
frame and labeled DBA through BDH. Each cable is plugged into 
the jack designated by its position in the disk file subsystem. Each 
cable carries the dc power to the logic board of the respective disk 
drive. These cables also carry the R/W coax and the selected 
module line between the DB-jacks and the drive logic. 

I FA Mixer Board DC Cable 

A cable originating at the 2319-A01 mixer board (A-A3) is 
plugged into the jack labeled I FA located above the DBA jack at 
the rear of the power frame. This cable carries the dc power to the 
mixer board and special signals used to control the power sequence. 

R/W Coax and Selected Cable 

This cable originates at the DB-jacks at the upper left end of the 
power frame and connect to the 2319-AOl mixer board (A-A3). 
It carries the R/W coax line and the selected module line from 
each DB-jack to the mixer board. 

I FA Multiplex Cable 

This cable originates in the I FA logic (CPU A-B 1) and plugs into 
the 2319-A01 mixer board (A-A3). The cable carries the normal 
disk drive multiplex lines to the mixer board from which they are 
routed to the first drive and jumpered to the remaining drives. 
The I FA mUltiplex cable also carries the read and write data lines 
and the read (I FA) and write clock lines to the mixer board. These 
lines are all converted to SL T logic level of the 2319-A01. The 
multiplex lines to the drives must be terminated at the output of 
the last box. 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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GENERAL INFORMATION--STAGES 1 AND 2 

The Model 145 power system consists of three main parts: 
sequencing, power conversion, and distribution. 

Line InputS. 50/60 Hz equence 

Power 
.- Conversion 

AC to DC 

Power 
~ Dist. 

DC 
I-

Individual 
DC Voltages 
to Specific 
Locations 

Input power for the Model 145 for domestic installation is 
208/230V,,± 10%, 60 ±. 0.5 Hz, 100 amperes maximum, via a 
three-phase, four-wire (fourth wire is equipment ground) shielded 
cable. 

Input power for the Model 145 for World Trade installations, is 
200V, 50 or 60 Hz; 220/380V, 235/408V, 50 Hz. The input 
voltage tolerance is ± 10%, and the frequency tolerance is ± 0.5 
Hz. The input current is 100 amperes maximum. The input is 
provided by a three-phase, five-wire (fourth wire is neutral for a 
WYE system and not used on Delta, and the fifth wire is 
equipment ground) shielded cable. 

Logic power is supplied by a motor generator (MG) set. The 
MG set converts 50/60 Hz, 3-phase ac input to 400 Hz, 3-phase 
power. High-current requirements for logic and storage are 
provided by phase-controlled rectifiers fed from the MG set. 
Other logic power is provided via MG set feeding 400 Hz. 3-phase 
transformer-rectifier assemblies, which in turn deliver power to 
series sh':lnt re~ulators and series regulators. 

Sequencing concerns the switches, relays, and contacts that 
control the input line voltage to the power conversion units. The 
sequencing unit also senses the outputs for overcurrent, and 
controls the input line voltage to protect the power system from 
damage. 

Power conversion takes the input line voltage and converts it to 
a particular dc voltage at a particular amperage for distribution. 
The power conversion consists of two parts: first the input ac 
voltage is converted to some form of regulated de voltage; second, 

Safety cannot be overemphasized. To ensure your personal safety 
and the safety of co-workers, make it a practice to observe safety 
precautions at all times. You should be familiar with the general 
safety practices and procedures for performing artificial 
respiration outlined in IBM Form 229-1264. 

the partially regulated dc voltage is converted to a particular dc 
voltage, and at a specific amperage. 

The regulated dc from the de (output of the power conversion) 
is distributed to the cards and boards through cables. 

POWER SUPPLIES 

The main types of regulators used with the Model 145 are: 

• Middle-power package (Mid-Pac) regulators. 

• Monolithic system technology (MST) regulators. 

• . Phase·control rectifiers. 

Some regulators and associated components are used only with 
certain integrated I/O attachments. Where possible, these 
components are specified in feature groups and are installed only 
when the associated features are installed. A complete list of all 
power components and their function is contained on logic pages 
YE050 through YE055. Information concerning the regulators is 
in Power Supplies, SL T, ASL T, MST, Field Engineering Theory
Maintenance manual, SY22-2799. The power-supply manual does 
not cover the MG; therefore, a brief description of the MG used 
in the Model 145 is provided. 

• Two kinds of power supplies are in the Model 145. The earliest 
is Stage 1; the latest is Stage 2. In the Stage 2 power package, 
seven MST-type dual supplies have replaced two phase-control 
dual regulators. 

POWER WIRING DIAGRAMS and COMPONENT 

LABELING 
The Model 145 power wiring diagrams are prefixed with YE and 
are assigned as follows. 

• YE001-YE099 show references for component location 
charts, machine layout, timing charts, table of contents, etc. 

• YE100-YE199 are the primary power and ac distribution 
diagrams. 

Always use a reliable voltmeter to verify that power is actually 
off after using power-off switches. 

Although all power supplies are provided with bleeder resistor 
to drain charges when power is turned off, check all capacitors 
with a meter before attempting maintenance. A defective bleeder 
resistor could create an unexpected hazard. 

• YE200-YE299 are the sequencing and control diagrams. 

• YE300-YE399 are the regulators and de distribution 
diagrams. 

To identify power components and the frame at which they are 
located, the components within each frame are identified in this 
manner: 

FRAME 

PF 
CPU 
MSF (if installed) 
Power Unit (if installed) 

COMPONENT ID 

001-099 
101-199 
201-299 
xxx-xxx 

The components (relays and contactors) are usually labeled in 
the order in which each becomes active during the power-on 
sequencing. For example, K 1 would normally pick first, and K20 
would be the twentieth relay to pick during the power-on 
sequence. 

NOTE: Power to the logic boards within the CPU is now 
distributed by laminar buses, instead of flat wire buses, 
previously used in Stage 1 machines. 

COOLING 

Cooling in the system is achieved by blowers mounted below the 
T/Rs and logic gates, and above the phase-control regulators. The 
blowers are supplied from a 208V ac, 60 Hz source. The blowers 
in the 200/235/408V 50 Hz systems are powered through an auto 
transformer. Thermal sensors are installed above the logic gates, 
regulators, and T /Rs to detect an overtemperature condition. An 
overtemperature condition initiates a power-off sequence. 

MAINTENANCE CONCEPTS 

The Model 145 power system can detect failure in the power 
system and can protect itself and the CPU from failure that could 
cause permanent machine damage. Depending on the severity, 
malfunctions manifest themselves by either preventing the 
advance of the power-on sequence of by turning off the system 
and energizing an indicator to locate the malfunction. 

Control and indicators help to isolate a malfunction accurately 
and rapidly. The indicators are located on the CE maintenance 
panel. 

NOTE: Use ALDs YE and YO for Stage 1 power package. Use 
ALDs YB and YA for Stage 2 power package. 
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MOTOR GENERATOR, STAGES 1 AND 2 

MOTOR GENERATOR 

The brushless motor generator (MG) is the primary power source 
for the 3145 and is housed as a unit within the power frame in its 
own acoustic enclosure. The MG consists of four essential parts: 

(1) drive motor 

(2) 400 Hz generator 

(3) exciter 

(4) MG voltage regulator 

The motor, 400 Hz generator, and exciter are contained in a 
single housing with their respective rotors mounted on one shaft 
that is supported by a ball bearing at each end. The shaft rotates 
from power derived from the drive motor. The MG voltage 
regulator, which is mounted remotely within the enclosure so 
that it is readily accessible, is electrically connected between the 
exciter field and the generator output. 

Drive Motor 

The drive motor is a two-pole, low-slip, induction motor designed 
either for 50 Hz or 60 Hz. The motor can operate from a range of 
input voltages through proper field-winding interconnections 
shown on YE170. When the motor is started from standstill, the 
initial inrush current may reach a value equal to six times the 
normal full load value. This surge can last for about two seconds 
but diminishes to the operating current of about 20-60 amperes 
when the motor reaches full speed. The generator load is always 
removed until the motor comes up to speed and also before the 
motor is shut off. Failure to observe this procedure may have an 
adverse effect on the amount of residual magnetism in the exciter 
field. Successful generator buildup depends entirely on the 
presence of some residual magnetism in the exciter field core. 
Loss of residual magnetism may require flashing the exciter field 
with a dc source to enable a subsequent generator buildup. 

400 Hz Generator 

The 395-415 Hz generators (50 Hz and 60 Hz inputs) are 
basically alike, having 14 poles on the rotating dc field of the 
generator for the 60 Hz units, and 16 poles for the 50 Hz units. 
The generator is designed for 3-phase output at 208V rms 
nominal. The generator armature (stator winding) has three coils 

in a WYE configuration with the neutral (or common) lead 
brought out to the terminal board TB2-4 (see logic, page YE170). 
The voltage from any phase to neutral is equal to 120V rms 
nominal. The generator output is controlled so that the output (if 
set at 208V) remains at 208V ± 1% under a variety of input 
power and load conditions. Control is accomplished through the 
exciter by the MG voltage regulator. 

AC Exciter 

The exciter is a low-power ac generator that supplies the varying 
dc field current required by the generator. The armature (rotor) 
of the exciter generates about 20V, 3-phase, 60 Hz ac in a WYE 
configuration. This voltage is half-wave, rectified by three diodes m 
mounted on the rotating shaft to supply a varying pulsating dc 
current to the generator field. The degree of variation is 
controlled by the exciter's dc field strength (stator); the current 
to this field is supplied and controlled by a MG voltage regulator. 

Motor Generator Regulator. 

A MG voltage regulator supplies and controls the dc to the exciter 
field. Initial voltage setting can by ± 10% of the rated generator 
output voltage with regulation maintained at ± 1 % of the set 
value. The most common setting is 208V. The basic regulation 
action is divided into three steps; (1) sample the output voltage, 
(2) compare the sample voltage with a fixed reference and 
determine the magnitude and direction of error, and (3) cause a 
current-controlling device to change the exciter field in a 
direction so as to reduce the error to zero. 

More than one type of regulator (see YE180) is available; 
however, the principal function of each is the same. The regulator 
depends upon the type of MG. A simplified drawing of the MG 
regulator is also shown on YE180. Briefly, the MG regulator 
operates as follows. 

a. The stepdown rectifier samples the 'voltagesat the generator 
armature and establishes an rms value. 

b. The voltage divider network establishes a fixed value (over the 
Zener diode), and a voltage representing the rms value. The 
fixed value can be varied by the voltage-adjust potentiometer. 
The fixed voltage and the voltage representing the rms value 
are compared by the voltage compare circuit. 

c. The voltage from the compare circuit is amplified to drive a 
power transistor. 

d. The output from the power transistor varies the current 
through the field exciter. This field affects the indicator 
voltage of the generator. 

The generator should build up to its rated voltage without need 
for any external power source provided that sufficient magnetism 
is present in the exciter field. 

Overvo Itage 

The MG regulator is also provided with an overvoltage circuit that 
monitors the generator output voltage. Detection of an over
voltage causes the generator voltage to decrease to a safe level and 
provides an indication to the overvoltage detect circuit. MG 
regulator overvoltage conditions cause a power-down situation 
and are indicated by an MG check and a power check. (MG 
overvoltage is detected by the action of relay K60 (YE 180) and 
its contents (YE072) error to zero.) The MG regulator contains a 
circuit breaker (CB 1) that protects against damage due to an 
overcurrent condition within the regulator. 

Motor Generator Enclosure 

The MG enclosure not only reduces generator noise but also 
provides a calculated path for airflow to prevent excessive heat 
buildup within the MG set. The enclosure also provides some 
radio interference attenuation besides keeping the MG in a 
relatively clean environment and protecting it from the hazards of 
exposed power connections. 
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ELECTRICAL COMPONENT LOCATIONS 

ELECTRICAL COMPONENTS--POWER FRAME, STAGE 1 

(See "Primary Power Box", page 11-7 for internal. 
functional units.) 

CP Function 

1 400 Hz TR 1 protect (I FA) 
2 400 Hz TR2 protect (lFAl 
8 24 V dc protect 
9 EPO dc Protect 

CB Function 

Fuse Function 

1 Conv outlet protect 
2 Conv outlet protect 

3 24V Ctrl Tfrm protect 
4 24V Ctrl Tfm protect 
5 Conv outlet protect 
6 Conv outlet protect 
7 WIT 3215 motor protect 

(Front View) 

CB2 CB5 CB3 CB7 

Fuse Function 

8 CF protect 
9 IFA/32.10 +12V meter protect 

10 12V Seq protect 
11 7.25V Ind lights protect 
12 
13 
14 

Phase-rotation circuit protection 
3215 I nput protect 
3215 I npu t protect 

PF/CPU Interface Connector 
J--.-

TR5 
~ P58 

P59 

Conv TR4 
Outlet 
~ WIT 

Auto 
Tfmr. 

{(Rear View) 

Rectifier assemblies and Mid-Pac rectifiers for the I FA feature. 
The circuit protectors that protect the regulators against OV lac 
are contained on the Mid-Pacs. 

/: 
L 

-LTR1 
Reg 1 Reg 3 

TRl ~ 
I T R 1 ~--+-----l 

TR2 V2 Reg 2 
1= 

Reg 5 

i=== TR 1 ~_-O-_--L.I--_--I 

V3 
TR2 ~ Blower 
V1 

FA DC D)tribution 

rr------~~============~~ 
1 
2 

3 
4 
5 

6 

Mainline CB 
CPU 400 Hz Ctrl 
50/60 Hz auxiliary 110 Ctrl 
Mainline CB 
IFA 400 HZ Ctrl 
B lower protect 

,.---

[ 

[ 

[ I/O 

V[ Rack 
______ ~~.o. [ 

I/O Gmup R,ck (S" YE0201--- lID 

TB 

17 
18 

CE Panel 
(CE Maintenance) 

I~ 

\ 

CE Panel 
(CE Mainten
ance) 

Function 

Voltage Detection Board 
Voltage Detection Board 

Motor Generator 

1\ 

~o. 

lQJ 

\ 

\ Power Sequence Relay Board (Located on back of sequence panel) 

Relay Function 

K12 Power Check 
K14 Power On 
K20 Time Delay 
K21 MG Hold 
K28 Heads extended control 
K31 Seq 1 detect 
K32 Seq 2 detect 
K34 Reg undervoltage control 
K35 I/O power hold 

- --
DRA 

ORB 

DRC 

ORO 

ORE 

DRF 

File Drive Attachments (See YE053) 
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Electrical Component locations 11-6 

ELECTRICAL COMPONENT LOCATIONS (Continued) 

ELECTRICAL COMPONENTS--POWER FRAME, STAGE .2, • 
Fuse 

1 
2 
3 
4 

Function 

Conv outlet protect 
Conv outlet protect 

24V Ctrl Tfrm protect 
24V Ctrl Tfm protect 

Fuse Function 

8 CF protect 
9 IFA/3210 +12V meter protect 

10 12V Seq protect 

11 7.25V I nd lights protect 

(See "Primary Power Box", page 11-7 for internal 
functional units.) 

5 
6 
7 

Conv outlet protect 
Conv outlet protect 

W/T3219 motor protect 

13 
14 

3215 Input protect 

3215 Input protect 

Rectifier assemblies and Mid-Pac rectifiers for the IFA feature. 
The circuit protectors that protect the regulators against OV lac 
are contained on the Mid-Pacs. 

CP Function 

1 400 Hz TRl protect (IFA) 

2 400 Hz TR2 protect (IFA) 

8 24 V dc protect 

9 EPO dc Protect 

CB Function 

1 Mainline CB 

2 CPU 400 Hz Ctrl 

3 50/60 Hz auxiliary I/O Ctrl 

4 Mainline CB 

5 IFA 400 HZ Ctrl 

6 Blower protect 

(Front View) PF/CPU I nterface Connector ((Rear View) /1 
~ / -......1'..... J661 J421J551 J571 ",~L"--,r-__ 1--~r---' 
~1'~C~B~1~C~B~4======~~~-------~~~--~ J~IJ~~WIJMI ~TRl 
~ I P 58 T R 1 V 1 Reg 1 Reg 3 

_____ ..... ~Pl CP2 CP8 CP9 TR5 P59 = 

1

'-, = TR 1 It---i-----l 
I c:J 0 0 Conv TR4 TR2 V2 

V Outlet Reg 2 

00®0®@@ _TIror WIT =~ 
Reg 5 

00®@®®@ Auto V3 
Tfmr. TR2 1= Blower 

CB2 CB5 CB3 CB7 

rT------~~============~~ 

CE Panel 
(CE Maintenance) 

CE Panel 

r- (CE Mainten-

~ ancel 

cc 
l-
T 
l'l 

\ 

TB Function 

17 Voltage Detection Board 

18 Voltage Detection Board 

\ 
~O. 

~ 

\ 

\ Power Sequence Relay Board (Located on back of sequence panel) 

Relay 
~ 

y...'3'\ K12 

~~ K14 

--:;-~~ 
K20 
K21 

K28 

~~ K31 
K32 

y...'3A K34 

K35 

\<..'2 
y...2'O 

Vl 
TRl 
V4 I~--------------~ 

Motor Generator 

IMG Regula,o< I 

Function 

Power CheGk 

Power On 
Time Delay 
MG Hold 

Heads extended control 
Seq 1 detect 
Seq 2 detect 
Reg undervoltage control 

liD power hold 

F A DC DJtribution 

DB2 DBfoB6~B~ ~'-O'" 
DB1DB3DB5DB71 9DBll 

--- -....... 

DRA 

DRB 

DRC 

DRD 

DRE 

DRF 

- ..... .....t--==;==--' 

File Drive Attachments (See YB311-312) 



PRIMARY POWER BOX--INTERNAL COMPONENTS, Stages 1 and 2 

RELAY FUNCTION 
Kl Phase Rotation (MG) 
K2 Phase Rotation (3046 MG if installed) 
K4 EPO Control 
K16 MG Power Contactor 
K26 400 Hz Contactor 
K27 AC Contactor 
*K29 60Hz 3210 Power Control 
K30 Blower Ctrl Contactor 
*K33 24V 2nd Seq. Control 
K53 Console File AC 

* Relays K29 and K33 are mounted on the inside 
of primary box door. 

CBl 

Filter Box 

R 11 I I 

~ G 
C5 

CB4 E1 

K26 

r- - --- --I 

, ' , 
Cll I , 

'- - - - - - - - - -
1----------, 
, 
I 

Cl 

I 
'- - - - - - - - - -' 

TB FUNCTION 
7 Conv Outlets Dist 
S Primary Pwr DC Dist. 

11 Primary Pwr. AC Dist 
to PF 

14 DC Control Voltage Dist. 
15 Phase Rotation TB 

R14 B @lR12 
K1 

111 I TB15 lsi I 
CR30 CR49 

fin 1111 
TB14 1211 

CR29 CR48 

TBl 

r- 5 TR3 
r----
r----

K16 ~ 

r- 1 -----

/- ...... 

I C4 \ 
\ J 

,-- -- ---I 

'_./ 

K30A 

1- - - - - --I 

I 

K27 

~ ______ I 

K30 

I - - - - - --

TB2 

:-s 

I 
I 
I 

1 -

CB 
1 
4 

10 

TB7 

C9 

'- - - ---I 

FUNCTION 
Mainline CB 
Mainline CB 

TB8 

10 
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ELECTRICAL COMPONENTS--CPU FRAME, Stage 1 

TR Pacs and Regulators: The TR Pacs and their associated regulators 

for the CPU logic gates. The circuit protectors that protect the 

regulators against OV IOC are contained on the TR Pacs. Forced 
air is used for cooling. All regulators are remote·sensed. 

Left Side View 

I 

~ 
TR V3 Vl V1 TR V3

0 0 101 0 0 102 
Group Group 

V2 V4 V2 V4 

0 0 0 0 

Blower Blower 
~ 

REG 101 REG 104 Reg 107 Reg 106 

REG 102 REG 105 Reg 103 Reg 108 

REG 102 Reg 105 Reg 103 
Add On Add On Add On 

I TR1041 ITR1051 
I TR 

106

1 
Reg 109 

C.O. 

FUSE FUNCTION 
101 41V ac CE meter 
102 TR 108 protect· 

1 

r--! / 

:-----" F@ 
TR108 

F@) 

: TB104 : 
..... ______ .J 

IITI I I I 
CP 101 102 103 104 114 

LJ' I TR1031 

I Blower Assembly 

Phase Ctl Reg 110 

I 
Phase Ctl Reg 111 

I 

I 
Phase Ctl Reg 112 

I 

CP 

101 
102 

103 
104 

113 

114 

Electrical Component Locations 11-8 

TB FUNCTION 

104 CPU 400 Hz distribution 
105 Pwr reset to logic 
106 24V dc return I IFA lamp test 
107 7.25V ac 50/60 Hz 
109 7.25V to Console 

Right Side View 
~ EPO I- r--

0 0 Console 
SW. D~ LJ TR102 LJLJ [J (Inside View) 

TR10l 
TB107 I- Group 

EPO Group 
Al 

TB109 ~ U tJU LJ co 

CJ 0 
co 

TB 105 TB 106 ... 
Q) 

~ K151 ~ ~ K154 t 
x 

:2: 
A2 

~ CR13 P Fan N 
0 .... .... A3 x x 

UJ UJ 
Q) Q) 

:0 :0 
co co 

Phase Ctl Reg 110 
u u 
u u 
0 0 

co 

Phase Ctl Reg 111 

Blower 
Phase Ctl Reg 112 

C.O. 

FUNCTION RELAY FUNCTION TB FUNCTION 

TR 101 protect K151 Power reset 101 DC distribution 

TR 102 protect K154 Console file de 102 DC distribution 

Phase control Reg protect 103 CPU 50/60 Hz 

TR104,105,106 protect 
-3V wire protect (CPU) 

TR 1 03 protect 



ELECTRICAL COMPONENTS--CPU FRAME, Stage 2 

TR Pacs and Regulators: The TR Pacs and their associated regulators 
for the CPU logic gates. The circuit protectors that protect th~ 
regu lators against OV /OC are contained on the TR Pacs. Forced 
air is used for cooling. All regulators are remote-sensed. 

Blower 

FUSE FUNCTION 

401 41 V ac at CE Meter 

402 TR408 Protect 

TB408 

O r-----· . I I 
I I L _____ ~ 

I I 
CP CP CP CP CP CP CP 
401 402 403 404 405 41 5 407 

D 
TB2 

TR408 

+6V 0 Reg 403 

Reg A·Gate Dual 
Blower 

0' Reg 405 

40Z 
+7V 

0 Reg 404 

B-Gate Dual 
Chimney 

Reg 406 

Blower 

TBl o Reg 407 

Feature 

TB FUNCTION 

40B CPU 400 Hz Distribution 
105 Power reset to logic 
106 24V dc Return IFA lamp 
107 7.25V ac 50/60Hz 
109 7.25V to console 

M MO CP113 

K154 

RELAY FUNCTION 

K 151 Power Reset 
K154 Console file dc 

CP FUNCTION 

401 Reg 405 (OCR) Protect 

402 TR 401 Protect 

403 +2V O/V Protect 
404 TR 402 Protect 
405 Reg 406 (OCR) Protect 
406 Dual O/V Protect 
407 Reg 407 (O/CR) Protect 
414 Reg 403 (Dual) Protect 
415 Reg 404 (Dual) Protect 

EPO 
SW 

Right-Side View 

AC 1----.----. r-, 
I • 
I I 
I I 
L._..J 

TB 
107 "E 

ro 
LO 0 
o -e v Q) 
co x 
I- ~ 

Reg 405 
-DE 1 -OE2 

+OE3 +OE4 

Reg 406 
-DE 1 -OE2 
+OE3 +OE4 

Reg 407 
-OE1 -OE2 

+OE3 +OE4 

QQ C.O. 

E5 

E6 
E7 
E8 
E5 
E6 
E7 

E8 
E5 

E6 
E7 

E8 

Reg 

OE1 
OE3 

Reg 
OE1 
OE3 

TR402 TR401 

D 

403 
OE2 
OE4 

404 
OE2 
OE4 

TB FUNCTION 
401 DC Distribution 
402 DC Distribution 
403 CPU 50/60 Hz 

V1 A1 

V2 

A2 +6V 

------lOO 
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POWER DISTRIBUTION, STAGE 1 

The Model 145 power frame receives primary power input of 
200/20S/230V ac, 60 Hz or 200/220/235V ac volts, 3S0/40SV 
ac, 50 Hz. Input distribution is three-phase and ground for 60 
Hz; three-phase, neutral (for usage only), and ground for 50 Hz 
operation. 

Power is routed from the customer ac service to a filter net
work (YE 110). Each ac feed capacitor in the filter network 
has a resistor connected to ground. These resistors bleed off any 
charge remaining on the capacitors when the ac service is 
disconnected. Mainline circuit breakers for this system are 
CBl and CB4. 

After all circuit breakers are closed, initial turn-on brings: 
1. AC voltage via fuses F3 and F4 to transformer TR3, which 

provides 24V dc to the power control ci~cuit, 12V ac to the 
undervoltage detect circuits, and 7.25V to the sequence 
indicator lamps. The 24V dc is first routed to the system 
emerging power off (EPO) circuit via n/o contacts of K 1 
(and K3 if the 3046 is installed). If the EPO switch is 
closed and phase rotation to the MG is correct, relay K4 
picks. 

2. AC voltage to the convenience outlets. For 60 Hz systems, 
it is routed via fuses 1 and 2 to stepdown transformer TR5, 
which suppl ies 115V ac (for input voltage of 20SV and 
230V) to the convenience outlets. For 200V, 60 Hz 
systems, transform TR5 supplies 100V ac to the convenience 
outlets. 

For Hz systems, the convenience outlet voltage is 220, 235, 
3S0, or 40S (by Data-WYE) switching. 

Further power distribution does not occur until one of the 
power switches is activated. 

An auto transformer is provided for 200V 50 or 60 Hz; and 
235/40S 50 Hz inputs. Taps are provided on the transformer 
to obtain 220V output for the various input line voltages. 

AC OUTPUTS 

Convenience Outlets 

Four duplex convenience outlets are provided with the 
system: CPU (2) and PF (2). For domestic machines, the 
outlets provide 115V ac, 60 Hz single-phase at a maximum of 
15 amperes total for all outlets whose power is supplied by 
TR5. For World Trade, the outlets can provide either 100V ac, 
60 Hz single-phase at a maximum of 15 amperes; or 200V, 
220V, 235V, 50 Hz, at a maximum of S amperes. These 
currents are totals for all outlets. 

Blowers 

The system is cooled by blowers that require: 20S/230V 
60 Hz; or 220V, 50 Hz power. 

• The CPU uses two blowers for cooling the regulator stack, 
one for the phase-controlled regulator stack, three for the 
A-gate, six for the B-gate, and _one for the mixer board. 

• The power frame uses: one blower motor for the regulator 
stack. 

Wall 
Box 

CB1~---------------4 

MG Pwr 
Contactor 

EPa 
Ctl 

K16 

YE170 

Power Distribution, Stage 1 11-10 

~---1 1<261----· 

CB5~ ___ 2~0~S_V~,4~0~0~H~z~ __ ~ 

20SV, 400 Hz 
CB2~-----------------4 

'---I 
I I YE1S0 

PF 

CPU 

YE110 ...... __ --L ___ ....j K4 1---------4"-- - - - - -I 50 Hz I- - -.- - - - - - - - - - - - ~ WTC Convenience Outlets 
, I 

CB4 ~It-------L---... 

I 
I 
I 
I -----1 
I : WTC I 

L 'Auto , 
-: Tfmr ;--T-

'T4 ' l_! ___ 1 

YB 111 

Power Conversion 

• Motor generator: Converts the input line voltage into 20SV, 
400 Hz, 3-phase power required by the system's 400 Hz 
transformers and phase-controlled regulators. This voltage 
is distributed via CB2 and CB5. 

A phase-rotation detection circuit (YE 11 0) assures that 
the motor generator rotates in a specified direction, thus 
eliminating a possible overheat condition. 

• Ferroresonant transformers (TR3, TR5, TR lOS): Supply 
the special power requirements, which do not require close 
regulation. 

L 

Tfmr 
TR5 

YE120 

CB3 

YEllO 

YEll0 

I 

3210 
Motor 

1.. ___ ...1 

60 Hz 3210s used l15V ae 

50 Hz 321 Os use 220V ac 

~~~~~~~:~~~~~~~~~~~~~~~~~~~~~~~~~~~115vac toConvenienceoutle~ 

I 
K29 _J 

I 
1,/(50 Hz) WTC 

YE130 I' 
___ .J 

Tfmr 
TR3 

YE130 
F8 

24 V dc Control 
12V de to Undervoltage Detect 
7.25V ac to Seq. Ind Lamps 

20SV, l-phase 60 Hz K271--...... -~K531-~~~..I..-~~~~~--~----::.:.;:..:..~..:::...:..:.::.:.;:....::..:..:..;.:::...-...\. Console File 

YE140 

Tfmr 
TR40S 

YE155 
Amp 
Card 

12V dc 

41V 

7.25V 

3215 

Meter Supply 
Console Ind Lamps 

I FA Mixer Board 

20SV, 3-phase 
~--------------------------------~~~~~~--------~IFA Note: 

Blower Ctl 
Contactor 

Detail wiring shown on 
YEllO through YE1S0 

• 400 Hz Transformers; Feed full-wave bridge rectifiers, 
which are used to supply the dc input voltage to the series 
regu lators. 

~--~CB7~----~K30~-------------------------~ Blowers Located in 
CPU, PF, MSF 

• Phase-controlled regulators: Used to convert 400 Hz input 
regulated dc output power for the monolithic storage 
devices. 

YEll0 

~---------~~------~---~-~~-~-~-~-----~ Phase-Rotation Detection YE 111 



POWER DISTRIBUTION, STAGE 2 

The Model 145 power frame receives primary power input of 
200/208/230V ac, 60 Hz or 200/220/235V ac volts, 380/408V 
ac, 50 Hz. I nput distribution is three-phase and ground for 60 
Hz; three-phase, neutral (for usage only), and ground for 50 Hz 
operation. 

Power is routed from the customer ac service to a filter net
work (YE 11 0). Each ac feed capacitor in the filter network 
has a resistor connected to ground. These resistors bleed off any 
charge remaining on the capacitors when the ac service is 
disconnected. Mainline circuit breakers for this system are 
CBl and CB4. 

After all circuit breakers are closed, initial turn-on brings: 
1. AC voltage via fuses F3 and F4 to transformer TR3, wh ich 

provides 24V dc to the power control circuit, 12V ac to the 
undervoltage detect circu its, and 7.25V to the sequence 
indicator lamps. The 24V dc is first routed to the system 
emerging power off (EPa) circuit via n/o contacts of K 1 
(and K3 if the 3046 is installed). If the EPa switch is 
closed and phase rotation to the MG is correct, relay K4 
picks. 

2. AC voltage to the convenience outlets. For 60 Hz systems, 
it is routed via fuses 1 and 2 to stepdown transformer TR5, 
which supplies 115V ac (for input voltage of 208V and 
230V) to the convenience outlets. For 200V, 60 Hz 
systems, transform TR5 supplies 100V ac to the convenience 
outlets. 

For Hz systems, the convenience outlet voltage is 220, 235, 
·380, or 408 (by Data-WYE) switching. 

Further power distribution does not occur until one of the 
power switches is activated. 

An auto transformer is provided for 200V 50 or 60 Hz; and 
235/40850 Hz inputs. Taps are provided on the transformer 
to obtain 220V output for the various input line voltages. 

AC OUTPUTS 

Convenience Outlets 

Four duplex convenience outlets are provided with the 
system: CPU (2) and PF (2). For domestic machines, the 
outlets provide 115V ac, 60 Hz single-phase at a maximum of 
15 amperes total for all outlets whose power is supplied by 
TR5. For World Trade, the outlets can provide either 100V ac, 
60 Hz single-phase at a maximum of 15 amperes; or 200V, 
220V, 235V, 50 Hz, at a maximum of 8 amperes. These 
cu rrents are totals for all outlets. 

Blowers 

The system is cooled by blowers that require: 208/230V 
60 Hz; or 220V, 50 Hz power. 

• The CPU uses two blowers for cooling the regulator stack, 
six for the phase·controlled regulator stacks, three for the 
A-gate; six for the B-gate. 

• The power frame uses: one blower motor for the regulator 
stack. 

MG Pwr 
Contactor 
~ 

~--------------~K16~---I M G 

208V, 400 Hz ( 
roo-- CB5 I------:......----~ PF ) 

1-----11(261----. 

208V, 400 Hz ( 
--- CB2 t------------II CPU ) Wall 

Box 
r--~ CB 1 t---------.. EPa 

etl 

-
YB110 

This jumper used 

I in place of Auto I 
Tfmr 

YB170 
Fl dF2 '---I '-

I an I - I I YB180 

.... -----1
1"'""-----4 K4 1-------..... - - - - - -I 50 Hz ~ - -.- - - - - - - - - - - - ~ WTC Convenience Outlets 

I I 
I L.. ___ _ -

YBll0 

- CB4 ~e-----+'------. 
I 

r-L.!l..J 
Tfmr I 
TR5 - K29 Motor -- -- --- -- --

{ 
3210 ---.i 3210s used 115V ac -

I 
I 
I -----1 
I : WTC I 

n ~ 1- ,F5and F6, 
'-------'. I Y B 120 I '------' f ( 

YB120 ~-----~I-------~------------------~)115V ac to Convenience outlets 

} WTC 321 Os use 220V ac 

- IWTC 

- K29~-J L IAuto I 
-"] Tfmr r--T- -

IT4 I l_! ___ 1 

YBlll 

Power Conversion 

• Motor generator: Converts the input line voltage into 208V, 
400 Hz, 3-phase power required by the system's 400 Hz 
transformers and phase-controlled regulators. This voltage 
is distributed via CB2 and CB5. 

A phase-rotation detection circuit (YE 111) assures that 
the motor generator rotates in a specified direction, thus 
eliminating a possible overheat condition. 

• Ferroresonant transformers (TR3, TR5, TR 108): Supply 
the special power requirements, which do not require close 
regulation. 

• 400 Hz Transformers; Feed full-wave bridge rectifiers, 
which are used to supply the dc input voltage to the series 
regu lators. 

• Phase-controlled regulators: Used to convert 400' Hz input 
regulated dc output power for the monolithic storage 
devices. 

YB121 
LF3 and F4 1 

Tfmr 
TR3 

( 
J 24V dc Control 

I-------------------~[) 12V dc to Undervoltage Detect 
t-----,---------------~~ 7.25V ac to Seq .·1 nd Lamps 

L-Y-B-13-0--' ~ 
l..Efu I 208V, 1-phase 60 Hz ( 

I---- CB3 I--- K271--...... --IK531-------.L---------------------...;..-.....;...------~J Console File 

'--

YB111 

L.~ 

I F13 and F14 I ~ 

YB140 

.---------------~------------~~ 3215 

I F401 1 

I I 
Tfmr 
TR408 

41V ( 1---...1------------------....... Meter Supply 
1--________________ 7_.2_5_V_---I,/ Console Ind Lamps 

) 

YB155 ~ 
16V Amp 

Card 
12V dc ( 

I---.-----------~J IFA Mixer Board 

~ 
~ _______ - _________ 2_0_8V~,3_-~p_ha_s_e _____ ~( IFA 

) 
Note: 

Blower Ctl 
Contactor 

-

Detail wiring shown on 
YB 110 through YB 180 

._--1 CB7 1------1 K30 I------------------------~~ Blowers Located in 
~ CPU, PF, MSF 

~ 

YBlll 

I-------------------------------------~) Phase-Rotation Detection YB 112 
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CPU POWER CONVERSION AND DISTRIBUTION, STAGE 1 

Notes: 

1. Three-phase input to the CPU is controlled by circuit 
breaker CB2. 

2. Single-phase power is applied to transformers TR 104, 
TR106, and TR108. The input to TR104, TR105, and 
TR106 is protected by circuit protector CP104, and the 
input to TR 1 08 is protected by circuit breaker CB3. 

3. The input to TR101, TR102, and TR103 is protected 
by its own circuit protector. The output form each 
ac/dc module provides inputs to regulators via circuit 
protectors. The regulator outputs are the dc inputs to 
the logic gates. 

tage. 4.· Voltage sense circuits detect the loss of each de logic vol 
Failure of any regulator causes the system to power-dow 

5. If CB1, CB3, CB4, or CB7 trip: 
a. Reset the CB 
b. Wait four minutes before pressing the power-on key. 

208V. 50/60 Hz CB3 

TR108 
7.25V @19A 
41V @.5A 
12V@2.5A 
YE155 

208V. 400Hz. 3-Phase 

LOADS 

7.25V ac to TB10B 
41V ac to TB109 
12V to TB14 

n. 

.---
- CB2 

-
L....-

YE180 

r---

CP 
~ 104 

L..--

r--- CP I-

- 102 I-.--- I-
'---

YE150 

r--- CP t---
- 101 I---

t---
'--
YE150 

r-----
CP 
104 

'---

r--- CP f-

- 114 I--
f-

1....0-

YE150 

r---

CP TR 105 
208V. 400Hz. 1 Phase - 104 +18V/@O.75A 

t-
'---- Bias 

TR 102 r----- YE300 

V1 ~= 
CP 11.1 to 15V de 

V2 

'----

r-----. 
CP 

V2 ~= V1 

11.1 to 15V de 

L..--

~ 

V4 ~= 
CP 18.5 to 22V dc 

V4 

L..--

r---

V3~= CP 
14.5 to 18V dc 

V3 
i-

YE300 

TR101 
roo-

~= 
CP 

11.3 to 13V de 
Vl 

Vl 
i-

.---

V3 ~= 
CP 11 .3 to 13V de 

V3 

'---

.--

~= 
CP 11 .3 to 13V dc 

V2 V2 

'--

.--

V4 ~= 
CP 11.3 to 13V de 

V4 

i-

TR104 
YE301 +18V @0.75A 
208V. 400Hz, 1 Ph3se - Bias 

TR103 YE301 .--
Vl { 

CP 

I Vl 
r r-----

YE303'-- CP 
~ 105 

TR106 L..--

+18V@0.75A 
Bias r---

- CP 

YE303 
........ 106 

'---

r-- r--

208V. 400Hz. 3 Phase CP CP 

103 107 

--- ~ 

YE150 

Reg 103 
+1.25V/ 

I--
-3V@70A 

Reg 105 
+1.25V/ ~ 

-3V @90A 

Reg 106 
+7V @62A I--

Reg 108 
+6V @12A -

YE300 

Reg 101 
+1.25V/ ~ 

.-- -3V @70A 

Reg 104 
+1.25V/ I--

~ -3V @70A 

Reg 102 
+1.25V/ I--

~ -3V @90A 

Reg 107 
+1.25V/ I--

t- -3V @70A 

YE30r--= _. 

Reg 109 

If 
+1.25V/ I--

-3V @70A 

- Reg 110 

- +2V @250A ~ 
f-- Phase Ctl 

- Reg 111 

- +2V @250A I--

f--- Phase Ctl 

- Reg 112 
+2V @250A - -

f-
Phase Ctl 

... 

YE302 

LOADS 

B-Gate A2. B2. C2 
A4.B4.C4 

B-Gate A3. B3. C3 

B-Gate A2. B2. C2 
A4, B4, C4 

A-Gate, B-Gate F-Gate 

A-Gate A3, B3, C3 

A-Gate A2, B2,. C2 

A·Gate A2, B1, Cl 

A-Gate A4, B4, C4 

B-Gate A2, B1. Cl 

B-Gate A2, A4 

B-Gate B2, B4 

B-Gate C2, C4 

A1 

A2 

A3 

A4 

I 

I 

CPU Power Conversion and Distribution, Stage 1 11-12 

BOARD ASSEMBLY LOCATION CHART 

Basic 

Sel Ch. 2 

Se1Ch.3 

Feature 
Sell/O 

A-Gate (Card Side) 

B1 Cl 

Feature 
SelCh.l 
or IFA 

B2 C2 

Basic 

B3 C3 

Basic 

B4 C4 

Basic 

B-Gate (Wiring Side) 
Main and Control Storage 

Cl B1 

C2 B2 

C3 B3 

C4 B4 

I I I I 

I I I I 

~ 

Basic 

Basic 

"U 
c 
W 
Q) 
Cl 

.S 
J: 

Basic 

Basic 

~ 

All=!] 

A2 

"U 
c 
w 

A3 Q) 
Cl 

.S 
ECC J: 

A4 

b!J 
"1 

I 



CPU POWER CONVERSION and DISTRIBUTION, STAGE 2 

Notes 

1. Three-phase input to the CPU is controlled by circuit 
breaker CB2. 

2. The output from each ac/dc module provides inputs 
to regulators via the circuit protectors. 

3. Voltage sense circuits detect the loss of each de logic 
voltage. Failure of any regulator causes the system to 
power-down. 

4. If CB 1, CB3, CB4, or CB7 trip: 

a. Reset the CB. 
b. Wait four minutes before pressing the power-on key. 

208V 
400Hz 
3¢ 

208V 
50/60Hz 

3¢ 

- CB2 

YB180 

CB3 

YB111 

CP 
r--- 404 r----

YB151 

4.- CP 
402 

I----

YB151 

.---
CP 

H ..- 406 

"--
YB151 

CP 
'-

403 

YB151 

TR402 
+18V @0.75A 

Bias 

YB300 

TR401 

CP 
V1 Vl 
20A 

t--

V2 I---
BOA CP 

V2 

YB300 

CP .- 414 

YB152 

CP - 415 

YB152 

CP 
401 

YB152 

..--

CP 
405 

'---

YB152 

CP 
407 

~ YB152 

TR408 
7.25V@19A 
41V @.5A 
12V @2.5A 

YB155 

t~ 
Reg 401 
+6V @12A 

YB301 

--
Reg 402 
+7V @70A 

YB303 

Reg 403 
+1.25V/·3V 
@250A 
¢CR Dual 

YB301 

Reg 404 
+1.25V/-3V 
@250A 
qx:;R Dual 

YB303 

Reg 405 
+2V @250A 

qx:;R 

Reg 406 
+2V @290A 

¢CR 

Reg 407 
-12V @290A 

CPCR 

YB302 

TB107 (Console Indicators) 

TB 109 (Meters) 

TB14 (lFA F-Gate) 

t-

t-

t-

-

r-

r-

I-

Loads 

A-Gate, B-Gate, F·Gate 

B-Gate A2, B2, C2 
A4, B4, C4 

A-Gate (All Boards) 
F-Gate 

B-Gate Call Boards 

B-Gate A2, A4 

B-Gate 82, B4 

B·Gate 82. B4 

A1 

A2 

A3 

A4 

Board Assembly Location Chart 
A-Gate (Card Side) 

Basic 

Sel. Ch. 3 

Sel. Ch. 3 

Feature 
Sel.I/O 

B1 
Feature 
Sel. Ch_ 1 

or IFA 

B2 

Basic 

B3 

Basic 

B4 

Basic 

B-Gate (Wiring Side) 
Main and Control Storage 

C1 B1 

C2 B2 

C3 B3 

C4 B4 

Cl 

C2 

C3 

C4 

~ 
Basic 

Basic 

"0 
c 
w 
III 
C"I 
c 

Basic :i: 

Basic 

~ 

A1 ::!1 

A2 

"0 
A3 c 

w 
III 
Cl 

ECC c 
J: 

A4 

b!l 
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POWER FRAME POWER CONVERSION and DISTRIBUTION, STAGE 1 

Notes: 

1. Three-phase power to TR 1 and transformer TR2 is controlled 
by circuit breaker CB5. TR 1 and TR2 are used exclusivley 

for the I FA feature. The input to each TR is protected by a 

circuit protector. The output from TR 1 provides an input to 

fou r regu lators. The regu lator ou tputs and the ou tput from 
TR2 supply dc voltages to the IFA distribution board 

OB1-0B11. 

2. Circuit breaker CB 1 controls the single-phase input to 

transformers TR3 (control transformer), TR4 (WIT 
auto transformer), and TR5 (convenience outlet trans

former). The input to TR4 is also controlled by contacts 

of CPO relay K4_ 

4. Failure of the 24V de output from TR3 causes a random 

shutdown of the entire system. 

208V. 400 Hz 
3-Phase 

--

-
-

,- r---
f--- I-

CB5 - CP1 I-

...... .- I--

'--- "---
YE180 YE130 

r---

- I-

- CP2 I--

- l-

�___ 

YE130 

208V 

60Hz, 

CB1 1 Phase 

200V 50/60 Hz 
235/408V 50 Hz 

208V 60 Hz 
1 Phase 

CB1 K4 

TR1 
V2 

V1 

V4 

V3 

TR2 

36V @12A 

YE310 

TR3 

+24V @11A 
+12V @2A 
7.25V @4A 

TR4 

Auto Tfrur 

YE110 

TR5 

100/115Vac 
@15A 

YE120 

{ 

~ 

1 

i II 
YE310 

IFA OB-1-0B-6 

+24V de 

+12V 

0 
CE Sw 6 

24V dc 

~----------~TB7~-------4 

Power Frame Power Conversion and Distribution, Stage 1 11-14 

IFA Mixer Brd 

HOB9-1 (YE312) 

Reg 1 
-3V @ 20A 

+Grd OB6-2 

+OB4-1,OB5-1 (YE311) 

Reg 2 

+3V @ 20A H Grd OBlO-1 (YE312) 

(-)089-1 (YE312) 

Reg 3 

-36V @ 2A 

(+) Grd (YE311) 

(+) OB7-1, OB7-2 (YE312) 

Reg 5 

+6V @ 16A 

-- (-) Grd OB10-2 (YE312) 

YE310 

fTBl- 24V to 3210 (YE305) l.!.!.QJ 
24V de Seq. Control YYE200) 

Console File Ctl (YE280) 

Undervoltage Oetection (SL T Brd TB17-1) 

7.25V ac Ind Lamps (Y0611) 

Conv. Outlets (CPU, PF, MSF) 
(Basic in 60 Hz Machines) 

115 V ac to Oomestic 3210 Motors 



POWER FRAME POWER CONVERSION and DISTRIBUTION, STAGE 2 

Notes: 

1. Three-phase power to ac-dc module TR 1 and transformer TR2 is 
controlled by a circuit breaker CB5. TR 1 and TR2 are used 
exclusively for the I FA feature. The output to each T R is pro
tected by a circuit protector. The output from TR 1 provides 
an input to four regulators. The regulator outputs and the out
put from TR2 supply dc voltages to the I FA distribution board 
OB1-0B11. 

2. Circuit breaker CB 1 controls the single-phase input to 
transformers TR3 (control transformer), TR4 (WTC 
auto transformer), and TR5 (convenience outlet trans
former). The input to TR4 is also controlled by contacts 
of CPO relay K4. 

4. Failure of the 24V dc output from TR3 causes a random 
shutdown of the entire system. 

208V, 400 Hz 
3·Phase { 

r-- r-

- I-- i--

- CB5 r- CP1 f-

- H'- i--

'--- "--

YE180 YE130 

r----

'-- I--

- CP2 I-

- r--

-
YE130 

208V 

60Hz, 

CBl 1 Phase 

200V 50/60 Hz 
235/408V 50 Hz 

208V 60 Hz 
1 Phase 

CB1 K4 

TR1 
V2 

V1 

V4 

V3 

TR2 

36V @12A 

YE310 

TR3 

+24V @llA 
+12V @2A 
7.25V @4A 

TR4 

Auto Tfrur 

YEll0 

TR5 

100/115Vac 
@15A 

YE120 

~ 

~ 

~ 

~ 
YE310 

+24V dc 
CP8 

+12V 

24V dc 

IFA Mixer Brd 

(-)OB9·1 (YE312) 

Reg 1 
-3V @20A 

+Grd DB6-2 

+DB4-1, DB5-1 (YE311) 

Reg 2 

+3V@ 20A (-) Grd DB10-1 (YE312) 

(-)DB9-1 (YE312) 

Reg 3 

-36V @ 2A 
(+) Grd (YE311) 

I I (+) DB7-1, DB7-2 (YE312) 

Reg 5 

+6V @ 16A 
(-) Grd DB10·2 (YE312) 

YE310 

IFA DB·1-DB-6 

rT'Bl- 24V to 3210 (YE305) L!.!QJ 
24V dc Seq. Control YYE200) 

Console File Ctl (YE280) 

Undervoltage Detection (SL T Brd TB17-l;) 

~------El- 7.25Vac Ind Lamps (YD611) 0 
CE Sw 6 

TB7 

Conv. Outlets (CPU, PF, MSF) 
(Basic in 60 Hz Machines) 

115vac 60H z to Domestic 3210 Motors 

3145 TM 11-15 



CONTROL AND INDICATORS 

POWER ON 
START 

o 
This lamp is lit whenever a power-on sequence is in 
progress, also stays on for five-minute blower delay, 
after power-off. 

POWER ON 
COMPLETE 

o 
This lamp lights when the power-on sequence is com
plete and stays lit until power is turned off by means of 
the power-off switch or because of a power fault in any 
frame. 
(exception: CE ERROR OVERRIDE ON) 

HEADS 
EXTENDED 

o 
This light is lit whenever a head-extend condition exists 
in I FA. If a power check is indicated during a normal 
power-down sequence while this is lit, a disk head 
remains extended in one of the disk-storage facilities. 

CE PANEL, STAGE-1 

POWER 
CHECK 

® 
This indicator lights whenever any of the following con-
ditions exists in any frame: power incomplete, to the 
system, CB trip, open thermal, MG check, CE2 switch 
at ERROR OVERRIDE, CE5 set at I/O HOLD. 

MG CHECK 

® 
This indicator is on when a power problem (thermal or 
overvoltage) exists within the MG enclosure. 

THERM 
CHECK 

® 
This indicator is used with all thermal contacts in each 
frame. When this light is lit, at least one thermal switch 
has been opened as a result of a high ambient temperture. 

CB TRIP 

® 
This indicator comes on when a circuit breaker trips in 
any of the three frames. (CPU, PF, MSF). 

CPU 

® 
This indicator lights when a power failure or a thermal 
condition exists in the CPU frame. 

PF 

® 
This indicator lights when a power failure or a thermal 
condition exists in the PF. 

MSF 

® 
This indicator lights when a power failure or a thermal 
condition exists in the 3345 MSF (if attached). 

SEQ. 1 

REG 101 REG 101 

0 0 
+1.25V -3V 

REG 102 REG 104 

o o 
-3V +1.25V 

REG 105 REG 105 

o o 
+1.25V -3V 

REG 107 REG 109 

o o 
-3V +1.25V 

REG 110 REG 111 

o o 
+2V +2V 

TR 108 TR 108 

o o 
41V AC +12V 

Control and Indicators 11-16 

CPU I MSF I PF 

SEQ. 2 SEQ.1 SEQ. 2 SEQ. 1 

REG 102 REG 103 REG 205 REG 201 REG 1 

0 0 0 0 0 
+1.25V +1.25V +2V +1.25V -3V 

REG 104 REG 103 REG 206 REG 201 REG 2 

o o o o o 
-3V -3V +2V -3V +3V 

REG 107 REG 106 REG 207 REG 202 REG 3 

o '0 o o o 
+1.25V +7V +2V +7V -36V 

REG 109 REG 108 REG 208 REG 5 

o o o o 
-3V +6V +2V +6V 

REG 112 TR2 

o o 
+2V +36V 

Each regulator lamp is marked for its level and lights when that regulator voltage reaches its designated 
level. These lights can be used, along with CE2 switch (ERROR OVERRIDE positio) and CE6 switch 
(REG TEST position), when an incomplete power-on sequence occurs to find which regulator(s) voltage 
has not reached its rated output. 

...1t. .1.. ..11.. -
~ CE SWITCHES ~ 

I r 1 

POW.ERON Ir2 

CKRESET Ir3 

BLOWER lr4 
NORMAL Ir5 

1/0 HOLD Ir6 
LAMP TEST ~ 

~ OFF ~ 

I 0 0 ERROR 0 0 0 NORMAL 0 REG TEST I ~ OVERRIDE MG HOLD ~ 
~ ~ 
~ MG PWR OFF I 
~ NORMAL CONTROLLED POWER OFF I/O OFF NORMAL ~ 

~ 



SWITCHES LABEL 

CE 1 POWER ON 

CE 2 CK RESET 

ERROR 
OVERRIDE 

NORMAL 

CE 3 BLOWER OFF 

MG HOLD 

MG PWR OFF 
CONTROLLED 

CE 4 NORMAL 

POWER OFF 

CE 5 I/O HOLD 

NORMAL 

I/O OFF 

CE 6 LAMP TEST 

REG TEST 

"NORMAL 

FUNCTION 

Performs the same function as the console power-on key (initiates a power-on sequence). 

This is a momentary position of switch CE2 that resets the power check circuits 
(picks K 12). The power check circuits must be reset after each power malfunction 
before power can be reapplied to the system. 

Bypasses all malfunctions that cause a power-check condition by providing a 
return path for relay, K 12. The power-check conditions bypassed are: thermal 
trip, undervoltage detect, CB trip, and MG check. This position of CE2 switch 
can be used as a trouble shooting aid by enabling power turn-on under a power 
check condition. By using the error override capability along with CE6 switch 
(R EG TEST position) when a CB trip is apparent, maintenance personnel can 
monitor the regulator sequence lights and find which regulator(s} are not 
supplying proper output voltages. When the switch is at ERROR OVER RIDE, 
the CE panel power check light is lit and the console POWER check light is lit 
to indicate that a CE switch is at a test mode position. 

Allows the power check circuits to function in their normal manner. CE2 
switch should be maintained at this position during normal running operations. 

Enables turning off the blowers p~ematurely after a power-down sequence 
has been started. (The blowers normally operate for five minutes after 
powering-down the system.) 

Keeps the MG set running after the system has been powered down. (Bypasses the 
system power-off switch control over the MG set.) 

Allows the MG to be turned off with the system when the power-off switch 
is activated. 

Allows the power-on switches to control system power in the regular manner. 
CE4 switch must be at NORMAL in order for the system to operate. 

Performs the same function as the console powerOoff key (intitiates a power-off sequence 
Diasables the operation of both the console power-on and CE panel 
power-on switches. Anytime the CE 4 switch is at POWE R OF F; the 
console power check light is lit. This switch can be used to prevent power 
from being applied to the system while it is being serviced. 

Allows the 24V dc control to the I/O units to be maintained "after the 
system is powered-down. Anytime CE5 switch is at I/O HOLD, the CE panel 
power check light is lit and the console power light is turned on. 

Allows the I/O devices turn-on procedure to function under control of the system 
power-on operation. CE5 switch should be kept at NORMAL for all regular 
operations. 

Inhibits the turn-on of I/O devices over the channel. Anytime CE5 is at I/O OFF, 
the power-on complete light does not light. If CE5 is switched to 1/0 OFF after 
power-on is complete, the channell/Os will drop and the power-on complete light 
will turn off. To bring the II0s up again, press POWER OFF; then POWER ON. 

Causes all CE panel lights to glow. The CE6 switch can be operated to LAMP 
TEST at any time without affecting system operation. 

Provides a means for checking all regulators outputs by means of the regulator 
sequencing lights. If a CB power check is indicated, one can use the CE2 switch in 
the ERROR OVERRIDE position along with REG TEST and detect the regulator(s) 
that are not providing the indicated output. (Associated regulator indicator is off.) 

Provides no function. CE6 switch should be kept at NORMAL during all regular 
system operations. 

CPU CONSOLE (POWER CONTROL SWITCHES), 
STAGES 1 AND 2 

There are three switches on the CPU console that are associated 
with power control: Emergency Pull switch, Power 0 n key, and 
Power Off key. 

1. Emergency Pull Switch (located on the upper right-hand 
section). 

Pulling this switch causes all system power to be removed 
within two seconds. However, primary power is present at 
both the entry and exit terminals of CB 1, CB3, CB4, CB7, 
TR3, and TR4 (when auto transformer is used). Voltage is 
also present at the inputs to relays K4, K 16, K27, and K30. 

2. Power On Key (located on the lower left-hand section). 
The power on key, when pressed, initiates a power-on 

sequence for the CPU and on-line I/O units, The key turns 
red when pressed; and white when the power-on sequence is 
complete. The time required for a power-on sequence is 
determined by the number and type of I/O units online. 

3, Power Off Key (located on the lower left-hand section), 
The power off key, when pressed, removes power to the 

CPU and online 1/0 units. Main- and control-storage 
information is lost. 

If power-supply failure or overtemperature condition 
occurs while the system is operating, a power-off sequence 
is initiated. After a power fault is corrected, press the power
off key, or the check reset switch on either the CE panel 
or the CPU console. 
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Control and Indicators 11-18 

CONTROL AND INDICATORS (~<?ntinu~d) 

POWER ON 
START 

o 
~his lamp is lit whenever a power-on sequence is in 
progress, also stays on for five-minute blower delay, 
after power-off. 

POWER ON 
COMPLETE 

o 
This lamp lights when the power-on sequence is com
plete and stays lit until power is turned off by means of 
the power-off switch or because of a power fault in any 
frame. 

(exception: CE ERROR OVERRIDE ON) 

HEADS 
EXTENDED 

o 
This light is lit whenever a head-extend condition exists 
in I FA. If a power check is indicated during a normal 
power-down sequence while this is lit, a disk head 
remains extended in one of the disk-storage facilities. 

Note: 

CE Switch Function Chart same for Stage 1 
and Stage 2. 

CE PANEL, STAGE-2 

POWER 
CHECK 

® 
This indicator lights whenever any of the following con-
ditions exists in any frame: power incomplete, to the 
system, CB trip, open thermal, MG check, CE2 switch 
at ERROR OVER RID!:, CE5 set at I/O HOLD. 

MG CHECK 

® 
This indicator is on when a power problem (thermal or 
overvoltage) exists within the MG enclosure. 

THERM 
CHECK 

® 
This indicator is used with all thermal contacts in each 
frame. When this light is lit, at least one thermal switch 
has been opened as a result of a high ambient temperture. 

CB TRIP 

® 
This indicator comes on when a circuit breaker trips in 
any of the three frames. (CPU, PF, MSF). 

CPU 

® 
This indicator lights when a power failure or a thermal 
condition exists in the CPU frame. 

PF 

® 
This indicator lights when a power failure or a thermal 
condition exists in the PF. 

MSF 

® 
This indicator lights when a power failure or a thermal 
condition exists in the 3345 MSF (if attached). 

SEQ. 1 

REG 403 

o 
+1.25V 

REG 403 

o 
-3V 

REG 405 REG 406 

o o 
+2V +2V 

TR 408 TR 408 

o o 
41VAC +12V 

CPU I MSF I PF 

SEQ~ 2 SEQ.1 SEQ.2 SEQ. 1 

REG 404 REG 402 REG 205 REG 201 REG 1 o 0 0 0 0 
+1.25V +7V +2V +1.25V -3V 

REG 404 REG 401 REG 206 REG 201 REG 2 o o o o o 
-3V +6V +2V -3V +3V 

REG 207 REG 202 REG 3 

o o o 
+2V +7V -36V 

REG 208 REG 5 

o o 
+2V +6V 

REG 407 TR2 

o o 
+2V +36V 

SPARE 

o 
, J I :, 

Each regulator lamp is marked 'for its level and lights when that regulator voltage reaches its designated 
level. These lights can be used, alongwith CE2 switch (ERROR OVERRIDE positio) and CE6 switch 
(REG TEST position), when an incomplete power-on sequence occurs to find which regulator(s) voltage 
has not reached its rated output. 

.1L ..l.. ..11.. ... 
~ CE SWITCHES ~ I r 1 POWER ON I r 2 CK RESET I r 3 BLOWER I r 4 NORMAL I r 5 1/0 HOLO I r 6 LAMP TEST d 
~ OFF ~ 

rJ 0 0 ERROR 0 0 0 NORMAL 0 REG TEST I rJ OVERRIDE MG HOLD I 
rJ MG PWR OFF I rJ NORMAL CONTROLLED POWER OFF I/O OFF NORMAL I 

]~ 



REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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POWER SEQUENCING 

POWER-ON SEQUENCE, Stage 1 

• Before the power-on sequence can start, the EPa switch must 
be in the non-operated state so that the EPa relay can pick. 

• Input power to the motor generator must have the proper 
phase rotation. 

• Voltage, current and temperature indications must be normal, 
power sequence to all I/O channel related devices must be 
complete, and the voltage sense circuits must sense the correct 
voltage, before power-on sequence is complete. 

For the following discussion, refer to the power-on flow on logic 
page YEOll, the power-on sequence and timing chart (YE070), 
and the power sequencing and control illustration. With mainline 
power applied to the processing unit, but before the power-on 
key is pressed, three-phase input is routed through a phase detect 
circuit (YE 111), and 208V ac is applied via fuses F3 and F4 to 
transformer TR3 that supplies: 24V dc via n/o contacts of cpa, 
12V dc via fuse FlO and 7.25V ac via fuse Fll, to the central 
sequencing and control circuits. The 24V dc is first routed to the 
emergency power-off (EPO) circuit. To energize the EPO control 
relay K4, two conditions must be satisfied; the EPa switch must 
be closed, and the three-phase input to the motor generator(s) 
must have proper phase orientation. If the input phase to the MG 
is correct, phase rotation relay K 1 is energized. (If the 3046 
Power Unit is connected to the system, a second relay K3 is used 
to assure proper phase relationship for the MG in the 3046.) The 
contacts of K 1 and K3 are connected in series. This interlock 
makes sure that, whenever the 3046 is connected to the Model 
145, the system will power up only when the main input source 
to each unit is connected in accordance with the installation 
planning data. 

Note: Whenever the 3046 power unit is connected to the Model 
145, certain interface control lines between the units directly 
affect system power. These interface control lines: 

1. Assure that the 3046 motor generator rotation is correct. 

2. Interlock the 3046 with the system EPa circuits. 

3. Interlock the 3046 line cord with the line cord in the Model 
145 power frame. If either cord is removed from the outlet or 
if the mainline circuit breaker in either frame is turned off, the 
entire system is turned off. 

4. Provide an interface from the 3046 MG overvoltage and 
overheat detection circuits to the undervoltage board, located 
in the Model 145 power frame. If either or both of these 
conditions are detected, the entire system is turned off. 

5. In order to reduce in-rush current, make sure that the 3046 is 
powered-up about 15 seconds after the generator within the 
Model 145 power frame has been powered. 

From the contacts of K4, 20aV ac is routed to the step down 
transformer TR5 when connected to a 60 Hz source, which 
provides 115V ac to the convenience outlets located on each 
frame. For a 50 Hz source, the voltage is routed directly to the 
convenience outlets as shown on logic page Y E 120. Because 24 V 
dc is present, all I/O EPO relays (K5 through K9) pick (if 
installed) and signal to the attached I/O control units that no 
EPa condition exists. The MG check relay Kl} also picks at this 
time. .." 

Before the power supplies can be sequenced on, power check 
relay K12 must be picked, which occurs if no power fault is 
sensed, or by positioning CE switch 2 to the ERROR 
OVER RIDE. To initiate the system power-on sequence, CE4 
switch must be at NORMAL, and the power-on switch on either 
the CPU console or the CE panel must be activated. Pressing the 
power-on key picks power-on relay K 14. As soon as the K 14 
contacts transfer, MG start control relay K 15 is picked and 24V 
dc is supplied to time-delay relay K20. A set of N/O contacts of 
K15 allow MG main power relay K16 to pick. The contacts of 
K16 are the mainline contactors that allow power to be applied 
to the MG set. Time-delay relay K20, which has a power-on delay 
of about 10 seconds, allows the MG to come up to speed under a 
no-load condition. The remaining power sequencing is as follows: 

1. After the 10-second time-out of K20, its n/o contacts 
complete the circuit for MG hold relay K21. (A set of K21 
contacts are used in conjunction with CE3 switch, position 
to MG HOLD, to keep the MG running even after the system 
is sequenced down.) 

2. Relay K22 (400 Hz power control) is energized through K21 
n/o contacts. 

3. Relay K26 (400 Hz contactor), which controls the MG 
output, is picked through K22 n/o and K 16 n/o contacts. 
The contactors of this relay allow 208V ac, 400 Hz, to pass 
to the 400 Hz transformer/rectifiers that supply the dc input 
voltage to the series regulators and also allow the 20aV ac, 
400 Hz, to pass to the phase-controlled regulators. 

4. Relay K27 (AC contactor) is picked through K26 n/o 
contacts (YE110). With K27 picked, power is distributed as 
follows: 
• Heads extended relay K2a picks through n/o contacts of 

K15, K14, and K12, preventing a complete power 
shutdown and possible damage to the disk packs 
whenever a disk head is extended. The HEADS 
EXTENDED light, located on the CE panel, will always 
be lit whenever K2a is energized. 

• Relay K29 (60 Hz Citation power control) is picked, 
allowing power to be applied to the 3210 and 3215 (if 
installed). 

• Power is applied to transformer TR10a which supplies: 
41 V ac for the metering circuits, 7 .25V ac to the console 
indicator lamps, and 12V dc to the CPU mixer board. 

• 208V ac is provided for the I FA. 

5. Relay K30 (blower control contactor) is picked, providing ac 
power to all blowers. 

6. After the MG output is distributed to the regulators and TR 
packs, first sequence detect relay K31 picks only when all of 
the following reach 70 per cent of their rated current. 

MAIN 
CPU FRAME POWER FRAME STORAGE FRAME 

(If installed) 
2VReg 1.25V and 3V Reg 

101 105 
102 107 
104 lOa 

2V Regs 
110,111,112 

TR10B 
(12V, 36V, 41V) 

Mid-Pack Reg 
Reg 1 (-3V) 
Reg 2 (+3V) 
Reg 3 (-36V) 
Reg 5 (+6V) 

204 
205 
206 

7. Second sequence relay K32 picks after K31 picks and only 
when all of the following reach 70 per cent of their rated 
current. 

CPU FRAME 

Reg 103 (1.25V and 3V) 
Reg 106 (7V) 
Reg 108 (6V)· 

MAIN 
STORAGE FRAME 
(If installed) 
Reg 201 (1.25V and 3V) 
Reg 202 (7V) 

a. Relay K34 picks through K20 n/o, K28 n/o, K 14 n/o, and 
K12 n/o contacts. After the relay contacts transfer, K34 is 
held in a pi~ked state through its own n/o contacts. The 
picking of this relay also enables a signal that allows the, 
sensing of the phase-controlled rectifier outputs. The 
transfer of K34 n/c contacts removes the bypass for the 
undervoltage detection circuit to the power check relay, and 
causes K20 to drop. 

9. Relay K33 (24V 2nd sequence control) picks through n/o 
contacts of K31, K32, n/c contacts of the CB auxiliary 
contacts, and n/c contacts of K14 and K12. With relay K33 
picked, 24V dc is routed to the 3215 (if installed). 

10. The attached I/O devices are now provided with 24V dc 
control voltage. A maximum of five I/O control groups can 
be installed, to control a maximum of 40 control units. 
There are five I/O stepper switches. If all are set to their 
home position, relay K35 (I/O power hold) picks through 
K 12 n/o and K34 n/o contacts. (If any I/O stepper switch is 
not at the home position, resetting the switch is done by 
pressing the power-off key.) 
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11. For each installed I/O group, there is an associated I/O group 
power control relay (K3a through K42) and a stepper switch 
I/O group relay (K44 through K48). The 24V dc control 
voltage is sequenced to the I/O control units through a 
stepper-switch action, commencing with I/O group one (relay 
K44 picks). After the stepper switch for I/O group one is 
complete (switch returns to home), the sequence is repeated 
until all connected I/O groups receive their 24V dc control 
voltage, (see ALDs YE200 and YE290). 

12. When the last device receives its 24V dc control voltage, relay 
K151 (power reset) is picked, causing the power-on key 
white backlight to turn on, indicating that the power-on 
sequence is complete. 



POWER SEQUENCING (Continued) 

POWER-ON SEQUENCE, Stage 2 

• Before the power-on sequence can start, the EPO switch must 
be in the non-operated state so that the EPO relay can pick. 

• Input power to the motor generator must have the proper 
phase orientation. 

• Voltage, current, and temperature indicators must be normal, 
power sequence to all I/O channel-related devices must be 
complete, and the voltage sense circuits must sense the correct 
voltage, before power-on sequence is complete. 

Refer to the power-on flow on logic page YBOll , the power-on 
sequence and timing chart (YB070), and the power sequencing 
and control (Page 11-22). With mainline power applied to the 
processing unit, but befcre the power-on key is pressed, three
phase input is routed through a phase detect circuit (VB111), and 
208V ac is applied via fuses F3 and F4 to transformer TR3 that 
supplies: 24V dc via n/o contacts of CP8, 12V dc via fuse FlO 
and 7.25V ac via fuse F 11, to the central sequencing and control 
curcuits. The 24V dc is first routed to the emergency power-off 
(EPO) circuit. To energize the EPO control relay K4, two 
conditions must be satisfied: the EPO switch must be closed, and 
the three-phase input to the motor generator(s) must have proper 
phase orientation. If the input phase to the MG is correct, phase 
rotation relay Kl is energized. (If the 3046 power unit is 
connected to the system, a second relay K2 is used to assure 
proper phase relationship for the MG in the 3046.) The contacts 
of Kl and K2 are connected in series. This interlock makes sure 
that, whenever the 3046 is connected to the Model 145, the 
system will power-up only when the main input source to each 
unit is connected in accordance with the installation planning 
data. 

Note: Whenever the 3046 power unit is connected to the Model 
145, there are certain interface control lines between the units 
that directly affect system power. These interface control lines: 

1. Assure that the 3046 motor generator rotation is correct. 

2. I nterlock the 3046 with the system EPO circuits. 

3. Interlock the 3046 line cord with the line cord in the Model 
145 power frame. If either cord is removed from the outlet or 
if the mainline circuit breaker in either frame is turned off, the 
entire system is turned off. 

4. Provide an interface from the 3046 MG overvoltage and 
overheat detection circuits to the undervoltage board, located 
in the Model 145 power frame. If either or both of these 
conditions are detected, the entire system is turned off. 

5. I n order to reduce in-rush current, make sure that the 3046 is 
powered-up about 15 seconds after the generator within the 
Model 145 power frame has been powered. 

From the contacts of K4, 208V ac is routed to the stepdown 
transformer TR5 when connected to a 60 Hz source, which 
provides 115V ac to the convenience outlets located on each 
frame. For a 50 Hz source, the voltage is routed directly to the 
convenience outlets as shown on logic page YB120. Because 24 V 
dc is present, all I/O EPO relays (K5 through K9) pick (if 
installed) and signal to the attached I/O control units that no 
EPO condition exists. The MG check relay K11 also picks at this 
time. 

Before the power supplies can be sequenced on, power check 
relay K 12 must be picked, which occurs if no power fault is 
sensed, or by positioning CE switch 2 to the ERROR 
OVERRIDE. To initiate the system power-on sequence, CE4 
switch must be at NORMAL, and the power·on switch on either 
the CPU console or the CE panel must be activated. Pressing the 
power-on key picks power-on relay K 14. As soon as K 14 contacts 
transfer, MG start control relay K15 is picked and 24V dc is 
supplied to time-delay relay K20. A set of n/o contacts of K 15 
allows MG main power relay K 16 to pick. The contacts of K 16 
are the mainline contactors that allow power to be applied to the 
MG set. Time-delay relay K20 has a power-on delay of about 10 
seconds to allow the MG to come up to speed under a no load 
condition. The remaining power sequencing is: 

1. After the 15 second time-out of K20, its n/o contacts 
complete the circuit for MG hold relay K21. ( A set of K21 
contacts are used in conjunction with CE3 switch, positioned 
to MG HOLD, to keep the MG running even after the system 
is sequenced-down.) 

2. Relay K22 (400 Hz power control) is energized through K21 
n/o contacts. 

3. Relay K26 (400 Hz contactor), which controls the MG 
output, is picked through K22 n/o and K 16 n/o contacts. 
The contactors of this relay allow 208V ac, 400 Hz, to pass 
to the 400 Hz transformerlrectifiers that supply the dc input 
voltage to the series regulators and also allow the 208V ac, 
400 Hz to pass to the phase-controlled regulators. 

4. Relay K27 (AC contactor) is picked through K26 n/o 
contacts (YB110). With K27 picked, power is distributed as 
follows. 
• Heads-extended relay K28 picks through n/o contacts of 

K15, K14, and K12, preventing a complete power 
shutdown and possible damage to the disk packs 
whenever a disk head is extended. The heads-extended 
light located on the CE panel will always be lit whenever 
K28 is energized. 

• Relay K29 (60 Hz citation power control) is picked, 
allowing power to be applied to the 3210 and 3215 (if 
installed) . 

• Power is applied to transformer TR408, which supplies: 
41 V ac for the metering circuits, 7.25V ac to the console 
indicator lamps, and 12V dc to the CPU mixer board. 

• 208V ac, is provided for the I FA. 

5. Relay K30 (blower control contactor) is picked, providing ac 
power to all blowers. 

6. After the MG output is distributed to the regulators and TR 
packs, sequence detect relay K31 picks only when all of the 
following reach 70 percent of their rated current. 

CPU FRAME 

1.25V and 3V Reg 
403 404 

2V Regs 
405,406,407 

TR408 
(12V, 36V, 41V) 

POWER FRAME 

Mid-Pack Reg 
Reg 1 (-3V) 
Reg 2 (+3V) 
Reg 3 (-36V) 
Reg 5 (+6V) 

MAIN 
STORAGE FRAME 
(If installed) 
2V Reg 
205 
206 
207 
208 

7. Second sequence relay K32 picks after K31 picks and only 
when all of the following reach 70 percent of their rated 
current. 

CPU FRAME 

Reg 402 (7V) 
Reg 401 (6V) 

MAIN 
STORAGE FRAME 
(If installed) 
Reg 201 (1.25V and 3V) 
Reg 202 (7V) 

8. Relay K34 picks through K20 n/o, K28 n/o, K 14 n/o, and 
K 12 n/o contacts. After the relay contacts transfer, K34 is 
held in a picked state through its own n/o contacts. Picking 
this relay also enables a signal that allows the sensing of the 
phase-controlled rectifier outputs. TranSfer of K34 n/c 
contacts removes the bypass for the undervoltage detection 

. ci rcu it to the power check relay and causes K20 to drop. 

9. Relay K33 (24V 2nd sequence control) picks through n/o 
contacts of K31, K32, n/c contacts of the CB auxiliary 
contacts, and n/c contacts of K 14 and K 12. With relay K33 
picked, 24V dc is routed to the 3215 (if installed). 

10. The attached I/O devices are now provided with 24V dc 
control voltage. A maximum of five I/O control groups can 
be installed, to control a maximum of 40 control units. 
There are five I/O stepper switches. If all are set to their 
home position, relay K35 (I/O power hold) picks through 
K 12 n/o and K34 n/o contacts. (If any I/O stepper switch is 
not at the home position, resetting the switch is done by 
pressing the power-off key.) 

11. For each installed I/O group, there is an associated I/O group 
power control relay (K38 through K42) and a stepper switch 
I/O group relay (K44 through K48). The 24V dc control 
voltage is sequenced to the I/O control units through a 
stepper-switch action, commencing with I/O group one (relay 
K44 picks). After the stepper switch for I/O group one is 
complete (switch returns to homel, the sequence is repeated 
until all connected I/O groups receive their 24V dc control 
voltage, (see logics YB200 and YB290). 

12. When the last device receives its 24 V dc control voltage, relay 
K151 (power reset) is picked, causing the power-on key 
white backlight to turn on, indicating that the power-on 
sequence is complete. 
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POWER SEQUENCING (Continued) 

POWER-OFF SEQUENCE, Stages 1 and 2 

• System power is turned off in varying ways, depending upon 
the power-off reason. 

• Power can be turned off from the console (power-off key or 
EPO switch), from the CE panel (CEl switch), or by one of 
several system protection devices (overcurrent, overvoltage, 
low voltage sense, over temperature). 

NORMAL POWER-OFF SEQUENCE 

Refer to the power-off timing chart (YE071) and the power-off 
flow chart (YE015) during the following discussion. 

Note: After the power-off sequence, the 24V dc power control 
voltage and convenience outlet voltages are still available. 

Pressing the power-off key breaks the circuit to relay K 14 to 
start the power-off sequence. Activating the power-off key also 
breaks the paths to relays K28 (if all disk heads are retracted), 
K34, K35, K38 through K42, and disconnects the 24V dc system 
source to the 1/0 controls. Dropping of either relay K34 or K35 
interrupts the return for relay K151, causing the white lamp in 
the console power-on key to turn off and the red portion to light. 
The power-on complete light on the CE panel is also turned off. 
Relay K14 n/o contacts 16 and 17, which are in series with K31 
n/o contacts 18 and 19, interrupt the remote start line to 
regulator 108 (+6V). This action removes excitation from 
regulator 108; and when the regulator output drops to 
approximately 1.2V, sequence 2 detect relay K32 is dropped. The 
transfer of relay K32 n/o contacts now causes relay K33 (24V 
second sequence control) to drop, removing the 24V dc control 
to the CPU printer/keyboard. The return of K32 n/c contacts 
starts relay K20 for a five-minute time-out. This action allows the 
blowers to continue to operate after the power-down sequence is 
complete to allow adequate cooling for the system components. 

The remaining power is sequenced off as follows. 

1. If all head assemblies in the attached disk-storage devices are 
retracted, relay K 15 (MG start control) and relay K28 (heads 
extended) are dropped via K32 n/o contacts. The heads must 
be retracted before the disk-storage device drive motors are 
stopped because the heads depend on surface air movement 
for proper head-to-disk distance. Further power-down 
sequencing is halted until relay K28 and relay K15 are 
dropped. If relay K28 remains on, n/o contacts of K28 cause 
relay K20 to pick prematurely. With K20 and K28 picked at 
the same time, one leg to the power check SL T card is opened, 
causing relay K12 (power check) to pick. This action causes 
the power-on key red backlight and the CE panel power check 
light to come on. 

2. After K15 drops, relay K21 (MG hold) and relay K22 (400 Hz 
power control) are dropped due to n/o contacts of K32. If 
CE3 switch is at MG HOLD, relay K21 is maintained 
energized, and its n/o contacts keep relay K16 picked. This 
allows you to keep the MG set running even after the normal 
power-down sequence has been completed. 

3. 400 Hz power control relay K 16, whose contactors allow 
power to be applied to the MG, and 400 Hz contactor relay 
K26, whose contactors control the MG output, are dropped, 
removing power to all system power supplies. 

4. Relay K31 (sequence 1 detect) is dropped because of the 
voltage loss to the power supplies. 

5. Relay K27 (AC contactor) is dropped due to K26 n/o 
contacts, removing power from transformer TR108, console 
file, and the ac voltage to the WTC 3210. 

6. Relay K29 is de-energized, removing the 115V ac from the 
3210 motors. 

7. After five minutes have elapsed since voltage has been applied 
to K20, this relay picks. K20 n/c contacts interrupt the 24V 
dc to relay K30 causing it to drop. When K30 drops, all system 
blowers are turned off. 

All system power has now been removed except for primary ac 
input power, convenience outlet power, and power to 
transformer TR3. TR3 provides the 24V dc EPO power, 12V to 
the undervoltage detect logic, and 7.25V to the sequence 
indicator lamps. 

EMERGENCY POWER-OFF (EPO), Stages 1 and 2 

• Pulling the EPO switch removes all system ae and dc power. 

• When pulled, the EPO switch latches in the OUT position and 
must be restored by a service representative . 

• When two processing units are tied together, power for both 
systems can be removed by operation of either console EPO 
pull switch. 

Operating the EPO pull switch on the console opens the circuit to 
relay K4 (YE200). When relay K4 drops, all convenience outlet 
power drops, and all the 24V control voltage is removed, causing 
all control relays to drop. Thus all power is removed from the ' 
system except for the voltage at both the entry and exit terminals 
of CB1, CB3, CB4, CB7, TR3, and TR4 (when the auto 
transformer is used). Voltage is also present at the inputs to relays 
K4, K 16, K27, and K30. 

The EPO pull switch is a two-pole switch. The second pole is 
connected to J41. A second system, when connected to J41, is 
controlled by this second switch pole. Likewise, this system is 
controlled by a second pole on the EPO switch of a second 
system. The second switch pole is connec,ted in series with the 
first system EPO switch via J41. 

When the EPO pull switch has been operated, a mechanical 
latch holds the switch in the transferred position. This mechanical 
latch must be restored by a service representative who must gain 
access to the rear of the console panel. If the switch has been 
pulled, learn the reason and repair; then reset the switch. Once 
the EPO switch is restored, power can be turned on by doing a 
power check reset and pressing the system power-on key. 

POWER-OFF RESULTING FROM a POWER CHECK , 
Stages 1 and 2 

In the event of a power check (malfunction within the power or 
cooling system) a normal power-down sequence is initiated. Four 
conditions can cause a power check: 

Power Sequencing 11-24 

1. Overvoltage/overcurrent. 

2. Undervoltage. 

3. High temperature within the system frames, sensed by thermal 
devices. 

4. Motor generator fault condition. 

Whenever anyone of these conditions is sensed, relay K 12 
(power check) is turned off. A set of n/o contacts of relay K 12 
are in series with the power-off switch; so, whenever K12 is 
turned off, a normal power-off sequence occurs. All power faults 
are indicated on the CE panel. By monitoring the lights, 
maintenance personnel can identify the power fault and its frame 
location. To assist in isolating a power failure, the CE panel is 
equipped with a switch (CE2). By placing the CE2 switch at 
ERROR OVERRIDE, all power fault circuits to relay K12 are 
bypassed, keeping this relay picked. Using the ERROR 
OVER RIDE position of CE2 switch along with CE6 switch (REG 
TEST position), one can observe the regulator lights to find 
which regulator is turned off. 

Whenever power is sequenced off as a result of a power-check 
condition, the system power-off key must be pressed before the 
system can be restarted. 
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PROTECTION and CHECKING CIRCUITS 

Protection and checking circuits are provided in this system to 
prevent equipment damage and to simplify maintenance. During 
normal system operation, the protection circuits operate in 
conjunction with the control circuits to apply power sequentially 
to the system. In the event of a malfunction (such as overvoltage, 
or thermal), the protection circuits initiate a sequential power-down 
operation. 

Checking circuits allow detection of a circuit that is functioning 
marginally, before it becomes a failure. 

UNDERVOLTAGE SENSING SYSTEM, STAGE 1 

• A voltage sensing system determines that all dc voltages are on 
and are supplying at least a certain minimum output. 

• Failure in any dc supply causes power to be sequenced off and 
the power check light on the console and the CE panel to be 
turned on. 

A special voltage sensing system monitors the output of all logic 
power supplies to determine that these supplies are on, and are 
supplying at least a certain minimum output. This system consists 
of an undervoltage detect card mounted on a small gate on the 
front-left side of the power frame, and two relays (K31 and K32) 
mounted on the relay sequence board that is located above the 
undervoltage detect card. (See YE016). 

The logic supplies are divided into two groups: sequence 1 
group, whose outputs are sensed by relay K31; and sequence 2 
group, whose outputs are sensed by relay K32. Loss of any 
sensed voltage below the required minimum in either group 
causes the respective relay to drop (YE220). The transfer of K31 

or K32 relay points causes one input to the fault detection AND 
circuit to open power check relay K 12. Relay K 14 de·energizes, 
which is the start of the power-down sequence. The console 
power check light and the CE panel power check light come on, 
but neither the red nor the white power-on light is on. To find 
which regulator is at fault, you can position CE2 switch at 
ERROR OVERRIDE, and CE6 switch to REG TEST. Turn power 
back on and monitor the regulator sequence lights. The absence of 
a lighted lamp represents a faulty regulator output. After the 
fault is detected, return all CE switches to their normal position. 

To restore power after the fault is corrected, press the power-off 
key to reset the power check circuits. Then pressing power on 
causes a normal power-on sequence. 

1st Seq 
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(YE431) 
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PROTECTION AND CHECKING CIRCUITS (CONTINUED) 

Protection and checking circuits are provided in this system to rro,""d o~J prevent equipment damage and to simplify maintenance. During relay board 
normal system operation, the protection circuits operate in (YB220) 

conjunction with the control circuits to apply power sequentially 
to the system. In the event of a malfunction (such as overvoltage, 
or thermal), the protection circuits initiate a sequential power-down 
operation. 

Checking circuits allow detection of a circuit that is functioning 
Reg 403 (1.25V) 

marginally, before it becomes a failure. 

Reg 403 (3V) 

UNDERVOL TAGE SENSING SYSTEM, Stage 2 Reg 405 (2V) 

• A voltage sensing system determines that all dc voltages are on 
and are supplying at least a certain minimum output. 

1 st Seq Y-o Reg 406 (2V) • Failure in any dc supply causes power to be sequenced off and Logic 

the power check light on the console and the CE panel to be No.1 
Reg 404 (1.25V) Y-o turned on. (YA411) 

A special voltage sensing system monitors the output of all logic 
k> power supplies to determine that these supplies are on, and are 

supplying at least a certain minimum output. This system consists 
of an undervoltage detect card mounted on a small gate on the 
front-left side of the power frame, and two relays (K31 and K32) Reg 407 (2V) 

mounted on the relay sequence board that is located above the 
undervoltage detect card. (See YE016). ~O 

The logic supplies are divided into two groups: sequence 1 TR408 (12V) 

group, whose outputs aresensed by relay K31; and sequence 2 
group, whose outputs are sensed by relay K32. Loss of any 1st Seq 

sensed voltage below the required minimum in either group 
Logic 
No.3 

causes the respective relay to drop (YE220). The transfer of K31 (YA4211 
or K32 relay points causes one input to the fault detection AND "Reg 5 (6V) }-o 
circuit to open power check relay K 12. Relay K 14 de-energizes, 
which is the start of the power-down sequence. The console TR408 (41 V) 

power check light and the CE panel power check light come on, 
**Reg 205 (2V) 

but neither the red nor the white power-on light is on. To find 
which regulator is at fault, you can position CE2 switch at _. Reg206 (2V) }-o 
ERROR OVERRIDE, and CE6 switch to REG TEST. Turn power 
back on and monitor the regulator sequence lights. The absence of *Reg 3 (36V) 

a lighted lamp represents a faulty regulator output. After the 
*"Reg 207 (2V) 

fault is detected, return all CE switches to their normal position. 
To restore power after the fault is corrected, press the power-off 1 st Seq *Reg 2 (3V) }-o 

key to reset the power check circuits. Then pressing power on Logic 
No.3 *Reg 1 (3V) causes a normal power-on sequence. (YA431 ) 
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OVERCURRENT, OVERVOL TAGE DETECTION, 

Stage 1 

• Regulators used on this system have protection circuits that 
disable the regulator either by shorting the input (SCR circuit) 
or by an internal electronic shutoff circuit. 

• Either protection device causes the system to power-down. 

The MST regulators (101-109) are protected with an electronic 
shutoff circuit, and in some cases by an additional axe (SCR) 
circuit that disables the regulator for overvoltagelovercurrent 
conditions. The electronic shutoff circu it protects the regulator 
from short-duration current spikes whose amplitude is greater 
than the circuit breaker rating. The loss of voltage from a 
regulator due to an electronic shutoff is detected by the system 
undervoltage detect circuit. The axe (SCR) circuit, usually on the 
regulator input, shorts the bulk supply, vG'hich trips the bulk 
circuit breaker. 

The Mid-Pac power supply (1, 2, 3,5) is disabled for 
overvoltagelovercurrent conditions by removing the input bulk 
voltage by tripping the associated circuit breaker. An overvoltage 
condition in regulators 1, 2, and 5 causes an SCR to fire_ The 
fired SCR provides a shorted load as the output from the 
regulator, causing excessive current drain_ No overvoltage 
protection exists for regulator 3_ 

The phase-control regulators are protected for overvoltage 
conditions by circuit protector CPl 03. Overvoltage is sensed at 
the regulator outputs. An overvoltage condition fires an SCR that 
is connected to one pole of a three-pole circuit breaker. This pole 
contains a trip coil, causing CP103 to open. The trip coil is 
mechanically linked to the remaining two poles. The phase
control regulators are not internally protected against 
overcurrent. Overcurrent protection is provided by the primary 
input circuit protector for each regulator (CP105, 106, 107). 

When a power fault is present as a result of an overvoltagel 
overcurrent condition, an input to the fault detection AND 
circuit is opened, turning off power check relay K12_ Relay K12 
drops power-on relay K14, which starts the power-down 
sequence_ The console power check light and the CE panel power 
check light come on, but neither the red nor the white power-on 
light is on. 

If the regulator is shut down as a result of a CB trip, the CB 
TRIP light and the light representing the frame at which the 
regulator is located illuminate_ If the regulator output is turned 
off by the electronic shutoff, you can find which regulator turned 
off by placing CE2 switch at ERROR OVERRIDE. CE6 switch at 
REG TEST, restoring power to the system by pressing the 
power-on key, and monitoring the regulator sequence lights. The 
absence of a lighted lamp represents a faulty regulator output_ 
The CE switches must be positioned to their normal position 
before the system is placed back into operation. 

To restore power, correct the error condition and, if tripped, 
reset the CB only when power is off. Pressing the console 
power-off key or operating one of the check reset switches resets 
the power check circuits. Normal power-on can now be 
accomplished by pressing the power-on key_ 

POWER-SUPPLY RESPONSE to OVERVOLTAGE/ 

OVERCURRENT CONDITIONS, Stage 1 

Power Response to OV/OC 
Condition (See Note 1) 

Voltage 
Regulator Part No_ Level ON OIC 

1 5762000 -3V A A 
2 5762000 +3V A A 
3 5762320 -36V None A 
5 5761710 +6V A A 

102 2557550 1.25V C A or B 
-3V A(axe) A or B 

101 5797470 1.25V B A or B 
-3V A A or B 

103 25727730 1.25V C A or B 
-3V A(axe) A or B 

104 5797470 1.25V B A or B 
-3V A A or B 

105 2557550 1.25V C A or B 
-3V A(axe) A or B 

106 2572740 7V A(axe) Aor B 
107 2557550 1.25V C A or B 

-3V A(axe) A or B 
108 2557470 6V A(axe) A or B 
109 5797470 1.25V B A or B 

-3V A A or B 
110 2572750 2V A A 
111 2572750 2V A A 

Note 1: Definitions of Power Supply Response to OC/OV 
Conditions 

A- Regulator disabled by bulk circuit breaker 

8- Regulator disabled by electronic shutoff 

A or 8- C8 trips when current is above C8 rating and below 
rating of electronic shutoff. Electronic shutoff 
disables regulator when current spikes are of short 
duration and greater than CB rating. 

C- Regulator disabled by bulk circuit breaker and 
electronic shutoff. 
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OVERCURRENT, OVERVOLTAGE DETECTION, 

Stage 2 

• Regulators used on this system have protection circuits that 
disable the regulator either by shorting the output (SCR 
circuit) or by an internal electronic shutoff circuit. 

• Either protection device causes the system to power-down and 
results in a power-check indication. 

The MST regulators (401,402) are protected with an electronic 
shutoff circuit, and by an additional axe (SCR) circuit that 
disables the regulator for overvoltage/overcurrent conditions. The 
electronic shutoff circuit protects the regulator from short
duration-current spikes having amplitude greater than the circuit 
breaker rating. The loss of voltage from a regulator due to an 
electronic shutoff is detected by the system undervoltage detect 
circuit and results in a power-check indication. 

The Mid-Pac power supply (1,2,3,5) is disabled for 
overvoltage/overcurrent conditions by removing the input bulk 
voltage by tripping the associated circuit breaker. An overvoltage 
condition in regulators 1, 2 and 5 causes an SCR to fire. The fired 
SCR provides a shorted load as the output from the regulator, 
causing excessive current drain. No overvoltage protection exists 
for regulator 3. 

Phase-control regulators 403 and 404 are protected by circuit 
protector CP406 for overvoltage conditions. 

Phase-control regulators 405, 406, 407 are protected for 
overvoltage by CP403. Overvoltage is sensed at the regulator 
outputs. An overvoltage condition fires an SCR that is connected 
to one pole of a three-pole circuit breaker. This pole contains a 
trip coil, causing CP403 or CP406 to open. The trip coil is 
mechanically linked to the remaining two poles. The phase
control regulators are not internally protected against 
overcurrent. Overcurrent protection is provided by a primary 
input circuit protector to each phase-controlled regulator. 

When a power fault is present as a result of an overvoltagel 
overcurrent condition, an input to the fault-detection AND 
circuit is opened, turning off power check relay K12. Relay K12 
turns off the power-on relay K 14, which starts the power-down 
sequence. The console power check light and the CE panel power 
check light come on, but neither the red nor the white power-on 
light is on. 

If the regulator is shut down as a result of a CB trip, the CB 
TRI P light and the light representing the frame at which the 
regulator is located illuminate. If the regulator output is turned 
off by the electronic shutoff, you can find which regulator turned 
off by placing CE2 switch at ERROR OVERRIDE, CE6 switch at 
REG TEST, restoring power to the system by pressing the 
power-on key, and monitqring the regulator sequence lights. The 
absence of a lighted lamp represents a faulty regulator output. 
The CE switches must be positioned to their normal position 
before the system is placed back into operation. 

To restore power, correct the error condition and reset the CB 
(if tripped). Pressing the console power-off key resets the 
power-check circuits. Normal power-on can now be accomplished 
by pressing the power-on key. 

POWER-SUPPLY RESPONSE to OVERVOL TAGE/ 

OVERCURRENT CONDITIONS, Stage 2 

Power Response to OVIOC 
Condition (See Note 1) 

Voltage 
Regulator Part No. Level ON OIC 

1 5762000 -3V A A 
2 5762000 +3V A A 
3 5762320 -36V None A 
5 5761710 +6V A A 

403 2610400 1.25V A A 
-3V A A 

404 2610400 1.25V A A 
-3V A A 

402 2572740 7V B B 

401 2557470 6V B B 

405 2572750 2V A A 
406 2610410 2V A A 
407 2610410 2V A A 

Note 1: Definitions of Power-Supply Response to OC/OV Conditions 

A: Regulator disabled by bulk circuit breaker 

B: Regulator disabled by electronic shutoff 
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THERMAL SENSING, Stage 1 

Thermal sensing switches provide overtemperature protection in 
both the CPU and the power frames. An overtemperature con
dition causes an associated overtemperature switch to transfer 
open. With a thermal switch open, relay K 12 (power check) is 
dropped and a power-off sequence is initiated. A thermal con
dition is indicated by the illumination of the power check and 
Therm check lights on the CE panel and CPU console lights. 
When a thermal condition exists, check whether there is proper 
flow of air through the area (fans are running, filters are clean 
and not obstructed, and the exhaust area is not blocked). If the 
airflow is proper, locate and replace the component that is over
heating. Also check the accuracy of the sensing elements; one 
may have changed the point at which it opens. To restore power 
after a thermal trip, the condition causing the thermal must be 
corrected, and the power-off key must be pressed in order to reset 

the power-check circuit. 
Following is a list of the thermal locations and their high

temperature limits. 

THERMAL TEMPERATURE LIMITS 

.LOCATION FAHRENHEIT CENTIGRADE 

PF-Above Mid-Pac 1550 680 

regulators (1) 

MG enclosure( 1 ) 1800 820 

CPU-Top of B-gate(3) 1550 680 

CPU-Top of A-gate(3) 1340 560 

CPU Regulator stack 1800 820 

assembly(4) 

CPU-Phase-control 1800 820 

blower assembly (1) 

MG Thermal is located on back of MG-enclosure 

Thermal Locations Stage 1 

Note: See ALD YE260 for electrical connections. 

'CPU Regulator 
Stack Thermals 

B-Gate Thermals 

Phase-Control 
Regs Thermal 
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THERMAL SENSING, STAGE 2 

Thermal sensing switches provide overtemperature protection in 
both the CPU and the power frames. An overtemperature co~dition 
causes an associated overtemperature switch to transfer open. With 
a thermal switch open, relay K 12 (power check) is turned off and 
a power-off sequence is initiated. A thermal condition is indicated 
by the illumination of the power check and therm check lights 
on the CE panel and CPU console lights. When a thermal condition 
exists, check whether there is proper flow of air through the area 
(fans are ru~ning, filters are clean and not obstructed, and the 
exhaust area is not blocked). If the airflow is proper, locate and 
replace the component that is overheating. Also check the accuracy 
of the sensing elements; one may have changed the point at which 
it opens. To restore power after a thermal trip, the condition causing 
the thermal must be corrected, and the power-off key must be 
pressed in order to reset the power-check circuit. 

Following is a list of the thermal locations and their high

temperature limits. 

THERMAL TEMPERATURE LIMITS 

LOCATION FAHRENHEIT CENTIGRADE 

PF-Above Mid-Pac 1550 680 

regu lators ( 1 ) 

MG enclosu re( 1) 1800 820 

CPU-Top of B-gate(3) 1550 680 

CPU-Top of A-gate(3) 1340 560 

CPU Regulator stack 1800 820 

assembly(2) 

CPU-Phase-control 1800 820 

blower assembly(2) 

,'.-, ..... , 
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Phase-Control Regs Thermals 

CPU Reg Stack Thermals 

MG Thermal is located on back of MG enclosure. 

Thermal Locations Stage 2 

Note: See ALD YB260 for electrical connections. 



POWER SERVICE CHECKS 

When checking power, it is presumed that the primary power is 
within ±.10 percent of the voltage specified on the voltage plate, 
and that the room temperature and relative humidity is within 
the specified tolerances. 

Before making changes, resistance measurements, or 
replacements, be sure that all power is off and that all capacitors 
are fully discharged; do not rely on bleeder resistors. Remember 
that normal power-off does not turn off the convenience outlet 
power, EPO power, or power to transformer TR3. Set CB1 and 
CB4 (and CB2 in the 3046-if installed) off or turn off the 
primary wall power switch for both the 3145 and 3046 to remove 
these voltages. 

VOLTAGE MEASUREMENTS and ADJUSTMENTS , 
Stage 1 

This section contains tables of the dc voltages supplied within the 
system, test points at which the voltages can be monitored, and 
any applicable adjustment procedure. The tables provided are: 

m CPU dc outputs for B-gate main-storage logic. 

m CPU DC Outputs for B-Gate Main Storage, Stage 1 

Nominal Test Point 

I]J CPU dc outputs for A- and B-gates. 

I! Power frame regulators. 

OJ T /R speCial power requirements. 

II Console-file voltages (supplied by power frame). 

D IFA voltages (supplied by power frame). 

m Printer/keyboard voltages (supplied by power frame). 

m MG Regulator Adjustment. 

o Motor generator output voltage adjustment. 

Set all regulated voltages within the specified tolerances at the 
designated locations. With a digital voltmeter DIGITECt 251-1 or 
equivalent, make all dc voltage measurements and adjustments 
that apply to CPU logic boards. Turn on the digital voltmeter for 
twenty minutes before taking any voltage measurements. For all 
AC voltage measurements, you can use a Weston tt 904 or 
equivalent. 

*Tolerance Range Logic Regulator 
Page Rating Volt Setting (For Voltage Setting) at any Storage 

(Note 1) (+) Lead (-) Lead Board K2 Socket 

103 YE300 1.25V @ 69A +1.294 ± 1 mv TB102-11 TB102-12 1.222 to 1.305 
-3V @ 69A -3.087 ± 2 mv TB 1 02-7 TB102-8 -2.928 to -3.127 

106 YE300 +7V @ 70A +7.063± 5 mv TB102-13 TB 1 02-14 6.776 to 7.280 
110 YE302 +2V @ 250A Note 2 A2/A4 board K4B04 to 008 2.077 to 2.218 
111 YE302 +2V @ 250A Note 2 B2/B4 board K4B04 to 008 2.077 to 2.218 
112 YE302 +2V @ 250A Note 2 C2/C4 board K4B04 to 008 2.077 to 2.218 

*Tolerance range includes the dc voltage measured with a digital voltmeter (Digitec 251-1 or 
equivalent), plus the ac ripple measured with an oscilloscope. The ac ripple measurement is 
valid only when the pulse width at 50% amplitude exceeds 20 nanoseconds. 

NOTE 1: Set all voltages with storage in standby mode (not addressed), 

NOTE 2: +2 Volt Setting 

a. Measure +2V level on upper and lower storage boards (A, B, or C) at designated 
test-point location. 

b. Determine the average for the two voltage readings. The result should be from 
2.168 to 2.172 volts. 

c. If the average reading exceeds 2.172 volts, slightly decrease the voltage at the 
regulator (use lower potentiometer on regularo card-oR 11 O-R 112). If the 
average reading is less than 2.168 volts, slightly increase regulator Voltage. 

d. Repeat Steps band c until the voltage falls into the desired range. 

tTrademark of United Systems Corporation 
ttMade by Weston Instrument Division of Daystrom Inc., 

Daystrom Inc. 

iii CPU DC OUTPUTS for A- and 8-GA TES: Stage 1 

Regulator 
Logic 

Rating Nominal Test Point (For Voltage Setting 
Page Volt Setting Gate Brd Socket Pin Gnd Feature 

102 YE310 +1.25V @ 69A Note 1 A B1 M4 003 008 Basic 
-3V @ 69A Note 1 A Bl M4 B06 008 Basic 

101 YE310 +1.25V @ 69A Note 1 A B3 M4 003 008 Basic 
-3V @ 69A Note 1 A B3 M4 B06 008 Basic 

104 YE300 +1.25V @ 69A Note 1 A B2 M4 003 008 Basic 
-3V @ 69A Note 1 A B2 M4 B06 008 Basic 

107 YE301 +1.25V @ 69A Note 1 A B4 M4 003 008 Basic 
-3V @ 69A Note 1 A B4 M4 B06 008 Basic 

108 YE300 +6V @12A 6.000V ± 6 mv A * TB101 5(+) 6(-) Basic 
109 YE303 +1.25V @ 69A Note 1 B A1 M4 003 008 SX4, CH-CH 

-3V @ 69A Note 1 B A2 M4 B06 008 SX4,CH-CH 
105 YE300 +1.25V @ 69A Note 1 B B3 M4 003 008 Basic 

YE300 -3V @69A Note 1 B B3 M4 B06 008 Basic 

* Located on hinge side of A-gate. To gain access to TB101, open both A- and B-gates. 
**Tolerance range includes the dc voltage measured with a digital voltmeter (DIGITEC 252-2 or 

equivalent), plus the ac ripple measured with an oscilloscope. 

Note 1: 1.25V AND 3.00V MEASUREMENT AND ADJUSTMENT PROCEDURE 
The nominal value for the 1.25V and 3.00V regulators (101, 102, 105, and 109) is 1.250V ±"2 mv and 
-3.000 ±3 mv, respectively. The measured dc level at each board must be with in ± 12 mv for the 1.25V 
regulator, and ± 30 mv for the -3.00V regulator. To comply with these requirements, do the following 
for each regu lator. 

1. Connect digital voltmeter to the regulator test points listed in the table. 
2. Adjust associate regulator card located on the supply regulator, to the nominal value(s) 

(1.250V ± 2 mv and -3V ± 3 mv). 
3. Measure dc differential as follows: 

a. Measure center of boards A, B, and C at proper row location. 
A Board A (row) L4D03; 008 Grd (1.25V) (VA) 

A (row) L4B06; 008 Grd (-3V) (VA) 
B Board B (row) L4D03; 008 Grd (1.25V) (VB) 

B (row) L4B06; 008 Grd (-3V) (VB) 
C Board C (row) L4D03; 008 Grd (1.25V) (VC) 

C (row) L4B06; 008 Grd (-3V) (VC) 
4. Determine the difference between VB and VA, and BV and VC, for both the 1.25V and -3V outputs. 

*Tolerance Range 
at any Board Pin 

+1.212 to 1.278V 
-2.910V to -3.090V 
+1.212V to 1.287V 
-2.910V to -3.090V 
+1.212V to 1.287V 
-2.910V to -3.090V 
+1.212V to 1.287V 
-2.910V to -3.090V 
+5.982V to 6.018V 
+1.212V to 1.287V 
-2.910V to 3.090V 
+1.212to +1.287 
-2.910 to -3.090 

5. If the differential between VB and VA, or BV and VC, exceed 12 mv for the 1.25V regulator or 30 mv 
for the -3.00V regulator, proceed with step 6. If the difference is within the allowable tolerance, proceed 
to Step 10. 

6. Determine voltage setting on board B for both the 1.25V and 3V by using the following formula: 

VB 1 = VNOM + ,.YDIFF 
2 

where: VB 1 = Adjusted nominal voltage setting at Board B 

VNOM = 1.250V or -3.000V 

VDIFF = VB-VA or VB-VC, whichever is greater. 

Note: Observe the polarities at VA, VB, VC, VOl FF, and VNOM while solving equation to assure 
a correct voltage setting. 

7. Connect digital voltmeter to test points located at Board B. 

8. Adjust regualtor for both the 1.25V and -3V to the VB 1 value determined for each voltage level. 

9. Repeat Steps 3 through 5. 

10. Disconnect test equipment, secure the CPU gates, and close the cover over 

the voltage regu lator cards. 
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POWER SERVICE CHECKS (Continued) 

m CPU dc outputs for A-gate. 

II Power frame regulators. 

It is presumed that the primary power is within ±.10 percent of 
the voltage specified on the voltage plate, and that the room 
temperature and relative humidity is within the specified 
tolerances. 

Before making changes, resistance measurements, or 
repl~cements, be sure that all power is off and that all capacitors 
are fully discharged; do not rely on bleeder resistors. Remember 
that normal power·off does not turn off the convenience outlet 
power, EPa power, or power to transformer TR3. Set CB4 and 
CB 1 off or turn off the primary wall power switch to remove 
these voltages. 

m T/R special power requirements. 

g Console-file voltages (supplied by power frame). 

II IFA voltages (supplied by power frame). 

m Printer/keyboard voltages (supplied by power frame). 

m MG regulator adjustment. 

o Motor generator output voltage adjustment. 

VOLTAGE MEASUREMENTS and 

ADJUSTM ENTS, Stage 2 Set all regulated voltages within the specified tolerances at the 
designated locations. With a digital voltmeter (D IG ITEC 251-1 or 
equivalent), make all dc voltage measurements and adjustments 
that apply to CPU logic boards. Turn on the digital voltmeter for 
twenty minutes before taking any voltage measurements. For all 
ac voltage measurements, you can use a Weston 904 or 
equivalent. 

This section contains tables of the dc voltages supplied within the 
system, test points at which the voltages can be monitored, and 
any applicable adjustment procedure. The tables provided are: 

m CPU dc outputs for B-gate main·storage logic. 

m CPU DC OUTPUTS for 8-GATE MAIN-STORAGE LOGIC, Stage 2 

Nominal 
Logic Voltage Test Point (for Voltage Regulator Page Rating Setting Setting) 

(Note 1) 

402 YB303 7V @70A 7.063± 5mv TB402-13 TB402-14 
404 YB303 1.25V @250A 1.294± 1mv TB-402-9 TB402-10 
404 YB303 -3V @250A -3.087 ±2mv TB402·7 TB402-8 
405 YB302 2V @ 250A Note 2 A2/A4 board K4804 to D08 
406 YB302 2V @ 290A Note 2 82/B4 board K4B04 to D08 
407 YB302 2V @ 290A Note 2 C2/C4 board K4B04 to 008 

*Tolerance Range at 
""Tolerance Range at 

K2 socket on any any Logic board storage board 

6.776 to 7.280 NA 
1.222 to 1.305 1.212 to 1.287 
-2.928 to -3.127 2.910 to 3.090 
2.077 to 2.218 NA 
2.077 to 2.218 NA 
2.077 to 2.218 NA 

*Tolerance ranges include supply drift, power supply noise, system differentials, and ac variations due to 
load changes. AC variations with pulse widths less than 20 ns at 50% of the peak amplitude are ignored on 
all memory boards. Supplies must be adjusted to setting tolerance but are allowed to drift 1 %, at the 
test point. 

Note: CP406 may trip on a U/V condition of regulators 405,406,407. 

Note 1: Set all voltages with with storage in standby mode (not addressed). 

Note 2: +2V setting. 
A. Measure +2V level on upper and lower storage boards (A, B, or C) at designated test

point location. 
B. Determine the average for the two voltage readings. The result should be from 

2.168 to 2.172 volts. 
C. If the average reading exceeds 2.172 volts, slightly decrease the voltage at the regulator 

(via voltage-adjust potentiometer). If average reading is less than 2.168V, slightly 
increases the regulator voltage. 

D. Repeat Step Band C until the voltage falls into desired range. 
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m CPU DC OUTPUTS for A-GATE, Stage 2 

Logic Nominal Test Point (for Voltage *Tolerance Range Regulator Page Rating Voltage 
(+) lead H lead at any board pin Setting 

403 YB301 6V @ 12A 6.000±6mv TB401-5 TB401-6 5.760 to 6.240V 
403 YB301 1.25V @ 250A 1.283 ±lmv TBA l-Gl TBA l-B 1 1.212 to 1.287V 
403 YB301 -3V @ 250A 3.061 ±2mv TBA1-A 1 TBA l-B1 -2.910 to 3.090V 

*Tolerance range includes the dc voltage measured with a digital voltmeter (DIGITEC 
251-1 or equivalent), plus the AC ripple measured with an oscilloscope. Supplies 
must be adjusted to setting tolerance but are allowed to drift 1%, at the test point (6V 
supply has 2% drift). 



~ POWER-FRAME REGULATORS, Stage 1 

Regulator 
Logic 

Rating 
Nominal Test Point Tolerance Range 

Page Volt Setting Plus Gnd at Board Pins Feature 

1 YE310 -3V @ 20A -3.000V ±3mv OB9-9 OB6-9 -2.BBV to -3.12V IFA 
2 YE310 +3V @ 20A +3.000V-±3mv OB4-9 OBB-9 2.BBV to 3.12V IFA 
3 YE310 -36V @ 2A -36V ±36mv DE 11-9 OB6-9 34.36V to 37.44 V IFA 

5 YE310 +6V @ 16A +6.000V ±6mv OB7-9 BB8-9 4.76V to 6.24V IFA 

m T/R SPECIAL DC POWER REQUIREMENTS Stage 1 , 

Logic Nominal 
Test Point 

Tolerance 
T/R 

Page 
. Rating 

Volt Setting 
(Power Frame) Feature 

Plus Gnd 
at Board Pins 

2 YE310 36V @ 12A Not Adjustable OBl-9 OB2-9 32.40V to 39.60V IFA 
*3 YE130 24V @ 11A Not Adjustable TB14-7 TB 14-B 21.60V to 26.40V Basic 

12V @3A Not Adjustable C3(+) C3(-) 10.BOV to 13.20V Basic 
*10B YE155 12V @ 2.5A 12.0V ± 12mv TB14-11 TB 14-11 10.BOV to 13.30V Basic 

NOTE: *Test points for TR3 and TR 1 OB are located in the primary power compartment. 

CONSOLE-fiLE VOLTAGES (SUPPLIED by 

[J POWER FRAM E), Stages 1 and 2 

IFA VOLTAGES (SUPPLIED by POWER FRAME), 

Ii Stages 1 and 2 

To measure voltage to the console file, place the diagnostic console (Measure ac voltages with Weston 904 or equivalent). 
file control rotary switch to CE MODE. For voltage locations on 
the console file, refer to Theory-Maintenance Manual, IBM 23FD Cable Connector: ORA through ORH 
Disk Drive, SY26-4175. 

(Measure voltages with OIGITEC 251-1 or equivalent). 

Cable Connector: J62 

PIN VOLTAGE 
5 +24V dc 
4 24V Return 
2 -3V dc 
6 -3V Return 
1 +6V dc 
3 +6V Return 

NOTE: There is no adjustment for ac or dc 
voltages to the console file. 

PIN VOLTAGE 
2 -3V 
3 -3V Return 

13&14 +3V 
3&4 +3V Return 
15 -36V 
3 -36V Return 

+6V 
3&4 +6V Return 

19&20 +36V 
10&11 +36V Return 

Cable Connector: J63 

PIN VOLTAGE 

1-3 20B1230V ac, 60 Hz, 3-Phase 
(220/3BOV ac, 50 Hz, 3-] hase) 

4 Frame Grd 

5 WIT Neutral 

B POWER-FRAME REGULATORS Stage 2 

Regulator 
Logic 

Rating 
Nominal Test Point Tolerance Range 

Page Volt Setting Plus Gnd at Board Pins 
Feature 

1 YB310 -3V @ 20A -3.000V ±3mv OB9-9 OB6-9 -2.BBV to -3.12V ~ IFA 

2 YB310 +3V @20A +3.000V ±3mv OB4-9 OBB-9 2.BBV to 3.12V IFA 

3 YB310 -36V @ 2A -36V ±36mv OEll-9 OB6-9 34.36V to 37.44V IFA 

5 YB310 +6V @ 16A +6.000V ±6mv OB7-9 BBB-9 4.76V to 6.24V IFA 

mT/R SPECIAL DC POWER REQUIREMENTS, Stage 2 

Logic Nominal 
Test Point 

Tolerance 
T/R 

Page 
Rating 

Volt Setting 
(Power Frame) 

Plus Gnd 
at Board Pins 

2 YE310 36V @ 12A Not Adjustable OBl-9 OB2-9 32.40V to 39.60V 

*3 YE130 24V @ 11A Not Adjustable TB14-7 TB14-B 21.60V to 26.40V 

12V @ 3A Not Adjustable C3(+) C3(-) 10.BOV to 13.20V 

*40B YE155 12V @ 2.5A 12.0V ± 12mv TB 14-11 TB14-11 10.BOV to 13.30V 

NOTE: *Test points for TR3 and TR40B are located in the primary power compartment. 

PRINTER-KEYBOARD VOLTAGES (SUPPLIED m by POWER FRAME), Stages 1 and 2 

(Measure ac voltages with Weston 904 or equivalent). 

3210 Mode 1 

Cable Connector: J60 

PIN VOLTAGES 
1 &2 115V ac 60 Hz (220V ac, 50 Hz) 

3215 Printer 

Cable Connector: J 1 

PINS VOLTAGE 

PINS VOLTAGE 

1 +24V 
2 24V RETURN 
3 +24V 
4 24V RETURN 
B -3V 
9 +6V 

10 6V & -3V RETURN 
11 +6V 
12 6V RETURN 

3215 Printer 

Keyboard Power 

Cable Connector: KC 

PIN VOLTAGE 

R +6V 
T 24V RET 
U 6V RET 
V -3V RET 
W +24V 
X -3V 

Note: There is no adjustment for ac or dc voltages 
to the printer/keyboard(s). 

Feature 

IFA 
Basic 
Basic 
Basic 
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MOTOR GENERATOR REGULATOR OVER

VOLTAGE ADJUSTMENT, Stages 1 and 2 

NOTES: 

1. Apply power to the CPU a minimum of 30 minutes before 
performing this adjustment. 

2. Plug digital voltmeter into receptacle on power frame and 
allow at least a 20-minute warm up time. 

1. Open the covers on left side of CPU frame. 

2. Open the covers on power frame and remove MG regulator 
cover. 

3. Connect a Weston 904 (or equivalent) to any two input lines 
on the phase-control regulator input terminal block. 

4. Bring up system power. 

5. Place digital voltmeter (DIGITEC-Model 251A/251-1 or 
equivalent) alongside of the power frame so that the voltage 
reading can be observed while adjusting the MG voltage
adjust potentiometer. 

6. Connect banana leads from MG meter converter (Part 
2637491) to input terminals (Lo-Hi) on digital voltmeter. 

7. Plug 20SV, 3-phase, 400 Hz input plug from MG meter 
converter to receptacle labeled MG TEST PO I NT on MG 
voltage tester adapter. (The adapter is on the upper right side 
of the CPU frame.) Wait a minimum of five minutes to allow 
the conversion circuits to stabilize. 

S. Check the digital voltmeter calibration pins' zero settings. 
Make any required adjustments and report checks. 

9. Set digital voltmeter range to 10V. 

10. Adjust MG voltage-adjust potentiometer until the DIGITEC 
meter reading is within the voltage range specified on the MG 
meter converter. 

REGULATORS, STAGES 1 and 2 

There are various kinds of regulators used on the Model 145 that 
rectify and regulate the input voltage to a particular dc voltage at 
the needed amperage for distribution ...... 

If possible, limit maintenance to the following. 

1. Card replacement. 

2. Output-voltage adjustment. 

3. Cleaning and checking for loose connections. 

4. Airflow checks. 

11_ Adjust the Weston 904 to 20SV ac, by needle-zero adjusting 
screw on face of meter. You have now calibrated your ac 
meter. 

12_ Turn off MG power. 

13_ Disconnect Weston 904 from phase-control regulator input 
terminal block. 

14_ Turn O/V ADJ (overvoltage trip) control fully clockwise. 

15. Set CB2 and CB5 off. This disconnects the MG output. 

16. Position the CE switch No.2 to ERROR OVERRIDE; and 
CE switch No.3 to MG HOLD. 

17. Connect the Weston 904 to input terminals of K-26, located 
within primary power box for phase-to-phase measurements. 

lS. Apply ac power to motor generator. 

19. Record the voltage reading on the Weston 904 at this time. 

20. Advance VOLT ADJ control so that phase-to-phase voltage 
reads 220V ac. 

21. Slowly turn the O/V ADJ counterclockwise until relay K-60 
contacts open. At this point, system will power-down. 

22. Remove power from MG to reset K-60. Allow two to three 
minutes for the a/v circuit to reset. 

23. Turn VOLT ADJ control about four to five turns 
counterclockwise. 

24. Apply AC power to motor generator. 

25. With VOLT ADJ control, adjust MG output for the value 
recorded in Step 19 (measured at K-26 input terminals.) 

26. Power down. 

27. Set CB2 and CB5 on, and restore CE switch 2 to NORMAL, 
and CE switch 3 to MG PWR OFF controlled. 

2S. Remove voltmeter leads from K-26 terminals; re-zero meter. 

29. Perform motor generator output voltage adjustment. 

Be sure that all power is off and that capacitors are fully 
discharged; do not rely on the bleeder resistors. 

Following is a suggested sequence to use when a voltage 
regulator is causing a problem. 

1. Replace the overcurrent and regulator cards. 

2. Check for proper bias on the voltage regulator. 

3. Check for proper connections of remote sensing. 

4. Check input voltage. 

5. Make sure that all terminals are tight. 

6. Replace the voltage regulator. 

MOTOR GENERATOR OUTPUT VOLTAGE 

ADJUSTM ENTS 

NOTE: Apply power to the CPU for a minimum of 30 minutes 
before performing this adjustment. 

1. Open the covers on the left side of CPU Frame. 

2. Open the covers on the power frame and remove the MG 
regulator cover. 

3. Place digital voltmeter (DIGITEC model 251A/251-1 or 
equivalent) alongside of power frame so that the voltage 
from the voltmeter can be observed while you adjust the MG 
voltage-adj ust potentiometer. 

4. Connect banana leads from MG Meter conver:ter (part 
2637491) to input terminal (Lo-Hi) on digital voltmeter. 

5. Plug 20SV, 3-phase, 400 Hz input plug from MG meter 
converter to receptacle labeled MG TEST POINT on MG 
voltage tester adapter. (The adapter is located on upper right 
side of CPU Frame.) Wait a minimum of five minutes to 
allow conversion circuits to stabilize. 

6. Plug the digital voltmeter into the receptacle on the power 
frame and allow at least a five-minute warm-up time. 

7. Check digital voltmeter cal ibration and zero settings. Make 
any required adjustments and repeat check. 

S. Set digital voltmeter range to 10V. 
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9. Compare the voltage reading on the voltmeter with the dc 
. voltage stamped on the MG meter converter. 

10. If the measured voltage is within the voltage tolerance 
specified, proceed to Step 15. If the measured voltage is not 
within the voltage tolerance specified, proceed with Step 11. 

11. Adjust the MG voltage-adjust potentiometer until the digital 
voltmeter reading is within the voltage range specified on the 
MG meter converter. If the MG output voltage is adjusted 
within the voltage range specified, proceed to Step 15. If the 
MG output voltage cannot be adjusted within the voltage 
range specified, proceed with Step 12. 

12. Check fuses in MG voltage tester adapter. If any of the fuses 
are blown, replace and repeat Steps 9 through 11. If the fuses 
are not blown, continue with Step 13. 

13. Connect Weston 904 or equivalent to any two input lines on 
the phase-control regulator input terminal block. 

14. Monitor the Weston 904 and vary the MG voltage-adjust 
potentiometer for a motor generator output of 208V. If 
20SV is measured on the Weston voltmeter, either the MG 
meter converter or the digital voltmeter is out of tolerance 
and requires calibration. Proceed to Step 15 for termination 
of test. If 20SV is not measured on the Weston 904 
voltmeter, a problem may exist in the MG regulator. Refer to 
MG troubleshooting guide. 

15. Disconnect the plug from the MG voltage tester adapter, 
disconnect remaining test equipment from system, and 
secure all doors. 



REGULATOR REMOVAL and REPLACEMENT 

DUAL-LEVEL SUPPLIED (REGULATORS 101, 

102,104, 105, 107, and 109), Stage 1 

1. All power on the frame must be off before a supply can be 
removed. Press power-off key and open circuit breakers CB 1 
and CB4 and CB2 within the 3046 (if installed). 

2. Open the covers on left side of CPU frame. 

3. Remove T-shaped plastic retainer from above and below the 
supply. 

4. Remove voltage leads from E 1 through E4, E7 through E 14, 
and E 15. Make sure that you mark the leads for proper 
reconnection. 

5. Slide out the supply. 

6. To replace the supply, insert the base of the supply into 
mounted channels and slide the supply into place. 

7. Reconnect leads that have been removed in Step 4 and replace 
plastic retainers. 

B. Close CB 1 and CB4 and turn on the power. 

9. Check the output voltages for the changed supply and adjust if 
necessary. (See the voltage measu rement charts.) 

DUAL-LEVEL SUPPLI ES (REGULATOR 103), Stage 1 

1. All power on the frame must be off before a supply can be 
removed. Press power-off key and open circuit breaker CB 1 
and CB4. 

2. Open the covers on left side of CPU frame. 

3. Remove T-shaped plastic retainers from above and below 
supply. 

4. Remove voltage leads from E 1 through E4, E7 through Ell, 
E 13, and E 15. Make sure that you mark the leads for proper 
reconnection. 

5. Remove wires from TB 1, 3 and 4. 

6. SI ide out the supply. 

7. To replace the supply, insert base of the supply into the 
mounted channels and slide the supply into place. 

B. Reconnect leads that have been removed in Steps 4 and 5 
and replace plastic retainers. 

9. Close CBl and CB4, and turn on the power. 

10. Check the output voltage for the supply and adjust if 
necessary. (See voltage measurement charts.) 

SINGLE-LEVEL SUPPLY (REGULATOR 106 

and 1 08), Stage 1 

The procedure for removing and replacing a single-level supply is 
the same as that for the dual-level supplies except for the removal 

of the voltage leads. Therefore, follow the procedure for the 
dual~level supply but replace Step 4 with the following. 

4. Remove voltage leads from El through E4, E9, El0, E12 
through E14. 

Phase-Control Regulators (Regulators 110, 111, 112) 

Replaceable Parts (Field) Regulators 110, 111, 112 

1. Control card 

2. Control assembly 

3. Entire supply 

Replacement of Control Assembly (Regulators 110, 111, 112) 

1. Remove cover (over control card). 

2. Remove two mounting screws on front of supply, one above 
TBl and one below E14. 

3. Remove cabling from TBl and slip·ons from rear of supply. 

4. Retain SL T control card. 

5. Install SL T control card in new control assembly. 

6. I nstall control assembly and secu re with mounti ng screws. 

7. Check the active cap adjustment and readjust if necessary. 

Replacement of Control Card (Regulators 110, 111, 112) 

1. Loosen two screws and remove the card cover. 

2. Open the card retainer. 

3. Replace card. 

4. See "Active Cap Adjust Procedure." 

Replacement of Entire Supply (R egulators 110,111, 112) 

1. Remove the cabling to and from the supply. 

2. Remove four mounting screws. 

3. I nstall the new supply. 

4. Attach cables. 

5. Adjust output voltage. 

REGULATOR CARD REPLACEMENT, Stage 1 

1. To replace a card within a regulator, press the power-off key 
and remove power to the regulator. This may be done by 
turning off power to the entire system (open CB 1 and CB4) or 
by turning off power to the one supply (by opening the input 
circuit protector for the supply). See Power Conversion and 
Distribution charts for regulators and its associated circuit 
protector. 

2. Open the cover of the frame in which the regulator is located. 

3. Release the card and retainer (if applicable) and remove with a 
card puller remove the card from the regulator. 

4. Insert new card. 

5. If complete power was turned off, close CBl and CB4 and 
bring power back up using one of the power-on switches. 

6. If power was turned off only to the power supply, cl.ose the 
input circuit protector. 

7. If the CE panel power check light is on, press the power-off 
key on the control console, or the check reset on the console 
or CE panel. 

B. Turn on the power by using one of the power-on switches. 

9. Check the voltage controlled by the replaced card and adjust if 
necessary. (See the voltage measurement charts.) : 

MID-PAC REGULATORS (REGULATORS 1, 

2, 3, and 5), Stages 1 and 2 

1. All power on the frame must be dropped before a supply can 
be removed. Press power-off key and open the circuit breaker 
CBl and CB4. 

2. Open covers at back side of power frame. 

3. Remove screws (two) above and below regulator, and remove 
plastic shield. 

4. Remove wires from TB 1-1 through 9, and mark. 

5. Slide the regulator out and replace with a new unit. 

6. Reconnect the lead removed in Step 4. 

7. Replace the plastic shield and secure the regulator to channel 
with two screws removed in Step 3. 

B. Close CB 1 and CB4, and turn on the power. 

9. Check the output voltage from the changed regulator and 
make any necessary adjustments. (See voltage measurement 
charts.) 

ACTIVE CAP ADJUSTMENT PROCEDURE 
(REGULATORS 110-112), Stage 1 

1. Adjust E out of supply to nominal. 

2. Attach digital voltmeter (+) lead to TP4 (see sketch) and (-) 
lead to E9. Meter should read 200 mv±6 mv; if not remove 
adhesive from active cap pot on SL T card and readjust. 

3. To prevent accidental readjustment of the active cap apply 
Epoxy, part 483002 to potentiometer. 

4. Adjust output to nominal. (Refer to illustration at right.) 

TB1 

TP4 Tab 

E9 Stud 

Front View 

Active Cap Adjustment 

Output Voltage Adjustment 

Control Card 
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REGULATOR REMOVAL AND 
REPLACEMENT, Stage 2 

PHAS~CONTROLREGULATORS(REGULATORS 

405,406, 407}, Stage 2 

REPLACEABLE PARTS '(FIELD) 
(REGULATORS 405-407) 

1. Control card 

2. Control assembly 

3. Entire supply 

Replacement of Control Assembly (Regulators 405-407 

1. Remove cover (over control card). 

2. Remove two mounting screws on the front of the supply, one 
above TB 1 and one below E 14. 

3. Remove cabling from TBl and slip-ons from rear of supply. 

4. Retain SL T control card. 

5. Install SL T control card in new control assembly. 

6. Install control assembly and secure with mounting screws. 

7. Check active cap adjustment and readjust if neccessary. 

Replacement of Control Card (Regulators 405-407) 

1. Loosen two screws and remove the card cover. 

2_ Open card retainer. 

3. Replace card. 

4. See "Active Cap Adjust Procedure." 

Replacement of Entire Supply (Regulator 405) 

1. Remove the cabling to and from supply. 

2. Remove four mounting screws. 

3. I nstall new supply. 

4. Attach cables. 

5. Adjust output voltage. 

Replacement of Entire Supply (Regulator 406) 

1. Remove cabl ing. 

2. Remove four mounting screws. 

3. Install new supply. 

4. The new supply is wired for high current (165-290A) output. 
If the machine has 12K memory installed, the supply must be 
rewired for low current output (90-175A). (See "Current Tap 
Adjust Procedure"; Page 11-36.) 

Replacement of Regulator 407 

1. Same procedure as for regulator 406 entire replacement. 

2. The new supply is wired for high current (165-290A) output. 
If the machine has 208K memory, the installed supply must be 
rewired for low current output (90-175A). (See "Procedure to 
Change Current Taps.") 

Active Cap Adjustment Procedure (Regulators 

405-407), Stage 2 
1. Adjust E out of supply to nominal. 

2. Attach digital voltmeter (+) lead to TP4 and (-) lead to E9. 
Meter should read 200 mv±.6 mv; if not remove adhesive from 
active cap pot on SL T card and readjust. 

3. To prevent accidental readjustment of the active cap, apply 
RTV 3.45 selastic adhesive (Part 2557523) to potentiometer. 

4. Adjust output to nominal. 

TBl 

TP4 Tab 

E9 Stud 

Front View 

Active Cap Adjustment 

Output Voltage Adjustment ~ 

Control Card 

PHASE-CONTROL REGULATOR DUALS 

(REGULATORS 403 and 404), Stage 2 

Replacement Parts 

1. Control card 

2. Control assembly 

3. Entire supply 

Replacement of Control Assembly 

1. Remove wiring from TS1 and slip-ons from rear of supply. 

2. Remove and save control card. 

3. Remove four mounting screws from control assembly and 
remove. 

4. Replace with new control assembly and replace control card. 

5. Adjust output voltage if necessary. 

Replacement of Control Card, Stage 2 

1. Remove (2) screws retaining plastic cover over control card. 

2. Remove card and replace. 

3. Check output voltage and adjust if necessary. 

Replacement of Regulator 403 

1. Remove four mounting screws on front of supply. 

2. Remove wiring to front and back of supply. 

3. Remove supply and replace. 

4. Attach cables removed in Step 1. 

5. Adjust supply output voltage if necessary. 

Replacement of Regulator 404 

1. Follow steps 11 A through C. 

2. The replacement supply is wired for high current output 
(130A-260A). The supply must be rewired for low current 
output (60-190A). See the procedure for changing current 
tops. 

3. Attach cables removed in Step A. 

4. Check the output voltage setting and readjust if required. 
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REGULATOR 404 HIGH AND LOW OUTPUT 
CURRENT TAPS, STAGE 2 

A. Regulator 404 should always be wired for low current output 
(60-190A). 

1. Remove four screws securing the large plastic cover over the 
front of supply. 

2. Locate TB4 mounted inside regulator. 

3. Locate cable wiring between TBl and TB4inside the 
supply. It is the leads of this cable that are to be moved. 

4. Move leads as follows. 
TB4-2 move to TB4-1 
TB4-5 move to TB4-4 
TB4-8 move to TB4-7 

5. Reinstall the large plastic cover. 

6. Install label, Part 2631505, over old label on large plastic 
cover. With a black marking pen indicate the current range 
of supply to be (60A-190A). 

7. Check the output voltage of supply and adjust if required. 

REGULATORS 406 AND 407 HIGH AND LOW 
OUTPUT CURRENT TAPS, STAGE 2 

A. Regulator 406 is wired for high current output except when a 
112K memory is installed. 

B. Regulator 407 is wired for high current output except when a 
208K memory is installed. 

1. To change the supply to a low current output, use same 
steps as for regulator 404. 

2. Install label, Part 2631505, over old label on large plastic 
cover. With black marking pen, indicate the current range 
of supply to be wired for (90A-175A). 

3. Check the output voltage of supply and adjust if required. 

NOTE: Regulators 404, 406, and 407 current taps (see ALD 
YB309). 



Regulators 401 and 402 Card Replacement, Stage 2 

1. To replace a card within a regulator, press the power-off key. 

2. Open the cover of the frame in which the regulator is located. 

3. Release the card and retainer (if applicable), and with a card 
puller remove the card from the regulator. 

4. I nsert a new card. 

5. If the CE panel power check light is on, press the power-off 
key on the control console, or the CHECK RESET on the CE 
panel. 

6. Press POWER ON. 

7. Readjust the voltage controlled by the replaced card. (See 
"Voltage Measurements and Adjustments.") 

SINGLE-LEVEL SUPPLIES (REGULATORS 

401 and 402) 

1. All power on the frame must be turned off before a supply can 
be removed. Press the power-off key and open the circuit 
breakers CB 1 and CB4 and CB2 within the 3046 (if installed). 

2. Open the covers on the left side of the CPU frame. 

3. Remove the T-shaped plastic retainer from above and below 
the supply. 

4. Remove the voltage leads from E1 through E4, E9, E10, E12 
through E 14. Make sure that you mark the leads for proper 
reconnection. 

5. Slide out the supply. 

6. To replace the supply, insert the base of the supply into the 
mounted channels and slide the supply into place. 

7. Reconnect leads that have been removed in Step 4 and replace 
the plastic retainers. 

8. Close CB1 and CB4 and turn on the power. 

9. Check the output voltages for the changed supply and adjust if 
necessary. (See the voltage measurement charts.) 
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AC/OC MODULE REMOVAL and REPLACEMENT, Stage 1 

1. Remove all power to the system by opening the circuit 
breakers CBl and CB4. 

2. Open the cover on the left side of the CPU frame. 

3. Remove wires from: 
a. TB1-1 and mark 
b. TB2-1, 2, and 3 and mark 
c. E2 and mark 

4. Open the covers and gates A and B on the right side of CPU 
frame. 

5. Remove back panel located behind ac/dc modules (upper 
right hand side of frame). 

6. Remove two leads from Eland E2 and mark. 

7. Slide ac/dc module out on left side of CPU frame and replace 
with new unit. 

8. Reconnect leads that have been removed in Steps 3 and 6. 

9. Replace back panel located behind the ac/dc module, and 
close gates and covers. 

10. Close CBl and CB4 and bring up power. 

BLOWERS and FILTERS 

Blowers and filters are located as follows: 

Location 

CPU-A Gate 
CPU-B Gate 
CPU Regulator Stack 
CPU Phase Ctl Reg 
CPU F Gate (mixer board) 
PF Mid Pac Reg Stack 

Blower Assembly 

3 w/filters 
3 w/filters 
2-no filter 
l-no filter 
1 w/filter 
1 w/filter 

The blower assemblies require no lubrication. I nspect periodically 
for noisy operation or other malfunctions and replace when 
found defective. Inspect filters for dirt and replace when dirty. 

CPU BLOWER ASSEMBLY and FILTER REMOVAL 

and REPLACEMENT, Stage 1 

Blower Assembly 

1. Open the cover on the right side of the CPU frame and release 
the gate. 

2. From the pin side of the gate, disconnect the electrical 
connector. 

3. From the card side of gate, remove two screws on each end of 
blower. 

4. Secure blower with one hand (hold bottom of blower) and 
remove center screw. 

5. Tilt blower down slightly, and pull toward you. 

To replace blower, reverse the removal procedure. 

Filter 

The filter is located at the bottom of the blower housing and is 
removed from the card side of gate. 

1. Place the thumb of each hand through the finger cutouts, 
.provided in the housing, against the filter. 

2. With equal pressure, push filter toward the pin side of the gate 
until clear of housing. 

3. Pivot the filter down and pull toward you. 

4. To replace the filter, reverse the removal procedure. 

CPU REGULATOR STACK BLOWER ASSEMBLY 

REMOVAL and REPLACEMENT, Stage 1 

1. Open the cover on the left side of the CPU frame. 

2. Disconnect the electrical connector located at front center of 
housing. 

3. Remove two screws on the right side of the blower housing. 

4. Lift from right side of blower housing to disengage housing 
from slot, and I ift out. . 

To replace the blower, reverse the removal procedure. 

CPU PHASE-CONTROL REGULATOR BLOWER 

REMOVAL and REPLACEMENT, Stage 1 

1. Open the cover on the left side of the CPU frame. 

2. Disconnect the electrical connector located at the front-left 
corner. 

3. Disconnect the thermal leads from the blower at the knife 
connector. 

4. Remove four screws holding the blower assembly to the frame 
(one screw is located at each corner). 

5. Lift the blower assembly out of CPU frame. 

To replace the blower, reverse the removal procedure. 

CPU F-GATE (MIXER BOARD) BLOWER 

ASSEMBLY and FILTER REMOVAL and 

REPLACEMENT, Stage 1 

Blower Assembly 

NOTE: The blower assembly is secured to frame via a cam
action-type latch. 

1. Open the cover on the right side of the CPU frame and release 
the gate latch. Pull the gates away from frame. 

2. Disconnect the electrical connector located on opposite side of 
latch. 

3. Release the latch and pull out the blower assembly and away 
from latch. 

Filter 

NOTE: The filter fits into a channel on one end of the blower 
housing and is secured by a bullet-type catch. To remove: 

1. Place finger in cutout at each side of the housing. 

2. Pull filter straight down until the housing is cleared. 

3. To replace, push filter up into housing until the bullet-type 
catch secures filter. 

POWER FRAME MID-PAC REGULATOR STACK 

BLOWER and FILTER REMOVAL and 

REPLACEMENT, Stage 1 

Blower Assembly 

1. Open the cover on the back side of the power frame. 

2. Disconnect electrical connection located at the center of 
blower assembly. 

3. Loosen four mounting screws (two on each side of assembly) 
that secure blower to the center panel. 
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4. Support the blower so that it cannot drop on the frame and 
remove the four mounting screws. 

To replace, reverse the removal procedure. 

Filter 

Remove the filter by first disconnecting the electrical connection 
at the center of the blower assembly and then sliding the filter 
out away from the assembly. 

MOTOR GENERATOR REMOVAL and 

REPLACEMENT, Stages 1 and 2 

1. Remove all power to the system. 

2. Open the cover on the back side of power frame. 

3. Remove two bolts on each side of MG that secure the MG 
enclosure to the power frame. 

4. Back the MG enclosure from power frame until the power 
cables become accessible. 

5. Remove safety cover from cable connectors. 

6. Remove three-400 Hz input cables, three-SO/60 Hz cables, 
and 1 frame ground cable. Mark all cables. 

7. Remove two wires from the overvoltage detect input 
terminals, and two wires from the overtemperature terminals. 

8. Back MG away from power frame and replace with new MG 
unit. 

9. Replace wires and cables removed in Steps 6 and 7. 

10. Replace safety cover over cable connectors and slide MG 
enclosure back into power frame. 

11. Align MG channel with power frame and secure MG with 
bolts removed in Step 3. 

12. Return power to system. 

NOTE: If power does not cycle up after five seconds, check MG 
input leads for proper plus rotation. (Relay K 1 will not pick if 
phase rotation is incorrect.) If relay Kl is not energized, reverse 
the phasing to MG. 

13. Perform the motor-generator-output-voltage adjustment. 



AC/DC MODULE REMOVAL and REPLACEMENT, Stage 2 

1. Press the power-off key. 

2. Remove all power to system by opening circuit breakers CB 1 
and CB4. 

3. Open the cover on the left side of CPU frame. 

4. Remove wires from: 
a. TB2-1, 2, and 3 and mark. 
b. E2 and mark. 

5. Open covers and gates A and B on the right side of CPU 
frame. 

BLOWERS and FILTERS 

Blowers and filters are located as follows. 

Location 

CPU A-Gate 
CPU B-Gate 
CPU Regulator Stack 
CPU 2V Phase Ctl Reg 
PF Mid-Pac Reg Stack 
CPU Dual Phase CR Stack 

Blower Assembly 

3 w/filters 
3 w/filters 
1 w/filter 
l-no filter 
1 w/filter 
1-no filter 

The blower assemblies require no lubrication. Inspect them for 
noisy operation or other malfunctions and replace when found 
defective. Inspect filters for dirt and replace when dirty. 

CPU GATE BLOWER ASSEMBLY and FILTER 

REMOVAL and REPALCEMENT, Stage 2 

Blower Assembly 

1. Open the cover on the right side of the CPU frame and release 
the gate. 

2. From the pin side of the gate, disconnect the electrical 
connector. 

3. From the card side of the gate, remove screws on each end of 
blower. 

4. Secure the blower with one hand (hold bottom of blower) and 
remove center screw. 

5_ Tilt the blower down slightly, and pull toward you. 

To replace blower, reverse the removal procedure. 

6. Remove the back panel located behind ac/dc modules (upper 
right-hand side of frame). 

7. Remove two leads from Eland E2, and mark. 

8. Slide ac/dc module out on left side of CPU frame and replace 
with new unit. 

9. Reconnect leads that have been removed in Steps 3 and 6. 

10. Replace the back panel located behind the ac/dc module and 
close gates and covers. 

11. Close CBl and CB4, and bring power up. 

Filter 

The filter is located at the bottom of the blower housing and is 
removed from the card side of gate. 

1. Place the thumb of each hand through the finger cutouts, 
provided in the housing, against the filter. 

2. With equal pressure, push the filter toward the pin side of the 
gate until clear of housing. 

3. Pivot the filter down and pull toward you. 

4. To replace filter, reverse the removal procedure. 

CPU REGULATOR STACK BLOWER ASSEMBLY 

REMOVAL and REPLACEMENT (UNDER 

REGULATORS 401 and 402), Stage 2 

1. Open the cover on left side of CPU frame. 

2. Disconnect electrical connector located at the front center of 
housing. 

3. Remove screws on each end of blower housing. 

4. Follow Steps 4 and 5 of CPU Blower and Filter Removal and 
Replacement procedure. 

To replace the blower, reverse the removal procedure. 

CPU PHASE-CONTROL REGULATOR BLOWER 

REMOVAL and REPLACEMENT (OVER 

REGULATORS 403 and 405), Stage 2 

1. Open cover on left side of CPU frame. 

2. Disconnect two electrical connectors located on front of 
blower. 

3. Disconnect the thermal leads from the blower at the knife 
connector. 

4. Remove two screws holding the blower assembly to the frame. 

5. Lift the blower assembly out of CPU frame. 

To replace blower, reverse the removal procedure. 

POWER FRAME MID-PAC REGUAL TOR STACK BLOWER 
and REMOVAL and REPLACEMENT, Stage 2 

Blower Assembly 

1. Open the cover on the back side of power frame. 

2. Disconnect the electrical connection located at the center of 
blower assembly. 

3. Loosen four' mountin,g screws (two on each side of assembly) 
that secure'blower to center panel. 

4. Support blower so that it cannot drop on frame, and pull it 
toward you. 

To replace, reverse the removal procedure. 

Filter 

Same procedure as CPU Gate Blower Filter Replacement. 
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PREVENTIVE MAINTENANCE, STAGES 1 AND 2 

Preventive maintenance for the Model 145 power section consists 
of scheduled equipment checks and adjustments. 

Equipment checks and adjustments involve general care and 
appearance, mechanical inspection, and electrical checks and 
adjustments. Repair of chipped paint, checking for cracked or 
loose connections, keeping the machine area clean, and similar 
items should be performed as deferred maintenance. 

Preventive maintenance for the power section involves the 
following. 

Filters and blowers: Check that each blower motor or fan is 
running. Examine filters for accumulation of dust. Replace dirty 
filters (schedule every 26 weeks). 

Lamp test: All lamps on the CE panel light when CE No.6 
switch is positioned to LAMP TEST. Lamp test for the CE panel 
can be done anytime the system is on. 

Visual inspection and cleaning: Visual inspection of the power 
assemblies, power supply modules, heat sinks, capacitors (check 
vent plugs), harness wiring and cables, terminal boards (charred 
boards or loose connections), relay and contactor contacts 
(burned or pitted), and safety covers (missing or damaged). 

Cleaning of the machine is best done with a brush and a vacuum 
cleaner. Pay particular attention to the areas near the blower fans 
and air filters. If the air filters will not pass light after being 
vacuumed, replacement is necessary. 

MOTOR GENERATOR PREVENTIVE MAINTENANCE 
The preventive maintenance schedule provides a checkout routine 
to keep the MG set performance at original specification. Some of 
these procedures permit aniticipation of failure, thus providing 
ample warning for replacement planning. 

Frequency 
(Months) 

12 

3 for first 
year;every 
6 thereafter 
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MOTOR GENERATOR PREVENTIVE MAINTENANCE·POWER OFF 

WARNING 
Remove all power before making these selVice 
checks. With light check rotor for no motion. 

Item Procedure 

Lubrication Lubricate with IBM 20 grease, part 17397, using the 
following procedure. 
1. Remove drain plugs at bottom of bearing housing at 

each end of MG. 
2. Force grease at each fitting until excess appears at 

drain opening. 
3. Replace drain plugs and grease-fitting protection. 
CAUTION 
Use IBM 20 synthesized grease or equivalent. A 
lower-temperature grease may melt and flow into the 
motor, causing a short circuit and fire. Too frequent 
lubrication, or lubrication while the unit is moving, may 
destroy both the bearing and the grease seal. Once the 
seal has been fractured, lubricant will leak through to 
the winding and cause premature failure. Do not check 
and relubricate the MG set during installation. The 
manufacturer lubricates the bearings with a metered 
charge of grease that should last for 52 weeks of three-
shift operation. Becuase the metered charge of grease 
may not fill the cavity, no grease may appear on the 
relief plug. 

Cleaning Clean dirt and obstructions in the airflow path, 
preferably with a vacuum cleaner. 

Electrical Check the electrical connections as follows. 
connections 1. Check all terminals, grounds, etc; for loose 

electric connections. Tighten all terminals as 
needed. 

2. Check for loose crimps on wire terminals and 
tighten as needed. 

3. Check for charred or molten insulation on wires; 
exposing the conductors. Apply tape to protect the 
conductor. Order new cable(s) for replacement on 
next inspection. 

Grease fitting Check for dripping grease at two end bearings. Rock 
Shock mounts MG by hand on shock mounts. Tighten any loose 

mechanical parts. 



MOTOR GENERATOR TROUBLESHOOTING GUIDE, STAGES 1 AND 2 

The MG troubleshooting guide exclusively applies to the MG set 
(including the MG regulator). Use the guide only after the power 
problem has been identified as an MG-set problem. Complete 
phase-to-phase line voltages must be present at the motor 
terminal block at power-on time. 

Before proceeding to use the troubleshooting guides, perform 
the Power Off Preventive Maintenance routine. 

MOTOR GENERATOR DRIVE MOTOR FAULT-ISOLATION AIDS (MG LOAD OFF) 
TROUBLE: MOTOR WILL NOT TURN: NO GROWLING NOISE 

Probable Cause 

Two or more open 
circuits in motor 
field. 

Isolation Procedure 

Remove all input power and the 
three input leads to motor at TB 1. 
Make resistance check of field 
winding. Also check for loose lug 
crimps 

TROUBLE: MOTOR STARTS: CPU CBl TRIPS 

Probable Cause 

Loss of anyone 
phase to motor 
(broken wire in 
motor). 

Isolation Procedure 

Remove MG load (set CB2, CB5 
and CB6 off). Apply ac power to 
motor. Check phase-to-phase voltage 
using VOM. If results are satisfactory, 
proceed with the following: Remove 
all power and the 3 input leads to 
motor at TB 1. Make resistance check 
of field winding. Also check for 
loose lug crimps. 

Remedy 

If evidence of internal open 
circuits, replace MG set. If any 
leads within MG frame are chared, 
rep I ace M G set. 

Remedy 

If evidence of internal open 
circuits, replaceMG set. If any 
lead within MG set is charred, replace 
MG set. 

TROUBLE: MOTOR DOES NOT COME UP TO SPEED. EMITS GROWLING NOISE 

Probable Cause 

Excessive voltage 
drops to motor. 

Seized bearing 

Isolation Procedure 

Remove MG load (set CB2, CB5 
and CB6 off). Measure voltage at 
TB 1. Remove power to regulator 
by tripping CB 1 on regulator. If 
input voltage ok and motor comes 
up to speed after power to 
regulator has been removed faulty 
regulator. 
If motor continues to turn slowly 
after regulator has been d is
connected, possible shunted diode 
in rotor (also check for order of 
insulation). 

Trip CB 1 on regulator. Excessive 
bearing heat and noise being 
generated. 

Remedy 

Replace MG regulator. 

Replace MG set. 

Replace MG. 

MG GENERATOR AND REGULATOR FAULT-ISOLATION AIDS 
(MG previously checked to assure normal operating speed) 

TROUBLE: ZERO VOLTAGE AT ANY PHASE-TO-PHASE AT GEN OUTPUT TB2 

Probable Cause Isolation Procedure Remedy 

Loss of residual Connect VOM to 400 Hz output Flash field winding as follows: 
magnetism TB2. Apply ac power to motor. Apply 6V de, momentarily to the 

VOM registers zero volts. field. Make sure that the plus (+) 

side is connected to TB3 of the 
regulator terminal board. (Have a 
10-ohm resistor in series with the 
6V dc source) or 24V dc with 
suitable resistor. 

Two or more open Remove all power, and the output If evidence of internal open 
circu its to generator leads from generator at TB2. Make circuit, replace MG set. 
armature, or all three resistance check of generator 
diodes to generator windings. 
rotor. 

TROUBLE: LOW OUTPUT VOLTAGE (LESS THAN 30V) 

Probable Cause Isolation Procedure ,Remedy 

CBl tripped Reset CB 1; CB 1 opens second time. Replace regulator. 

Regulator Check generator output voltage at Replace regulator. 
TB2. If voltage exceeds the over 
voltage trip setting (about 225V) 
trouble is in regulator. 

Regulator-O.V. Disconnect cable Tt & T3 at 
trip circuit 2K regulator. Monitor 2K point (N/C) 

If output voltage comes up to over 
208 and then drops back raise over-
voltage setting to maximum and 
check generator output at TB2. If 
O.V. trips at any setting, check Replace regulator. 
overvoltage setting by raising 
generator output via voltage-
adjust potentiometer until K2 
picks. Repeat until desired 
overvoltage setting is ovtained. 
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MG TROUBLESHOOTING GUIDE (Continued) 

MG GENERATOR AND REGULATOR FAULT-ISOLATION AIDS MG GENERATOR AND REGULATOR FAULT-ISOLATION AIDS 
(MG previously checked to assure normal operating speed) (MG previously checked to assure normal operating speed) 

TROUBLE: LOW OUTPUT VOLTAGE (LESS THAN 30V) TROUBLE: EXCESSIVE MG HEATING (AIR PASSAGES CLEAR) 

Probable Cause Isolation Procedure Remedy Probable Cause Isolation Procedure Remedy 

Regulator (cont) If O.V. relay trips regardless of Replace regulator. 
the overvoltage setting, trouble 
is in regulator. 

Excessive current Check current at each leg of motor Replace MG 
drawn by motor MG (TB 1). Current for 16KW at 
not overloaded. 208V /60 Hz for example should 

Loss of residual Check generator output voltage Flash field winding using a 6V 
magnetism at TB2 if voltage is less than 15. battery. Make sure the plus 

Th is may be insufficient to enable (+) side is connected to TB3-1. 
generator buildup. (Have a 10-ohm resistor in series 
(See ALD YE180) or YB180. with 6V dc source). Connect 

minus (-) side to TB3-2. 

read approximately 23 amperes. 
At no load, motor currents are 
not necessarily balanced. At 
medium to full load, the 
currents are approximately 
equal and "are stated on name-
plate. 

Shorted diode or If voltage does not rise above 30 Replace MG. 
open in exciter after flashing the field winding, 

trouble is in exciter field or other 
internal windings on rotor. 

Shorted turns on Measure phase-to-phase generator Replace MG 
generator voltages. The voltages must 

balance within two percent. An 
unbalance that exceeds two per 
cent may indicate possible shorted 
turns in generator armature 

TROUBLE: GENERATOR OUTPUT GOES BEYOND 260V windings. 

Probable Cause Isolation Procedure Remedy 

Regulator and O.V. Adjust voltage potentiometer over- Replace regulator. 
circuit failure. voltage potentiometer to minimum 

setting. If voltage still soars beyond 

Overload of MG Check MG max current on nameplate. Reduce to rated load. 
Measure generator output current 
with clamp-on armature. (That is, 
circuit breakers may not trip). Faulty CBs 

208, trouble is in regulator. 

TROUBLE: HIGH EXCITER FIELD VOLTAGE 

TROUBLE: UNSTABLE OUTPUT VOLTAGE (WITH OR WITHOUT LOAD) Probable Cause Isolation Procedure Remedy 

Probable Cause Isolation Procedure Remedy 

Regulator Vary the Volt-Adjust Potentio- Replace regulator at earliest 
meter to determ ine whether any opportunity. 
voltage control can be achieved. 
(Varying the voltage-adjust control 

Open diode on rotor Measure voltage at exciter field TB3. Replace MG at earliest 
If voltage reading is significantly opportunity. 
beyond 12, only two phases are 
supplying current to generator 
field. 

sometimes will clean the potentio-
Regulator meter and re-establish good contro!') Replace regulator 

As load is applied, trouble is in 
regulator. 



POWER CHECK TROUBLESHOOTING DATA FLOW, 

NOTE: 

1. System power up at 

time of failure. 

2. ALD's: 

STAGE 1 

YE-OOO 
YD-OOO 

STAGE 2 

Yes 

YBOOO 
YAOOO 

Therm Check 

1. Determine open 
thermal switch with 
VOM. Trip 

2. Possible cause: Reset power-check ckts. 
Blower motor, filter, Press check.reset. & 
etc. power off keys 

3. Reset power check c 
ckts. 

4. Press check reset & 

power off. 
5. Press power-on 

Ref; ALD's YE072 
YE260 

Diag 11-11 

YE016 

Set: 
CE Sw # 2 = Error override 

CE Sw #6 = Reg test 

Stages 1 and 2 

1. 

2. 

3. 

4. 

5. 

CPU 
PF 

Overvoltage or thermal 

trouble in MG 

enclosure. 
See MG trouble-
shooting chart. 
Reset power-check 
ckts. 
Press check-reset & 
power-off keys. 
Press POWE R-ON. 

Ref ALD YDOOl 3-3 
under voltage sequence 

detailed flow. 

Yes 

See 
ALD 

Check the following: 
1. K34 picked 
2. K30 blowers on. 
3. K29 picked 
4. K28 head-extend 
5. K26 picked 
6. K20 picked 
7. K22 picked 
8. K21 picked 
9. K 16 picked 

10. K15 picked 
11. K 14 picked 

Ref ALD's - YE070 
YEOll 
YE012 
YE013 
YE014 

Check the following 
1. K3l points FTM 

Ref ALD's- YE013 
YE070 
YE220 

Yes 

CF loads_ IMPL com

pleted. Power-up seq. 
completed 

Check the following: 

1. K42 picked 
2. K4l picked 
3. K40 picked 
4_ K39 picked 

5. K38 picked 
6_ K35 picked 

Ref ALD· YE013 

See ALD YE8l1 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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INTRODUCTION 

The System/360 Model 145 incorporates several types of error
detection and correction mechanisms, to provide optimum 
machine availability to the customer. These mechanisms 
include: single-bit storage error correction (ECC), machine
check error retry, machine-check error interrupts, and software 
recovery. 

• Single-bit storage errors are detected and corrected by the 
Error Check and Correction (ECC) logic. Single ECC errors 
are not normally presented to the system control program. 
Double or excessive single ECC errors are considered a machine 
check. 

• Machine-check errors initiate a hardware retry (except when 
CHECK CONTROL is in NO RETRY or DISABLE), which 
repeats the f .. operation. Up to~ht 5=lete~ 
and up to 255 retry raps are allowed. If the retry operation 
is unsuccess u n eight attempts or if the nature of the error 
is unretryable (for example, clock sync check), a machine
check interrupt is presented to the system control program. 

• Machine-check interruptions are used to notify the system 
control program that an uncorrected machine error has 
occurred, or to log corrected intermittent failures. If the 
current PSW bit 13 equals 1, an old PSW is stored at location 
48, containing the information necessary for the system 
control program to perform a software recovery if desired. 
An additional eight bytes of data are stored at location 232 
(MCIC, pages 12·18) for system control programmer's use. 

• Software recovery consists of the Recovery Management 
Support (RMS) package contained in OS and DOS. The 
RMS program analyzes the machine-check interruption 
code (Main Storage Lac. 232) and determines whether the 
failing operation can be reconstructed or must be terminated. 

It also stored the logout information on the SYSl LOGREC 
disk pack for further analysis by maintenance personnel. 

SOFTWARE RECOVERY LOGIC 
Soft Machine Check Interrupt 

(Refer to Page 12-16) 

Succesful CPU retry 

Uncorrectable or unretry
able CPU error associated 
with control program 

" 
Log status data in 
SYS1.LOGREC 

I nform operator and 
terminate system oper
ations 

Warm start or 
diagnostic 
procedures 

ECC single-bit intermittent 
processor storage correction 
(if enabled by operatod 

ECC single-bit intermittent 
control storage correction 
(if enabled by operator) 

I nform operator of 
action; 
continue processing 

Interval Timer damage 
Time of Day 
Clock damage 

I nform operator; 
system to wait state 

~Machine-Check Interrupts (Refer to Page 12-16) 

I 

Multiple-bit processor 
storage error in control 
program 

Attempt to refresh 
damaged code 

Log status and results in 
SYS1.LOGREC and 
inform operator 

" 
~ 
I~ 

" 

I I 
U ncorrectable or unrtry
able CPU error associated 
with processing control 

Multiple-bit processor 
storage error in proc
essing program 

..... -- --

Determine task affected, 
log status in 

SYS1.LOGREC 

Terminate affected task 
and inform operator 

Continue system oper
ation 

L 

Storage protect key 
failure 

I 

l Terminate system oper- I 
at ions 

J Continue processing I 
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ECC solid control storage 
error exceed threshold mode 

I 
System damage or mult
iple-bit control storage 
error 

Attempt logging of status 

I nform operator and 
terminate system oper
ations 

Diagtostic procedures 



HARDWARE RECOVERY LOGIC 

Off 

Write good data back by 
ECC hardware if control

storage access 

Finish macroinstruction, ...... /. 
then branch to micro- .., . ...,. .• -...... 
program at end of / .... 

instruction if condition ,/ 
of Note 1 satisfied ~ 

Off 

Solid 

Continue processing 

.-;/" 

_/~ .. //' 

Off 

Note 1 

Single Error-M-Stor -----I 
A 

Mode Reg Bit 3 

Single Error-C-Stor -----f 
A t--------i OR CPU Force Micro-Code Branch 

Mode Reg Bit 4 

Threshold Exceeded ----t 
A 

ModeReg Bit 5 -----, 

No 

Solid 
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Disable 

a 

2 

Log to control storage 

a 

Continue processing 

No 
Retry 

Log to control storage 

Return to microword 
in error and finish 
macroinstruction; then 

branch to machine-check 
interruption micro
routine 

Yes 

No 

Trap to retry micro

routine 

No 

~-Code 

Hard stop 

a 

Hard stop (with red 
light on) 

Move log from control 

to main storage, using 
address in CR 15. Turn on 

log present indicator 

a 

Return to microword in 

error and try to continue 

processing. No machine 

interruption until PSW 

bit 13 is turned on by 
software 

Implement machine check 
new PSW 
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RECORDING MODES 

• The mode register (Ext. word 08 byte 0) is used to determ ine 
the action to be taken for single-bit storage errors. 

• The mode register is set by the diagnose command (83-
BODO). 

• Operator commands to alter the mode register are incorporated 
under OS and ~OS. 

Byte 0 

... Bit 0 

/, .. Bit 1 

Bit 2 
Bit 3 

Bit 4 

. Bit 5 

Bit 6 
Bit 7 

MODE Register (External Address 08) 

Hard Stop Latch-Control Register 14 Bit 0 
Enable I-Cycle and Adr/Adj Ctrl and Expanded 

Local Storage. 
Enable Hardware Retry 
Full Recording Mode for Single-Bit Failures .-

in Main Storage 
Full Recording Mode for Single-Bit Failures in 

Control Storage 
Threshold Mode for Single-Bit Failures in 

Control Storage 

Reserved 
Reserved 

The diagnose instruction (83--80DO) sets the mode register to 
determine what action is to be taken when a single-bit storage 
error occurs. The mode register is also set by a power-on reset 

or system reset. Mode register bits 3, 4, and 5 determ ine the 
mode the system is in: 

When the system is in record mode for either main or control 
storage, intermittent single-bit errors result in a machine-check 
interruption. Solid single-bit storage failures do not result in a 

machine-check interruption. 
When the system is in threshold mode, both solid and inter

mittent single-bit corrections in control storage are counted by 
a hardware counter. If the counter reaches 256 before it is 
reset by a pulse generated from the Time-of-Day Clock, a 
machine-check interruption is taken_ This reset pulse occurs 
approximately every two milliseconds. 

Table 1 Control-Storage Mode 

Initialized by Pwr On Reset or System Reset Threshold 
with Enable Clear 

Initialized by System Reset +_ .. 
~-: Threshold G. 

Initialized by Recovery Management Support No Change 
(RMS) 

Hardware Threshold count exceeded for Set to QUI ET by 
Control Storage hardware. Operator 

message presented 
by R MS and a recon 
Logged to SYS1. 
LOGREC 

Table 2 
Instruction Format (83--BOOO) Control-Storage Mode 

MODE ECC, RECORD, MAIN 8+0=000008 No Change 

MODE ECC, QUIET, MAIN B+O=OOOOOC No Change 

MODE ECC, RECORD, CaNT 8+D=000010 Record 

MODE ECC, QUIET, CONT 8+D=000018 Quiet 

MODE ECC, THRHOLD, CaNT 8+0=000014 Threshold 

Table 1 outlines the modes of taking machine-check interrup
tions for recovery reports without taking intg account the 

operator mode commands. 
Table 2 outlines how the mode commands affect the modes 

of taking machine-check interruptions for recovery reports. Note 
that in record mode for main and control storage, only inter
mittent single-bit failures result in a machine-check interruption. 
The microprogram tests the failing storage location (main or 
control) to see whether the single-bit failure is solid or inter
mittent; if the failure is solid, the machine returns to processing 
instructions and no mach ine-check interruption is taken. 

CR 14 PSW 

Main-Storage Mode Bit4 Bit 13 

Quiet 0 0 

Quiet No Change No Change 

No Change 1 1 

No Change No Change No Change 

CR 14 PSW 
Main-Storage Mode Bit 4 Bit 13 

Record No Change No Change 

Quiet No Change No Change 

No Change No Change No Change 

No Change No Change No Change 

No Change No Change No Change 
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REMEMBER 

There is a Reader's Comment Form 
at the back of this publication. 
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ERROR CHECK AND CORRECTION (ECC) 

For details of ECC circuits, refer to Chapter 3, Main and Control 
Storage. 

• Error-Check and Correction circuitry for main and control 
storage automatically corrects single·bit errors. 

• Double-bit errors are detected and cause a machine check 
(MCKB byte 2 bit 5). 

• The hardware retry procedure is not executed for single ECC 
errors. 

• In control storage, a store is done to attempt to put corrected 
data back in storage; however, in main storage no store of 
corrected data is made. 

When a single-bit error occurs, the ECC hardware presents 
corrected data to the CPU. In control storage, one machine 
cycle of degradation results; a restore is done by the ECC hard
ware in an attempt to correct the bad bit in control storage. In 
main storage no degradation results from a single-bit failure; no 
attempt at restore is done. This action is taken regardless of 
the settings of the mode register bits 3, 4, and 5. These bits 
provide another level of masking below CR 14 bit 4 (recovery 
mask bit) in order to control the machine-check interruption 
action taken for single-bit failures. 

The operating values of these bits are: 

345 

X 0 Every single-bit failure in control storage is counted in a 
counter (external word 00 byte 2 ECNT). If 256 errors 

occur within two milliseconds, the retry registers are 
frozen and at the end of the current macroinstruction 
a soft machine interruption is initiated. 

X 1 0 When a single-bit failure in control storage occurs, the 
retry registers are frozen, containing the needed 
information to refetch the control word. At the end of 
the current macroinstruction, a special microprogram 
is entered and the control-storage location is again 
accessed. If no single-bit failure occurs, the error is 
considered to be intermittent and a soft machine-check 
interruption is initiated. 

1 X X When a single-bit failure in main storage occurs, the retry 
registers are frozen, containing the needed information 
to refetch this main·storage location. At the end of the 
current macroinstruction, a special microprogram is 
entered and a restore is attempted by fetching the 
failing location and then storing back the same data: A 
second fetch is done; and if no single-bit failure occurs, 
the error is considered to be intermittent, and a soft 
machine-check interruption is initiated. 

o 0 0 Single·bit errors are not relayed to the microcode and 
thus no machine-check interruptions can be initiated. 

Note that both PSW bit 13 and the recovery mask (CR 14 bit 4) 
must be on for any of the single-bit failures to result in machine
check interruPtions. If the microprogram determines for any 
reason that a machine-check interruption should not be taken, 
normal System/370 processing is continued. 

Present good data to CPU 
by ECC hardware 

Write good data back by 
ECC hardware if control
storage access 

Finish macro-instruction; 
then branch to micro
program at end of instr
uction if condition of note 
1 on page 12·3 is satisfied 

Solid 

Continue processing 

No 

Normal entry 

No 

Soft machine check 

Yas 

Solid 

Soft machine check 

Off 

Soft machine check 
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MACHINE CHECKS AND ERROR RETRY 

• Any error detected within 3145 hardware circuits causes a 
bit to be set in the machine-check registers (MCKA, MCKB). 

• A bit being on in the mach ine-check register (except MCKB2 
bit 6-7 and MCKB3 bit 0-7) activates the line 'any machine 
check', which causes a trap to the retry microroutine 
(GHRT). 

• After a retry trap occurs, the microroutine determines the 
type of error that has occurred (Type 1, 2, or 3). If the 
error is a Type 1, 2, LS compare, or FTC error, the hardware 
registers are refreshed and the word in error is retried. If 
the error is a Type 3, it is unretryable and a hard machine
check interrupt is initiated. 

A flow chart of the retry microroutine is on page 12-12. 
When a machine malfunction occurs in the Model 145, the 

operation is retried by hardware and microprogram, in an attempt 
to produce a valid result. Such equipment malfunctions are 
referred to as machine-check conditions. The retry is always 
executed except when the nature of the error is such that recovery 
is deemed impossible, (for example, CLOCK SYNC CH ECK or 
CHECK CONTROL is set to NO RETRY.) 

When a retry results in a correct operation, the condition is 
considered a soft machine check and is reported as a recovery 
report if CR 14 bit 4 and PSW bit 13 = 11. This information is 
stored for later use by the service representative. 

When the machine-check condition is uncorrectable or 
when the retry does not result in proper operation, the condition 
is considered a hard machine check and the incident is reported 
as a damage report. The internal damage condition results in 
a machine-check interruption if the machine-check mask bit 
(PSW bit 131 is set to one. Operation under these conditions is 
described under "Machine Check Interruptions," page 12-16. 

After a machine-check interrupt has occurred, the system 
program tries to recover from, or repair, the condition through 
programming. The sequence of the operation and the possible 
outcome depend on the ability to retrieve suitable data and 
effect an alternate method of operation. 

BIT MCKAO MCKA1 MCKA2 MCKA3 

0 LSA Source Address Check 1 ACB Register Parity Check 2 ALU2 Half-Sum Check 2 Ext Destine X Camp Check 

1 LSB Source Address Check 1 LS Compare Check ALU3 Half-Sum Check 2 Ext Destine Y Camp Check 

2 LSA Destine Address Check 2 Flush-Through Check A LU Logical Check 2 Ext Source Y Check 

3 LSB Destine Address Check 2 H-Register Parity Check 2 B-Register Shift Check 2 Ext Control Asmbl Parity 

4 Destine Byte Control Check 3 A-Register Parity Check 1 I nterval Time Parity Check 

1-5 LSA,B Destine Address Camp 3 P-Register Parity Check 2 B-Register Parity Check 1 S-Register Dup Check 

6 LS Control Asmblr Check 1 T-Register Parity Check 2 Z-Register Parity Check 2 Time-of-Day Clock Check 

7 C-Register Parity Check 1 L-Register Parity Check 2 D-Register Parity Check 2 Control Stg Address Check 

These indicators are shown in position 8 of the upper roller. 

BIT MCKBO MCKB1 MCKB2 MCKB3 

0 Storage Address Check 1-2 M-Register Camp Check A 1 I-Cycle Hardware CT Error Correction ----.. 

1 SDBI Parity Check 2 M-Register Camp Check B 1 Double ECC Error-SDC 2 C32 Data Bit Corrected 
-

2 SDBO Parity Check 2 M-Register Camp Check C 1 Control-Line Parity Check 2 C 16 Data B it Corrected 

3 Store Parity Check 2 M-Register Camp Check D 1 ECC Busy Check 2 C8 Data B it Corrected 

4 Spare Addr X-Late No Match 2 ECC Hardware Check 2 C4 Data B it Corrected :-

5 Store Protect Parity Check 2 Addr X-Late Multi Match 2 Double ECC Error 2 C2 Data BitCorrected-/ 

6 Clock Sync Check A 3 Addr X-Late LRU Invalid 2 Single ECC Error Correct C 1 Data B it Corrected 

7 Clock Sync Check B 3 Any Machine Check V Single Data Bit Correct CO Data B it Corrected 

These indicators are located in the System Checks portion of the console. The indicators on the console are grouped into 

functional areas, not as they appear in MCKB. MCKB is an external register and can be displayed by setting address 06 in 

switches F, G and STORAGE SELECT to EXT REGS. 

3 

3 

1 

1 

3 

2 

3 

2 
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If the machine is operated with CHECK control in HARDSTOP the following 
timings apply. 

Type 1 - Clock stops in same cycle. 

A B 

L 1"-.. I 
ERROR SAMPLE --__ - 90"""1 ----11 135 . ~ . 

Clock Stops Here 

Note: I n this type of error, pressing START once loads MRTY with 
the fail ing microword address. 

Type 2 Clock stops in the following cycle. 

A B 

ERROR SAMPLE ----~ .. 125l--l180 \ 
Clock Stops Here, 
One Cycle bater 

MRTY has been loaded with the failing microword address. 

FTC (Flush-Through Check), LS Camp (Local Store Compare) 
Clock stops two cycles later. 

A B C 

Flush Through CK.:...-_----... 125 ~~ I 191 
for Word A 180 4; 

Error Sampled Here 

Clock Stops Here 

MRTY has been loaded with the failing microword address. 

Type 3 errors: These are uncorrectable errors. The retry hardware 
cannot attempt to reconstruct and repeat the failing microword. 



RETRY OPERATION 

Microprogram Instruction Retry 

The ability to recover from most intermittent failures is 
provided by retry techniques. CPU retry is done by-microprogram 
routines that save the source data before it is altered by the 
operation. When an error is detected, a microprogram routine 
returns the CPU to the beginning of the operation (or to a 
point during the operation that was executed correctly), and 
the operation is repeated. 

The retry routine is entered through the retry priority operation 
(trap). The retry priority operation occurs when any machine 
check occurs if the retry counter is not full, retries are not 
masked off, and system register byte 2 bit 6 (indicates stop 
word error) is off. Depending upon the nature of the error 
and the word type, the error may be detected during execution 
of the failing microprogram word (Type 1), during execution of 
the following word (Type 2), or may be detectable but uncorrect
able (Type 3), 

The information necessary to retry an error is retained in 
backup registers that contain the contents (at the time the 
error occurred) of: 

• A-register or B-register (whichever was used as the 
destination). 

• SPTL register 

• M2- and M3-registers 

• H-register 

• External and local-storage destination latches (six bits for 
X and Y -addressing plus 1 bit for expanded local storage. 

• Retry flag register (bit 0 on for storage word cycle 2; bit 1 on 
for error Type 1; bit 2 on for error Type 2; bit 3 on for error 
Type 3; bit 4 on if the destination was an external, or off if 
destination was a local-storage location; bit 5 on for a storage 
word; bit 6 on for a trap 2; bit 7 on for an unretryable error). 

A return to the microprogram word to which the check is 
attributed occurs, and by use of information in backup registers, 
that microprogram word is retried. Up to 8 retries are 
attempted. If the retry operation is successful, a machine-check 
interruption may be performed to notify the supervisor that a 
machine-check occurred. This occurs if the PSW machine-check 
bit and the recovery report mask bit (CR 14 bit 4) allows the 
interru ption. 

During the machine-check-interruption microprogram routine, 
the logout information is moved from control storage to main 
storage so that the supervisor routines can determine the cause 
or error. Action is then dependent upon the supervisor 
program. 

An unsuccessful retry procedure results in a machine-check 
interruptio(1, unless the machine-check bit in the PSW prevents 
it. 

Channel Retry 

This feature has been implemented to ensure that most failing 
channel operations can be retried by error-handling routines. 
Both a limited and an extended channel logout are implemented. 
When a channel error or a CPU error associated with a channel 
operation occurs, the channel status word (CSW) and a new 
extended channel status word (ECSW) are stored in the fixed 
lower storage area (I/O communications area) during the I/O 
interrupt. The ECSW, or limited channel logout data, provides 
additional, more exacting status information about the channel 
failure. This data is formatted by the Channel Check Handler 
(CCH) routine and passed to a device-dependent error-recovery 
routine to be used in the retry of the failing I/O operation. 
For a detailed description of Channel Retry, refer to Chapter 8, 
Channels. 

Command Retry 

Command retry is a control-unit-initiated procedure between the 
channel and the control unit. (Not all control units have this 
capabilitv.) No I/O interruption is required. The number of 
retries is device-dependent. For a detailed description of 
Command Retry, refer to Chapter 8, Channels. 
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RETRY HARDWARE 

When an error is detected because of a machine malfunction 
in the system, instead of repeating the whole macroinstruction 
concerned, only the microword in error is repeated, and the 
operation is continued from that point. Hardware backup 
registers are used to provide the backup system status informa
tion needed to perform the retry. 

In general, the backup registers contain system status . 
information pertaining to the machine cycle preceding the 
cycle in process. Each register contains one word (four bytes) 
of information. Every machine cycle (that is, microword) the 
backup registers are updated to reflect the status of the machine. 

When a machine malfunction occurs, the registers are blocked 
(prevented from changing) and thus contain the status 
information of the system just before the microword in error. 
Upon detecting the malfunction, the machine traps to the retry 
microroutine (H1=1 trap AOOR 0200). In the retry routine, 
the information in the hardware retry registers is used to 
refresh the machine, after which the microword in error is 
re-executed. 

Retry and Backup Registers 

Because of differences in the kinds of errors that may occur, 
two levels of backup registers are required for some of the 
information. The retry registers are set to the informati on for 
the cycle before the one being executed. The backup 
registers are set to the current cycle information. 

Unless blocked, each register is updated every machine cycle. 
At 45-72 time, the retry registers are set with the information 
for the cycle immediately preceding the one in process. At 
90-117 time, the backup registers are set with the information for 
the cycle in process,. Each register retains the information until 
the new information (next cycle) is set or, in the case of a 
detected malfunction, until the retry trap has been taken and 
the block is removed by the microprogram. (See timing chart, 
page 12-14). 

The ABRTY, SPTLB, HMRTY, and CPURTY registers 
enter the data flow through the external assembler. When the 
contents of these registers are blocked because of a detected 
failure, they will contain the information to be used by the retry 
microprogram. The information in the registers is as follows. 

ABRTY 

This register contains the source data read into the A- or B
register during the microword in error. If the word type was 
A=A/B, it contains the A source data; if the word type was 
B=A/B, it contains the B source data. 

A-Reg 

Gate a 
No Error 

AB Retry (ABRTY) 

No Error ----+--L.:....:...... PH 

45-72 Time------i...::.... .... __ .J 
Gate B _____ 1--1 

B-Reg _____ 4--1 

90-117 Time -----f 

SPTLB 

This register contains the contents of SPTL immediately 
prior to starting the microword in error. 

Byte 0 2 

S P T 

SRTY PRTY TRTY 

SPTL Back-up 

3 

L 

LRTY 

SPTL Retry (SPTlB) 

No Error -~ PH I 
45-72 Time ~ _ 

HMRTY 

Byte 1 of this register contains the contents of the H-register 
immediately prior to starting the microword in error. Bytes 
2 and 3 contain the address of the microword in error. 

Byte 0 2 

I Spare H MB2 

3 

M83 

(HRTY) (MRTY2) (MRTY3) (MRTY2) 

To Ext. Assembler 

To Ext. Assembler 

_
_____ -;~it~~~--------------~~~~~H~M~R~T~Y~) 

H-Reg, MB-Reg To Ext. Assembler 
No Error _______ ..._---1 PH No Error _____ -01 n 

90-117 Time ---------L.:..:.JL_---1 45-72 Time ------L:...:..IL_-.J 
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CPURTY 

This register contains various information relative to the 
operation being performed. The information contained is 
described in the following paragraphs. 

CPURTY 

~~n;~;!rRetry __ 1 n_f_o~~~~~~~~~--r-:-.rp-H-ill-----TO Ext. Assembler 

9Q.117T;me ~. 
Byte 0 2 3 

BYTDST RTYFLG LSDST EXTDST 

BYTDST (Byte 0): Bits 0-3 of BYTDST are spares. Bits 4-7 
of BYTDST contain the destination byte lines for the 
microword in error. These lines tell which bytes of the 
destination register (local storage or external) specified in 
the error cycle were changed. 

RTYF LG (byte 1): This register contains information about 
the malfunction and is used to support the retry microprogram. 

Bit 0 (storage 2 cycle): This bit is set when the system 
malfunction is attributed to the second cycle of a storage 
microword. These bits are turned on by hardware latches 
(MCKA or MCKB registers). 

Bit 1 (Type 1 error): A Type 1 error is a system malfunction 
that is detected in the same cycle that initiated the opera
tion in error. The error is detected early enough so that 
the normal destination of the word in error is blocked. 
Thus the source data is not refreshed by the micro
program. 

Bit 2 (Type 2 error): A Type 2 error is a system malfunction 
that is detected in the next cycle after the cycle tbat 
initiated the operation in error. 

Bit 3 (Type 3 error): A Type 3 error is a system malfunction 
that cannot be corrected by the retry microprogram. 

Bit 4 (external or local-storage destination): This bit is set 
to one if an external register was being destined by the 
microword in error. It is zero if a local-storage location was 
being destined by the microword in error. 

Bit 5 (storage word): This bit is set to one if the system 
malfunction is attributed to a storage microword. 

Bit 6 (stop word): This bit is set to one when the system 
malfunction is attributed to a Trap 2 Cycle. 

Bit 7 



LSDST (byte 2): This byte contains the address of the local
storage location that was the destination in the microword 
in error. This byte has meaning only if bit 4 of RTYFLG is 
zero. The format of the bits in the register correspond to the 
format of the direct address in the word-move microword. 

Bit 0: Zero. 

Bits 1-3: These bits define the local storage Y-lines. 

Bits 4-6: These bits define the local-storage X-lines. 

Bit 7: One expanded local storage. 

EXTDST (byte 3): This byte contains the address of the external 
register that was the destination in the microword in error. 
This byte has meaning only if bit 4 of RTYFLG is one. The 
format of the bits in this register corresponds to the format 
of the direct address in the word-move microword. 

Bit 0: One 

Bits 1-3: These bits define the external Y -lines. 

Bits 4-6: These bits define the external X-lines. 

Bit 7: Zero. 

Retry Counter 

• The retry counter is an eight-position hardware counter that 
is used to regulate the number of retry traps that are allowed. 

• The counter is set to FF when the microprogram returns to 
I-cycles, and is advanced by 1 for each priority 1 trap that 
occurs. (Note: The first retry causes a double-advance pulse.) 

• If the error is solid enough to occur 256 times during one 
machine instruction, on the 256th time a trap is taken to the 
GHEC (machine check) microroutine. 

• The counter is stored at external location 00 byte 3 (RCNT). 

Priority 1 [}-
Trap 1 Cycle --------~ A (Pulse +1) 

1 Time ~ 
Not Retry Ctr Full ------.-, 

7 
6 
5 

Retry Ctr Full 
A J----- (Trap to GHEC·Hard Machine Check) 

Retry,~-f.-""-------I Retry Ctr Bit P-7 

Branch Low Dec 111 
Return Word-----t 
1 Time -------1 
Not Retry Pwr 1 

RH031 

Mach Reset Pwr , -------1 

Set/Reset 

Ctr 3 
2 

o 

OR I---N-o-te-'---

Note': The retry counter is not actually reset. Instead, the counter is 
set to all ones (FF) by machine reset and at the beginning of each 
mach ine instruction when the microprogram returns to I-cycles. 

The retry counter is advanced during the trap-' cycle of each retry. 
A double advance occu rs (counter goes to 01) du ring the first retry 
because of sliver pulse from 'Retry Ctr Full'. For this reason, the maximum 
count is 255. 
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Retry Microroutine 

A 

Trap from word in error 

D200 

SPTL is zero 
H1 is turned on by hardware 

Store: 
ABRTY FF90 
SPTLB FF94 
HMRTY FF98 
CPURTY FF9C 
MCKA FF88 
MCKB FF8C 

'------r-----~ -_1frees retry regs 

Yes 

Yes 

GHEC 

Hard machine-check 
routine (Note 1) 

Aand B 

GHEC 

Hard machine-check 
routine 

Part 2 C 

GHEC 

K-Address 
Return 

D Part 2 

Note 1 

No 

Put ABRTY in word 
designated by LS DST 

Action depends upon control-register 
bit 14, hard stop bit. 

Note 2 

No 

LS 

If an I-Cycle failure, repeat from beginning 

of instruction. 

Put ABRTY in word 
designated by EXT DST 
under flags. 

Non retryable error 

Add one to count 

No 

(IS COUNTER"'1) 

Add one to retry 

Note 3 

The last words of the retry routine 

are unretryable. In addition, any 

word with the same module address 

as the last two words is unretryable. 

(NUMBER OF 
INSTRUCTIONS RETRIED) 

Note 

This log information will be 
moved to main storage when 

MCK I NT is taken and if the 

log is masked on 
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r- --- Count Stored in FF84 
I 

(NUMER OF RETRIES 
PER INSTRUCTION) 

Yes 

No log to F8 module 

A Part 2 



Return to I-cycles with 
0, 1,10 Rtn I nk word 

No 

Put bytes 0 and 1 of 
SPTLB into 70,71 of 
current module and bytes 
2 and 3 of HM Rty in 72, 

73 of current module 

Move link information 
from current module, 

70-73 to ex register 

No 

No 

Read error word again 

r-------, 
- --J Restore T, L I 

L _______ J 

Put bytes 0 and 1 of 
SPTLB into 70, 71 of 
current module and 
bytes 2 and 3 of ABRTY 
into 72, 73 of current 

module 

Address and count need 
no update. Return to 
retry routine 

Part 1 

No 

Yes 

Yes 

No 

Set up for address 
restore 

No Read 

Constants = 

1 if store or read byte 
2 if store or read halfword 
4 if store or read word 
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RETRY TIM INGS 

During normal operation, the retry registers save information from 
the previous cycle to allow retry of a failing control word. Also, 
retry flag bits are set to determine destination (local storage or 
external) in the event of error. 

In the control-word example shown, R=G,DF (Word Move
Version 0), the contents of local-storage a-register are read out to 
the B-register. The contents of local-storage R-register are read out 
to the A-register and also gated to the AB-retry. The original 
contents of the destination address (R-register) must be saved in 
case of error. 

The example shows an error occurring during the readout of the 
A-source data as indicated by A-LS XV Check (Type 1 Error). 
The next control word is read out and executed; however, the 
data is not destined (except in the case of SPTL or H-registersL 
The next cycle becomes a trap-1 cycle. The normal destination 
of the contents of the Z-register to the local-storage R-register is 
blocked. Also, the setting of the retry registers is blocked to retain 

information pertaining to the word in error. However, SPTL 
retry contains values relating to the control word prior to the 
one in error. This is necessary in case the control word in error 
used SPTL to generate source or destination addresses. 

o 90 202.5 90 
Control Word 

M-Reg 

M-Buffer 

M-Backup 

HM-Backup 

HM-Retry 

SPTL 

SPTLB 

SPTL Retry 

Pre-Dest Latch 

Late Dest Latch 

Late Dest Retry 

AB-Reg 

AB-Backup 

AB Retry 1) 

Retry Flag (Bit 1) 
(Type 1 Error) 

Error 

A-LS XY Check 

MCKAO,O 

R '= G, OF 

45 45 

90 

135 

90 

90 

135 

45 

90 

90 

2025 90 

A= A+B 

90 

45 

135 

90 

45 

90 

135 

45 

45 

90 

45 

45 

Trap Request 90 _135 Trap 1 Cycle (0200) 

Type 1 

Block Late Dest 

Block Retry Reg Set 

Block MCK Reg Set 

135 

Machine Checks and Error Retry 12-14 

2025 90 2025 90 

45 

45 

45 

45 

45 

" . , 
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Errors During Retry 

Mach i ne- La nguage Instruct ions 

TRAP ADDRESSES 

0200 The microprogram traps to this address when the first 
error is recognized. The retry and machine-check 
registers are frozen, and their contents stored in control 
storage. The microword is again performed. If the 
problem is circumvented, it returns to the normal 
microprogram routine. 

0204 The microprogram traps to this address if another 
error occurs during the store routine of a previous error. 
It consists of identical microprogram steps as the routine 
for 0200; however, it is stored in a different area of 
control storage. This is done in case the routine at 0200 

got damaged along with the original microprogram (noise 
burst). 

0208 The microprogram traps to this address if another 
error occurs during the investigation of the stored 
retry data. The routine operates with the information 

Microprogram Steps Required contained in the retry registers. 

to Execute Instruction 

Retry Trap Addresses 

0200 

0204 

020C 

0208 

Unretryable 

020C The microprogram traps to this address if another 
error occurs after the store routine but before the 
investigation of the stored retry data. It is handled 
the same as the 0208 traps. 

Note: A hardware counter keeps track of the number of traps 
taken within a given machine-language instruction. After 256 
attempts, a machine-check trap occurs to prevent the machine 
from continuously retrying an error. 
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MACHINE-CHECK INTERRUPTIONS 

• Machine-check interruptions are used to notify the system 
control program that a machine error has occurred. 

• A soft machine check indicates that the error has been 
retried and corrected. 

• A hard machine check indicates that the error was unretryable 
or that the number of retries exceeded the retry count. 

• Information needed to perform a software recovery log 
to main storage starting at location 232. 

HARD MACHINE CHECK 
A hard machine-check condition results in a machine-check 
interruption, only when both PSW bit 13, and the associated 
subclass mask bit (control Reg 14 bits 4-7) are set to one. The 
PSW reflecting the point of interruption is stored in location 48 
as the old PSW and information needed for performing the soft
ware recovery is stored beginning at main-storage location 232. 
This information includes all control registers, general registers, 
floating-point registers, region code, the failing storage address, 
and the machine-check interruption code (MCIC) consisting of 
eight bytes. I n addition, when allowed by the Machine Check 
Extended Log (MCEL) mask bit (CR 14, bit 1) the machine
dependent extended logout occurs starting at the address 
indicated by the machine-check log pointer (control register 15, 
bits 8 through 31). 

The interrupt terminates execution of the current instruction 
and eliminates the program and supervisor-call instructions that 
would occur as a result of the instruction. The extent and 
accuracy of the resulting action depends on the nature of the 
malfunction. Normally the old PSW is stored, and the machine
dependent and independent logouts are stored. When such 
damage condition occurs during the execution of a system 
function, such as an interruption or a timer update, the sequence 
is not completed. 

If the machine-check bit (PSW bit 13) is set to zero, a hard 
machine-check condition does not result in a machine-check 
interruption. The subsequent action depends on the setting 
of the hard stop bit (control register 14, bit 0) as follows. 

1. When the hard stop bit is set to zero, the mach ine-check 
condition is accumulated and processing continues at the 
point of error. 

2. When the hard stop bit is set to one, processing stops 
immediately and the CPU enters the hard stop state. 

A soft machine-check condition never causes the CPU to enter 
a hard stop state. 

SOFT MACHINE CHECK 

A soft machine-check condition results in a machine-check 
interruption only when both PSW bit 13, and the associated 
subclass mask bit (control Reg 14 bits 4-7) are set to one. 
Soft machine-check interruptions do not terminate the current 
instruction. Such interrupts are delayed until the current 
instruction comes to a normal ending and any associated program 
or supervisor-call interruptions have been taken. Program or 
supervisor-call interruptions are never ignored or eliminated by 
a soft machine-check interruption. When a soft machine-
check condition is caused by a system function, the 
machine-check interruption takes place after the system 
function has been completed. When a soft machine-check 
condition is detected during execution of the interruption 
procedure of a previous soft or hard machine check, the 
soft condition detected is not accumulated. 

Machine checks that occur in a Wait state or instruction step 
are handled the same way that they are handled in a Run state. 

An equipment malfunction detected while the CPU is in the 
stopped state causes a pend ing machine-check condition. If the 
malfunction affects an I/O operation that is being executed with 
the CPU in the stopped state, the condition is either (1) accumu
lated as a pending machine-check condition or (2) indicated in the 
status information associated with the termination of the I/O 
operation. 

Mask Bit(s) Interrupt Type and Cause 

PSW 13 System Recovery 
and R ** • CPU error corrected by retry 

• I nterm ittent single-bit 
processor or control-
storage error corrected. 

PSW 13 Interval Timer Damage 
and E ** 

PSW 13 Time of Day Clock Damage 
and E ** 

PSW 13 System Damage 

• I rreparable hardware 
malfunction. 

PSW 13 Instruction Processing Damage 
One of the following occurs 
during instruction execution: 

• Unretryable CPU error. 

• Uncorrectable CPU error. 

• Multiple-bit processor or 
control storage error. 

• Storage-protect key failu reo 

* Occurs after current instruction is completed. 

** R = Control Reg. 14 bit 4 
E = Control Reg. 14 bit 6 

Machine 
Check 

Soft 

Hard * 

Hard * 

Hard 

Hard 
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MACHINE-CHECK LOGOUT 

• Storing information. into main storage as a result of a machine 
error is referred to as a machine-check logout. When a 
machine-check logout occurs during the machine-check 
interruption, it is called synchronous. The Model 145 per
forms only synchronous logouts. (Note: System/370's 
perform asynchronous logouts as well as synchronous.) 

• Machine-check logout is stored at the location specified 
by control register 15 (system reset to 512 decimal). 

MACHINE-CHECK CONTROL REGISTERS 

• Two registers are provided to control machine-check logouts. 
(Control Registers 14 and 15). 

• The registers reside in the F4 module of control storage. 
Control registers can be displayed on the PR KB by the 
mnemonic DC. 

• Two instructions are provided: Load Control and Store 
Control. Load Control moves control information from 
main storage to the control registers. Store Control moves 
control information from the control registers to main 
storage. The registers are also set by system reset. 

• On a machine-check logout, the registers are stored in the 
control-register save area (Location 448-512). 

Control Register 14 --

Control register 14 contains mask bits that specify the 
conditions that will cause machine-check interruptions. It 
also contains mask bits to control the conditions under which 
a logout may occur. Bits 3 and 10 to 31 are reserved. 

Control Register 14 . 

HSI:RCEWAF 

SMM 

I I 
o 3 4 10 

HS (Hard Stop) 

Bit 0 controls the system action taken when a hard machine check 
occurs during the machine-check microroutine, or when PSW bit 
13 is off. If the hard stop bit is on, the machine comes to a 
hard stop. If the bit is off, the machine will continue to run. 
The hard stop bit is set on by system reset. 

SM (Synchronous Machine-Check Extended Logout Mask) 

Bit 1, if on, allows extended logout information to be placed into 
the main-storage location specified by control register 15. If the 
bit is off, no extended logout takes place. The SM bit is set on 
by system reset. 

31 

1M (Input/Output Extended Logout Mask) 

Bit 2, if on, allows channel logout into the I/O extended logout 
area as part of an I/O interruption. When bit 2 is off, I/O 1 

extended logouts cannot occur. The 1M bit is set to zero by 
system reset. 

Bit 3 is reserved. 

RM (Recovery Report Mask) 

Bit 4, if on, allows a soft machine-check interruption to occur 
after the first retry of a hardware error or after a single ECC 
error in record mode. If the bit is off, no interruption occurs. 
The RM bit is set off by system reset. 

CM (Configuration Report Mask) 

Bit 5 is set off by system reset and is not used on the Model 145. 

EM (External Damage Report Mask) 

Bit 6, if on, allows a hard machine-check interruption at the end 
of the current instruction if interval timer damage, time-of-day 
clock damage, or external damage occurs. If this bit is off, no 
interruption occurs, The EM bit is set on by system reset. 

WM (Warning Mask) 

Bit 7 is set off by system reset and is not used on the Model 145. 

AM (Asynchronous Machine-Check Logout Mask) 

Bit 8 is set off by system reset and is not used on the Model 145. 

FM (Asynchronous Fixed Logout Mask) 

Bit 9 is set off by system reset and is not used on the Model 145. 
Bits 10-31 are reserved. 

Control Register 15 

Bits 8-28 of control register 15, with three low-order zeros 
appended, specify the starting location of the machine-check 
extended logout area. Bits 0-7 and 29-31 are reserved. The 
contents of control register 15 are set to 512 (decimal) by 
System Reset. 

c" /) , I -, 
LJ' 

Machine Check Extended Logout Pointer 

J,o 
000 

o 8 29 31 

cs ,J._-~"""'I'·".··-
'_.- ';..".. ,,~ ,'--' /' / C) U , .. ,'" 

;··.~,l 
; 
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LOGOUT AREAS 

CP U-I ndependen t Logout 

Locations 232-511 of main storage are reserved for logout. A 
logout to this area occurs when any type of machine-check 
interruption is taken. 

'1 (j *1/1 I. I~ "'I"9:!',,/ /,./ {, ,£1"( I ...... Yl 0 (.."O~.:::;l C![.,.,) r'" . 
Dec. Hex. I I 

232 E8 
236 EC 

240 FO. 
244 F4 

Machine-Check I nterruption Code 

IS 

~2~4~8~=F8~+0~0_0_0~0_0_0 __ 04-_____ F_a_ili~n~g-_S7to_r~ag~e_A~d_d_r_es_s_______ ~ 
252 FC Region Code 

256 100 Fixed Logout Area 
260 104 Note: When CHECK CONTROL is set to STOP AFTER LOG, 
264 108 the IIOE L pointer is ignored and channel logouts are stored, 
268 10C starting at 256. 

340 154 
344 158 
348 15C 

Machine-Check I nterruption Code 

Programming systems support of machine checks is enhanced by 
the additional information given to the programmer by Machine- /' 
Check Interruption Code (MCIC). ui'\} 

m 
t.,..~~' 
!j~ 

Machine-Check I nterruption Code 

S PST C 

DDRD 

o 7 9 14 16 20 27 ; 

Machine Check 
Extended Logout Length 

32 48 

Note: Bits 0-8 Subclass 
Bits 14-15 Time of Interruption Occurrence 
Bits 16-18 Storage Error Type 
Bits 20-31 Machine-Check Code Validity Bits 

* These bits are not used on the Model 145_ 

31 

63 

352 160 Floating-Point Register Save Area tI [;CBC~ASiJ 
356 164 
360 168 
364 16C 
368 270 
372 174 
376 178 
380 17C 

384 180 
388 184 
392 188 
396 18C 

436 lB4 
440 1 B8 
444 lBC 

448 lCO 
452 lC4 
456 lC8 
460 lCC 

500 lF4 
504 lF8 
508 lFC 

512 200 
516 204 

General-Register Save Area 

Control-Register Save Area II 

Machine-Dependent Logout (192 bytes) 

Bits 0-8 identify the machine-check conditions causing the 
interruption. At least one bit will be stored as a "one" in the 
subclass field. When multiple errors have occurred, several bits 
may be set to one. 

SO (System Damage): Bit 0, when one, indicates that inter
ruptions may have been lost, or that damage has occurred that 
cannot be isolated to one or more of the less severe machine
check damage subclasses (EX clock sync check). 

PO (I nstruction Processing Damage): Bit 1, when one, 
indicates that a malfunction has been detected that may have 
caused incorrect resutls in the processing of instructions. 

SR (System Recovery): Bit 2, when one, indicates that errors 
were detected but have been successfully corrected or circum
vented without loss of system integrity. The indication of system 
recovery does not imply storage logical validity, or that the 
fields stored as a result of the machine-check interruption are 
valid. 

TD (Timer Damage): Bit 3, when one, indicates that damage 
has occurred to the timer or to location 80. 

CD (Time-of-Day Clock Damage): Bit 4, when one, indicates 
that damage has occurred to the time-of-day clock. 

ED (External Damage): The Model 145 does not set the 
external damage bit. 

AC (Automatic Configuration): The Model 145 does not set 
the automatic configuration bit. 

W (Warning): The Model 145 does not set the warning bit. 

TIME OF INTERRUPTION OCCURRENCE 

Bits 14 and 15 of the machine-check interruption code indicate 
when the interruption occurred in relation to the error. 

B (Backup): Bit 14, when one, indicates that the point of 
interruption is at a hardware checkpoint before the point of 
error. This bit is set only when retry is unsuccessful. When the 
backup bit is one, a valid instruction address stored in the 
machine-check old PSW points to the instruction in which the 
error occurred. If the backup bit is zero, a valid instruction 

IA (Instruction Address Validity): Bit 23, when one, indicates 
that the instruction address in the old PSW accurately reflects 
the point in the instruction sequence at which the interruption 
occurred. If the backup bit is one, a valid instruction address 
points to an instruction in error. If the backup bit is zero, a 
valid instruction address points to an instruction following the 
error. 

FA (Failing-Storage Address Valid): Bit 24 when one, indicates 
that the failing-storage address is valid. 

RC (Region Code Valid): Bit 25 indicates that a valid region 
code has been stored. 

FP (Floating-Point Registers Valid): Bit 27, when one, 
indicates that the contents in the floating-point register save 
area accurately reflect the state of the floating-point registers at 
the interruption point. 

GR (General Registers Valid): Bit 28, when one, indicates 
that the contents stored in the general register save area 
accurately reflect the state of the general registers at the 
interruption point. 

CR (Control Registers Valid): Bit 29, when one, indicates 
that the contents stored in the control register save area accurately 

reflect the ,state of the~,1 I n registers a, t, the i,nterruption pOin, t. 
LG (Logout Valid): (~!!1~~.~.n, q.ll!lt.,.LIJ!&~~~ 

extended logout information was correctly stored. 

ST (Storage Logical Validity): Bit 31, when one, indicates that 
the contents of those storage locations that are modified by the 
instruction processing stream contain the correct information 
relative to the point of interruption. 

MACHINE-CHECK EXTENDED LOGOUT LENGTH 

Bits 48-63 of the machine-check interruption code indicate the 
length in bytes of the information stored in the extended 
logout area starting at the location specified by the machine
check extended logout pointer. When no extended logout has 
occurred, this field is set to zero. 
address points to an instruction beyond the error. 

D (Delayed): Bit 15, when one, indicates that some or all 
of the information stored as a result of the interruption was 
delayed in being reported because the CPU was disabled for 
that type of interruption at the time the error was detected. 

Machine-Check Logout- 12-18 

STORAGE ERROR TYPE 

Bits 16-18 of the machine-check interruption code are used to 
indicate errors that occurred in main storage or in a key in 
storage as a result of requests. The failing-storage address field, 
when indicated as valid, identifies the area in storage found to 
be in error. The portion of the system affected by the storage 
or protection error is indicated in the subclass field of the 
machine-check interruption code. Storage or protection errors 
that occur on prefetched or unused data are not indicated. 

SE (Storage Error Uncorrected): Bit 16, when one, indicates 
that a reference to storage caused or resulted in, the detection 
of damaged data that could not be corrected. 

SC (Storage Error Corrected): Bit 17, when one, indicates that 
a reference to storage caused, or resulted in, the detection of an 
error that was corrected. 

KE (Key in Storage Error Uncorrected): Bit 18, when one, 
indicates that a reference to a key in storage caused or resulted 
in the detection of an uncorrectable error in the key in storage. 
The keys in storage are not checked for errors during storage 
references when the PSW key or channel key referring to 
storage is all zeros. 

MACHINE-CHECK CODE VALIDITY BITS 

Bits 20-31 of the machine-check interruption code are validity 
bits. With the exception of the storage logical validity bit 
(bit 30), each bit indicates the validity of a particular field 
stored during the machine-check interruption. When a validity 
bit is one, it indicates that the error conditions did not affect 
the original information and that no error was detected when the 
data was stored. When the bit is zero, one or more of the 
follo~ing conditions may have occurred; the original information 
was incorrect, the original information had parity errors, errors 
were detected during the storing of the information, or none or 
only part of the information was stored. Even though the 
information is unpredictable, the machine will attempt, when 
possible, to ensure that both the information store and the 
original register contents will have good parity and thus reduce 
the possibility of triggering additional errors. 

WP (PSW MWP Validity): Bit 20, when one, indicates that bits 
12-15 of the machine-check old PSW are valid. 

MS (PSW Masks and Key Validity): Bit 21, when one 
indicates that all PSW bits other than interruption code, I LC, 
MWP, instruction address, condition code, and program mask of 
the machine-check old PSW are valid. 

PM (Program Mask and Condition Code Validity): Bit 22, 
when one, indicates that the program mask and condition code 
in the machine-check old PSW are valid. 



MACHINE-CHECK EXTENDED INTERRUPTION INFORMATION CPU-Dependent Logout 

The machine-check extended interruption information consists of 
five fields, which are stored at machine-check interruption time. 
Each of these fields has a validity bit associated with it in the 
machine-check interruption code. If for any reason the machine 
cannot store one of these fields or cannot store the field validity, 
the associated validity bit is set to zero. 

Failing-Storage Address: When a storage error uncorrected, 
storage error corrected, or key-in storage error uncorrected has 
been indicated, the failing-storage address is stored in bits 8-31 
of the word at location 248. Bits 0-7 of the word are set to 
zero. In the case of storage errors, the failing-storage address 
may point to any address within the ECC block. For key-in 
storage error uncorrected, the failing-storage address may point 
to any address within the 2048-byte block of storage associated 
with the key-in storage that is in error. 

Region Code,j. The word at location 252 contains information 
that more specifically defines the location of the error. 

Bytes 0-1 Control·storage address 

When: 
1. Control·storage single-bit failure (these bytes not logged 

in threshold mode). 

2. Control·storage double-bit failure. 

Byte 2 ECC syndrome bits 

When: 
1. Control.storage single·bit failu re (this byte not 

logged in threshold mode). 

2. Main-storage single-bit failure. 

Byte 3 

Bits 0-3 not used 

Bit 4 =1 control.storage double-bit failure. 

Bit 5=1 Interruption due to control-storage threshold limit 
being exceeded (bit 7 of this byte should also be 1). 

Bit 6=1 Intermittent single-bit failure in control or main 
storage. 

Bit 7=0 Main-storage intermittent single-bit failure (in 
conjunction with bit 6). 

Bit 7 = 1 Control·storage intermittent single-bit failure (in 
conjunction with bit 6). 

REGISTER SAVE AREA 

On all machine-check interruptions, the addressable registers are 
saved sequentially in storage. Floating-point registers 0,2, 4, and 
6 are stored starting at location 352, general registers 0·15 are 
stored starting at location 384, and control registers 0-15 are 
stored starting at location 448. Locations assigned to control 
registers that are not implemented are set to zero. 

The model-dependent CPU extended-logout area begins at the 
address specified in control register 15, which is set by the hardware 
to decimal location 512* by an IPL or on a system reset. The 
length of this extended-logout area on the Model 145 is 192 
bytes. A logout to the extended area occurs for all kinds of 
machine-ch~ck interrupts if allowed by the Synchronous Machine
Check Extended Logout Mask (MCE L-Control Register 14, 
bit 1). 

* 0 ec 512 = Hex 200 "5 (;:-:' r' <,::' N.; / S 
.--------~--.. 

Model 145 Machine Dependent Log 

Word Name Byte 0 

Retry Counts Note 1 

MCKA MCKAO 

MCKB MCKBO 

ABRTY ABRTYO 

SPTLB SRTY 

HMRTY 

CPURTY BYTOST 

Control 

SYSREG SYSO 

I-REG KEY REG 

U-REG I LC ;CC ~ ~~sgk 
W-REG 

V-REG 

X-REG 

R-REG 

Y-REG 

Q-REG 

IBU-REG 

TR-REG 

(Spare) 

SN-Reg 

PN-REG 

WK-REG 

OM-REG 

RW-REG 

CPU-REG 

PSWCTL-REG 

Note 1 

Retry Counts 

Byte 0 

Bits 0-3 
Bits 4-7 

Bytes 1 and 2 

Byte 3 

Original 
Byte 1 Byte 2 Byte 3 Location 

CS FF84 

MCKA1 MCKA2 MCKA3 EXT 07 

MCKBl MCKB2 MCKB3 EXT 06 

ABRTYl ABRTY2 ABRTY3 EXT 18 

PRTY TRTY LRTY EXT 19 

HRTY MRTY2 MRTY3 EXT lA 

RTYFLG LSOST EXTOST EXT 1B 

(Control Word in Error) 

SYS1 SYS2 H-REG EXT 05 

I nstruction Counter EXP LS 50 

: AMWP,: Op Code Immed Byte EXP LS 53 

(First Operand Address) EXP LS 52 

(Second Operand Add ress) EXP LS 51 

(CPU Working Area) LS 11 

(CPU Working Area) LS 15 

(CPU Working Area) LS 16 

(CPU Working Area) LS 17 

EXP LS 54 

EXP LS 55 

EXP LS 78 

EXP LS 79 

EXP LS 7A 

(Adjustment Factor) LS 3A 

(Address Adjustment Working) LS 3B 

MSKA MSKB EXT10 

Stop After Log 10 for SEREP 

Interruption Code in old mck. PSW=145F=CPU 

Log present and CPU check.light 

Zero 
Retry Attempts for Current Instruction 

Zeros 

Number of Instructions Retried 

CPU Identification 

The instruction STO RE CPU ID specifies the identity of the 
CPU and the amount of storage that must be allocated for the 
mach i ne-check extended logout. 

STORE CPU 10 

STIDP 01 

B202 

a 15 16 19 20 

Information identifying the CPU is stored in the eight-byte 
field designated by the operand address. The instruction STO R E 
CPU 10 is executed only in the supervisor state. 

The format of the information is as follows: 

RESERVED CPU SER IAL NUMBER 

a 7 8 31 

CPU MODEL NUMBER rv~AXIMUM MCEL LENGTH 

32 47 48 63 

Bits 0-7 are reserved and are set to zeros. 

Bits 8-31 contain the CPU serial number stored in packed 
decimal format. 

Bits 32-47 contain the CPU model number identification 
stored in packed decimal format. (0145). 

Bits 48-63 contain the length in bytes of the longest mach ine-check 
extended logout that can be stored by the machine. (OOCO). 

Channel Identification 

The instruction STORE CHANNEL ID specifies the identity of 
the designated channel. 

STORE CHANNEL ID 

STIDC 01 (B1) 

B203 

o 15 16 19 20 31 

Information identifying the addressed channel is stored in the 
four-byte field at location 168. The instruction STORE CHANNEL 
ID is executed only when the CPU is in the supervisor state. 

Bit positions 16·23 of the sum formed by the addition of the 
contents of register Bland the contents of the 01 field 
identify the channel to which the instruction applies. 

The format of the information stored at location 168: 

I TYPE MODEL MAXIMUM IOEL LENGTH 

G 3 4 15 16 31 

Bits 0·3 identify the channel type. When a channel can operate 
as more than one type, the code stored identifies the channel 
type at the time the instruction is executed. The following codes 
are assigned. 

0000 Selector 
0001 Byte Multiplex 
00 10 Block Multiplex 

Bits 4·15 identify the model. 

Note: On Model 145, IFA stores OOA. 

Bits 16·31 contain the length in bytes of the longest IOEL that 
can be stored by the channel during an I/O interruption. If 
the channel never stores logout information using the IOE L 
pointer, this field is set to zero. 

Note: (16·31) is 0060 for all channels. 
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Channel-Dependent Logouts 

The channel logs are located at the address designated by the I/O 
extended logout pointer in storage location 172.* A logout 
to this area is allowed if the I/O extended logout mask (control 
register 14 bit 2) is one. The length of the channel logout area 
is 96 bytes. If the pointer is set such that any part of the log 
would be out of storage, no part of the log is stored. 

The channel attempts to log anytime a CSW is stored with an 
interface-control check or a channel-control check. The logging 
is, therefore, done both at I/O interruption time and CCl time 
to an I/O instruction under control of CR 14 bit 2. A channel 
error does not cause a machine-check interrupt. 

Channel logs are lost under the following circumstances: 

1. CR 14 bit 2 is set to zero. 

2. The IDE L pointer is pointing outside the limits of storage. 

3. A second channel error occurs before the first is cleared. In 
this case, the first log is preserved. 

4. A machine-check log is pending or a machine check occurs 
before the I/O log is cleared. In this case, the first ten log 
words are valid, but the fourteen CPU words that may be 
appended will be taken by the machine check. 

Words 4 and 5 contain the machine-check registers that give 
the status of the processor error-detection circuitry. Words 11 
through 19 are the processor registers that are stored in case 
of unsuccessful microretry in the channel. 

* If the check control switch is set to the Stop After Log 
position, ignore the IIOE L Pointer (Loc 172) and store into 
256. 

MPX Channel Machine Dependent Log 

Note 1 MA-RE.G 

Byte 0 

Bit 0 = 1 MPX Log Valid 

Bit 0 = 0 MPX Log Invalid 

Note 2 Retry Counts 

Byte 0 

Bits 0-3 Zero 

Bits 4-7 Retry Attempts for Current Instruction 

Byte 1 and 2 Zeros 

Byte 3 Number of Instructions Retried 

Catalog Numbers 

01 No Op-in time-out 
02 Status-In time-out 
03 No Addr-in time-out 
04 Addr. in bad parity/no addr. match 
05 No status-in time-out 
06 Op-in time-out 
07 Bad parity status-in 
08 Op-in failed to fall in data loop 
09 Disconnect-in during I nit. selection 
OA Bad parity on status (not initial) 
OB Service-in but expected status-in 
13 No Addr-in or Sel-in on share request 
1C False share request from Doc Cons 
2F Sel-in during chaining 

Stop After Log 10 for SEREP 

Interruption code in old Mck. PSW = 1450 = multiplex. 
(145F-CPU) 
Log present and CPU check light 

I/O Log Start Addresses 

Stop after log - MS 100 (Hex) or IOEL pointer = MS AD-AF. 
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IFA Extended Logout 

Word Name Byte 0 Byte 1 Byte 2 

FBAK Log Length FCH FCL 
Note 1 

FSTAT FFL FCS FST 

FTAG FTO FTI FBO 

MCKA MCKAO MCKA1 MCKA2 

MCKB MCKBO MCKB1 MCKB2 

FDRL 

FD Protect Data Address 

FC Count 

FM Protect CCW Address 

FW U nit Address 

Retry Counts Note2 

ABRTY ABRTYO ABRTY1 ABRTY2 

SPTLB SRTY PRTY TRTY 

HMRTY HRTY MRTY2 

CPURTY BYTDST RTYFLG LSDST 

Control Word (Control Word In E rrod 

SYS REG SYSO SYS1 SYS2 

I REG KEY REG I nstruction Counter 

U REG 
' jProg 

ILC ~CC 'MasK : AMWP : Op Code 

(Spare) 

(Spare) 

(Spare) 

(Spare) 

(Spare) 

Note 1 

FBAK Byte 0 = 28 Only IFA Log Valid 
Byte 0 = 4C .IFA and CPU Log Valid 

Note 2 
Retry Counts 

Byte 0 
BitsO-3 Zero 

Byte3 

FOP 

FGL 

FDR 

MCKA3 

MCKB3 

ABRTY3 

LRTY 

MRTY3 

EXTDST 

H-REG 

Immed Byte 

Bits 4-7 Retry Attempts for Current Instruction 
Bytes 1 and 2 Zeros 
Byte 3 N umber of Instructions Retried 

Original 
Location 

Word Name 
EXT20 

GBS 

EXT 22 

EXT 23 

EXT 07 

EXT 06 IFA 

LS28 

LS29 

LS2A 

LS2B 

EXT 18 

EXT 19 

EXT 1A 

EXT 1B 

CPU 

EXT 05 

EXP LS 50 

EXP LS 53 

Note 1 

GBS 

Note2 

Retry Cou nts 

Selector Channel/Block MUltiplex Channel Dependent Log 

Byte 0 Byte 1 Byte 2 

GBF GCT 

Byte 0 = 28 Only SX Log Valid 
Byte 0 = 4C SX and CPU Log Valid 

Byte 0 
Bits 0-3 Zero 

Byte 3 

GBD 

Bits 4-7 Retry Attempts for Current Instruction 
Bytes 1 and 2 Zeros 
Byte 3 Number of Instructions Retried 

Original 
Location 

EXT 31 (SX2) 

Catalog Numbers 

00 I ncleterminate 
01 Automatic selection failed 
02 Halt stop will not set 
03 Microcode select failed on halt 
04 I nterface disconnect failed 
05 Selective reset failed 
06 Address miscompare on selection 
07 Unused 
08 Poll control will not set 
09 Address parity error 
OA Disconnect-in received 
OB Hard set of poll control failed 
OC Poll control failed on Halt I/O 
OD Unsuccessful Microprogram retry 

Stop After Log ID For SEREP 

Interruption Code in old MCK PSW 

1451 = SX1 
1452 = SX2 
1453 = SX3 
1454 = SX4 

Log Present, SX-check and CPU checklight 

I/O Log Start Address: 

Stop After Log : MS 100 (Hex) 
Or IOEL Pointer: MS AD-AF 
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SUMMARY OF THE EXTENDED MACHINE-CHECK HANDLING FEATURE 

Following is a summary of the major extensions and changes to 
the machine-check handling architecture of the System/360_ 

1. An 110 extended logout pointer is defined at location 
Hex AC (Decimal 172)_ 

2. An eight-byte machine-check interruption code is defined at 
location 232. 

3. Additional fields are defined that are stored as an extension 
to the machine-check interruption code. 

a. A four-byte field at location 248 to indicate the address of 
failing storage or failing key in storage. 

b. A four-byte field at location 252 is allocated for model
dependent indication of the physical location of the error. 

c_ A 32-byte field is defined at location 352 in which the 
floating-point registers are automatically saved during a 
machine-check interruption. 

STOP AFTER LOG 

The System/370 does some error logging that is not done by the 

System/360. When programs written for the System/360 are 
used on the System/370, an error log may overlay either the 
instructions or data of System/360. 

The Stop After Log mode of operation avoids this situation by 
stopping the system after logging takes place. I n this mode of 
operation, the" customer has the full capabilities of the retry 
mechanism to correct errors, but is not exposed to erroneous 
execution because of logging. After using Stop After Log, the 
SEREP program may be used to retrieve the log for analysis. The 
Stop After Log mode (under control of the Stop After Log 
switch) is not needed for running System/370 programs. 

CPU errors are handled the same in the Stop After Log position 
as in the Process position of the check control switch. This means 
that machine-check interruptions and logging are done under con
trol of the current PSW and control-register settings. The 
sequence of events for taking the machine-check interruption is: 

1. Put machine-dependent log in main storage at MCEL pointer 
under control of control register 14 bit 1. After the log is 
finished, the log present indicator on the console is turned on_ 

2. Store machine check old PSW_ 

d. A 64-byte field is defined at location 384 in which the 
general registers are automaticaly saved during a machine
check interruption. 

e. A 64-byte field is defined at location 448 in which the 
control registers are automatically saved during a machine
check interruption. 

4. A 96-byte field starting at location 256 is reserved as a fixed 
logout area. 

5. No logout occurs in locations beyond 511 unless so designated 
by the machine-check extended logout pointer. Control register 
15 is assigned as the machine-check extended logout pointer. 
The contents of the register are set to 512 upon reset. 

6. Nine bits are assigned in control register 14 for error-recovery 
control. 

7. A new instruction, STORE CPU 10, is introduced. The 
instruction causes model identification to be stored at the 
designated storage location. 

3. Store machine-independent log and machine-check interruption 
code (also the failing storage address and region code if 
appropriate) . 

4. Load machine check new PSW. 

5. Enter check stop state. 

To distinguish between a machine-check interruption and an 
I/O stop, a coded halfword is stored in the machine-check old 
PSW interruption code (hex locations 32 and 33). The code 
values are: 

1450 Channel 0 
1451 Channell 
1452 Channel 2 
1453 Channel 3 
1454 Channel 4 
145F CPU 

Note that the interruption code is the only portion of the 
machine-check old PSW that is stored in the case of I/O stops. 

Because System Reset sets the control registers to prevent the 
extended channel logging, the log would not normally be available 

for analysis when running old (System/360) programs. The Stop 
After Log switch overrides the control switch and allows 
extended channel logging. 

Stop After Log causes the following action regardless of the 
system mode or control-register setting. 

The 10EL pointer is loaded with the address of the fixed 

logout area (hex 100). The ECSW is stored and the extended 
channel log is stored at hex 100. Both the ECSW and extended 
channel log are always available when running in Stop After Log 
mode. The CPU places an identifier in hex 32 and 33 to 
identify the failing channel. The system then stops with at least 
one red light and the log pending indication. 

In Stop After Log mode, the I/O old PSW, the channel status 
word. and the I/O address are not stored. All information 
necessary to construct the CSW and I/O address is present in 
the extended channel log. When a channel error occurs, the 
Stop After Log may take place immediately, even though 
channel interruptions are masked off. 

Results are unpredictable if the system is switched to Stop 
After Log mode between the time an error occurs and the error 
is cleared. 
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SOFTWARE RECOVERY 

The machine-check interruption furnishes a means of reporting 
equipment malfunction and certain external distrubances, and it 

supplies the program with the information about the location 
and the nature of the cause. In some cases, depending on the 
nature of the malfunction, the system may either take correcting 
action or circumvent the failing components. 

RECOVERY MANAGEMENT SUPPORT (RMS) FOR 
OS MFT AND MVT 

The two RMS routines, machine-check handler (MCH) to handle 
machine-check interruptions and channel check handler (CCH) 
to handle certain channel errors are included in MFT and MVT 
control programs generated for the Model 145. 

The two primary objectives of RMS are (1) to reduce the number 
of system terminations that result from machine malfunctions, 
and (2) to minimize the impact of such incidents. These 
objectives are accomplished by programmed recovery to allow 
system operations to continue whenever possible and by the 
recording of system status for both transient (corrected) and 
permanent (uncorrected) hardware errors. 

Machine-Check Handler 

After IPL of a control program containing Model 145 RMS 

routines, the recovery mask bit (CR 14, Bit 4) is enabled to permit 
recording of CPU retry corrections, quiet mode is established for 

single-bit processor storage corrections, threshold mode is 
established for single-bit control-storage corrections, and external 

interruptions are enabled as are CPU and I/O extended logouts. 
MCH receives control after the occurrence of both soft and 
hard mach ine-check interruptions. 

SOFT MACHINE CHECKS 

When a system recovery soft machine check occurs to indicate a 
successful CPU retry, MCH formats a recovery report record to 
be written in the system error recording data set SYS1 . LOGREC. 
This record contains pertinent information about the error, 
including the data in the fixed logout area, an indication of the 
recovery that occurred, identification of the job, job step, and 
program involved in the error, the date, and the time of day. MCH 
schedules the writing of the recovery report record and informs 
the operator that a soft machine check has occurred. 

MCH supports an operator mode command that can be used to 
enable interruptions after intermittent single-bit error corrections. 
The operator can establish full recording mode for intermittent 
single-bit processor and/or control-storage ECC corrections. These 
corrected errors will then be recorded, and the operator will be 
notified. The operator can also re-establish quiet mode for pro
cessor-storage corrections, and threshold mode for control-storage 

corrections. (The operator is notified when a switch from threshold 
to quiet mode is made for control-storage corrections.) 

A capability for the operator to switch to quiet mode for 
successful CPU retries is not provided, as is discussed for the DOS 
MCAR routine; thus, recording always occurs for these errors. 

The operator also is informed of the occurrence of a time-of-day
clock damage or an interval-timer damage machine-check inter
ruption. Error recording is performed, after which the system is 
placed in a wait state if a time-of-day clock error occurred. 
System operation continues after an interval timer error. 

HARD MACHINE CHECKS 

When an instruction processing damage hard machine check occurs 
(uncorrectable or unretryable CPU error, double ECC error, or 
storage-protection key failure), MCH determines whether the error 
is one that is correctable by programming, such as a double ECC 
error or a storage-protection key failure. 

The program damage assessment and repair (PDAR) routine of 
MCH can repair damaged control program storage areas by loading 
a new copy of the affected module if the module is marked 
refreshable (it has been written in a read-only manner that allows 
reloading of the module at any time without altering execution 
results). Only damaged refreshable modules residing in the control 
program nucleus; the link pack area, or an SYC transient area are 
refreshed; if possible. Processing program modules are not 
refreshed. PDAR also attempts to repair storage-protection keys. 

If PDAR cannot correct the error or if the error is an uncorrectable 

type, POAR attempts to identify the task associated with the error 
so that the task can be terminated abnormally. A damage report 
record that contains both the fixed and CPU extended-logout area 

data, the recovery action taken, the program identification, the 

date, and the time of day, is prepared and logged. System 
operation continues if the error is corrected or if the error task 

associated with an uncorrectable error can be identified and 
terminated. System operation halts, and a re-IPL is required 
if the error involves control storage (a double-bit errorl, if an 
uncorrectable error damages a portion of the control program, ·or 
if the error cannot be associated with a specific task. The operator 
is informed of whatever action is taken. 

When a system damage hard machine check occurs, programmed 
recovery is not possible, and MCH places the system in a wait 
state after a logout and termination procedures are attempted. 

MCH for the Model 145 contains model-dependent routines 
and will not execute correctly on System/360 models or another 
System/370 model. 

Channel-Check Handler 

CCH receives control after a channel error causes an I/O 
interruption. CCH formats both an error information block 
(containing the limited channel logout data) for use by an ERP 

routine and a CCH error record for recodingin SYS1.LOGREC. 
The latter contains status information from the logout area, 
the ECSW, program identification, date, and time of day. 

If CCH determines that operating system integrity has been 
impaired by the channel error, control is given to MCH for 
error recording, and system operations are terminated. Other
wise, the error information block and error 'record are passed 
to the appropriate device-dependent error-recovery procedure 
(ERP) that logs the error record and retries the failing I/O 
operation, using status information from the error information 
block. If a successful retry occurs, system operation continues. 
If the error is deemed permanent (uncorrectable), another error 
record is prepared and recorded by the outboard recorder routine 
(OBR), and the task involved is abnormally terminated (unless 
I/O RMS or a user-written permanent error-handling routine is 
present). The operator is informed of the abnormal termination, 
and system operation continues. 

The CCH routine is structured in a manner that makes it 
model-independent. A channel/model-independent module 
resides in the operating system nucleus. The required channel
dependent modules for the Model 145 included in the operating 
system at system generation time are loaded during the IPL 
procedure. The nucleus initialization program (N IP), using 
channel configuration data specified by the user at system 
generation time and the STORE CHANNEL ID instruction. 
determines the types of channels present in the system. OS 
CCH routines are, therefore, compatible for System/370 Models, 
for System/360 Models 65 and up, and for MP/65 systems. 
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RECOVERY MANAGEMENT SUPPORT (RMS) FOR 
DOS 

Machine-check analysis and recording (MCAR), channel-check 
handler (CCH) routines, and the I/O error-recording routines OB R 
and SDR will be included in a DOS supervisor generated for a 
Model 145. 

Machine-Check Analysis and Recording 

After IPL of a control program containing Model 145 RMS 
routines, mask bits are enabled and control-register values are set 
to permit machine-check interruptions and logouts to occur as 
discussed for OS MCH. 

When a system recovery soft machine check occurs to indicate 
a successful CPU retry, an environment record (recovery report), 
containing pertinent status information from the fixed area, 
recovery action; program identification; data, and time of day, 

is constructed by MCAR and written in the environmental 
recording data set (ERDS), whose symbolic unit name is SYSREC 
(corresponding to the SYS1.LOGREC recording data set of OS). 
The operator is informed that a soft machine check has occurred. 

Before relinquishing CPU control, MCAR determines whether 
or not an automatic mode switch from recording mode to quiet 
(nonrecording) mode should be made for CPU retry recoveries. 
Quiet mode is established by MCAR (the system recovery mask 
bit is disabled) if the number of CPU retry corrections that occur 
during system operation exceeds the established error·count 
threshold value for these corrections. The I BM-supplied threshold 
value in the program can be altered during system generation or 
by the operator mode command during system operation. The 
operator is informed of any mode switch made by MCAR and can 
switch back to recording mode any time thereafter. Quiet mode 
can be used to prevent SYSREC from being filled with CPU 
recovery reports when a large number of transient errors are 
occurring. 

As described for the OS MCH routine, MCAR also supports an 
operator mode command to permit the operator to enable 
interruptions after single-bit intermittent processor and control· 
storage corrections so that these errors can be logged. 

An interruption because of an error in the time-of-day clock 
or interval timer causes error recording to occur, and system 
operation continues. 

When an Instruction Processing Damage hard machine check 
occurs (uncorrectable or unretryable CPU error, double-bit 
storage error, or storage protection key error) during the exe
cution of supervisor (or any privileged) code, the system is placed 
in a hard wait state after an attempt is made to prepare and record 
a damage report record. MCAR does not attempt to refresh 
damaged supervisor code. The occurrence of an Instruction 
Processing Damage interruption during processing program 

execution always results in termination of the task involved 
after error recording occurs. 

MCAR performs repair procedures if a storage-protection key 
failure or multiple-bit processor storage error occurs in a 
processing program partition. Validation of damaged processor 
storage is attempted by moving a doubleword of binary zeros and 
then ones into the area. 

A System Damage hard machine check interruption results in an 
attempt to record the error, followed by system termination (a 
hard wait state). The operator is informed of whatever action is 
taken after a hard machine check occurs, including whether or not 
error recording was successful. 

Channel-Check Handler 

CCH receives control after a channel error occurs. It records the 
error in SYSR EC and passes the ECSW and other pertinent status 
information to the appropriate I/O error-recovery routine (ERP) 
unless analysis of the error indicates that system operation cannot 
continue (the error involved SYSRES, for example). If the ERP 
can correct the error, operations continue. If a permanent channel 
error exists, CCH records the error and cancels the partition 
affected. The operator is notified. System termination occurs, 
(1) if a hard channel error occurs during the access of program 
phases or critical data contained on SYSR ES, (2) if two channels are 
damaged at the same time, or (3) if more than four channel errors 
are outstanding concurrently. 

The recovery support provided by the MCAR and CCH routines 
represents an extension of the facilities provided by the optional 

MCR R routine of DOS, which is available for System/360 models 
and which does not contain any repair or channel-retry procedures. 
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ERROR-RECOVERY PROCEDURES (ERPS)--OS 
AND DOS 

These device·dependent error routines are a standard part of the 
control program generated for any OS or DOS environment. OS 
FRPs are modified to accept and use limited channel logout ECSW 
data formatted by the CCH routine after a channel error. The 
ECSW provided by the DOS CCH routine is handled by a set of 
completely new CCH ERP routines. 

OS ERP routines written for the 3211 Printer, the 3330 facility, 
and the 2305 facility include support of the larger number of sense 
bytes provided by the control units of these devices. The DOS 
ERP routines for the 3211 Printer also support these sense bytes. 

When a channel or an I/O device error occurs on a Model 145, 
the appropriate ERP is scheduled to perform recovery procedures. 
If the error is corrected, operations continue normally. If the 
error cannot be corrected (it is permanentj, error recording occurs. 
If I/O RMS or a user·written permanent error-handling routine 

is not present, the affected OS or DOS task is abnormally terminated. 
The operator is notified of permanent I/O errors. 

STATISTICAL DATA RECORDER (SDR) AND 
OUTBOARD RECORDER (OBR)--OS AND DOS 

OBR and SOR routines are included in aliOS control programs. 
OBR and SOR routines are included in any DOS supervisor 
generated for a Model 145. 

These routines are requested by the ERP routines during their 
processsing of error conditions. The SDR routine is requested 
when one of the error statistics counters become full. Counters 
are maintained in the resident control program storage area for 
each I/O device in the system configuration. SO R records these 
statistics in the appropriate SDR summary record for that device 
contained in the error log data set (SYS1.LOGREC for OS, 
SYSREC for DOS). This ensures recording of temporary I/O 
device error data. The OBR routine of OS records both 
temporary and permanent channel errors (hand led by the CCH 
routine in DOS) and writes an outboard record containing 
pertinent status data whenever a permanent error occurs for a 
device. SOR is also executed to write accumulated statistics 
for that device when a permanent error occurs. 

Channel Error 

Device dependent EAP 
attempts retry procedure 
if possible 

OBA records temporary 
channel error 

OBR records permanent 
error 

System operation 
continues 

I nform operator and 
terminate affected task 

System or job step restart 

No 

I/O Interruption , 

Retry operation using 
alternate channel 

SDR accumulates stat
istics in device error 
counters 

SDR records in SYS1.LOG 
SYS1.LOGREC if counter 
overflows 

Yes 

Device Error 

Device dependent E R P 
attempts recovery if 
possible 

No 

OBR records permanent 
error, SDA records accum
u lated statistics 

I nform operator and term
inate affected task 

Record error 

System or job step restart 

DDR requests operator to 
>----.. ~swjtch volume to another 

device and ERP attempts 
retry 
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ENVIRONMENT RECORDING, EDIT, AND PRINT 
PROGRAM (EREP)--OS AND DOS 

OS EREP is a standard system utility that can be initiated as a 
job step via standard job control statements at any time. It 
contains model-dependent routines and will be extended to 
handle the status records written by System/370 OS RMS 
routines. It performs the following: 

1. Edits and prints all error records contained in SYS1.LOGREC. 
These records have been constructed and written by MCH, 
CCH, OBR, and SDR routines. 

2. Accumulates a history of specified record types from 
SYS1.LOGREC by creating or updating an accumulation 
data set. 

3. Edits and prints a summary of selected records from 
SYS1 LOGREC or an accumulation data set. 

The currently available EREP routine of DOS is a special
purpose utility that can be initiated as a job step via job control 
statements in the input stream or by an operator command 
entered via the console. Its function is to edit and print all 
error records contained in the SYSREC recorder file. EREP will 
be extended to handle all status records written by DOS 
Model 145 recovery routines (MCAR, CCH, OBR, SDR) and 
will be included in all DOS operating systems generated for the 
Model 145. Modifications to the current EREP will enable it to 
perform the three functions previously discussed. 

I/O RMS FOR OS 

I/O RMS routines are optional, model-independent routines 
supported in M FT and MVT environments. These recon
figuration procedures attempt to minimize the number of 
abnormal job terminations and unscheduled system halts that 
occur because of errors on channels or I/O devices. 

The alternate path retry (AP R) routine provides for the retry 
of a Jailing I/O operation on another channel path to the device 
involved, if one is available, when an"uncorrectable channel 
error occurs. Thus APR, if present, is entered from a 
device-dependent ERP when a permanent error is deemed to 
exist after retry procedures have been attempted. If the I/O 
error is corrected using the alternate channel path, operations 
continue. If a permanent error still exists, the task is abnormally 
terminated unless the dynamic device reconfiguration routine is 
present. A malfunctioning channel path can be varied offline 
by the operator if necessary. 

The dynamic device reconfiguration (DDR) routine permits 
the operator to move a demountable volume from one device 
to another of the same type when a permanent hardware error 
occurs and provides repositioning of the volume so that the 
failing I/O operation can be retried. A volume can also be 
demounted so that device cleaning procedures can be performed, 
and it can then be remounted on the same device. The DDR 
option also supports demountable system residence devices 
and unit record equipment. DDR is entered from a device
dependent E RP after a permanent channel or device error 
occurs on a demountable device. Task termination occurs 
if the error cannot be corrected and a user-written permanent 
error-handling routine is not present. 

I/O RMS is not included in DOS support that handles only 
channel paths for tape·unit switching, and does not provide 
dynamic I/O device allocation by the supervisor. 

ADVANCED CHECKPOINT/RESTART AND WARM 
START FACI LlTI ES FOR OS 

If the RMS and I/O RMS routines fail in their attempt to 
correct a hardware error and the error is one that causes 
program or system termination, the automatically provided 
advanced checkpoint/restart and warm start facilities of OS 
can be employed to minimize the impact of the termination 
on system operation. The automatic restart facility can be 

used to cause terminated programs to be rescheduled immediately 
without resubmission of their job control, so that a minimum 
of operator intervention is required. The operator must 
authorize all automatic job step restarts. If a permanent I/O 
device or channel failure caused the program termination, the 
device or channel can be varied offline. This ensures allocation 
of a different device when the program step is reinitiated. 

The warm start facilities of the control program provide 
automatic saving of SYSI Nand SYSOUT data sets and input 
and output work queues so that processed work is not lost 
when a system termination occurs. The operator is informed 
of the status of jobs in execution when the system terminated 
and these jobs should be restarted automatically from the 
beginning or from a checkpoint if the type of processing 
involved permits such a restart. System design should include 
planned restart procedures for unscheduled terminations of 
individual programs and the system. 
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CHECKPOINT/RESTART FACILITIES FOR DOS 

Programs terminated because of an I/O device or channel error 
or as a result of a system termination can be restarted from a 
checkpoint or from the beginning of the job step if their job 
control is resubmitted with the appropriate restart control 
statements included. Malfunctioning I/O devices can be removed 
from the table of available devices by the operator, and dif
ferent devices of the same type can be assigned to job steps via 
their job control or by the operator. Warm start facilities are 
not required because DOS does not build work queues. (DOS 
power, that builds input and output queues, does provide a 
warm start facility.) 



CHAPTER 13. DIAGNOSTIC HARDWARE 

Testing Philosophy 13-2 

Basic Tests. . . . 13-2 

Extended Tests . . 13-2 

Detailed Data Flow 13-3 

Basic Diagnostic Troubleshooting 13-4 

BABS Routine (Example). . . . . 13-4 
BEA6 Routine (Example). . . . . 13-6 

Extended Tests Troubleshooting. 13-8 

EGER Routine (Example). . 13-8 

CPU Diagnostic Hardware 13-10 

Diagnostic Key 13-12 

Diagnostic Registers . 13-12 

Diag 0 Register. 13-12 
Diag 1 Register. . 13-16 

ABRTY Group 1. . 13-17 

ABRTY Group Gate 1, Byte O. 13-17 
ABRTY Group Gate 1, Byte 1 . 13-17 
ABRTY Group Gate 1, Byte 2. 13-19 
ABRTY Group Gate 1,2, or 3, Byte 3 13-22 

ABRTY Group 2. . . . . . 13-26 

ABRTY Group Gate 2, Byte 0 . 13-26 
ABRTY Group Gate 2, Byte 1 . 13-30 
ABRTY Group Gate 2, Byte 2 . 13-31 

ABRTY Group 3. . . . . . 13-32 

ABRTY Group Gate 3, Byte 0 . 13-32 

Selector Channel GA Diagnostic Functions . 13-38 

Selector-Channel Diagnostic Controls . . 13-38 

Selector-Channel Microprogram Example. 13-40 

Explanation of Microprogram Example. 13-40 

Micromonitor Information 13-43 

3145 TM 13-' 



TESTING PHILOSOPHY 

Microdiagnostics (micros) are loaded from the console fi Ie. 
The micros are in two groups: basics and extendeds. The 
basics must be loaded first to ensure that the basic data 
paths are functional. The extendeds follow the basics and 
are executed under a micromonitor control program. 

When the micros are loaded into control storage, the 
System/370 microprogram is destroyed. For example: 
a SI/O, TI/O loop to an I/O device could not be executed 
while the micros are loaded in control storage. 

The microdiagnostic servicing handbook (part 2641601 
Program I. D. MIC1-*) contains all the necessary information 
on run procedures for the basics and extended diagnostics. 
It contains a fault dictionary of fault-locating data for the basics 
and has the card part-number reference list and multiple 
card-usage reference list. These reference lists are used 
with the fault-locating information obtained from the 
basics or extended diagnostics. 

This section of the manual covers the diagnostic hardware 
used in the Model 145. 

BASIC TESTS 

Load the basic disk. (Use the data flow chart to follow this 
description.) Errors turn on the diagnostic stop light. 

The path from the console file to the C-register is checked 
first. The sequence of testing is: 

Check the console-file attachment hardware and the console
file commands. 

Check that the C-register can be loaded properly. 

Check the basic word types, using a minimum of CPU circuitry. 

Check that local storage can be addressed and loaded properly. 

All of these tests are executed directly from the console 
file. That is, the C-register is loaded directly from the console 
file and executed one word at a time. 

200 ns 

1500 ms / 1500 ms 

I~-· ~~~/,1------~55~----~1 
~bUild a word and ~Execute the control word ~ 

transfer to the C-register 

After the basic CPU data paths have been checked, small 
microprograms are loaded into local storage and executed in 
LSCS mode (local store, control store mode). Control words 
are read from the disk and loaded into A local storage. 
Diagnostic hardware forces A Local Storage to act as control 
storage. In LSCS mode a control word is read out of local 
storage, loaded into the C register and executed. The CPU 
is tested more intensively with control words operating at 
normal machine speeds, except that a dummy cycle occurs 
after each word is executed. This dummy cycle is necessary 
to allow normal destination of local storage to occur in the next 
cycle. Operation is: 
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Execute control words A, B, C 

Word A I Dummy cycle Word B Dummy cycle I Word C 

The Phase 21 storage and the ECC board are tested in LSCS 
mode. First the addressing lines are checked, then the 
microprogram attempts to find one error-free doubleword in 
main storage. Once this doubleword is located, the ECC 
board can be checked out. Then control storage is scanned 
for double errors. Single ECC errors are not checked until 

later. 

Now that control storage has been checked out, the micro
program can be loaded into control storage and executed in 
the normal manner. 

The SDBO path to the C-register is checked first. 

Address lines from SDBO to local storage are checked. 

Word types 4-7 (read and store words) are checked. 

The last area to check before the extended tests can be 
loaded is the console PRT /KBD (s) and its native attachment. 
Once this area is tested, and any failures are corrected, the 
extended diagnostics can be loaded and communications 
between the service representative and the micromonitor can 
be via the console PRT/KBD. 

EXTENDED TESTS 

The extended tests at EC 128657 or above occupy four disks. 
This is subject to change on future EC levels. The micro
monitor is located on the first disk (*EX1) and the fourth 
disk (*SAO). The disks must be run sequentially for the fault
locating data to be effective. All errors are printed out on 
the console PRT /KBD. The sequence of testing is: 

The external registers and the machine·check register. 

I-cycles and address-adjustment hardWare"} 

Multiplex channel Disk 1 (*EX 1) 

Trapping and priority controls. 

Selector channels group 1 

Selector channels group 2 

Storage protect 

Retry hardware 

Interval timer and TOO clock.----.... 

Manual tests. 

I FA (Integrated File Adapter) 

Disk 2 (*EX2) 

Disk 3 (*EX3) 

Disk 4 (*SAO) 

All of these tests are executed automatically and require 
no operator intervention except for the manual and I FA 
tests. The manual tests are run only if requested by the 
operator. 

Each cycle is approximately 200 ns 

MEO: I/O Exerciser-allows service representative to exercise 
tapes, printers, readers, and punches on either multiplexor 
or selector channels. 

MAO: CPU Console-Checks out all the switch functions on 
the console. 

MBO: Storage Analysis-Checks the Phase 21 main storage for 
single and double ECC errors; checks control storage for 
single ECC errors. 

Notes 1: All basic tests begin with the letter B. 

All extended tests begin with the letter E. 
All manual tests begin with the letter M. 
All I FA tests begin with the letter S. 

2: Usually the first test of a group contains a 
description and useful data about the section under 
test. For example: EGAO-(Priority Controls) 
contains a description, flow charts and timing 
sequences used while running the EG tests. 

MOO: Console PRT /KBD-Checks out the keyboard functions. 



DETAILED DATA FLOW 
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CF CMD REG Bits 2.1 -.'" B,LS ~ B 
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CZ ____ ... 

B·REG.Byt.2_ .-

S·REG 
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1 ~ 
I 
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~ ~ 
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CZ, C3 _____ 01 ~ I. 
N3 ~l~EXTASM ~ ;; 

r~ 1M.,! -11 M'! _I I 
TRAP and I 

36~ ~
<! 2 

~-
3 

-
.---

4 

g-
O 5 

36 1ij-
1 6 
cc 
"'-

7 

-

BUS ASM _ LS A ASM·2 
IN 4 Bytes ~ ASM 

ADDRASM ~ 
A·LS • 4 Bytes I 

:;: , ~ 

:136Q ;~B wol r6 

a i -2 -11l ____ -

I
BIII r-- L ~ ~~~~~~~~RAGE I ~TPG IK e HWD - 14~ EXP·LS g~ ...... --.----r----l ,.--

~~~- • ALSSMB .... I~:~~ and I 
ASM ~ CIRCUITS 

4 Bytes 

B·HOOK _ 4Bvtes ----STACK lit DATA BITS 

'.~ TFOR~~~~~LI I, V TIC 

M2, M3 
I·CYCLE .S, P. T, L 

CONTROLS I~ __ ~ ____ .. 
~ 

o I H·SUM 
CHECK ALU·2 

PG 

I 
CROSS and 

GATE 

CIRCUITS 

Lf ~ 
~ 

I 
SHIFT and 

GATE 

CIRCUITS 

• -§I 

INVALID", ~ __ ~ ___ J ~ DECIMAL I ~ 
DIGIT 
CHECK I I 

CARRY 
LOOK AHEAD ALU·3 I H·SUM I 
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~
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DECODE CPU 

CYCLE CLOCK 
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~ ADDRESS _ 

ADORESS 

iii EXT Q ~ --H_._._"~~~G ~.EXlERNALASM 
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J 

DECIMAL II 
I ~----~ P""-----~- CORRECTION 
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I·CVCLE 

Z·REGISTER - CONTROLS C2 
PC I 1 I 2 I 3 I AlB REG 

~ I , 
-L. r-I 

D·REGISTER -~ 
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'=========:;;:= .========::! 
EXTERNAL 

I I T 

B·REG~ 

PC 

PRIORITY 

CONTROLS 

I RETRY ~_~: 1·:'.::,::,: .. : .• ~.Jl 
EXTERNALS 

I 
MAIN and I 

CONTROL STORAGE I 
I 
I 

.. 
~ 

32· 63 

ECCL 

I 
I 

MAIN STORAGE 

32· 63 

_ 26 _ EXP·LS ADDR ASM 

CONTROLS_ C 

MAIN and : MAIN STORAGE 
CONTROL STORAGE I 

I 
I 
I 

0·31 I O· 31 

ADDRASM_ ~ 

B-REGBytesl,2,3_ § 

STORAGE 

PROTECT 

STACK 

DATA 

A·R EG Byte 3 ..J 
r--

B·RE.G Byte 0 

COMPARE 

~SDBOASM 

STORAGE 
PROTECT 
CHECK 

nfj-36. ~ 2 § _ 
I 
~, I LEGEND: -- CONTROL I 
I - ADDRESS BUS I I - LESS THAN AW05lD I 

L..------. 
f-----.-( AlB RETRY 

-

-

~ 'Cl,CZ_ EXTADDRASM 

\'CZ_MZ,NZ 
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SDBO 

~ ~ ~ _WORD ~ 

I I ~ _ DOUBLEWORD ~ -
AIBREG _ 

A·DEST_ 

MB2,MBJ_ 

BACK·UPand 
RETRY 
EXTERNAL 
REGISTER 

r--
DIAGNOSTIC 
FUNCTION 

~ EXTERNAL ASM L-

SDBO 
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BASIC DIAGNOSTIC TROUBLESHOOTING 

BABS ROUTINE (EXAMPLE) 

The BAB5 routine is an example of troubleshooting problems 
in the console-file mode of operation. (Use the listing on 
page 13·5 to follow this description.) 
, The first thing to do when a stop occurs is to use the fault 

dictionary (section 7) and the card part-number reference list 
(section 8) in the microdiagnostic servicing handbook to locate 
the failing card indicated by the stop word. If the failing card 
cannot be located by using the fault dictionary and reference list, 
follow the instructions of section 2.0.3 for using the micro
diagnostic listing to determine the failure. The following examples 
illustrate how to use the listings when the failure is detected but 
not located. A test description of the microcode is in every 
routine. 

********************************************************************** 

*** TEST BAB5 VALIDATE WORD MOVE VERSION 1 MASK CONTROLS. 
FLUSH ZEROES & ONES THRU ALU 2 & ALU3, TRUE ADD. 
VALIDATE Z-REG INPUT BYTE GATING 

,'( DESCR I PT I (1N ,'~ 

SUBTEST 1 - -

SPTL REGISTERS ARE INITIALIZED I'!ITH ONES. THE 
WORD MOVE VERSION 1 I,-,JORD IS USED TO MOVE A BYTE 
OF ZEROS TO ONE OF THE FOUR REGS - S,P,T, OR L. 
THE OTHER THREE REGS ARE TESTED FOR ONES AND THE 
DESTINATION REG TESTED FOR ZEROS. THIS PROCEDURE 
IS REPEATED FOR EACH REGISTER. IN EACH t~[1RD MOVE 
A BRANCH HIGH AND LOW DECODE IS TESTED. 

NOTE - WHEN BYTE 2 IS MOVED TO'THE T REG, THE 
DATA PATH IS THRU ALU2. THIS IS THE FIRST USAGE 
OF ALU2. THE TRUE BINARY ADD OPERATION IS PEP.
FORMED. BYTE 3 IS MOVED THRU ALU3 TO THE L REG. 

E.1 This is the track/sector address: T /S = 01-2. The OA to the 
left of sequence No. 0049 is the Hex conversion of the track/sector 
address. 

Track Sector 

023 4 567 

o 0 0 0 o 0 
This Hex conversion is useful when setting 
switches A, b to recycle from the console file. 

II 

CNT: The CNT stands for the byte-counter value. For example, if 
the byte-counter value set in switches C, 0 was 51, the console file 

would execute from the 'BAL NOREG P=10' word up through 
and including the word 'P, OR, KFF'. By changing the byte
counter value to 56, the next time the console-file start push button 
is pressed, the console file would execute from the 'BAL NOREG 
P=10' up through and including the word SPTL = NOREG, Sl; 
therefore, the byte counter can be used to single-cycle through a 
microprogram written in the console-file mode format. A complete 
description of the byte-counter operation is in Chapter 5 following 
the write-up on the read and recycle positions on the diagnostic/file 
control switch. 

The first word read from the file is 'BAL NO REG P=Kl0'. The 
file command that causes this to happen is a 70 command; the 
mnemonic for this command is C=LR,X which states "load the 
C-register from the console-file data register and execute the 
C-register." A description of all console-file commands is in 
Chapter 6. If the byte counter was used to stop after th is command 
(SW'sC,D = 06), the C-register contents would be 20901000. 
When it is determined which word causes the failure to occur, 
copy the failing word from the listing and put it in the switches 
A-H and use the 'Execute Control Word' position of the 
diagnostic/file control switch to troubleshoot the problem. 

Let us assume that there is a problem on the machine and that 
T-register, bit 5 cannot be set on. Seq. No. 60 should set the 
T-register to all ones (T=T,OR,KFF). The T-register is tested for 
all ones at Seq. No. 65 (F,BH,BL, T). 

T-Register 

Basic 0 iagnostic Troubleshoot ing 13-4 

The console-file command 7F--C=LR, Xlll states "load the 
C-register from the console-file data register, execute the C-register, 
and do a compare of M-register byte 3 bits 3, 4, 5." If a no-compare 
occurs, turn on the diagnostic stop indicator and stop executing 

from the console file. 

The best way to troubleshoot this problem is to use the byte 
counter to stop at a CNT of lA to see whether the T-register 
was set properly. If it was not, put the word 88C8FFOO in the 
switches and use the Execute Control Word function. If the 
T-register was set properly, advance the byte-counter value while 
continuing to observe the T-register, bit 5. 

The last two console-file commands 

05 STP = S-O UP 
14STP = M-OUP 

These commands turn on the diagnostic stop indicator if 
either an S-register or an M-register duplicate check occurs. 

T-Register bit 5 
cannot be turned 
on. 

M-Register byte 3 

o 2 6 7 

Compare Circuit 

C=LR,X 



BAB5 

CNT CMD 

01 70 
06 70 

OB 70 
10 70 
15 70 
1A 70 
1F 7F 

24 7B 
29 7F 
2E 7F 
33 7C 

38 7B 

3D 7F 
42 7F 
47 7F 
4C 78 

51 7B 

56 7F 
5B 7F 
60 7F 
65 78 

6A 7B 

6F 7F 
74 7F 
79 7F 
7E 78 

83 05 
84 14 

85 70 

BAB5 

VALIDATE WORD MOVE VERSION 1. FLUSH ZEROES & ONES THRU ALU, TRUE ADD. ~~BAS EC 128652 PAGE 421 OVERLAY 1 

WORD NEXT SEQ I FILE CMD 

OA 0049 C T/S=01-2 
0050 ;.:~ 

NEXT TIS, MOD, OR HEX BX,BH,BL STAT STATEMENT COMMENTS WA1-WA2 

00 51 ~\- ***************************************************************** 

20901000 
3890FFOO 

88COFFOO 
88C4FFOO 
88C8FFOO 
88CCFFOO 
3A90C812 

07C40027 
07C800F7 
07CCOOF7 
17C30F37 

3C90C444 

07C00057 
07C800B7 
07CCOOB7 
17C70F67 

3D90C1C5 

07C00077 
07C400D7 
07C800D7 
17CFOF87 

3E90C2E6 

07C00097 
07C40097 
07CC0097 
17CBOFA7 

88COFFOO 

0052 "I: 

0053 ):' 
0054 ;.:~ 

0055 W C=LR,X 
0056 W C=LR,X 
0057 * 
0058 W 
0059 W 
0060 W 
0061 W 
0062 W 
0063 * 

C=LR,X 
C=LR,X 
C=LR,X 
C= LR, X 
C=LR,X111 

0064 W C=LR,X011 
0065 W C=LR,Xll1 
0066 W C=LR,Xl11 
0067 W C=LR,X100 
0068 ~E-

0069 W C=LR,X011 
0070 ~:~ 

0071 W C=LR,X111 
0072 W C=LR,X111 
0073 W C=LR,X111 
0074 W C=LR,XOOO 
0075 ~I: 

0076 W C=LR,X011 
0077 ):' 
0078 W C=LR,X111 
0079 W C=LR,X111 
0080 W C=LR,X111 
0081 W C=LR,XOOO 
0082 * 
0083 W C=LR,X011 
0084, * 
0085 W C=LR,X111 
0086 W C=LR,X111 
0087 W C=LR,X111 
0088 W C=LR,XOOO 
0089 * 

NEXTMOD=OO 
NEXTMOD=OO 
NEXTMOD=OO 

NEXTMOD=OO 
NEXTMOD=OO 
NEXTMOD=OO 

NEXTMOD=OO 
NEXTMOD=OO 
NEXTMOD=OO 

NEXTMOD=OO 
NEXTMOD=OO 
NEXTMOD=OO 

0090 C STP=S-DUP r:II 
0091 C STP=M-DUP iii 

0092 * 
0093 ~~ 

0094 ~~ 

0095 W C=LR,X 

0,0,0 
0,0,0 
0,0,0 
0,0,0 
1,Sl,ZO 

2,BH,BL 
F,BH,BL 
F,BH,BL 
3,EH,BL 

4,S2,S3 

5,BH,BL 
B,BH,BL 
B,BH,BL 
6,BH,BL 

C,S4,S5 

7,BH,BL 
D,BH,BL 
D,BH,BL 
8,BH,BL 

E,S6,S7 

9,BH,BL 
9,BH,BL 
9,BH,BL 
A,BH,BL 

0,0,0 

BAL NOREG P=K10 
MCKA=NOREG,SF 

S=S,OR,KFF 
P=P,OR,KFF m T=T,OR,KFF 
L=L,OR,KFF 
SPTL=NOREG,S8 

P 
T 
L 
S,OR,KFF 

SPTL=NOREG,S4 

S 
T 
L 
P,OR,KFF 

SPTL=NOREG,Sl 

S 
P 
T 
L,OR,KFF 

SPTL=NOREG,S2 

S 
P 
L 
T,OR,KFF 

S=S,OR,KFF 

VALIDATE WORD MOVE VERSION 1. FLUSH ZEROES & ONES THRU ALU, TRUE ADD. ~~BAS EC 128652 

SUB T EST 1 - -

POINT P TO MCK REGS. E01 
RESET MCKA & MCKB. E07 EOl 

INITIALIZE SPTL=l'S. E04 
E04 
E04 
E04 

MOVE O'S TO 
TEST BR DCD 
TEST P=FF. 
TEST T=FF. 
TEST L=FF. 
TEST S=OO. SET 

S REG. E04 
Sl,ZO=ll. 

S=FF. 

E04 
E04 
E04 
E04 

P REG. E04 
S2,S3=11. 

E04 
E04 
E04 

MOVE 
TEST 
TEST 
TEST 
TEST 
TEST 

O'S TO 
BR DCD 
S=FF. 
T=FF. 
L=FF. 
P=OO. SET P=FF. E04 

MOVE 
TEST 
TEST 
TEST 
TEST 
TEST 

MOVE 
TEST 
TEST 
TEST 
TEST 
TEST 

O'S TO 
BR DCD 
S=FF. 
P=FF. 
T=FF. 
L=OO. 

O'S TO 
BR DCD 
S=FF. 
P=FF. 
L=FF. 
T=OO. 

L REG. E04 
S4,S5=11. 

E04 
E04 
E04 

SET L=FF. E04 

T REG. E04 
S6,S7=11. 

E04 
E04 
E04 

SET T=FF.E04 

STOP IF S-REG DUP CHK 
STOP IF M-REG DUP CHK 

SUB T EST 2 

INITIALIZE S=FF. E04 

E01 

EOl 

EOl 

EOl 

PAGE 421 OVERLAY 1 
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BEA6 ROUTINE (EXAMPLE) 

The BEA6 routine is an example of troubleshooting problems 
in LSCS mode (local store, control store mode). Always swap 
the indicated MST card(s) before proceeding into the listing 
to analyze the failure. 

This is the test description of BEAG. 

************************************************************** 

*** TEST BEA6 VALIDATE THE ABILITY Tn CREATE AND PROPAGATE 
A CARRY CONDITION. 

";'~ DESCRI PTION -j, 

VALIDATE THE ABILITY TO GENERATE A CARRY FRQM 
BYTE 2 TO BYTE 1 ON A FULL1tJQRD ADD (lPERATION 

************************************************************** 

This test starts at track/sector = 08-5. Set switches A, B to 
45 to start reading or recycling this test. 

m The first thing that must be done is to load A L.S. with subtests 
from the disk. The Format = LaC STG is an instruction given to 
the microassembler program that builds the disk. The 60 com
mand, C=LR, loads the C-register with the microword 
LSOO=CFDR,SF. (The microword is not executed now.) The 
next command C1--LR,X,LS01--loads four bytes (0000 OF FF) 
from the console-file data register (CFDR) into L.S. 01 under 
control of the microword in the C-register. The words that follOW 
are loaded into L.S. in the same manner. The L.S. address is 
supplied by the disk command byte. (This command byte is 
not shown on the listings.) 

Example: 

x-

Address 

y-

O 

Data 

2 >{ 
LS = CFDR SF 

3 

C-Register 
CFDR 

A 
L.S. 

t 
The C·register controls 
loading L.S. with the 
address supplied by bits 2-7 

of the command register. 

II 

Now that the entire microprogram has been loaded into L.S., 
more control instructions must be read from the disk. 

Before execution of the microprogram in local storage can 
begin, diagnostic controls must be turned on and LSCS mode 
must be established. This is done in Seq. Nos. 0146--0148. 
At Seq. No. 0149, a branch word is executed to address 00 FO. 
This word transfers control to Seq. No. 0024, and execution 
of the microprogram in L.S. begins. 

For convenience when troubleshooting, both the M-register 
value and the L .S. address are shown in the listing. 

Example: 

ADDR 

M/LS 

FO/3C 
18/06 
A4/29 

For single-cycle operation or address matching, the 
M-register byte 3 value would be stepped. 
FO, 18, A4, etc. 

To display the local-storage value, set 3C, 06, or 29 
in switches F ,G. 

Remember that a dummy cycle occurs after each 
word is executed. 

Basic Diagnostic Troubleshooting 13-6 

Assume that a failure occurred and that L.S. 00 byte 1 was not 
equal to zero. The diagnostic stop would be turned on and the 
machine would stop at Seq. No. 043 with the C-register = 
04 00 00 11 and the M-register = 00 AO. The diagnostic stop 
was forced because of word executed at Seq. No. 147-
DIAG=O,OE, K90 Stop On Z-Reg not zero. A scope loop is set 
up by simply pressing the start push button. The sequence numbe'rs 
of the scope loop are: 

Seq. 

0043 
0044 

Loop [~m 
0029 
0030 

Note that the evaluation word is not 
executed again. The diagnostic stop 
light remains on, and the microprogram 
cycles from Seq. 0025 through Seq. 
0030. 

The last command from the file on this sector is a file wait 
command. It sets the track/sector address to 08-6 or Hex 46. 
This command is executed just before entering LSCS mode. If 
a failure occurs in test BEA6, the console-file display would 
indicate 46. 

The last subtest executed in BEA6 would reset file wait, and 
reading from the disk would begin again at track/sector 08-6. 



BEA6 

m 
ARITHMETIC FULL WORD TEST--CARRY GENERATION I TRANSMIT TEST PART 1 ""BAS EC 128652 PAGE 21 OVERLAY 7 

ADDR 
MILS 

60 

C1 

FO/3C 
IS/06 
A4/29 
A8/2A 
AC/2B 
BO/2C 
B4/2D 

WORD 

38920FOO 

OOOOOFFF 

COCC0018 
3020C8Al 
39900FAO 
COC010AC 
A20CICBO 
3820C8Bl 
COCCOOll 

10104 934104AO 

AO/28 04000011 
lC/07 01000010 

70 COC41000 
70 COA09000 
70 10D18100 
70 009100FO 
41 

NEXT SEQ I LABEL LEG I\!EXT SE0UENCE 

45 0002 W T/S=08-5 
0003 
0015 FORMAT=LOCSTG 
0016 W C-LR 
0017 RESERVE 
0018 ,:~ 

FROM 0000 THRU OOOC 

0019 C LR,X,LSOl 
0020 ':' 
0021 ':' 
0022 ':' 
0023 A WORD 

0018 0024 
00A4 0025 SUBTl 10 
00A8 0026 
OOAC 0027 
OOBO 0028 
00B4 0029 
0010 0030 

OOOOOFFF 

ADDR=OOFO 
0025 

00-0036 01-0049 10-0025 11-0044 
0031 ':< 
0032 ':' 
0033 ':' 
0034 ':' 
0035 A WORD ADDR=0010 

OOAO 0036 SUBT1 00 
0037 ':' 
0038 ':' 

I\JEXT LA..BFL 

SUBT1 1,0 

SUBT1 S2,S3 

0039 ':' * STOP WORD ':' 

0014 
0018 

46 

0040 ':' 
0041 ':' 
0042 ,:~ 

0043 
0044 
0045 ':' 
0046 ':' 

0146 W 
0147 t~ 

0148 It! 
0149 \..J 

II 0150 W 

SUBT1 11 
0049,0044 
0025 

SUBTl S2,1 
SUBTl 1,0 

Other subtests are included between Seq. 46 and 146. 

C=LR,X B 
C=LR,X 
C=LR,X 
C=LR,X NEXTMOD=OO F,O,O 
FILEWAIT LT/S=08-6 

STAT STATENE~IT 

LSOO=CFDR.SF 

L=O,OE,KOO 
LS02=SPTL,D8 
LSOO=NOPEG,SF 
S=0,OE,K10 
LSOOC=LSOO+-LS01+C 
SPTL=LS02,S8 
L=O,OE,KOO 

COMMENTS 

LS01= 00 00 OF FF 

SUB T EST - - - -

ADDRESSING CYCLE 
SAVE S-REG LOOP CTRL 
LSOO= 00 00 00 00 
SET S-3 FOR CARRY IN 
LSOO= 00 00 10 00 
RSTOR S-REG LOOP CTRL 
EXPECTED RESULT 

SCOPE LOOP IF S2=1 

- - - - - - - - - - - E V A L U ATE - - -

S12 Z=O,OF.,LSOOl 

LSOO CrNT AI I\ll 1\1G 
LS01 Crl\lTAHIING 
A CARRY 11\' rF 
I S PUT 11\1 LSOO= 

P=0,OE,KI0 
DIAGO=0,OE,K90 
SYSO,OP,KOl SDK 
S=~'rREGO 

FIX STOP IDENTIFIER 
TEST FOR ANSI\I Z STOP 
LS001 SHUD BE 00 

00 00 00 00 IS ADDED TO 
00 00 OF FF PLUS 

-1. THE RESULT 
00 00 10 00. 

S2=1 IF PREV FAILED 
BRANCH Tr scrPE LOOP 

SET P-REG 
STOP ON Z NrT ZERO 
SET DIAG KEY/LSCS MOD 
START AT LS3C/S-REG=0 

WAI-WA2 

LOO E09 

E04 
L02 E04 
LOO EOl 
E04 
LOO LOl 
E04 L02 
E04 

L LOO 

E04 
E02 
E05 
EOl 
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EXTENDED TESTS TROUBLESHOOTING 

EGE7 ROUTINE (EXAMPLE) 

The extended tests are loaded from the console file into control 
storage and executed from control storage. The micromonitor 
controls the operation of each extended test much like DMA4 
or DMA8 controlled sections when testing a 360 System. 
Errors are indicated by a printout on the console PRT/KBD. 

m *EGE7 D4 80 D4 D40000 
Actual 
Error ** 

Expected D4 80 D4 D40200 

Card List RH03·-
Cable Net RH031 AM2 

The error shows that byte 5, H-register bit 6 was not set properly. 
Always swap the indicated MST card(s) first. Use the card part 
number reference list in the Microdiagnostic Servicing Handbook 
to locate the part number and location of the failing card. Use the 

Multiple Card-Usage Reference List to see whether the indicated 
card(s) is swappable within the machine. If a tri-Iead cable net 
is involved, the logic page and net I D is given for reference. 

Test EGE7 checks I FA Trap Request. 

III Seq. No. 0031: This Bal LS3C P=K12 is used to tell the 
micromonitor where the test starts. The actual test begins with 
Seq. No. 0035 when the feature plug card is checked to see 
whether the I FA feature is installed. (Misplug of the feature 
cards cou Id resu It in false errors.) 

m Seq. No. 0037 through 0056 are not performing any diagnostic 
testing. These microsteps are initializing the I FA circuits only 
and turning on the diagnostic controls that are necessary to 
force a trap. The actual test is done by branching to the common 
routine (EGAO) at Seq. No. 0058. In the common routine, 
EGAO, the results are generated and stored away in L.S. The 
best troubleshooting method is to find out where in the common 
routine the result was stored away and work backward. 

m The fault·record information is used only by the micro
programmer. This information is interpreted by the micromonitor. 
It will eventually be removed from the listing. 

*********************************************************************** 

*** TEST EGE7 PRIORITY CONTROL TEST OF RE0UESTS 6 AND 8 

,,- TEST FORM 
,', RSLT FORM 

NORMAL 
NORMAL 

* DESCRIPTION * 
TWO REQUESTS WILL BE GENERATED, THEN SUPPRESS ALL 
TRAPS WILL BE TURNED OFF. THE HIGHER. REClUEST 
SHOULD HAVE PRIORITY. 
REQ LOW ADDR CHECK ADDR D808 
REQ HIGH IFA LOW TRAP ADDR D480 
RE0 LO~' ADDR CHECK ADDR D80C 

NOTES: 

1. If the expected results equal the actual results and asterisks 
still appear in the error row, this means the parity bit did not 
match. 

2. Not all extended tests use a common routine. If there is a 
common routine used, it is always the first routine in a 
section. . 

3. If there is no fault-locating data in a test, the machine does 
not stop after the error printout. Read section 3 of the 
Microdiagnostic Servicing Handbook for looping options. 

4. MCKA=NOREG, SF--This microword resets both machine
check A- and machine-check 8-registers. 

5. Selector-channel tests are EJXX-SX 1; EKXX-SX2; ELXX-SX3; 
EMXX-SX4. The second letter identifies which channel is 
being tested. Use microroutines labeled EJXX when using the 
microlisting. There are no microroutines labeled EK, EL or 
EM. 

6. Tests ENXX are common tests to all selector channels. 
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EGE7 

PGM 
PGM 
PGM 

ECF4 

ECFC 
ECF8 
E560 
E564 

E574 
E570 
E568 
E56C 
E280 
E27C 
E854 
E838 

E83C 

E840 

E844 
E848 

E84C 

E850 

0273 
0275 
0276 

PRIORITY CONTROL TEST (REQUEST 6 AND REQUEST 8) 

214E12F6 

0091E650 
00A8E56C 
282E0089 
COC49574 

10023170 
11027360 
11017E61 
0000E280 
0100E271 
0000E851 
39908730 
11013D31 

COC4124O 

10754441 

3974A040 
COA0184C 

C0600050 

0000E001 

0020 :(c 

0021 ~:, 

0022 ~:c 

0023 ~c 

0024 ':c 
0025 ~< 

0026 ':' 
0027 ~:c 

0028 ':c 
0029 ~:: 

0030 ~, 

ECF8 0031 
0032 ,:c 
0033 ':< 

E650 0034 
E560 0035 
0004 0036 
E574 0037 

0038 ':c 
E570 0039 
E568 0040 
E56C 0041 
E280 0042 
E27C 0043 
E854 0044 
E838 0045 
E83C 0046 

0047 ':' 
E840 0048 

0049 ':' 
E844 0050 

0051 * 
0052 ~.: 

E848 0053 
E84C 0054 

0055 ~( 

E850 0056 
0057 ~:, 

E004 0058 
0059 ~:c 

0060 ,:c 

START 

LINKBR 1 
LINKBR 0 
FEATER 0 
FEATER 1 

0035,0034 

EGE8 0029 
0036,0037 

EGAO 0389 

NEXT LABEL 

LINK BR S7 

START 
FEATBR B4 

8,0,1 

CR0011 

*EX1 EC 128655 PAGE 89/ OVERLAY 

STAT STATEt·1ENT COMME~ITS 

* EXPECTED RESULT * 

BYTE 1 SH[lULD BE n4 - ADDR BYTE 2 8F TRAP 2 CYCLE m BYTE 2 SH[lULD BE 80 - ADDR BYTE 3 OF TRAP 2 CYCLE 
BYTE 3 SHQULr BE D4 - ADDR BytE 2 [IF TRAP 3 CYCLE 
PYTE 4 SH[lULJ) BE D4 - ADDR BYTE 2 OF TRAP 4 CYCLE 
RYTF. 5 SH[lULT' BE 02 - H P.EG AFTER TRAP 
BYTF. 6 SH[lULD BE 00 - MCKB1 AFTER TRAP 

mBAL LS3C P=K12 

S-N[1REGO 
FEAT2 
PT~! LS3A 
P=0,OE,K95 

GA,[1P,KiO 
GA,A-,K30 
GA,A-,KOE 

FBAK-N(lPEG,S7 
GA,OR,KOD 

P=0,OE,K12 

LS171,A-,K04 

DI AG-LS17 , SO 
DIAGO=0,OE,K18 

LS160=0 

*LINK TEST START ADDR L3C 
o BR EXEC THIS TEST 
1 BR Gn TO NEXT TEST 

G[1 T[I ~!EXT TEST 5=0 E01 
BR ON IFA INSTALLED E02 
o BR Gn T[1 MONIT8R L3A 
*LS28 THRU LS2F DIR E04 

EX20 THRU EX3F 
SET IFA CHANNEL GATE 
ISSUE MACHINE RESET 
SET ALLOW IFA TRAPS 
DUMMY CYCLE 
DUMMY CYCLE 
DUMMY CYCLE 
RST BACKUP OP AND CNT E20 E01 
*SET LOW PRlrRITY SPF 

REClUEST LATCH 
*LS10 THRU LS17 DIR E04 

EXOO THRU EX07 
':'SET DI AG GRP 1 MSK U 7 

BLOCK RESET OF CPU 
TRAP REClUEST 8 

~:cDIAG GRP 1 TO ABRTY E18 L17 
*SET DIAG GRP 1 GATE E02 

ANn SUPPRESS TRAPS 
':'GENEPATE I~'VALIDE L16 

STG ADDR.(OOFFFFFF) 
':'BR TO COMM8N PTNE 

RE0 GENERATI[lN RD\~ 

0061 ':' 
0062 ~, 

F A U L T R E C [1 R n 

0063 K 
0064 K 
0065 K 

XPGM'C006' 
XPGM'F8' 
XPGM'D480D4D402' 

KEY-CO,CARDS-0,RESULT-6 
ZERn MASK-F8 
CONDENSED EXPFCTED RSLT 

8 
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CPU DIAGNOSTIC HARDWARE 

DIAGO A- or B-Register 

o 2 3 

ABRTY 

o 2 3 

Nondiagnostic Circuitry 
- _____ 1 __ -, 

Diagnostic Circuitry 

Diag=LS17,SO 
A t-------' 

DO K lag ey 

DIAGO 

0 

1 

2 

3 

4 

5 

6 

7 2-Cycle 
Delay 

DIAG KEY 

SDK S ~ 
RDK~ 

I Ext Adr 18 

1 ___ - --------

A Z=O,P reserve Bad Parity 
Represents 32 Data Bits 

r--

A t--Multif unction bit 
...--

r.....-

rl}-Force Z-Reg Parity 

r--

A 
"--0...-

roo-

A 

'--l0000.0-
roo-

A 
~~ 

r-

A 
...-
~ 

t-- Suppr ess All Traps 

t-- Group 

I-- Group 

t--Group 

Gate 1 ---- .----4 

Gate 2 ----.• -----1 

Gate 3 ---------1 

Early Delay~ 

Page 13-11 

Ar---------~ 

~ 
Page 13-11 

A 1-----, 

Page 13-11 

Page 13-11 

DIAG1 
Lth 
o 

Force Trap Bit 4---+-, 

Lth 1 

Force Trap Bit 5 ---+-' 

Lth 2 

Sel Ch 4 Trap 
Priority Req. 

Lth3 

H3 Trap Request ------' 

,..------Selector Channel Check Indicator 

(bit 41 
____ ... -:-~ I nd Selector Channel 

Dvr Red Light on Console 

Note: The status of the Diag Key 
is displayed in bit 7 of D lAG 1. 

Sel Ch Force Trap Bit 4 

Sel Ch Force Trap Bit 5 

Sel Ch 4 Priority Request 

H3 Request 

Note: Use these two pages as reference drawings 
for the material that follows. 
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A-Reg 

Diag = 
Diag K 

,....--

WS,SO- A 

eY-L--

Page 13-10 

G 
LGroup Gate 1 

0 

--

1 

Ill- -

2 

--

3 

ABRTY Reg" 

Any Group Gate 

rted logic for *Note: Uses inve 
Diagnostic func 
bit-active) . 

tions (Reset 

Group 1 

-0 
,1 

-2 

A r3 
r-4 
r5 
-6 

0 
8 r-7 

rO 

~ t- 1 
-2 

A t-3 
r4 
t-5 

1 r6 
8 t-7 

r O 
'--- r-l 

-2 
A 1- 3 

-4 

2 -5 

1-6 
8 t- 7 

t- O 

t- 1 

t-2 

A 1-3 
1-4 

3 1- 5 

t- 6 

81- 7 

R D022-R D023 

Page 13-10 

Y GmupG".2 

Group 2 

Force System Reset Trap ~O 

Force Alter Display Trap 1-1 
Force Set I C Trap ~2 

Force Control Word Address Trap 0 ~3 
A 

Force Instruction Counter Match 1-4 

Spare ~5 

Force Scan Storage Trap t-6 
Force Clear Storage Trap 81-7 

Spare t-D 
Block DF Trap Inhibit ~ I- 1 
Allow External Interrupt Reg Set t-2 
Force Word Move Stop 1 A 1-3 
Start Switch Reset -4 
Block Reset CPU-Low 1-5 
Spare 1-6 
Force LS Address Check 8 ~7 
Simulate Interval Timer, TaD Enable Set 1-0 
MPX Diagnostic Control '---- 1-1 
Spare 1-2 
Force TaD Clock Error 2 A ~3 

Diagnostic Parity (Phase 21) 1-4 

Diagnostic Ripple (Phase 21) t-5 

Spare 1-6 

Spare 81-7 

Spare t-O 
Spare Any Group Gate 1-1 
Spare 1-2 

Reset Process Stop Latch 3 A 1-3 

Diag Control SAR (STG) 1-4 

Invert Z-Register Parity Bits 1-5 

Block A-Local Storage 6 

Stop On Machine Check 81-7 

RD022-RD023 

ABRTY Reg Bytes 0-3 

Page 13-10 
Page 13-10 

D 

L 
Group 3 

Foc" S-Reg Dup Check A I t-

Force S-Reg Dup Check B Early Delay- I-

Force Ext XY Check r---- t-

Force Dest Byte Control Check Group Gate 3 I-
A 

Force ALU Logical Check I-

Force LS Source /Dest X Check t-

Force LS Source/Dest Y Check I-

Force B-Reg Shift Check 81-
Force Clock Control Check t-

Force M-Reg Dup Check 1 ~ r-
Force M-Reg Dup Check 2 t-

Force M-Reg DupCheck 3 A I-

Force M-Reg Dup Check 4 I-

Force M-Reg Dup Check 5 I-

Force M-Reg Dup Check 6 I-

Spare 81-
Force Clock Sync Check (A-A 1 & A-B1) I-

Force Clock Sync Check (A-A2 & A-B2) ----- -
Force Clock Sync Check (A-A3 & A-B3) I-
Force Clock Sync Check (A-A4 & A-B4) A t--
Force Clock Sync Check (B-Al & A-Cl) I-
Force Clock Sync Check (B-B3 & A-C2) 

t--
Force Clock Sync Check (A-C3) 

t--
Force Clock Sync Check (B-C3 & A-C4) S 
Spare 

I-
Spare Any Group Gate I-
Spare 

I-
Reset Process Stop Latch A I-
Diag Control SAR (STG) 

I-
Invert Z-Register Parity Bits 

I-
Block A-Local Storage I--
Stop On Machine Cherv 81--

RD022-RD02 
ABRTY Reg Bytes 0-3 

o Diag I-Reg and Buffer Gating 
1 Enable Generate Address 
2 Enable 
3 Spare 

4 Allow PAA Hold 
5 Spare 
6 Allow R F Read Out 
7 Allow Set No Match and Force LRU Invalid 

o Spare 
Spare 

2 Spare 
3 Spare 

4 Spare 
5 Spare 
6 Spare 
7 Spare 
o Spare 

Spare 
2 Spare 
3 Spare 
4 Spare 
5 Spare 
6 Spare 
7 Spare 
o Spare 
1 Spare 
2 Spare 
3 Reset Process Stop Latch 
4 Diag Control SAR (Stg) 
5 Invert Z-Register Parity Bits 
6 Block A-Local Storage 

7 Stop On Machine Check 

3 
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DIAGNOSTIC KEY 

The diagnostic key is the master gate to the diagnostic 
circuitry. The diagnostic functions are active only when the 
diagnostic key is on. 

The diagnostic key is set by a branch word (word type 1) 
using the OR function and having C2 bit 0 = 1. 

SYSO,OR,KOl SDK (set the diagnostic key) 

The diagnostic key is reset with the A- function of the 
branch word. 

P,A-,KFF RDK (reset the diagnostic key) 

Besides a set and reset to the diagnostic key, the two 
examples show that the other functions of the branch 
word are also performed. 

The status of the diagnostic key can be displayed in the 
external word DIAG 1 bit 7, (external address 02). 

DIAGNOSTIC REGISTERS 

DIAG 0 and DIAG 1 are the one-byte registers that control 
the diagnostic lines in the machine. 

These registers are set directly from the C-register K-field. 

The functions of the diagnostic register bits are not active 
unless the diagnostic key is set. 

The diagnostic capabilities are further expanded by using an 
external register called ABRTY (A, B retry). The ABRTY 
register, external address 18, is normally used by the 
System/370 microprogram for error-recovery purposes. 
When control storage is loaded with the microdiagnostics, 
error recovery and microinstruction retry are not needed; 
therefore, this register can be used for diagnostic purposes. 

Loading and control of ABRTY will be explained later. 
All diagnostic hardware used in the system, is illustrated 

in 3145 Processing Unit Maintenance Diagrams, SY24-3580. 

DIAG 0 Register (Refer to Page 13-10) 

Diag 0 Bit 

o 
1 
2 
3 
4 
5 
6 

7 

Function 

Z 1= 0 Stop or Preserve Bad Parity 
Multifunction Bit 
Force Z-Reg Parity Bits 
Suppress all Traps 
Diagnostic Group Gate 1 
Diagnostic Group Gate 2 
Diagnostic Group Gate 3 

Diagnostic Group Gate Delayed Pulse 

Bit 0 Z F 0 or Preserve Bad Parity 

This bit provides two functions: 
1. Stop if the Z-register output is not zero (Z =I 0). If the Z

register output is not zero, the CPU clock is stopped, 
the console-file stop latch is set and the diagnostic stop 
indicator is turned on. 

Microprogram example: 
that the Diag key is on.) 

DIAGO=O,OE,K80 
T=O,OE,K02 
LSOO=NOREG,SF 
LSOO=0+K02 
S12 Z=LS003,OE,T 

(Note: In all examples, assume 

Turn on Z F 0 
Put 02 in the T-register 
Clear LSOO 
Add 02 to LSOO 
Check Results 

When the results are checked, L. S. 00 byte 3 should be = 
02 and the OE against the T-register should cause the Z
register byte 3 to be 00. If the Z-register output was not zero, 
the CPU would stop with the next sequential word in the C
register and the diagnostic stop indicator would be on. 

DiagO bitO ----~R_ 
A Stop CPU clock 

S2 condition met--,_....I Diagnostic stop 

Console file stop 

CPU Diagnostic Hardware 13-12 

The status set conditions of S12 or Z24 must be met 
before the stop condition becomes active. 

Byte Operation: 

Fullword 
Operation: 

Z24 Condition: 

Only byte 3 of the Z bus in checked 
for zeros. 

All four bytes of the Z bus must be all 
zeros. 

The three low-order Z-register bytes 
are checked for all-zero condition. 

2. Preserve Bad Parity 
The other function of this bit allows the transfer of data 
with bad parity from an external register to L. S. 
Normally when data is transferred through the ALU, 
the parity (if it is bad) is corrected and sent to the 
destination register in good parity. This diagnostic function 

allows bad parity to be shipped to the destination register. 



Microprogram example: 

DIAGO=O,OE,KBO 
MCKA=NOREG,SF 

LS 18=MCKA,5C 

(Checks MCKA parity bits) 

Set preserve Bad Parity 
Reset the Machine Check Reg. 
Parity bits shou Id be on. 
Transfer bytes 0, and 1 to L5 1B. 
Preserve bad parity. 

L5182=MCKA2, Transfer byte 2. Preserve bad 
OE,O ABCK parity. 
L5183=MCKA3,OE, Transfer byte 3. Preserve bad 
o ABCK parity. 

Now the result stored away in L518 can be compared 
against expected resu Its. I f the parity in MCKA (machine 
check A-register) was not correct, the diagnostic printout 

would indicate an error. 
The microprogram example shows both word types that 

allow the Preserve Bad Parity to occur. 
L5 18 = MCKA, 5C. This word·move word transfers bytes 

a and 1 directly from the B-register to the Z-register; thus, 
bad parity is maintained. Bytes 2 and 3 of a word-move 
word go through ALU 2 and 3 and generate good parity 
coming out of the ALU. Therefore, to preserve bad 
parity on bytes 2 and 3, a different word type is required. 

The other word type is the arithmetic 10 word with 
ABCK (A, B Check) specified, L5182=MCKA2, OE,o ABCK. 
When ABCK is specified, 54 is set if the A source has bad 
parity, and 55 is set if the B source has bad parity. 

Arith 10 Word ------4 
ABCK Specified ------4 

A Byte Asm Parity Check 
Set S4 

Oiag 0 Bit 0 

If 54 condition is met, the output of the Z-Reg parity 
bits are inverted. Byte 3 of the Z-Reg is transferred to 
L. S. 182 in bad parity. The next word in the example 
transfers MCKA3 to LS183 in the same manner, preserving 
bad parity. 

Z-Reg P Bits 

Byte 0 

Byte 1 

Byte 2 

S-Reg Bit 4 

Lth 

Byte 3 

..---

A 
r---- Invert Z Parity 

r---

OE 
r-----

r---

OE 

..----

-
OE 

~-

-
OE 

....... -

AL117-137 

Bit 1 Multifunction Bit 

As the name implies, this bit is used for several different 
functions depending on the microdiagnostic program in 
operation. 
1. Allow multiple machine-check setting. During normal 

operation of the machine (5ystem/370 microprogram), 
the detection of a machine check between 135 time and 
the end of the cycle suppresses the setting of any more 
machine·check bits. This suppression becomes active at 
a time of the next cycle and rem'ains active until the 
machine-check register is reset. This is necessary so that 
the System/370 microprogram can attempt to retry the 
first error that occurred. 

For diagnostic purposes, it is sometimes necessary to 
accumulate all machine checks over a certain period of 
time. DIAG a bit 1 provides this function by blocking 
the suppression of machine-check settings. 

Any Mach Check------t Block Mach Chk Set 
Error 

r-----I N Mach Chk Set 

+Oiag 0 Bit 1 Lth 

The multifunction bit does not allow the block mach chk set latch 
to set. therefore. the Mach Chk set gate is always active. 

2. The multifunction bit is used by the I-cycle extended 
test (EDXX) to disable the normal operation of the 
I-cycle controls. (Refer to Maintenance Diagrams, page 
1-70, Coordinate A-2.) 

I t prevents a set/reset pu Ise to the control register 
except during a storage-1 cycle. Thts gives the m icro
programmer positive control of the control-register 
functions. 

It blocks the normal turn-on of the generate address 
and generate controls latches. This allows other diagnostic 
lines to set these latches under control of the I-Cycles 
diagnostic tests. 

Along with group gate 3 byte 0 bit 0, it allows a diagnostic 
control of setting the I-buffers, the U-Reg, and Op and 

Immediate Byte Regs . 
Extended diagnostic test EDAO gives a comprehensive 

write-up and timing chart of the I-cycle diagnostic controls . 
A detailed explanation of the diagnostic group gate 3 

functions follows later in this chapter. 

A 

Machine Check 
Latches 

Lth 
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3. Another function of the multifunction bit is to allow a 
freeze on the storage address. This is used primarily by 
the priority tests (EGXX) and the I-cycles tests (EDXX). 

M-Reg SAR 

x- X010 1------1 

MB-Reg 

"---

3 o k to S -DiagO bit 1 G-
Group Gate --- ,A BI c M 

byte 3 bit 4 -----i-
AR 

(Diag ctrl SAR) 

Normal operation is to transfer the M-register to the 
SAR (Storage Address Register) and to the MB-Register. 
This diagnostic control allows the M-Register to be gated 
only to the MB-register and not to SAR. The address in 
SAR is forced to X010. The microword read out at 
XOlO stores away the address sent to the MB-Register 
for evaluation. Therefore, forced addresses, such as 
trap addresses, can be checked out without losing control 
of the microprogram. An example is given with the 
explanation of the group gate 3 byte 3 bit 4 line 
(diagnostic control SAR). 

Bit 2 Force Z-Register Parity Bits 

This bit forces all the Z-register parity bits to be on by 
OR ing a 1 into the Z-register parity bit latches. 

Microprogram example: 

LSl13==0,OE,KAD 
MCKA==NOREG,SF 
DIAGO==0,OE,K20 
LS 11 == LS 11 ,S F 

LS183=MCKA2,OE, 
KOO 

Load L.S. 11 byte 3 to AD 
Clear MCKA, B 
Force bad parity 
LS 11 == 00 00 00 AD 
Byte 3 has bad parity and shou Id 
cause Z-Register, D-register checks. 
Save the machine-check register. 
Z- and D-Checks should be on. 

This example checks the ability of Z-register and D-register 
parity checking circuits and the error latches in the machine
check register (MCKA). 

Phase 
21 

STG 

Bit 3 Suppress All Traps 

This bit performs several functions: 
1. It prevents the trap 1 latch from coming on and, consequently 

suppresses all traps. Problems in the trapping and priority 
area would cause the microprogram to lose control 
by gating an incorrect address into the M-register. The 
Suppress All Traps is set by every diagnostic test up until 
the trap, and priority diagnostic test is started (extended 
test EGAO), thereby preventing false traps from ?ausing 

problems in the earlier tests. 
2. It degates the Any Machine Check Or signal (Maintenance 

Diagrams 1-30 D3). This allows the machine-check 

registers to be set but prevents the machine from a hardstop 
condition even if the check stop switch is in Hardstop. 

3. It kills the Block Destination signal. During normal 
machine operation, if an error occurs, destination gating 
is blocked so that possible bad data is not stored away in 
local storage or an external register. In diagnostic mode, 
it is often necessary to store away data during a forced 

error condition. The Suppress All Traps allows destination 

control lines to remain active. 
4. It blocks the cancel function in the Phase 21 storage. 

Normal operation blocks writing in Phase 21 storage 
during an error: Suppress All Traps allows a write into 
storage with possible bad data. 

Note: The Suppress All Traps function is also active when 
the console-file power is on and the file wait latch is off 
(used by the basic tests). 

Bits 4,5,6 Diagnostic Group Gates 1, 2, and 3 

These three Diag 0 bits cause the data bit(s) stored in the 
AB RTY register to perform some diagnostic function. 

Microprogram example: Using group gate 2 byte 0, Force 
S-register Dup Checks A. 

A. LS07=0-K01+1 Store FFFFFFFF in LS 07 
B. LS070,A-,K80 Force S-Reg DUP (duplicate) Check A 
C. DIAG==LS07,SO Set diagnostic mask in ABRTY 
D. DIAGO==0,OE,K04 Turn on group gate 2 

(The diagnostic now performs a test on the S-Reg.) 
(R eference to page 13-11.) 

Word A stores all F's in L. S. 07. Word B resets L. S. 07 
byte 0 bit O. These two instructions perform the setup to 
load ABRTY. The output of ABRTY uses negative logic. 
Therefore, any 0 bit initiates a diagnostic function. Word 
C is a special word-move word with a source of zero (SO). 
Th is statement causes the setup register LS07 (wh ich == 
7FFFFFFF), to be gated to the A-Reg. The SO is the special 
decode that freezes the A-Reg data into the ABRTY Reg. 
When this microword is completed, ABRTY is loaded with 
7FFFFFFF. ABRTY is held with this data until another 
DIAG == XX, SO or the diagnostic key is reset. Word D 
turns on group gate 2 and the diagnostic function, Force 
S-Reg Dup Check A, is active. 
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A-Reg 

7 
F 

F 
F 

Diag = LS07, SO-

F 
F 

F 
F 

~ 

Destinati on=Diag-
A I- Lth 

Mask = 0 
'-- ~ 

Time~-
A 

~ """--

Normally, ABRTY is loaded every cycle from either the A
Reg or the B-Reg. The special word-move word with a 
destination of DIAG and a Mask of 0 blocks the set/reset 
pulse to the ABRTY Reg so that the ABRTY Reg is held 
frozen. (Refer to Maintenance Diagrams 1-35.) Bit 0 
being off and group gate 2 active forces the S-Reg Dup 
Check. 

The group gates are turned off by resetting DIAGO bits 4, 
5, 6. Group gate 1 is also reset by the trap-2 cycle latch. 
Note: Externals addresses 19 (SPTLB), 1A (HMRTY), 
1 B (CPURTY) cannot be displayed when ABRTY is frozen. 
If these locations are displayed, the contents of ABRTY 
will be displayed instead. 

Bit 7 Diagnostic Group Gate Delayed Pulse 

This bit delays the conditioning of the group gates for two 
cycles and allows the group gate to be active for one cycle 
only. 

ABRTY 

7 -
F 

F 
F 

Bit 0=0 ------8-
_ ____ A Force S-Reg Dup Check 

Group Gate 2 -

\ 
D I AGO=O ,OE ,K04 

F 
F 

F 
F 

j~ 

Set/R eset 

DIAGO Reg 

Bit 4 

Bit 5 I--------t--t--t 

Bit 6 _______ +-+-I 

2-
Bit 7 

Diag Key-------

Microprogram example: (Expanding on the previous 
examplesl 
A. LS07=O-K01+1 Store FFFFFFFF in LS 07 
B. LS070,A-,K80 Force S-Reg Dup check A 
C. DIAG=LS07,SO Set diagnostic mask in ABRTY 

A 

D. DIAGO=O,OE,K05 Turn on group gate 2 and group gate 
delayed. 

E. MCKA=NOREG,SF Reset the machine-check Regs 
F. S,OR,KFF Set S to all ones 
G. (Dummy word) 

H. LS18=MCKA3, 
OE,KOO 

Error is forced in this cycle 
Save results. S-Reg Dup check 
should be set ill MCKA3. 

Group Gate 1 

Group Gate 2 

Group Gate 3 

Microwords A, B, C set up ABRTY as explained in the 

previous example. Word 0 turns on group gate 2 and also the 
group gate delayed function. Three cycles later, during 
the dummy word, the S-Reg Dup Check should be turned on 
in the machine check Reg. 

Word ~-D----II---- E ----11--- F ----+--- G ----I 

/ 
DIAGO=O,OE,K05 r-- Delay 1 --+--- Delay 2 -I 

Word E makes sure that the machine-check registers are 
reset. Word F sets the S-Reg to all ones so that when one of 
the duplicate circuits is compared in the next cycle, an error 
is forced. Word G is just a branch word to word H. It is 
during cycle G that one of the S-Reg duplicate circuits is 
blocked and the error gets turned on. Word H saves the machine
check Reg to compare against expected results. The S-Reg 
duplicate check latch should be on. 

r Group Gat\\..c_t_iv_e_~ ________ a_t _13_5_ti_m_e_t---,hr"o' latch ;, , ... 
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Note: There is one exception for the group gate delayed 
pulse. Group gate 3 byte 0 bits 1, 2, 3 are diagnostic functions 
used in the I-cycles 0 to 0 time, but instead, operates on a 
one-half cycle earlier basis. This necessitates generating an 
early delayed pulse. 

- Word~ rSet Delay Function+I--- ----+----2 --~1----3 ----I 

Group Gate 

I-cycles diagnostic controls are set up one cycle early so that 
the actual error can occur on the th ird or normal delayed 
function word. 

DIAG 1 Register (Refer to Page 13-10) 

DIAG 1 Bit 
o 

2 

3 
4 
5 
6 
7 

Function 
Selector-channel force trap bit 4 
Selector-channel force trap bit 5 
Selector-channel 4 priority request (H4 
request) 
H3 trap request 
Selector-channel check indicator 
Spare 
Spare 
Diagnostic key (display only) 

The function of the diagnostic lines in DIAG 1 is to allow 
the trap and priority tests to check out the selector channel 
and I FA trap circuits in the CPU. The priority tests (EGXX) 
are run before the selector-channel tests. No selector-channel 
circuits have been tested yet. The diagnostics need some way 
to generate the trap and priority request lines from the 
channel. Because none of the basic channel hardware has been 
tested, normal trap request signals from the channel circuits 
cannot be used. DIAG 1 provides the necessary diagnostic 
lines to enable the CPU trap and priority circuits to be 
checked. 

In addition to this, when the selector-channel and IFA 
tests are run, it is not necessary to check out the trap fu nctions 
again; the force trap bits and request lines are also gated to 
the external assembler for DIAG 1. It is necessary only to 
read out DIAG 1 to check the channel trap lines. 

Bits 0 and 1: Selector-channel Force Trap Bits 4 and 5 

These lines force trap address byte 3 bits 4 and 5 on, which 
eventually gate to M-Reg byte 3 bits 4 and 5. 

Microprogram Example (EGB9) 
DIAG1=O,OE,KDO Set H3 request for D12X 

Set force bit 4 XXX8 
Set force bit 5 XXX4 

Active 

I--Generate Error_-J 

(The microprogram branches to the common routine, which 
removes the Suppress All Trap function so that the forced 
M-Reg address can be tested.) 

The actual forced M-Reg address is D 12C. The D 12 is a 
resu It of turning on the H3 request. The C is a resu It of 
forcing bits 4 and 5 on. 

Bit 2: Selector-Channel 4 trap priority request (H4 Request) 

a. If the I FA feature is not installed, this bit will be used 
for a selector channel 4 request. 

b. If the I FA feature is installed, this bit will be used for 
selector channel 2 and 3 requests. 

The purpose of this bit is to turn on ~he priority 4 request 
latch to establish a trapping priority for the selector channel. 

Bit 3: H3 Request 

a. If the I FA feature is not installed, this bit is used for 
channels 1, 2, and 3 requests. 

b. If the I FA feature is installed, this bit is used for I FA 
request. 

The purpose of this bit is to turn on the priority 3 request 
latch. 

Bit 4: Selector Channels 1, 2, 3, 4 Check 

The selector channel check red light on the console is not 
part of the machine-check A- or B-registers. When the 
selector-channel diagnostics force an error, they need to 
determine whether an error really occurred. The error line, 
besides being gated to the indicator driver, is also sent to 
DIAG 1 bit 4. DIAG 1 can be read out and analyzed by the 
diagnostic. 

Bits 5 and 6: Spares 

These bits are spares; there are no latches in the DIAG 1 
reg for these positions. 

Bit 7: Diagnostic Key 

The diagnostic key can be displayed via this position. The 
key can be turned on only by the word type 1 - SDK 
(set diagnostic key). It cannot be turned on by destining 
to DIAG 1 Bit 7. Because bit 7 is not used in generating 
the parity bit, DIAG 1 should contain bad (even) parity. 
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ABRTY GROUP 1 

The bits in this group are active when: 
A. The diagnostic key is on. 
B. DIAGO bit 4, Diagnostic Group Gate 1 is on. 

ABRTY is loaded and frozen with the microstatement 
DIAG=LSXX,SO. A group bit is active when it is a zero 
(inverted) . 

ABRTY Group Gate 1, Byte 0 

Byte 0 

A 

ABRTY Byte 0----------1 A 

O-Force system reset trap (030C) 

r-1-Force alter/display trap (0840) 
f- 2-Force set I C trap (0300) 
-3-Force control word address trap (0304) 

4-Force instruction counter match 
- 5.Spare 
f-6·Force scan storage trap (0380) 
t- 7_Force load storage trap (0384) 

1------' 

Activated by Group Gate 1-------------1 

The bits in byte zero are primarily used by the trap and 
priority tests (EGXX) to test the trapping circuits. They 
are used to force, by microprogram, traps that would 
normally only be forced by a manual operation. 

Microprogram example: (EGB6) 
The diagnostic key was turned on by micromonitor. 

A. LS 170,A-,KBO 

B. DIAGO=O,OE, 
K19 

C. DIAG=LS17,SO 
D. LS170,OR,KBO 

*Set Diag Grp 1 mask L 17 

force Sys reset trap 
*Set Diag Grp 1 gate E02 
and Grp gate delay 
*Diag Grp 1 to ABRTY E1B L 17 
*Res DIAG Grp 1 mask L 17 
force Sys Res trap 
Sys Res Lth will be set in 
next Cyc. 

Note: A zero bit is an active line. 

E. (Branch word) *Br to common Rtne diagnostic trap 
Local storage addresses 16 and 17 are always set to ones 

by the micromonitor. These two locations are used to load 
ABRTY. So, in statement A, turning off bit zero of LS 17, 
byte 0 causes the Force System Reset Trap to become 
active when statement C (DIAG=LS17 SO) is issued. ABRTY 
gets loaded with 7FFFFFFF. (Statement B turns on the 
controls, Group Gate 1, necessary to force the system 
reset trap.) In word C, ABRTY is held frozen because of 
the special decoding of this word-move word. The 
destination is DIAG, and the mask is zero. Microword D 
restores LS 17 to a II ones because th is LS location will be 
used again by the common routine. The next microword 
(E) branches to the common routine (EGAD). It is during this 
word (E) that the system reset latch is turned on by the 
diagnostic hardware. I n the common routine, the Suppress 
All Traps function is lifted and allows the system reset trap 
address (D3DC) to be forced into the M-register. 

After the common routine is executed, the actual results 
should equal the expected results. 

If there is an error and card swapping fails to resolve the 
problem, it will be necessary to analyze the failure using 
the common routine (EGAO). 

ABRTY Group Gate 1, Byte 1 

Byte 1 

ABRTY Byte 1---------1 A 

- O-Spare 
- 1- Block console file trap inhibit 
- 2- Allow external interrupt register set 
_ 3 _ Force word-move stop 

I-- 4 - start switch reset 
I-- 5 - block reset CPU low 
I- 6 - spare 

Activated by Group Gate 1---

r- 7- force LS address check 
~----' 

~Note A zero bit is an active line. 

Bit 0: Spare 
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Bit 1: Block Console File Trap Inhibit 

C.F.PowerOn ~ 
C.F. Wait Lth Off U C.F. Trap Inhibit 

Block C.F. Teap Inh'b;' -,;- I eBlock, 'mp 1 '.am com;n, on ~ • Blocks L.S. control asm check; external 

'till 

source Y asm check and the external 
control asm check 

• Allows destinations 
• Blocks the Any Machine Check Or 

condition 

This bit is used only by the early machines (M21/C40s). 
When executing the basic tests from the console file, errors 
are blocked from stopping the machine and traps are prevented 
by the 'CF trap inhibit' line. The priorities test (EGXX) 
on M21/C40 machines checks out the trap mechanism while 
reading from the console file. This necessitates a diagnostic 
blocking function to disable the 'CF trap inhibit' line so 
that trapping will be allowed while reading from the console 
file. 

Service hint for priorities tests on M21/C40 machines: 
By opening the console-file door (make the CF not ready) 
while single-cycling through the common routine (EGAO), 
it is possible to observe the forced trap address in the M-Reg. 

Bit 2: Allow External Interrupt Register Set 

The EXTINT register, external address 12, byte 0, cannot 
be used as the destination regi~ter of a microword. This 
diagnostic function allows data to be gated from EBI 

(external bus-in) to the EXTINT Reg. 

Bit 3: Force Word-Move Stop 

This bit is used to check the alter/display trap request. 
Normal operation of the alter/display function of the consolePR-KB 
requires the cycling of a word-move stop word (38000008). 
This is normally accomplished by pressing the STOP push 
button. To prevent manual intervention while running 
diagnostics, the word-move stop function is forced by 

diagnostic hardware. 
Microprogram example: 

LS170,A-,K40 Force the Alter/Display Trap 
LS171,A-,Kl0 Force Word-Move Stop Condition 

DIAG=LS17,SO Load ABRTY 
DIAGO=O,OE,K 18 Turn on Group Gate 1 and Suppress 

all Traps 

Branch to the common routine. 
In the common routine, the suppress all traps line is lifted 

and the forced alter/display trap address (0840) is checked 

out. 

Bit 4: Start Switch Reset 

This diagnostic bit is used to help generate a trap request 9. 
I n normal operation, a request 9 is turned on as a result of 
the Scan Storage or Load Storage switch positions of the 
Diagnostic/File Control switch. When the System/370 
microprogram is in control storage and the start push 
button is pressed, a trap occurs to the microroutine that 
scans or loads storage. 

I n order to test the trap and priority circuits for this 
function, the start push button must be simulated . 

Start Switch Reset ------f Request 9 
A 1--__ .. 

Scan Stg Switch Gated 

ORf------I 
Load Stg Switch Gated 

Microprogram Example: 
LS170,A-,KOl Set Up Force Load Storage Trap 
LS171,A-,K08 Set Up Force Start Switch Reset 
DIAG=LS17,SO Load ABRTY 
DIAGO=0,OE,K08 Turn On Group Gate 1 

A trap to 0384 should occur during the next cycle. 

Bit 5: Block Reset CPU Low 

An address check, a storage-protect violation, or an 
address-adjustment trap request brings up the CPU low 
request, which turns on the request 8 priority latch. In 
normal System/370 operation, these latches are active 

Lth 

for only one cycle and rely on request 8 priority latch to 
remember the request. I n diagnostic mode, it is necessary 

to hold the CPU trap low request on so that the priority 

latches can be checked properly. 

Force Trap Address 
D380-Scan Storage 
D384-Load Storage 
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r-------IOR CPU Low Trap Req 

ADR Chk Stg Protect Chk 

Lth Lth 

Block Reset CPU Low ----I 

Good Data -----I 
45-90 Time -----I 

A ~*-- Reset Li ne ---4i------...,j 

Not Stg Interlock Cycle-"'-----' 

The Block Reset CPU low line prevents the normal reset 
to the CPU low request latches. Now, when a diagnostic 

test resets the priority request latches after a trap-1 cycle, 

the request 8 latch turns on again. 

Bit 6: Spare 

Bit 7: Force local-storage address check 

This diagnostic line is used to force LS A&B Source and 
Destination Checks. It is used by the Machine-Check 
Register Diagnostic section (ECXX) to verify that the machine

check register can be set and read properly. 

Adr/Adj 

Lth 

Turns on Priority 8 
Trap Request Latch 

~------------------------------------MCKAO------------------------------~ 

Diagnostic Line Force L.S. Address Check -~--------------..--------------, 

OR 

Normal Set Lth 

L.S. A 
Source 
Check 

OR 
Lth 

L.S.8 
Source 
Check 

OR 

(Refer to Maintenance Diagram '-31) 

Lth 

L.S. A 
Destination 
Check 

L.S.8 
Destination 
Check 

ABRTY Group Gate 1, Byte 2 

Byte 2 

a - Simulate I nterval Timer/TOO Enable Set .Sw's 
1- Multiplexer Channel Diagnostic Controls 
2- Spare 

ABRTY Byte 2 A 3 - Diagnostic Parity (Phase 2 I Stg) 
4 - Force TOO (Time of Day) Clock Error 

- 5-Diagnostic Ripple (Phase 2 I Stg) 
6 - Spare 
7- Spare 

Activated by Group Gate 1 - ___ -' 

Bit 0: Simulate interval timer and TOO enable set switches 

This bit simulates the interval timer switch and the Time 
of Day Clock Enable switch. 

This diagnostic bit enables the I nterval Timer and TOO 
Clock routine (EYXX) to run without any manual inter
vention. The console switches for the interval timer and 
the TOO clock do not have to be on to run the EY tests. 

ABRTY Byte 2 Bit a 

Diag Group Gate 1 

Interval Ti mer Enabled 

Top Enabled 

I nterval Timer Sw------e (Refer to Maintenance Diagrams 1-39) 
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Bit 1: MPX (Multiplex) Diagnostic Control 

This line allows checking of the MPX bus-out and tags-in 
signals. The multiplex channel tests (EFXX) check the multiplex 
channel controls and the bus and tag lines up to the interface 
drivers. 

Multiplex Bus -Out- MBO 

r--
Group Gate 1 

A 

ABRTY Byte 2 Bit 1-"""--

\~ 

II\- MTI 

Blocks 

(Refer 

(Both registers can be 
displayed in lower 
roller position 5) 

Bus In and Tag In signals from the Interface 

to Maintenance Diagrams 1-45) 

This diagnostic line gates the bus-out lines back through 
the tags-in lines. The normal tags-in and bus-in lines are 
degated by this control, allowing a positive control on the 
signals coming to the channel from a control unit. If the 
control-unit problem is forcing a bit on, it does not affect 
the MPX channel microdiagnostics. 

Bit 2: Spare 

Bit 3: Force Time-of-Day (TOO) Clock Error 

This bit forces the TOO Clock error latch to come on and 
set machine-check Reg A byte 3 bit 6. After the machine
check Reg bit is set, it resets the TOO Clock error latch. 
This diagnostic control is used in the machine Reg tests 
(ECXX) and the timer test (EYXX). (Reference Maintenance 
Diagram 1-39.1 

Bit 4: Diagnostic Parity (Phase 21 Diagnostic Control) 

This bit is used to help analyze the ECC board hardware 
and the Phase 21 storage. It provides two diagnostic 
functions. 

On a normal write operation, 32 bits are sent to storage 
from the CPU and combined with 32 bits from the addressed 
word and sent to the write generator_ The write generator 
stores the 64 data bits and generates eight ECC check bits. 

CPU 32 Bits 

A 1------, 

WRT 
GEN 

Chk 
Bits 

Phase 21 
Array 

Chk 
Bits 

Block--............ ----------------j 

Diag Parity 

On a normal read operation, data is read from storage 
and new check bits are generated in the read generator. 
These new check bits are compared with the check bits 
read from storage. If a single error is detected, the bit in 
error is inverted before it is sent to the CPU. 

Diagnostic parity mode was designed so that check bits 
could be written and read from the Phase 21 storage using 
a minimum of circuitry. I n diagnostic parity mode, the four 
parity bits sent to storage bypass the write generator and 
are written directly into the Phase 21 array. Because there 
are eight check bits, each parity bit must be used to write 
two check bits. 
Parity for byte a-Writes check bits CO, C4 
Parity for byte l-Writes check bits C2, CT 
Parity for byte 2-Writes check bits C8, C16 
Parity for byte 3-Writes check bits Cl, C32 

The other function of diagnostic parity mode is to send 
the check bits read from storage directly to the machine
check register B (MCKB) byte 3. This allows reading the 
check bits with a minimum of circuitry. 
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OE 

(64) 

Err 
DCD 

A t----. to MCKB3 

Corrected Data 
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I n diagnostic parity mode, an inversion of the parity bits 
takes place. 

CPU ECC and Storage Boards I 
I 
I 

CPU 

I MCKB3 Reg 

Byte ° 
P Bit I Array 

Phase21 I {JDo 
On ---I f--On -1- Off C4 

I I 
I I 
I 

If the parity bit is on going to storage, it will be off when it 
is read back into the MGKB3 register. 

The circuits look something like this: 

+ Parity Bit Byte 0 

A 

T
+Diag Parity 

Mode 

- From WRT Generator 

A 

OR +CO 
Phase 21 
Array 

From Syndrome Decoder 

If the parity bit going to the ECC board is a 1 (+), it will 
be written into the Phase 21 array as a 1 (+), read out as a 
1 (+). But the output And OR will be deconditioned and 
the MCKB byte 3 bit 7 latch will not get set. 

+co 

MCKB3 

A 
....... ---.. Bit7 

A 

This bit is used by the basic tests (BGAX). In test BGA3, 
the microprogram stores various patterns to verify that 
the eight check bits can be written and read properly. 
The first pattern is an all-zero word. 

Store an all-zeros word. 
All 4 Parity bits = 1. I"~ __ --------- Therefore all Check bits = 1 

I~~--------- Check bits sot red into MCKB3 should be O's. 

Bit 5: Diagnostic Ripple (Phase 21 Diagnostic Control) 

This bit is used by the storage diagnostics (BGAX) to check 
the error-correction circuitry of the ECC board. 

WRT ~ 
GEN 
I---t 

CPU 
32 Bits 

Phase 
21 

Array 

L-...----.I

b
;" A ~ 11----.-1 Chk ~ 

Not Diagnostic Ripple _________ --' 

In Diagnostic Ripple Mode, the check bits from the write 
generator are blocked from entering the phase 21 array. 
Thus, the check bits in the array areneld frozen while 
the data bits change. This arrangement is used to force 
EGG correction to take place. 

Microprogram Example: 
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Microprogram Example 

Set up diagnostic parity mode 

1 
Store an all-zeros word. 
All 4 Parity bits = 1. 

1 
Turn off diagnostic parity mode. 
Turn on diagnostic ripple mode. 

I 
Store a doubleword of 
FFFFFFFFFFFFFFFE 
(check bits remain all 1's 
because of ripple mode) 
The check bits should be: 

CO C1 C2 C4 C8 C16 C32 Ct 
1 0 0 0 0 0 0 0 

1 
Read word FFFFFFE 

Check bits read out are: 

I nvert bit 63 'II( 

I 
Compare results 

Single ECC error-results should equal 
FFFFFFFF 

I 
Repeat test changing the last byte to 

F D to check bit 62 correction. 

I 
Continue altering pattern to check 

each bit. 

Forces the Check bits t o all 1's. 

Note: 
Storing all F's in the phase 21 
causes the ECC check bits CO through 
Ct to be all 1's. 

Bit 63 is off, the chec k bits 
be on. indicate that it should 

I 

Read Gene rator output is: 

CO C1 
1 0 
1 1 

C1 
\ 

C 2 C4 C8 C16 C32 Ct 
o a 0 a a a 
1 

E xclusive OR 

C2 C4 C8 C16 C32 Ct 

v'----...J1 

Points to bit 63 

ABRTY Group Gate 1, 2, or 3, Byte. 3 

Group Gate 1,2, or 3 Bytes 

Byte 3 

A 

ABRTY Byte 3 

o Spare 

1 Spare 

2 Spare 
3 Reset the process stop latch 

Note: A zero bit 
is an active line. 

4 Diagnostic control SAR (Storage Address Reg) 

Act;v,,,d by J 
ANY Group Gate 

5 Invert Z-Reg parity bits 
6 Block A local storage 
7 Stop on machine check 

This byte is active if any group gate bit in DIAGO is on. 

Bits 0, 1, 2: Spares 

Bit 3: Reset the Process Stop Latch 

Addr Comp Ctrl Sw=Sto 

Sys Reg 1 Bit a Match 
A ~--------------------~ 

Instruction Step Sw ORI-----_ 

Stop Key 

Process 
Stop 

Lth 

Start Key 

Diag Reset 
Process Stop 

Reset 

The process stop latch is interrogated by the micromonitor. 
I t can be set by the instruction step switch or the stop key. 
Both of these switches can be used to request the micro
monitor option to Cycle Each Test. A third way of setting 
the process stop latch is by setting the address-compare 
control switch to the STOP position. When a match on 
address contents occurs, the process stop latch will be set. 
The diagnostic function resets the process stop latch so that 
the manual intervention of pressing the start key can be 
eliminated. 

This function is also used extensively by the console 
manual tests (MAXX). 
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Bit 4: Diagnostic Control SAR 

This bit is used primarily by the I-cycles tests (EDXX) 
and the priorities tests (EGXX). 

If the wrong address is gated to SAR (Storage Address 
Register), the microprogram could branch to an invalid 
area and lose control. This diagnostic function allows the 
microprogram to retain control of the machine during 
checking for failures in the address-generation circuits 
(trap addresses and I-cycles generated addresses). 

Two latches are activated by the 'diagnostic control SAR' 
line. Note that the multifunction bit (OIAGO, bit 1) must 

be on. 

Diag Reset Address ~ 
.--___ D_ia.:..9_B_'O_C_k_A_d_r _____ -I1 to Ph,,,, 21 Stg. 

1-----+---1 

Multifunction bit Reset Adr Block Adr 

Lth Lth 
Diag Ctrl SAR 

Next Cycle -----.. __ ..1 
Reset 

Multifunction Bit 

The diagnostic reset address is active for one cycle only, 
and the diagnostic block address is active until the micro
program resets the multifunction bit in OIAGO. The Suppress 
All Traps function is active as long as Oiag. Block Address 

is on and Reset Address is off. 

A Suppress All Traps 

{ - Diag Block Adr 

M-Reg SAR 
~ 

16 
M1 

CS 

- 1.1 
I x 

M2 X 
XX10 Phase 

6 21 --- - Storage 

M3 I 

r 
5 1 

-- 1 
0 

Reset Adr 

MB Reg 

MB2 

- External Address 00 (RTYj 

MB3 

The diagnostic block address blocks the set/reset pulse 
to SAR bits 6-16. They will remain as they were in the last 
cycle for as long as the block address latch is on. The 
diagnostic reset address resets SAR bits 1 through 5 to 
hex 10. 
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Microprogram Example: 

M-Reg 

SAR 

C-Reg = Word in Cycle 

Diagnostic Functions 

Multifunction bit 

Diag reset address 

Diag block address 

Suppress all traps 

Group gate 1 

EOEO 

EOEO 

1 

( 

rrl 
I 

lei 
I , 

J , 
J 

D300 0318 D31C 

E010 E018 E01C 

2 3 4 

I 

1" 
,) 
1 

( 

" 

Trap 1 ~rap 2 Trap 3 

MICROPROGRAM: Oiag Control SAR is on, Set IC trap is pending (0300) cycle 

1. E034 DIAGO=0,OE,K48 Allow trapping, turn on group Gate 1 set 
multifunction bit 

2. EOE4 (dummy word) This should be the trap-1 cycle 

3. E010 LS10=RTY,SC Save MB2, MB3 from the trap-1 cycle 

4. E018 LS1 E=RTY, S8 Save M B2 from the trap-2 cycle 

5. E01C LSl F=RTY,S8 Save MB2 from the trap-3 cycle 

6. E020 (branch word) Module switch to EOXX so that the M-Reg 
and N-buffer reg are realigned 

7. E024 DIAGO=0,OE,K10 Set suppress traps and reset the multifunction 
bit 

Explanation of the Timing Chart and the Microprogram: 

Cycle 1: Suppress All Traps is lifted to allow a trap to occur. 
The multifunction bit is turned on; this activates the Diag 
control SAR latches. Group gate 1 allows the Set I C Trap. 

Cycle 2: This is the Trap-1 cycle. The trap address is gated 
into the M-Reg. However, the SAR latches are held to 
EO 10 because of the diagnostic controls. 

Cycle 3: This is the Trap-2 cycle. The contents of E010 
are read out and placed into the C-Reg (LS1D=RTY,SC). 

By now, the MB-Reg should be set to 0300. The trap 
address of 0300 will be stored away in LS1D. Also, the 
gate from M3 to SAR is opened (because Oiag Reset Adr 
is off) and the next address becomes E018. (Note: The 
trap-2 latch resets group gate 1 to deactivate the diagnostic 
Set IC Trap request.) 

0320 E024 XXXX 

E020 E024 XXXX 

5 6 7 

, 
1\ 
,J 
-I 

Trap 4 

Cycle 4 & 5: These are the trap-3 and -4 cycles. Again, 
save the forced module address of 03 by storing the MB2-
Reg into LS. 

Cycle 6: This cycle sets the M-Reg back in sync with SAR 

by executing a branch word with a module of EO. 

Cycle 7: Reset the multifunction bit and turn off the Oiag 

block address latch. Branch to compare results. 

Bit 5: Invert Z-Register Parity Bits 

This bit causes the Z-Reg parity bits to be inverted. Data 
with bad parity is gated to the destination register. The 
next time the register with bad parity is gated out, either 
an A-Reg or a 8-Reg check should occur. 

Bit 6: Block A Local Storage 

This bit is used to block writing into LS A, It does this 
by blocking the bit gates for each byte. 

X & Y Addressing Lines -------t 

Diag Block A LS -----__ 

Bit Gates for ) 
Bytes 0, 1, 2, 3 ______ -I'-I,---f 

I 

Data---~ 

A 
Local 
Storage 

When a write to LS occurs, LS B is updated to the new 
value while LS A retains the old data. Flush through Check 
(FTC) and LS AB compare check circuits are tested by using 
this diagnostic control. 

The micromonitor uses this function to compare expected 
and actual results from a test. This function allows a compare 
on all bits including the parity bit. 

Bit 7: Stop on Machine Check 

This bit, along with the 'any machine check OR' signal: 
A. Stops the CPU Clock 
B. Turns on the Diagnostic Stop light 
C. Turns off console-file power. 

This diagnostic function is used primarily by the Console 
Manual Tests (MAXX)_ 
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ABRTY GROUP 2 

The bits in this group are active when: 
1. The diagnostic key is on. 
2. DIAGO bit 5, Diagnostic Group Gate 2 is on. 

3. ABRTY is loaded and frozen when the -microstatemen~ 
DIAG = LSXX SO. 

A group bit is active when it is a zero. 

All the bits in group 2 check error-detection circuitry 
where it is not possible to generate an error by data 
manipulations. 

ABRTY Group Gate 2, Byte 0 

Byte 0 

ABRTY Byte 0 -----I 

Activated by Group Gate 2J 

....... ' ......... 

t- 0 - Force S Reg Dup (Duplicate) Check A 
t- 1 - Force S Reg Dup Check B 
- 2 - Force External XY Check 
I- 3 - Force Destination Byte Control Check 

A I- 4- Force ALU Logical Check 
I- 5 - Force LS Source 

I- 6- Force LS Source/Destination Y Check 
t- 7- Force B Reg Shift Check 

Note: A zero bit is an active line 

Bits 0 and 1: Force S-Register Duplicate Checks A and B 

The S-register is duplicated in the machine. S-Register A 
is compared against S-Register B in every machine cycle; 
and if a no-compare exists, an error occurs. 

S-Reg A 

o 
1 

2 
3 + Output of Lth's ------------1 

Set-Reg Set Conditions 

4 

5 
6 
7 

S-Reg B 

o 
1 

2 

- Output ---------; 

OR 
+Force S-Reg Dup Chk A 

3 + Output of Lth's --------t--t----1 

4 
5 -Output --------; 

6 
7 +Force S-Reg Dup Chk B 

The inputs to the OE circuits should always be exclusive. 
When there is not an exclusive condition on any of the eight 
bits, machine check A, byte 3, bit 5 (S-Reg mismatch) is 
set. By forcing either S-Reg Dup check A or B, it is possible 
to determine S-register bit position failures and also the error
detection circuit failures . 

ORI--~ 

OE 

CPU Diagnostic Hardware 13-26 

OR 

Output of OE is + 
when there is no error 

S-Reg Mismatch 

Lth 

MCKA3 Bit 5 



Bit 2: Force External XV Check 

This line forces the following errors: 
1. External destination X-compare-MCKA3 Bit a 
2. External destination Y-compare-MCKA3 Bit 1 
3. External source Y -assembler-MCKA3 bit 2 

Switches 

Decode 
P-Reg X - Output Lines ---------4 

Lines 
C-Reg 

'--

Decode 
'--- X 

Lines 

-
f + Output Lin .. --~ A 

+ Force External XY Check -------1 

These decode lines are duplicated; an error exists if a 
mismatch occurs. The force external XY check blocks 
the output to the compare circuits and forces the 
error(s) to occur. 

Microprogram Example: (MCKA3 should = 80) 
A LS160,A-,K20 Set DIAG mask to force EXT XY 

B DIAG=LS16,SO 
C DIAG=0,OE,K55 

check 
DIAG mask to ABRTY 
Set allow multimachine check 
Suppress all traps 
Group gate 2 and delay function 

o MCKA=NOREG,SF Reset machine-check Regs 
E CPU=LS17,DO Set up EXT DEST X Compare 
F BRANCH TO G Dummy word, error occurs in this 

cycle 

G LS180=MCKA3, 
OE,O 

Set MCKA3 Bit a 
Save MCKA3 for results 

-Error 

Microwords A, B, and C set up the diagnostic controls 
to force an External XY check. Word 0 makes sure the 
machine-check register is reset. Word E (CPU= LS 17 ,00) 
is really a do-nothing word because no data will be moved 
into external address 08 (CPU), although the addressing 
lines are still decode. Examining the external address 08, 

X Y 
o a I a a 1 II 0 0 a' 

X destination decode is '1' and Y destination decode is a 
'a'. Word F is a branch word to next microstatement. It 
is during microword F that the destination X,Y lines are 

active. 

Word E Word F 

Destination addressing lines 
are active in this cycle. 

The delayed function is also active in cycle F, blocking the 
decode lines from comparing. Because only 1 X line is active, 
the Y lines = 0; an external destination X compare occurs. 
The resu It stored in LS 18 byte shou Id be 80. 
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Bit 3: Force Destination Byte Control Check 

The destination byte control lines control which bytes are 
stored into LS and the external registers. 

C-Reg 
DCD 

Normal Set 

Word Move Word 

~ 

"- Parity Predict 

-
E 

E 

Mo.k C2 B;ts4.7--j1.L-r--l 

Force Destination ~ 
Byte Control Check 

r--
OR I---

A 1---10...--

'---

The C-Reg decoding determines which byte(s) are to be 
stored away into LS or the external registers. A bit is set 
in the destination byte control latches for each byte that 
is stored. For example, a word-move word LS 1 O=LS 11,SA 
Byte 0 and byte 2 are moved from LS 11 to LS 10; therefore, 
destination byte control latches 0 and 2 will be turned on. 
A parity predict latch will also be turned on to generate 

odd parity_ If odd parity does not exist at check time, 
an error is generated. 

The force destination byte control diagnostic line inverts 
the input to the parity predict latch, forcing a parity check 
to occur. This diagnostic line is effective only on a word 
type 3 (word-move word). Reference second level diagram 

1-6, E-3. 

Lth 

Destination Byte Control 

a 

1 
~r--To LS & External Regs 

2 

3 

I 
~ P 

"- Parity 
Check 

Error Set MCKA Byte a Bit 4 

Bit 4: Force ALU Logical Check 

ALU logical checks are forced by blocking the B input to 

ALU 2. 

A B 

Blocked by Force 
ALU Logical Check 

A B 

Error 

CPU Diagnostic Hardware 13-28 

Logical Check MCKA2 Bit 2 

Z-Register o 2 3 

ALU logical operations are one byte operations. The same 
calculation is performed in both ALUs, and the outputs 
should compare equal. ALU2 is gated to Z-Reg bytes 0 
and 2, and ALU3 is gated to bytes 1 and 3. If the output 
of the ALUs does not compare, a logical check results. A 
Z- and D-register check also occur because ALU2 gates to 
Z-Reg bytes 0 and 2. 

a 
P-Reg Bit 5 
P-Reg Bit 6 

~
+Bit7 

-P-Reg Bit 7 A 
-Bit 7 

OR 1----1 

+Force LS Source/Destination X-Check 

Bit 5: Force LS Source/Destination X Check 

DeD P 
Low 

This bit serves a dual function. First it forces an LS source 
check by conditioning 2 X drive lines. 

1 
2 
3 
4 

5 
6 
7 

By inverting one input of P-register bit 7 to the X-decode 
circuits, two X-drive lines are forced on. The X-drive lines 

to LS A and B are rechecked to see whether one and only one 
line is active for each LS access. An error will set the LS A 
and B source check latches, MCKAO bits 0 and 1. 

(Ref logic LAOll) 



The other function of this bit forces a miscompare between the 
destination X lines for A and B LS. 

A LS 

DCD 

B LS 
Desintation 

Force LS Sourcel 
Destination X Check 

Lth's 

, 

Compare Error ~ 

j 

§ DCD 

The A and B destination latches should always be equal. The 
diagnostic line 'Force LS Destination X Check' causes a mis
compare and set machine-check A pyte 0 bit 5 error latch. 

Bit 6: Force LS Source/Destination V Check 

This bit serves a dual function. It forces a LS source check by 
conditioning 2 V-drive lines. This is accomplished by forcing the 
L-register high decode of 0 to always be active. The L-register 
is used to decode LS drive lines on indirect addressing arithmetic 
words. 

Microprogram example: 

A LS 160,A-,K02 Set up to force LS SID V checks 
B DIAG=LS16,SO Freeze ABRTV 
C DIAGO=O,OE,K14 Turn on Suppress All Traps and group 

gate 2 

D P=O,OE,K23 

E L=O,OE,K 10 
F Z=LH),OR,LH) 

Set P-register to indirect address LS 10 to 
LS1F 
Set L-register for indirect addressing 
Read out LS10 and LS11. A&B LS source 
checks should come on. 

Microwords A, B, and C set up the diagnostic controls. 
Microwords D and E set up P and L to use indirect addressing 
and read out LS address 11. 

P Reg L Reg 

o 0 1 0 0 o 0 0 

LJ 

x y 

S et MCKAO bit 5 

With an X-decode of 2 and a V-decode of 1, LS11 is addressed. 
The diagnostic bit Force V-Source Check also gates a V -decode 
of 000, which addresses LS10. 

The other function of this bit is similar to the previous bit, bit 5. 
A&B destination V-lines bits 5, 6, 7 are compared the same as 
the X-lines. A miscompare results in a check. This diagnostic 
bit forces a miscompare, causing machine-check register byte 0 
bit 5 (A or B destination compare) to be set. 

A or B Destination Compare 

Bit 7: Force R-Register Shift Check 

A B-register shift check can occur only during an arithmetic 
right-shift operation. It is a parity check of the output of the 
B-byte assembler and a special half-byte parity check of byte 
1 bits 4-7. (Refer to the control-word section for a complete 
description of an arithmetic-shift operation.) 

B-Register 

o 

First 
Pass 

Force B-Reg Shift Check Here ------'.~EJ 

ALU 2 

2 3 

T r-l..-, 
~JB;tbUCket 

Parity Check is 
performed here 

Q ALU3 

o 1 2 3 

Second 
Pass 

B-Register 

Shifter Input~ 

ALU 2 
X 0 

Z-Reg 

Byte 1 low is gated directly to ALU2 in the first pass. A 
special parity generator is used to form half-byte parity. This 
half parity generated in the first pass is compared against the 
parity generated on the second pass through the B-assembler. 
The diagnostic line 'force B-reg shift check' generates bad parity 
on the half byte and should cause the B-reg shift check to set 
(MCKA2 Bit 3). 

14 ______ Parity Check is 

ALU 3 

performed here 

Note: The data in the 
B-Reg at the start of 

the shift operation is 
01234567. After a 
right shift of 4, the 
data is X0123456 in 
the Z-Reg. 
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ABRTY Group Gate 2, Byte 1 

Byte 1 

I- 0 -- Force Clock-Control Check 
-1 -- Force M-Reg Dup (Duplicate) Check 1 

1-2 -- Force M-Reg Dup Check 2 

ABRTY Byte 1 A 
I- 3 -- Force M-Reg Dup Check 3 
I- 4 -- Force M-Reg Dup Check 4 
I- 5 -- Force M-Reg Dup Check 5 
1-6 --- Force M-Reg Dup Check 6 
~7 --Spare 

Act;"""d by GcoupG", 2 ~ 
Note: A zero bit is an active line 

Bit 0: Force Clock-Control Check 

The clock-checking circuit checks that one of the three different 
clock cycles is active at one time. This diagnostic line forces 
the checking circuit to have two active at once. 

lBO-Cycle -------1 
225-Cycle ------1 
270-Cycle ------t 
Force Clock Control Check 

DCD 

Clock Sync B 
More than one or none 

Lth 

Note: There are three basic clock cycles in the machine. These 
cycle times are extended by 22.5-nanosecond delays. However, 
all logic references still relate to the basic times of 180,225, and 

270. 

Clock Sync Light 
on Console 

MCKBO Bit 7 

Bits 1-6: Force M-Register Duplicate Checks 

Most control and gating lines for the M- and N-registers are 
generated twice for checking purposes. The checking is done by 
an OE circuit. Both control lines must be on or off. (Refer 
to maintenance diagram 1-29). 

-------------------------~IMCKB1 ~I------------------------
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M-Reg Camp 

Check A 5
th 

Ch,ck B --r-::l Ch'ck C --r-::l Ch,ck D--r::l 

B;tO UBh1 UBh2 U-B;t3 

The M-register compare checking circuits are composed of 
four check latches. Any of these check latches turn on the M-reg 
compare light on the console. There are many ways to set each 
of the four latches. 

The six diagnostic control lines are used to check the control 
and gating lines. Errors are forced by blocking one input to 
the OE from the duplicate circuits. Each diagnostic bit covers 
several different control lines. 

Bit 1 Force M-Reg Dup Check 1: This diagnostic gate checks the 
following control lines. 

M2 Set Normal Check A 
M3 
M2 
M3 

Set Normal Check B 
Reset Check C 
Reset Check 0 

Bit 2 Force M-Reg Dup Check 2: This diagnostic gate checks the 
following control lines. 

M2 Set traps Check D 
M3 Set traps Check A, B 

Gate N3 to M3 Check C 
Gate trap to N2 Check D 

~------------------~OR 



Bit 3: Force M-Reg Dup Check 3: This diagnostic gate checks 
the following control lines. 

Gate N2 to M2 check A 
Gate N2 to M2 check A 
Gate ADR/ADJ to M2 check A 
Gate B2 to M2 check A 
Gate C2 to M2 check A 
Gate C2 to M3 check A 
Gate C3 to M3 check B 
Gate B3 to M3 check B 
Gate ADR/ADJ to M3 check B 
Gate N3 to M3 check C 
Gate B1 to M1 check B 
Gate ACB 1 to M1 check C 
N3 Bfr Bit-P Set-Reset check D 

Bit 4: Force M-Reg Dup Check 4: This diagnostic checks the 
following control lines. 

M 1 Set-Reset check A 
M B fr set-reset 
Gate N2 normal 
S-reg branch condo met 

check B 
check C 
check D 

Bit 5: Force M-Reg Dup Check 5: 

Gate N2 set-reset check D 
Gate N2 Bfr set-reset check B 
Gate N2 set-reset check A 

Bit 6: Force M-Reg Dup Check 6: This diagnostic checks the 
following control lines. 

MB Reg reset check A 
M Reg byte 3 bit 4 check B 
M3 bit 5 to SDBO SEL check C 

Note: When working in the logics, both names appear-M- Reg 
Dup check and M-Reg compare check. Both are referring to 
these errors. 

Bit 7: Spare 

ABRTY Group Gate 2 Byte 2 

Boards 
A O-F orce clock sy nc check (A-A 1 & A-B 1) 

1-Force clock sync check (A-A2 & A-B2) 

2-Force clock sync check (A-A3 & A-B3) 

ABRTY Byte 2------1 

Note: 

-3-Force clock sync check (A-A4 & A-B4) 
-4-Force clock sync check (A-Cl & B-A 1) 

a zero bit is 
an active line 

~5-Force Clock Sync Check (A-C2 & 8-83) 
6-Forc6 clock sync check (A-C3) 

-7-Force clock sync check (A-C4 & B-C3) 

Activated by t 
Group Gate 2 _____ ..J 

Each board has its own clock card_ The delays on these cards 
must be synchronized so that 0 time starts at exactly the same 
time on each board. The clock sync check assures that all 
boards are in step_ 

A- A l,A2,A3 or A4------------' 
Clock Sync 

A 
OR ~---r~:-1 

A- Cl,C2,C3 or C4 __________ --I Lth 

A- Bl,B2,B3 or B4 ___________ .... Clock Sync 
B 

B-Al,B30rC3-------------I 

The clock sync check is performed by sampling the l-time 
delayed pulse in each board and checking this pulse against 
timing pulses on the B2 board. (The error latches are on the B2 
board.) 

o 90 
O-Time 1-Time 

Lth 

180 

O-Time delayed 1-Time delayed 

Clock Sync Light 
on Console 

MCKBO Bit 6 

MCKBO Bit 7 

45 90 135 180 Error 

l-Time Delayed 
Must Be Off 

~--L---~'. Sample Times 

l-Time Gelayed 

The diagnostic lines degate the 1-time delayed clock pulses 
generating an error at sample time. 

Must be On 
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ABRTY GROUP 3 

ABRTY Group 3, Byte 0 

Group Gate 3 
Byte 0 

Early Delay I 
ABRTY Byte O __ ~ ___ --I 

Activated by 
Group Gate 3 ______ ...J 

f- 0 - Diagnostic I-Reg and buffer gating 
f-1- Enable generate address 
f- 2- E nab Ie generate controls 
f- 3-Spare 
- 4-Allow PAA hold 

5- Spare 
- 6 - Allow RF readout 

7- Allow set no match and force LRU invalid 

This byte is used by the I-cycles tests (EDXX) and the address
adjustment tests (EEXX). It is activated by Group Gate 3. Bits 
0, 1, and 2 are used by the I-cycles controls hardware, and bits 
4, 6, 7 control the diagnostic functions of the address-adjust
ment hardware. 

Early Delay Function 

When the diagnostic delay function (0 IAGO bit 7) is used by 
I-cycles, it must be activated one cycle earlier than normal. 
This is because the I-cycles controls do not operate on a 0-
time to O-time basis. The I-cycle control register is loaded at 135 
time, of the previous cycle. 

o 
I 

Word A 
OFXX o 

I 
I M=Next Adr 

Word B 

I Ctrl Reg Loaded 

o 
I 

I-cycles decoding for word B begins at 135 time of the previous 
cycle. 

Example of the early delay function 

Assume that Word A sets the diagnostic delay for the I-cycles 
controls. 

A B c D 

Delay 
Active 

Example of the normal delay function 

Assume that word A sets the diagnostic delay for the other Group 
Gate bits. 

A B c D 

Delay 

Active 

Note that in both cases Word D is the microword affected by 
the diagnostic delay function. 

Use of the Mulrifunction Bit (DIAGO Bit 1) by 
I-Cycles Diagnostics 

The multifunction bit is used by the I-cycles tests to perform 
the following functions. 

1. Blocks OF module recognition. 

2. Blocks the generate address line. 

3. Blocks the generate controls line. 

4. Blocks the normal set to the I-cycles control register. 

5. Allows the use of group gate 3 byte 0 bits 

6. Allows a special set to the I-cycles control register with a 
ROW X DC, YY. The address, YY, goes to the M3-reg. 
At storage 1 cycle time, M3 is gated to the I-cycle control 
register. The data is held in the I-cycle control reg until 
another ROW is executed. Example: ROW W ~C, OC. 
The I-cycle control register is set to OC. Subsequent steps 
of the microprogram can test the I-cycles controls to permit 
checking the hardware function of the word 0 FOe. 

Notes: 

1. Refer to maintenance diagrams 1-70 B2,3 for I-cycles diagnostic 
controls. 

2. Do not confuse the control registers in the I-cycles area 
with the C-register. 
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Bit 0 Diagnostic I-Reg and Buffer Gating 

Time 

Diag I Reg & 
Buffer Gating 

+ DIAG 0 bit 1 
(Multifunction bit) 

set 

+reset 

Enable Reg 
Control 

Lth 

(Refer to Maintenance Diagrams 1-70) 

The enable reg control latch is set with group gate 3 byte 0 bit 0 
and reset when the multifunction bit (DIAGO Bit 1) is reset. 

The enable reg control latch has the following functions: 

1. It allows the I-backup register (IBU) to be set with the same 
data that sets the I-reg when the I-reg is used as the 
destination. 

Example: VC=O+LS14 (LS14=FFFFFFFF) 

FF FF 

I , 
FF FF FF FF 

Byte 0 Key t I 

FF 

I-Register 
Exp LS 50 

FF 

FF FF FF I-Backup Reg (lBU) 
Exp LS 54 

The IBU reg gets loaded with the same data as the I-reg. 

External Bus-I n (EBI) 

2. It allows the I-buffers, the U-reg, the Op Reg and the Immediate 
Byte Reg to be set with the sa-me data that sets the V-Reg when 
the V-Reg is the destination. 

Example: VC=O+LS 14 (LS 14=FFFFFFFF) 

FF FF FF FF External Bus-I n (EBI) 

V Reg 
Exp LS 51 

U
Exp 

Reg 

LS 53 

FF 

n "l , 

11 3F 

Set BitsO,1 
of UO 

Op 
Length 
Decode 

FF FF FF FF 

+ 
FF FF FF 

I 
FF 

I FF 

~ , 

FF 

I 

FF FF 

I 
FF 

I 
FF 

I 

I FF I FF I 
I 

~ , 
Op FF 
Byte 

I 

If Op is: Then Op Reg Bits 0,1 are: 

RR 
RX 

RS,SI 

00 
01 
10 
11 

Generate or Length Decode of: 

01 

The diagnostic function allows the data to be flushed from the 
External Bus-In (EBI) through I-Buffer 2 to I-Buffer 1, to 1-
Buffer 0 and into the Op and Immediate Byte regs. The Op 
and Immediate Byte regs are gated to the U-reg bytes 2 and 3. 

10 
10 
11 

U reg, byte 1, and byte 0 (bits 2-7) are loaded from EB I. Bits 0,1 
of the U-reg will be set from the instruction length decode 
circuits. 

I n this example (loading all F's) U-reg, byte 0, bits 0,1 are 
set to 11 because the instruction-length decode from the Op reg 
will indicate an SS Ope 

FF I Buffer 2 

FF 

I 
I Buffer 1 

FF 

I 
I Buffer 0 

I 

Immedia te 
Byte 
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Bit 1: Enable Generate Address 

DiagE 
Group 
Mode 

arlv Delav Function 
3 Bvte a Bit 1 

Reg Bit 1 

DF 
Decode 

Blocked By 
the Multifunction Bit 

Generate 

A Address 

~ OR r- Lth 

A 

This bit, along with the diagnostic delay function, enables the 
generate address latch to be active for one cycle. 

Normal turn-on to generate address is blocked by the multi
function bit (OIAGO, bit 1). 

The purpose of the generate address latch is to enable the 
I-cycles control hardware to generate the next address to the 
M~reg. For example, if the present address was OF24, the 
generate address latch would cause the next address to be OF28. 
(Refer to Chapter 2, the I-cycles section, to see "Generate 
Address Gating and Controls.") 

Bit 2: Enable Generate Controls 

Diag 

Gro 
Mod 

Early Delay Function Generate 

up 3 Bvte 0 Bit 2 A Controls 
OR r---

e Reg Bit 1 
........ 

I A 
I 

DF 
Decode 

Blocked by 
the Multifunction-Bit 

This bit, along with the diagnostic delay function, enables the 
generate controls latch to be active for one cycle. The normal 
turn-on is blocked by the multifunction bit (0 IAGO, bit 1). 

This latch will be used by the I-cycles diagnostic to activate 
the control reg decodes. 

An I-cycles microprogram example is on the next page .. 

Lth 
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Microprogram Example: (Test EDA9) 

Th is test generates the I-cycle contro Is necessary to load the 
I buffer registers and the Op and I mmediate Byte registers. The 
starting I Address is 0000, and the Op at that location is 
D25A05550AAA. 

The I-cycle addresses and their functions executed are: 
ADDRESS FUNCTION 

DFOC- Branch load, use I-Reg to address memory and load data 
to the I buffers 2, 1, O. 

DFOO- Load Op and Immediate registers with the data from 
I buffer 0 bytes 0 and 1. 

Housekeeping - put known data 
in all the I-cycles registers 

RDW W DC, OC 

IC=0+LS14 

Branch to the common routine 
EDAO 

Set diagnostic controls 
1. ABRTY Enable generate controls 
2. DIAGO Multifunction bit 

Group gate 3 
Delay function 

Use Diag Function-Enable Reg Control 

Multifunction bit is onput OC in the I-cycle control reg 

Set the instruction counter to 000000. The first instruction is 
fetched from main stg location O. 

Note: In routine EDAO, the contents of main stg used by 
the I-cycles tests are shown; that is, PGM 0000-D25A05550 
AAD25A 

The common routine executes the I-cycles word DFOC 

J? 
RDWV V+4 

* * 
* * 
* * 1=000004. 
* 
* I BUF 0=D25A0555 

Save Registers and return to 
the EDA9 routine 

RDW W DC, 00 

Branch to the common routine 

Set diagnostic controls 
1. ABRTY Enable Generate Controls 
2. DIAGO Multifunction bit 

Group Gate 3 
Delayed Function 

V=V,DF 
* 
* 
* 

I BUF 1=OAAAd25A 

Return to EDA9 to store results 

Delay function is active. This word simulates the I-cycles 
word DFOC 
-fetch from main stg using the I Reg 
-load the data into the I buffers 

Note: I-cycles hardware is enabled for I-cycle only because 
of the diagnostic controls. 

Put 00 in the I-cycle control reg 

The common routine executes the DFOO word 

Delayed function is active. This word simulates the I-cycles 
word DFOO, a delay word to complete loading the I-buffers.' 

Summary: By using diagnostic hardware, two I-cycles words 
were simulated, DFOC and DFOO. The next test, 
EDBO, builds on this test by completing the SS 
Op of D2. DF7C and DF70 are simulated next. 
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Bit 4: Allow Preaddress Assembler (PAA) Hold 

During an address-adjustment trap, the address that caused the 
trap is held frozen in the PAA. 

At the end of the trap routine, the M-Reg is loaded from the 
PAA (displacement bits) and the Real Address portion of the 
DOS table buffer registers. 

Because the trap and priorities tests have not been executed 
yet, the trapping hardware circuits cannot be used. The 
Suppress All Traps function is still activated by DIAGO, Bit 3. 

I 

I,V,W,TR ~ PAA -

Logical 
Address --.. 

~~ 

Diag Allow PAA Hoi d 

-

Logical 
Address 

I 
l 

I 

Compare 
Ckts. 

I 

Displacement 

0 Real -
Address 1 r--

I 
2 

1-

I 3 

I ""4 
~ 

I 5 I--
6_ 

I 
t I 

7 

T I 

No Match Adr/Adj Trap DaOC Request 
8 

-.. 
M-

r---+ Reg 

~ 

The diagnostic line 'Allow PAA Hold' simulates the priority 
8 signal from the trapping circuits and holds the PAA frozen. 

The hold PAA diagnostic function becomes active during 
a Stg 2 cycle (see test EEB7) ROW LS15 ADJ,/. The contents 
of the I-Reg are held on PAA. Now the address-adjustment 
tables can be loaded and then verified with the next diagnostic 
function. 

After the diagnostic test has been completed, the PAA is 
released by the microword RDH OK CS, WK. This is 
normally the last word of the address-adjustment trap routine. 

Priority a -------01 

Diag Allow PAA Hold 

Adr/Adj Trap Req -'-------....ot 

Hold 
PAA 

Lth 

Return from Trap--------I.E]Rese. L __ ,J----IMT0121 
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Bit 6: Allow R F Readout 

Normally, when the machine is running, there is no way to 
examine the contents of the address-adjustment registers. 

Only when the CPU clock is stopped is it possible to display 
the address-adjustment registers through External Address 
2E, using switch H to determine which Reg to display. 

This diagnostic function allows the address-adjustment 
Regs to be displayed dynamically through the external 
address 2E and read by the microcode. 

When a read word with address adjust is specified, the 
Logical Address registers are scanned. If a match occurs, 

the corresponding real address is gated to the M-Reg along 

with the displacement bits from the PAA. Normal operation 

is to reset the Gate Real Address latches at 0 time of the 
next cycle. 

I,V,W,TR .- PAA -

Logical 
Address --

... .... 
!LD~ LS14 

T 

Diag Allow RF Readout 

Logical 
Address 

, 
Match Ckts . 

Match 

L6 O-Time 

Displacement 

Real 
Address 

Gate Real 
r--

AdrO 

A Lth 
"--

'-- r - A 

- OR 
A 

Reset 

... 
p 

-

r--

A -... 
L.....--

M·Reg 

This diagnostic control blocks the reset until another storage 
word with address adjust is given. Therefore, the real address 
is held frozen and can be checked by reading External Reg 2E 
bytes 2 and 3; that is, LS153=ADJT3,OE,O. 

Note: Both the Logical address and the Real Address can be 
displayed manually. With the diagnotic control 'allow RF 
readout' only the Real Addresses can be read dynamically in 
External Address 2E. 

Bit 7: Allow Set No Match and Force LRU Invalid 

This bit forces the following errors: 

1. No Match (MCKB 1 Bit 4)--Caused by the Set Eliminate 
signal on MT012. 

2. LRU Invalid (MCKBl Bit 6)--Caused by the Force LRU 
invalid signal on MT014. 

Logical 
Address 

Real 
Address 

o 

2 

4 

5 

6 

7 

/========~~~~~/~ 
/ / 

/ / 
Gate adr/ adj 

/ / 
// / to M 

to EXTE RNAL '2E' 

F/================~/ 
DISPLAY 

EXTERNAL '2E' 
Use Sw H to select 
Reg's 0-7 
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SELECTOR CHANNEL GA DIAGNOSTIC FUNCTIONS 

GA,OR,KOE 
GA,A-,KOE 
GA,A-,KOD 
GA,OR,K80 
GA,A-,K80 
GA,A-,K60 
GA,OR,K90 
GA,A-,K90 

GA,OR,K11 
GA,OR,K22 
GA,OR,K33 
GA,OR,K44 

GA,OR,KFF 
GA,OR,K66 
GA,OR,K88 

Set Diagnostic Mode, Reset Command Out 
Reset Diagnostic Mode 
Diagnostic Service Signal 
Set Diagnostic Block Buffer Clock 
Reset Diagnostic Block Buffer Clock 
Set BF, BP Pulse, Shift Buffers 
Set Diagnostic Status 
Reset Diagnostic Status 

Set Diagnostic Block Share Cycle Latches 
Reset Diagnostic Block Share Cycle Latches 
Diagnostic Check Reset 
Set Diag Function latch and Reset 

Expanded LS 
Reset Diagnostic Function latch 
Reset Block MPX Scan latch (Set Diag Trap 1) 
Set Block MPX Scan latch (Block Diag 

Trap request) 

SELECTOR-CHANNEL DIAGNOSTIC CONTROLS 

GA High/Low Decodes 

GA Straight Decodes 

The selector-channel tests use several GA decodes to perform 
diagnostic functions in the channel. The GA decodes are 

The set/reset source JC·Reg, byte 2, bits 23= 11) in word 
type 1 specifies the use of the GA decodes. 

The decodes that follow are active onlv on the channel 
being tested. These decodes are called, Set/Reset GAH (high) 
and GAL (low). 

the channel-set/reset-functions performed in the word type 1. 

Diag Mode 

GA,OR,K0:e
Lth 

GA, A-, KO R 

GA, OR, KOE - Set Diagnostic Mode, Reset Command Out 
GA, A-; - Reset Diagnsotic Mode 

I n order to test the selector-channel responses to incoming 

lines from the control units, it is necessary to simulate 
interface lines with diagnostic controls. 

The diagnostic mode latch is set and reset with a GA L decode 
of OE. The diagnostic mode latch degates Op Out, Hold-Out, 
and Suppress-Out from going to the interface drivers. Diagnostic 
mode and a GA decode of KOC (GA, OR, KOC) allows a set to 
the G R F u /I latch to control the data transfers of the G R Buffers. 
The diagnostic mode latch set also provides a reset to the command
out latch. 

0 Op·ln 
Adr-In 

2 Status-I n 
MPX Bus Out 3 Service-In 
Bits 0, 1,3-7 4 Select-In 

5 Data-In 
6 Request-In 
7 Disconnect-I n 

Activated by 
Diagnostic M:-o~de-----'" 

MPXBusOut ______________ 4 Bit 2 -

I nterrupt Unmasked 

Diag Mode -----~ 

Selector Channel GA Diagnostic Functions 13-38 

Note: 
Use lower roller position 5 to display 
these indicators. 

(Refer to Maintenance Diagrams 1-47 A 1) 

Op-Out Op Out A Hold-Out A Suppress-Out 
Lth I-------~ 

Select
Out 

Lth 

Suppress
Out 

Lth 

(Refer to Maintenance Diagrams 1·47 11-6) 



GA, A-,KOD - Diagnostic Service Signal 

I n normal operation, the Service Signal line is made active by 

different conditions of the Tag-In lines. Service signal allows the 
set of Command-Out, Service-Out, or Data-Out. 

Because the normal tag-in signals cannot be used to generate the 
service signal while microdiagnostics are- run, a diagnostic service 

signal must be generated. 
Other functions of the service signal are: 

1. Provides a conditioning level to set the 'GR full' latch. 
2. Provides a reset to the 'buffer position a full' latch. 
3. Provides a conditioning level to the channel 'data check' latch. 

GA, OR, K80-Set Diagnostic Block Buffer Clock 

GA,A-,K80-Reset Diagnostic Block Buffer Clock 

Diagnostic 
Block 

GA, OR, KBO ---.r~S---'- Block normal shift of Buffer 
Lth 

GA, A-, KBO----JlL.:.:R_.....J 

The 'Diagnostic Block Buffer Clock' latch blocks the automatic 
shifting of data from one buffer reg to another. 

GA,A-,K60-Set BF, BP Pulse, Shift Buffers 

Normal operation of the buffers allows data to be shifted through 
as many buffers as possible, depending on the buffer controls. 

Block Buffer Clock 

GA. OR, KBO---" Lth Normal Shift Gate -----....., 

J----I A 

A 

GA,A-,K60--~rs----~------------~ 

Lth 

Set BP Pulse 

OR 

Set BF Pulse 

O-Time----....-.,.R!:L_.....J (Refer to Maintenance Diagrams 1-50 E 1) 

The 'set and BP pulse, shift buffers'is a diagnostic latch that 
turns on for one cycle and allows one buffer clock cycle. This 

control enables the microprogram to check every buffer position. 
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SELECTOR-CHANNEL MICROPROGRAM EXAMPLE 

*** TEST EJD5 BUFFER CHANNEL ONLY *** 
m TEST THE ACTIPN OF BUFFER FULL BITS AND THE 

BFR BYTE COUNTER (GB). 

* TEST FORM 
* RSLT FORM 

ROUTINE 
NORMAL 

* DESCRIPTION * 
DIAG MODE AND DIAG BLK BFR CLK LATCHES BEING 
ON ALLOW SINGLE CYCLE CONTROL OF THE BUFFER. 
A DATA PATTERN IS SET INTO GR AND GR FULL IS SET 
VIA INPUT AND SERV SIG DLY. GBF-BFR FULL BITS AND 
GBD -BYTE COUNTER ARE GATED TO MONITOR RSLT 
FIELD. GR FULL IS RESET AND THEN SET AGAIN TO 
ENABLE FULL BIT PROPAGATION VIA THE DIAGNOSTIC 
SHIFT - (GA,A-,K60) WHICH ALLOWS 1 SET BF AND 
1 SET BP EVERY MICRO INSTRUCTION. THE TEST 
CONTINUES UNTIL ALL FULL BITS ARE ON - BFO-6 AND 
GR FULL. GB WILL INDICATE 8 BYTES IN THE BUFFER. 

* ALD PAGES INVOLVED - GC31X,GC41X,GB213,GC512 

* EXPECTED RESULTS * 
BYTE 1 SHOULD BE 00 
BYTE 2 SHOULD BE 01 

Explanation of Microprogram Example 

mTest E~5 will run only on a buffered selector channel. The test 
name '(gX indicates that channel one is being tested. 

E.!S,XX - indicates that channel 2 is being tested. 
ELXX - indicates that channel 3 is being tested. 
EMXX - indicates that channel 4 is being tested. 

Tests ENXX are common tests to all selector channels. 

IMPORTANT: All of the selector channel tests in the micro
listings are labeled EJXX. Example: Assume that 
a failure occurred on selector channel 3; the 
console printout would be: 

S ELD5 
Actual Results 
Error I D 
Expected Results 

0000 
** 

0001 

If fault-locating information fails to resolve the 
problem, the microlisting must be used to analyze 
the failure. The failing routine in the micro
listing is EJD5. There is no microroutine labeled 
ELD5. 

The common routine EJAO is used to set up the proper chan
nel gates and cause the test I D to change when testing switches 
from one channel to another. This routine also contains 
descriPtive text on all of the L.S. and External Channel words. 

GBF 
GBD 

BFR FULL BITS 
BFR BYTE CNTR 

iii A description of the test follows. The ALD pages reference 
channel 1 only. 

GB) 
SXl 

GC 

GF) 
SX2 

GG 

GK) GP) 
SX3 SX4 

GL GO 
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*** NOTE 
iii THE FIRST PORTION OF THIS TEST WHICH CONSISTS OF 

THE FACILITIES FOR - LOOPING,RESET OF ATTACHMENT, * 
SETTING THE PROPER CHANNEL GATE,ETC, IS LOCATED 
IN TEST - EJAO AND IS LABELED - ALL TESTS START 
HERE. 

************************************************************* 
************** START TEST *********************************** 

m A P=0,OE,K94 
B RDW GD DM,08 
C GR=O,OE,KFF 
D GA,A-,KOD 
E GA,A-,K60 

F P:.:O,OE,K93 
G LS180=GBF,OE,0,ABCK 

H LS181=GBD,OE,0,ABCK 

II This note appears at the beginning of each selector-channel 
(SX) test. Routine EJAO contains all the necessary setup 
procedure to run this test. To find out what happens in the 
common routine, go to EJAO and see the full-page note. 

To start of 
all tests 

Test Start Here 

(This note appears 

in EJAO, about 
sequence No. 750) 

m Microstep A sets the P-Reg to address the channel LS area. 
Note the LS and EXT addresses to the right of the microprogram 
comments, L20, E23, and E21. The actual addresses differ 
from the listing depending on the channel being tested. For 
example: L20 specifies the LS address for the GD-Reg for 
selector channel 2. If selector channell is being used in this 
routine, the real local-storage address is LS28. Use the lights 
in the upper roller, position 1, to determine which channel is 
being tested. 

Microword B loads Local Storage (L20-SX2), (L24-SX3), 
(LS28-SX 1) or (LS2C-SX4) and also sets the channel 'input 

forward' latch. Step C puts F F into the G R-R ego Setting the 
diagnostic Service Signal in step D allows the GR Full Latch 
to be set with the next microword (E), the diagnostic latch 
that allows a BF/BP pulse. Steps G and H save the first two 
results. No data has been shifted into the buffer yet, so GFB 
(Buffer Full bits) should equal 00. GBD (Buffer Byte Counter) 
should be equal to 01 because one byte has been transferred 
into the GR-Reg. 

NOTE: Lower roller positions; 5-8 are helpful when trouble
shooting channel problems. Be sure to select the right channel 
on the Storage Select switch. 

SEL CH LIS AREA. 
SET INPUT (CCW1). 
SET FF INTO GR REG. 
ALLOW DIAG SERV SIGo 
*ALLOW BF/BP TO SET 

GR FULL LATCH. 
LS18-1F AND EX20-3F. 

RES U L T 1. 
GBF - ALL BITS OFF. 

RES U L T 2. 
GB3 ON,l BYTE OF DATA 
IN BFR(GR FULL IS ON} 

E04 
L20 
E23 

E04 
L18 E21 

L18 E21 



GA,OR,K90--Set Diagnostic Status 

GA,A-,K90--Reset Diagnostic Status 

Diagnostic 
Status 

GA, OR, K9]]0 - Bloc~s bus-in parity error 
Lth - Provides a conditioning to 

the command retry latch 
- Allows the bus-in status lines 

GA, A-, K90 R to be checked 

Diagnostic Status blocks bus-in parity errors from generating 
an interrupt condition in the channel. It also simulates the 
Mark-In input to the command retry latch. 

The primary reason for the diagnostic status latch is to 
simulate bus-in status signals so that these signals can be 
verified without using the interface. Buffer position 0 (buf
fered machine) or GR-Register (nonbuffer) is loaded with the 
status bit(s). The diagnostic status latch provides the con
ditioning level to activate the status conditions. The bus-in 
status signals that are generated are: Channel-End, Device
End and Status Modifier, Unit Check. Status Modifier, Unit 
Check is the signal that conditions a command retry operation. 

Bus-In bits 0-7 

~ 

Buffer Position 0 of • GR'Reg-
A 

Diag Status - (Bits 0-7) 

a 

1 

2 

3 

4 

5 

6 

7 

\--Status modifier -------..---

t- Channel-End 

I- Device-End 
A 

I--Unit-Check ------------1 
Status Modifier Unit Check 

The decodes that follow are active for all channels. These 
decodes deal primarily with the generation of share cycles and 
trap requests. (The decodes are called 'set GA, straight 
decodes'.) 

GA,OR,K ll--Set Diagnostic Block Share Cycle Latches 

GA,OR,K22--Reset Diagnostic Block Share Cycle 
Latches 

Diagnostic 
Block Share 

GA, OR Kll IT Block set/reset to the Share Cycle 
Lth latch 

Provide a 'force expanded LS Y5/X5' 
depending on the channel gate 

GA, OR, K22 R 

(refer to Maintenance Diagrams 1-46 B6) 

The diagnostic block share cycle latch blocks the set/reset to 
the share cycle latches for all channels. 

The selector-channel microtests use this line to block the 
share cycle latches; then the test sets up the conditions to 
force a share cycle. The GA,OR,K22 resets the blocking 
function and allows one share cycle to occur. This diagnostic 
control perm its the microdiagnostic to check the share-cycle 
controls without losing control of the microprogram. 

GA,OR,K33--Diagnostic Check Reset 

This decode simulates the check reset key on the console and 
resets all of the channel check control latches. The check 
latches are reset with this GA decode to prevent the manual 
intervention of pressing the che~k reset key. 

GA,OR,K44--Set Diagnostic Function Latch and 
Diagnostic Reset Expanded L.S. 

GA,OR,KFF--Reset the Diagnostic Function Latch 

These two decodes are used to set and reset controls and 
latches in the Expanded L.S. area used by the selector 
channels. 
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GA,OR,K66--Reset the "Block MUltiplex UCW Scan 
Latch Allow Trap Latch SET/RST In Common 
Channel Board. 

GA,OR,K88--Set the Block Multiplex UCW Scan 
Latch Diagnostic Block Trap Latch SET/RST In 
Common Channel Board 

The block-multiplexer UCW Scan Latch is used in diagnostic 
mode to control the set/reset to the selector-channel trap 
latches. 

GA, OR, K88 Block MPX UCW Scan (To All Channels) 

GA, OR, K66 R 

Ph 

A 

+Set Conditions 

(Refer Logic GA614) T 

Sel Ch 1 Trap 

To Other Sel Ch Trap Latches 

By resetting (GA,OR,K66), the block MPX UCW scan latch, 
the selector-channel trap latches are conditioned to tu rn on. 
When the set block MPX UCW Scan (GA,OR,K88) is issued, 
the selector-channel trap latches are blocked again. This 
control enables the microdiagnostic to check out the trap 
and priority circuits in the channel (Section ENXX). 

NOTE: The block-multiplexer scan latch is used only 
during IMPL when the microcode is being loaded. This GA 
decode allows the block MPX plug card in each channel 
to be scanned and check the type of devices on the channel. 
The plug cards are scanned so that the UCW tables in con
trol storage can be loaded properly. Because this is the 
only function of this GA decode, the diagnostic can make 
use of an unused leg of the block multiplex UCW scan latch. 
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MICROMONITOR INFORMATION 

Flowchart of Micromonitor Control 

MONITOR Disk CD 

~r=:'-"---E-A-A-o---v-a-li-d-at-e-c-o-n-t-ro-I S-t-g-a-n-d-----, 

1 
Program Stg (execute in LSCS) 

Load and 
Validate 

Load 
Monitor 

Load in 
First 
Test 

Load and Execute 
from 2nd Disk 

Mode) 

EBAO - Reset Routine. EA05, EA03 

Print Extended Group 
EC Level 

Allow Stop Key Options 
EAOO - Fetch First Test Section 

EASY - I nitialization Routine 

EASY - Common Routine. 

Evaluate test results 
Update Test 10. 

Repeat Steps 8 and 9 until all 
Sections have been executed. 

EASY - Common Routine 
Evaluate last test results 

Reset T est 10. 
Terminate Section 
Print message to load next disk 

Repeat Steps 6 through 10 until all 
Sections have been executed. 
(if I FA feature is installed, 

load the third disk) 

Execute First Test 

® 
Execute Next Test 

Diagnostic Local Storage Assignment 

00 

01 

02 

03 

04 

05 

06 

07 

08 

09 

OA 

OB 

OC 

00 
OE 

OF 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

1A 

18 

1C 

10 

1E 

1F 

5 

F 

F 

o 

5 5 

F 

F 

1 2 3 

Common Work 

Area 

Undefined 

Work 

Area 

Sys Reset Link 

Section 

Work 

Area 

5 5 5 5 

F F F I F F 

F F F I F F 

Actual Results 

Field For 

Extended 

CPU FLT 

Common Work Area 

Used By Both 

Monitor and 

Tests 

Sense Switches in LS3BO Flags in LS3E 1 

0 Print Exp-Act Rslts 0 
1 Loop Test *EX 1 was run 
2 Loop Section 2 *EX2 was run 
3 Test ID 3 *EX3 was run 
4 
5 Print Bypass 

6 Print Errors 
7 Print Instructions 

5 

F 

F 

30 

31 

32 

33 

34 

35 

36 

37 
38 

39 

3A 

3B 

3C 

30 

3E 

3F 

Flags in LS390 

a Cannot Single-Cycle 
1 Test Search 
2 Last Test 
3 Overlay 
4 No Loop SSW 
5 F eatu re Test 
6 1 = Read 0 = Write 
7 Main Storage Print 

Selector 

Channels 

F L T Table Pointer 

Backup Pointer for Text Loop 

Setup Area Pointer 

Test Number Link Register 

Monitor Work Register 

Monitor Work Register 

Monitor Work Register 

Monitor Work Register 

Print Message Link 

Flags Search Test Ident 

Monitor Link 

Flags Section Alpha Dec Flags 

Current Test Link 

Error Flags 

Flags Flags Err Cor 

Section Link Reg 

Flags in LS3B3L 

4 Already In Test 
5 
6 Cycle Each Test 
7 Retry Flag 

Feat 3 

Flags in LS3EO 

o No New Line 
Retain Overlay 

2 Log Failing Test 
3 Log Present 
4 Extint Bit 1 
5 Print Section Message 
6 Printer 2 Reset 
7 Restart Manuals 
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APPENDIX A. MAINTENANCE AIDS 

Control-Word Bit Charts 

Local-Storage Map (370 Microprogram in Control 
Storage) ..... 

Expanded Local Storage. 

External Assignment Chart 

3145 Feature Code Listing 
Logic Reference .. . .. 

MST Logic Information. . 

Voltage Levels--Scoping Information 

Gate Layout . 

Channel Cable Plug Locations 

Voltage Distribution. . . . 

Voltage Location Chart. . 
Special Voltage Distribution Chart 
01AF1 (Mixer Board) Special Voltage Distribution 
Chart. . . . . . . 

Basic Logic Symbology. . 

Documentation Summary . 

3145 Related Manuals & SRLs. 
System/370 General Group (Microfiche) 

New 370 Op Codes . . . . . . . . 

Diagnose Instruction Functions for the Model 145 

Trap Locations and Routines. 

CPU Maintenance Aids. . . . 

Channel Maintenance Aids. 

Console·Printer Maintenance Aids . 
PR-KB Troubleshooting Hints 

Integrated File Adapter (lFA) Maintenance Aids 

I FA Latches Logic References. . 
I FA Sense and Status Information 

370 Microprogram Load (IMPL). . 

Major Functional Unit Card Assignments. 
Main- and Control-Storage Maintenance Aids 

MBA Storage Analyzation Test 
Plug Card Information. . . . . . .. 

Block Multiplex Feature Plug Cards. . 
Microprogram Temporary Fix Plug Card 
Memory Select Plug Card 
Selector. Channel Feature Plug Card . 
Standard Clock Cards. . . . . . 
Selector-Channel Feature Plug Card (Early Machine) 
Serial Number, EC and Feature--Plug Card. 

Complete 370 Microprogram Index. . . . . . . 

A-2 

A-6 
A-6 

A-7 

A-8 

A·9, A-10 

A-l1 

A-12 

A-13 

A-13 

A-14 

A-14 
A-14 

. A-14 

A-15,A-16 

A-17 

A-17 
A-17 

A-18, A-19 

A-20 

A-21 

A-22 

A-23 

. A-24 

A-24 

A-26 

A-27 
A-28 

A-29 
A-30 

A-31 

A-31 

A-32 
A-32 
A-33 
A-33 
A-33 
A-33 
A-33 
A-34 

A-35 
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Maintenance Aids A·2 

Control-Word Bit Charts (Part 1) 

Bit Definition of the Branch and Module-Switch Word 

CO Cl C2 C3 

0 I 1 I 2 I 3 4 I 5 I 6 J 7 o 1 1 1 2 1 3 1 4 J 5 6 I 7 o I 1 I 2 I 3 I 4 1 5 I 6 1 7 0 J 1 1 2 I 3 4 I 5 I 6 I 7 

Branch Source Branch 
Branch and Branch Source Module 

Next Address Branch Low 
Module Switch High Word Byte Dest Address 

0 0 a a 0000=0 00=0 00'-- ~ 0000=-
0001=1 01=1 01 =(S=8ranch Source) 0001=1 
0010=Sl 10=2 1 0=(T=8ranch Source) 0010=ZO 
0011=SO 11=3 11 =(L=8ranch Source) 0011=NZ 
0100=S2 0100=53 
0101=S4 0101=$5 
0110=S6 0110=S7 
0111=8H 0111=8L 
1000=80 1000=80 
1001=81 1001=81 
1010=82 1010=82 
1011=83 1011=83 
1100=84 1100=84 
1101=85 1101=85 
1110=86 1110=86 
1111=87 1111=87 

Bit Definition of the Branch and Link or Return Word 

CO Cl C2 C3 

0 I 1 I 2 3 4 I 5 I 6 I 7 0 I 1 1 2 I 3 I 4 I 5 I 6 I 7 o I 1 I 2 I 3 I 4 I 5 I 6 I 7 0 I 1 1 2 I 3 4 5 I 6 I 7 

Link Address 
Branch 
and Link 

Link Branch LS K/Module Next Branch 
Rtn High or y X Spare Address Low 

or Return 
EXT 

0 0 1 0 O=link 0000=0 O=LS '" ~ 0000=0 
l=rtn 0001=1 l=EXT 

BAL- If 03 bit 4=0, this field is set into the P·register. 
0001=1 

0010==51 If C3 bit 4=1, this field contains the Module 
8AL 1=MS 0010=ZO 

0011=SO address for M3. 0011=10 
0100=S2 

RTN 0=--· 
0100=S3 

0101=S4 RTN-Any bit in this field resets the corresponding bit 0101=S5 
in the H-register l=use NA 

0110=S6 0110=S7 
0111=11 



Control-Word Bit Charts (Part 2) 

Bit Definition of the Branch Word 

CO 

0 I 1 I 2 I 3 4 1 
Branch 

0 0 0 1 

5 I 6 I 
Branch 
High 

0000=0 
0001=1 
0010=S1 
0011=SO 
0100=S2 
0101=S4 
0110=S6 
0111=8H 
1000=80 
1001=81 
1010=82 
1011=83 
1100-84 
1101=85 
1110=86 
1111=87 

Bit Definition of the Word-Move (Version 0) 

CO 

o I 1 I 2 I 3 4 5 I 6 I 
c: 

Word Move 
.2 Branch 
en ... High CIl 

> 

o 0 1 1 a 000=0 
001=1 
010=Sl 
011=SO 
100=S2 
101=S4 
110=S6 

7 

7 

Bit Definition of the Word-Move Word (Version 1) 

CO 

o 1 1 I 2 I 3 4 5 I 6 I 7 

c: 
0 Branch Word Move . iii 
~ High 
> 

o 0 1 1 1 000=0 
001=1 
010=S1 
011=SO 
100=52 
101=S4 
110=S6 

Cl 

o I 1 1 2 I 3 I 4 I 5 

Branch Source 

Word Byte 

00=0 
01=1 
10-2 
11=3 

Cl 

0 I 1 I 2 I 3 I 4 I 5 I 
Destination 

LS 
or y X 
EXT 

...... 
O=LS 
1=EXT 

Cl 

0 I 1 I 2 I 3 I 4 I 5 1 
I 

Source 

LS 
or Y X 
EXT 

...... 

O=L.S 
1=EXT 

C2 

6 I 7 0 1 . 2 I 3 4 I 5 I 6 I 7 

K SIR 
SIR K 

Hi-Lo Source 

OO=MS 0=-- O=,OR, 00=8S 

01=L 1=DK -1=,A, 01=S 
10=P 

10=H 11=GA 
11-St 

• -- -- - - - Module Address - - - - --- ... 

C2 

6 I 7 0 ! 1 I 2 1 3 4 I 5 I 6 I 7 

Source 
Mask LS Note 1 

ELS 

,/ 

O=LS 
1=ELS 

C2 

6 I 7 o J 1 I 2 I 3 4 I 5 I 6 I 7 

Mask Destination Spare 

0 I 1 I 2 I 3 

Next Address 

0 I 1 I 2 I 3 

Next Address 

0 I 1 I 2 I 3 

Next 
Address 

C3 

4 I 5 I 6 I 7 

Branch Low 

0000=0 
0001=1 
0010=ZO 
0011=NZ 
0100=S3 
0101=S5 
0110=S7 
0111=8L 
1000=80 
1001=81 
1010=82 
1011=83 
1100=84 
1101=85 
1110=86 
1111=87 

C3 

4 5 I 6 I 7 

Branch 
Low 

...... 
0=- 000=0 
1=Stop 011=1 

010=ZO 
all =--
100=S3 
101=S5 
110=S7 

C3 

4 5 I 6 I 7 

Branch 
Low 

...... 
0=-- 000-0 
1=Stop 001=1 

010=ZO 
011=--
100=S3 
101=55 
110=S7 

Note 1. The source cannot specify an external register. 
SPTL, however, can be specified by C2, 80-3. 
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Maintenance Aids A-4 
Control-Word Bit Charts (Part 3) 

Bit definition of the Storage Word {Non-K-Addressable} 

CO Cl C2 C3 

o I 1 2 I 3 I 4 5 I 6 I 7 0 I 1 I 2 I 3 4 I 5 6 I 7 0 I 1 I 2 I 3 4 I 5 6 I 7 0 I 1 I 2 I 3 4 I 5 I 6 I 7 

Storage Branch Data K or Stat 
Special 

\ Branch 
Word Subform High Register Inc/Dec Set Address Source Modes 

Stat 
Next Address Low 

Set 
0 1 OOO-Read Word 000-0 OO-K-Addr 00=- OO-CS 16 bit 00=- 0---- 000=0 

001 =Store Word 001=1 01=No Addr 01=S2 address 01=TA ~Read l=Dec Cn 001=1 
010= Read Half Wd 010=Sl update 10=S45 01=MS 10=TB 010=20 
011=Store Half Wd 011=SO 10=+ 11=26 10=AOR AOJ 11=special , 011=SOC/VALWI 
1 00= Read Byte 100=S2 11=- 11=CPU prot 

'< 100=S3 
101 =Store Byte 101=S4 00=-- j 101=S5 
110=RDWRL/RDMP 110=S6 01=TH ~Store 110=S7 

111 =M6 10=--
1\ 

111=M7 
100= Read Key 

11 = special 
101 =Store Key 

Subform for (special-
stat set 

Bit Definition of the Storage Word (K-Addressable) 

CO Cl C2 C3 

o I 1 2 I 3 I 4 5 I 6 I 7 0 I 1 I 2 I 3 4 I 5 6 I 7 0 I 1 I 2 I 3 4 I 5 I 6 I 7 0 I 1 I 2 I 3 4 5 I 6 I 7 

Storage Subform Branch Data 
K Modes 

Address 
K Next Address 

Branch 
Word High Register 

KAddr Source low 

0 1 OOO=Read Word 000=0 / 0=-- 000=0 
001 =Store Word 001=1 001=1 
010=Read Half Wd 010=Sl 010=20 
011 =Store Half Wd 011=SO OO=MS (000 KKI 011 =---
100=Read Byte 100=S2 

01=CS (CM KK) 
100=S3 

101 =Store Byte 101=54 101=S5 
110=56 10=CS (FF KK) 110=S7 
111 =M6 11=CS (FK 8 bit Addr) 111 =M7 

Bit Definition of the Arithmetic Word (Type 10 Byte Version) 

CO Cl C2 C3 

0 I 1 2 I 3 4 I 5 I 6 I 7 0 I 1 I 2 I 3 I 4 I 5 6 I 7 0 I 1 I 2 I 3 I 4 I 5 6 I 7 0 I 1 I 2 I 3 I 4 I 5 6 I 7 

Arith A Sour~e B Source A 
OP Form Operation Stat Next Address Branch 

Form Word Byte Set Word Byte Hi-Lo 

1 0 OO=A=A/K 0011=,OE, 00=0 00=-- 00=0 OO=block 00=-

01=Z=A/B 0100=+ 01=1 01=S12 01=1 01=L 01=52,S3 

10=A=A/B 0101=+ (+1) 10=2 10=S45 10=2 10=-H 10=54,S5 
11=B=A/B 011 O=C + (Rst SO) 11=3 11=26 11=3 11=St 11=56,S7 

0111=,A, 
OO=2=A/K 1000=,OR, 

1001=C + - (+C) 
1010=-C ,'0+-, (+C) 
1011=ABCK 
1100=-
1101=-(+1) 
111 O=C-(+l) (Set SO) 
1111=,A-, 



Control-Word Bit Charts (Part 4) 

Bit Definition of the Arithmetic Word (Type 10 Fullword Version) 

co Cl C2 C3 

o I 1 2 I 3 4 J 5 J 6 1 7 a 1 1 1 2 1 3 1 4 J 5 6 I 7 o I 1 I 2 I 3 I 4 I 5 6 I 7 a I 1 I 2 I 3 J 4 I 5 6 I 7 

Arith A Source B Source 
OP Form Operation 

Stat Shift Next Address Branch 
Form A Input 

Set 
Word Word B Input 

1 0 OO=A=A/K OOOo=c + IRst SO) OO=block 00=-- 00=4 bits 00=-- 00=--
01=Z=A/B 0001=C - (+1) (Set SO) 01=16 bits 01=S12 01=8 bits 01=(SR4,0) 01=52,53 
10=A=A/B 001 O=C +- I+C) 10=24 bits 10-124 10-12 bits 10=(SR4,SO) 10=54,S5 
11=B=A/B 11=32 bits 11-Z24 11=32 bits 11=(SR4,TH) 11=56,57 

Bit Definition of the Arithmetic Word (Type 11) 

CO Cl C2 C3 

o I 1 2 1 3 4 5 I 6 J 7 0 I 1 ) 2 I 3 J 4 I 5 6 I 7 a I 1 I 2 I 3 I 4 I 5 6 1 7 o I 1 J 2 I 3 I 4 I 5 6 I 7 

Arith A A Source 
Stat 

B Source B 
Op Form Op Gating Hi-La 

Next Address Branch 
Form Word Byte 

Set 
Word Byte 

1 1 OO=A=A/K 0= DE ~ OOO=block 00=0 00-- 00=0 OO=block 00=--
01=L=A/B 1-C + 'IRst SO) 001=L 01=1 01=512 01=1 01-L 01=S2,S3 
10=A=A/B 010=H 10=2 10=S45 10=2 10=H 10=S4,S5 
11=B=A/B 011=St 11=3 11=Z6 11=3 11=St 11=S6,S7 

100=X block 
101=XL 
110=XH , 
111=X 

Bit Definition of the Arithmetic Word (Indirect Byte Type 10 or 11) 

CO Cl C2 C3 

o I 1 2 j 3 I 4 I 5 I 6 I 7 o I 1 I 2 I 3 1 4 1 5 6 I 7 o I 1 I 2 I 3 I 4 I 5 6 J 7 o I 1 J 2 I 3 J 4 I 5 6 I 7 

Arith ~ Operation A Source B Source AlB Stat Op Form or N ext Address Branch 
Form Op/AXHL 

Set Hi-La 
Word -Word 

10 or 11 Refer to bit definition Refer to bit definition Indirect byte addressing 00=- 00=-- I ndirect byte addressing 00=-- OO=block 00=--
for 10 or 11 word for 10 or 11 word is specified by the value 01=- 01=512 is specified by the value 01==-- 01=L 01==52,S3 

1010 10=+TA 10=545 1010 10==+TB 10==H 10=54,55 
1011 11=-TA l1-Z6 1011 11==-TB 11=St 11==56,57 
1110 1110 
1111 1111 
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LOCAL-STORAGE MAP (370 MICROPROGRAM IN 
CONTROL STORAGE) 

Word LS 
Byte 0 Byte 1 Byte 2 Byte 3 

XandY 
Name Location Line 

00 General Register 0 XO YO 
01 General Register 1 XO Y1 
02 General Register 2 XOY2 
03 General Register 3 XOY3 
04 General Register 4 XOY4 
05 General Register 5 XOY5 
06 General Register 6 XOY6 
07 General Register 7 XO Y7 
08 General Register 8 Xl YO 
09 General Register 9 Xl Y1 
OA General Register A Xl Y2 
OB General Register B Xl Y3 
OC General Register C Xl Y4 
OD General Register D Xl Y5 
OE General Register E Xl Y6 
OF General Register F Xl Y7 

AX 10 SRTN Temp Link X2YO 
DI 11 Alter/Display Log Link X2 Y1 
RTX 12 Retry Link X2 Y2 
DTX 13 Translate Link X2Y3 
X 14 Working X2 Y4 
R 15 Working X2 Y5 
Y 16 Working X2 Y6 
Q 17 Working X2 Y7 
MA 18 X3 YO 
MBS 19 X3 Y1 
MX lA X3 Y2 
MC lB X3 Y3 
MD lC X3 Y4 
MF lD X3 Y5 
MW lE X3 Y6 
CX lF CPU Link Register X3 Y7 

Word IFA LS 
Byte 0 Byte 1 Byte 2 Byte 3 

Name Name Location 

GD 20 
GC 21 Count 
GM 22 Protect CCW Address 
GW 23 
GO 24 
GC 25 Count 
GM 26 Protect CCW Address 
GW 27. 
GD FD 28 
GC FC 29 Count 
GM FM 2A Protect CCW Address 
GW FW 2B 
GD FA 2C 
GC FB 2D Count 
GM FS 2E Protect CCW Address 
GW FL 2F 

30 Floating-Point Register 0 
31 Floating-Point Register 0 
32 Floating-Point Register 2 
33 Floating-Point Register 2 
34 Floating-Point Register 4 
35 Floating-Point Register 4 
36 Floating-Point Register 6 
37 Floating-Point Register 6 

SO 38 
PM 39 P.E. Control P.E. Code Group Alter Mask 
OM 3A Adjustment Factor 
RW 3B Address Adjustment Working 
DP 3C IFA Low-Priority Link 
LNK 3D I-Cycle Link 
P4X 3E SX-4 Link Register 
P3X 3F SX-l, 2, 3, Link Register 

Note: Words 28 through 2F are shown with Selector Channel designations. 

Maintenance Aids A-6 

Expanded Local Storage 

Xand Y 
Line 

EXPLS Word Name Byte 0 Byte 1 Byte 2 Byte 3 
X and Y 
Line 

X4 YO 50 I Key I-Register X2YO 
X4 Yl 51 V V-Register X2 Yl 
X4 Y2 52 W W-Register X2Y2 

X4 Y3 53 U U-Register X2Y3 

X4 Y4 54 IBU IBU-Register X2Y4 

X4 Y5 55 TR TR-Register X2Y5 

X4 Y6 
X4 Y7 
X5 YO 

56 ICS I-Cycle Control Display _ X2Y6 • ~G2DR~ 57 through 5F unassigned 
DATA ADDR (SX 2) X4YO 

X5 Y1 61 G2DBRL BACKUP DATA ADDR X4 Yl 

X5 Y2 62 X4 Y2 

X5Y3 63 X4Y3 

X5 Y4 64 G3DRL DATA ADDR (SX 3) X4Y4 

X5 Y5 65 G3DBRL BACKUP DATA ADDR X4 Y5 

X5 Y6 66 X4Y6. 

X5 Y7 67 X4 Y7 

X6YO 68 G1DRL DATA ADDR (SX 1) X5YO 

X6 Yl 69 G1DBRL BACKUP DATA ADDR X5 Y1 
X6 Y2 6A X5Y2 
X6Y3 6B X5Y3 
X6Y4 6C G4DRL DATA ADDR (SX 4) X5Y4 

X6 Y5 60 G4DBRL BACKUP DATA ADDR X5 Y5 

X6 Y6 6E X5Y6 

X6 Y7 
X7 YO 
X7 Yl 

6F X5 Y7 

~ 70 through 77 unassigned:::::::::·::::::}?:::::))::: 

X7 YO 
X7 Y2 79 PN X7 Yl 

X7 Y3 7A WK Working Register X7Y2 
X7 Y4 7B NP PAA byte 1,2 Latched Control Control X7Y3 
X7 Y5 7C OK Real Addr Reg X7 Y4 
X7 Y6 7D SS X7 Y5 

X7 Y7 7E X7Y6 
7F X7 Y7 



EXTERNAL ASSIGNMENT CHART 

Word 
Address 

Word 
Name 

Byte 0 Byte 1 Byte 2 Byte 3 
XV 
Line 

Word 
Address 

Word 
Name 

Byte 0 

may not be used as a destination 

*Not flush-through-checked 

Byte 1 Byte 2 Byte 3 
XV 
Line 

IillZ~£B~=t~a l SX1/IFA 

IFA 

~R-IJ~=t} SX4/IFA 

Both MCKA and MCKB are set to zero when MCKA is used as a destination 
in a word-move word, with the NOREG as the source. 
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3145 FEATURE CODE LISTING 

ACC DESCRIPTION 

CHC CHANNEL TO CHANNEL 
CHMP CHANNEL TO CHANNEL OR 3215 MOD 1 
DBNM SEL CHNL 4 BUF OR DIRECT CONTROL AND NO 3215 
DCMP DIRECT CONTROL AND MPK 
DCN4 DIRECT CONTROL AND NO SEL CHNL 4 
DCT DIRECT CONTROL 
DC4B DIRECT CONTROL OR SEL CHNL 4 BUFFER 
DPK 3210 MODEL 2 
DSNM DCT OR SEL CHNL COMMON, NO MPK 
MDPK 3215 MOD 1 AND 3210 MOD 2 
MNBD 3215 AND NO DIRECT CTRL AND NO SEL CHNL 4 BUFF 
MNDC 3215 AND NO DIRECT CONTROL 
MNSD 3215 NO SEL CHNL 4, NO DIRECT CONTROL 
MPK 3215 MODEL 1 
NBPF SEL CHNL 1 NO BUFFER AND NO IFA 
NCHC NO CHANNEL TO CHANNEL 
NDCM NO DIRECT CONTROL AND NO MPK 
NDCT NO DIRECT CONTROL 
NMPK NO 3215 MOD 1 
NSB2 SELECTOR CHANNEL 1 BUFFER NO CHANNEL 2 
NSB3 SELECTOR CHANNEL 2 BUFFER NO CHANNEL 3 
NSB4 SELECTOR CHANNEL 3 BUFFER NO CHANNEL 4 
NS43 
NSC2 
NSC3 
NSDM 
NSX2 
NSX3 
NSX4 
NS09 
N4DC 
SBC 
SBN2 
SBPF 
SB2F 
SB12 
SB14 
SBl 
SB2 
SB3 
SB4 
SCl 

SEL CHNL 3 NO CHNL 4 
SEL CHNL 1 NO CHNL 2 
SEL CHNL 2 NO CHNL 3 
NO SX4 AND NO DCT AND NO MPK AND NO CHNL 
NO SELECTOR CHANNEL 2 
NO SELECTOR C~ANNEL 3 
NO SELECTOR CHANNEL 4 
N/128K MAIN-STORAGE FRAME 
NO SX4AND NO DIRECT CONTROL 
WORD BUFFER COMMON 
SEL CHNL 1 BUF WIO SEL CHNL 2 
SEL CHNL 1 BUFFER OR IFA 
SELECTOR CHANNEL 2 AND INTEGRATED FILE ADAPTER 
SEL CHNL BUFFERED 1 AND 2 
SEL CHNL 1 AND 2 AND 3 AND 4 BUF 
SELECTOR CHANNEL 1 BUFFER 
SELECTOR CHANNEL 2 BUFFER 
SELECTOR.CHANNEL 3J3UFFER 
SELECTOR CHANNEL 4 BUFFER 
SELECTOR CHANNEL 1 

SC2 SELECTOR CHANNEL 2 
SC3 SELECTOR CHANNEL 3 
SC4 SELECTOR CHANNEL 4 
SC12 SEL CHNL 1 AND 2 
SCPF SELECTOR CHANNEL 1 OR INTEGRATED FILE ADAPTER 
SC2F INTEGRATED FI LE ADAPTER SELECTOR CHANNEL 2 NO BUFFER 
SDPK 3210 MOD 1 OR MOD 2 

ACC DESCRIPTION 

SFIU SEL CHANL 1 BUF AND NO SEt 2, OR SEL CHANL 1 UNBUF, OR 
IFA WITH SEL CHNL 2 UNBUF 

SF2B SEL CHNL 1 BUF OR IFA WITH SEL CHNL 2 BUF WIO SEL CHNL 3 
SF3B SEL CHNL 1 BUF OR IFA WITH SEL CHNL 2 AND 3 BUF WIO SEL CHNL 4 
SF2U SEL CHNL 1 UNB OR IFA WITH SEL CHNL 2 UNB WIO SEL CHNL 3 
SF3U SEL CHNL 1 UNB OR IFA WITH SEL CHNL 2 AND 3 UNB WIO SEL CHNL 4 
SPK 3210 MODEL 1 
SPF INTEGRATED FILE ADAPTER 
SUN2 SEL CHNL 1 UNB WIO SEL CHNL 2 
SU14 SEL CHNL 1 AND 2 AND 3 AND 4 UNB 
S1NB SELECTOR CHANNEL 1 NO BUFFER 
S2NB SELECTOR CHANNEL 2 NO BUFFER 
S3NB SELECTOR CHANNEL 3 NO BUFFER 
S4NB SELECTOR CHANNEL 4 NO BUFFER 
S4DC SELECTOR CHANNEL 4 OR DIRECT CONTROL 
S4DM SX4 OR DIRECT CONTROL AND MPK 
S04 MAIN STORAGE 112K 
S06 MAIN STORAGE 160K 
S75 MAIN STORAGE 208K 
S08 MAIN STORAGE 256K 
S09 MAIN STORAGE 384K 
S10 MAIN STORAGE 512K 
IBN2 SELECTOR CHANNEL 1 BUFFER NO CHANNEL 2 
2BN3 SELECTOR CHANNEL 2 BUFFER NO CHANNEL 3 
3BN4 SELECTOR CHANNEL 3 BUFFER NO CHANNEL 4 
ICN2 SEL CHNL 1 NO CHNL 2 
2CN3 SEL CHNL 2 NO CHNL 3 
3CN4 SEL CHNL 3 NO CHNL 4 
4BDM 3215 AND DIRECT CTRL OR SEL CHNL 4 BUFF 

3145 ALD VERSION CODES 

CODE FEATURE 

000 BASIC 
001 MATRIX PRINTER (3215) 
003 IFA 
004 SELECTOR CHANNEL (WORD BUFFER) 
005 SELECTOR CHANNEL (NO WORD BUFFER) 

LIST OF DEVELOPMENT TERMS THAT MAY APPEAR IN THE LOGICS 

Previous 

SPF SYSTEM PRIME FILE 
LDF LOAD DIAG FILE 

Present 

IFA INTEGRATED FILE ADAPTER 
CF CONSOLE FILE 

Maintenance Aids A·a 



LOGIC REFERENCE 

A BYTE ASM CTRLS BAOll BASIC ASMBYTE 3 BITS P-7 GB641-GB642 C-REG BYTES 0-3 BIT 7 RC191 EXT DECODE BFR RR 139-RR 149 
A BYTE ASM B ENTRY BA015 B-REG BYTE 0 BITS P-4 RA 113-RA 114 C-REG BYTE 0 DECODE 1-2 DCOll-DC012 EXT DESTINATION DECODE DE021-DE023 
A BYTE ASM BYTE 0 BITS P-7 BA021-BA022 B-REG. BYTE 0 BITS 5-7 RA123 C-REG BYTE 0 DECODE 3-4 DCOl3-DC014 EXT DESTINATION ADDRESS LT DE022-DE024 
A BYTE ASM BYTE 1 BITS P-7 BA023-BA024 B-REG BYTE 1 BITS P-4 RA 124-RA 133 ~REGBYTE1DECODEO~ DC021-DC022 EXT DEST X DECODE DE026 
A BYTE ASM BYTE 2 BITS P-7 BA025-BA026 B-REG BYTE 1 BITS 5-7 RA134 C-REG BYTE 2 DECODE P-7 DC023 EXT DEST Y DECODE DE025-DE027 
A BYTE ASM BYTE 3 BITS P-7 BA027-BA028 B-REG BYTE 2 BITS P-4 RA143-RA144 C-REG BYTE 2 BITS 4-7 BFR BK012 EXT FEATURE SOURCE DECODE DF011-DF016 
A BYTE CTRLS SIR BA013 B-REG BYTE 2 BITS 5-7 RA153 DESTINATION BYTE CTRLS KD011-KD015 EXT.INTERRUPT REG JAOll-JA012 
ACB M REG COMP MC013 B-REG BYTE 3 BITS P-4 RA154-RA163 DISPLA Y ASM BYTE 0 PBOll-PB015 EXP EXT ASM BYTE 0 BITS P-2 BFl12-BF113 
ACB REG BYTE 0 MCOl5-MC017 B-REG BYTE 3 BITS 6-7 RA164 DISPLAY ASM BYTE 1 PB021-P B025 EXP EXT ASM BYTE 0 BITS 3-6 BF 114-BF 122 
ACB REG EWTE 1 MC016 B SOURCE BRANCH HI DECODE A RM211-RM213 DISPLAY ASM BYTE 2 PB031-PB035 EXP EXT ASM BYTE 0 BIT 7 BF123 
ADR. ADJ. CONTROLS MTOll-MT015 B SOURCE BRANCH LO DECODE A RM212-RM213. DISPLA Y ASM BYTE 3 PB041-PB045 EXP EXT ASM BYTE 1 BITS P & 0 BF132 
ADR ADJ. TO L.S. MT036-MT037 B SOURCE BRANCH HI DECODE B RM221 D-REG BYTE 0 BITS P-4 RA 115-RA 116 E XP EXT ASM BYTE 1 BITS 2-4 BF123-BF124 
ADR ADJ MATCH MT311-MT345 B SOURCE BRANCH LO DECODE B RM222 D-REG BYTE 0 BITS 5-6 RA125 EXP EXT ASM BYTE 1 BITS 1 & 5 BF133 
ADR. ADJ REGS 0-8 MTlll-MT134 BLl & BL2 DEC MT034-MT035 D-REG BYTE 1 BITS 0-5 RA 126-RA 135 EXP EXT ASM BYTE 1 BITS 6 & 7 BF134 
ALU FUNCTION CTRLS AC011 BLOCK 1 COMP TO BL SIZE MT033 D-REG BYTE 1 BITS 6-7 RA136 EXP EXT ASM BYTE 2 BITS P-2 BF 142-BF 143 
ALU GATE BA2 & BA3 HI & LO TO ALU 2 & 3 BK011 BLOCK 1 & BLOCK 2 WORK REG MT021-MT027 D-REG BYTE 2 BITS P-4 RA 145-RA 146 EXP EXT ASM BYTE 2 BITS 3-6 BF 144-BF 152 
ALU BUS BYTE 3 BITS 0-7 AL 113-AL 123 BRANCH HI-LO GATING 8 RM223 D-REG BYTE 2 BITS 5-7 RA155 EXP EXT ASM BYTE 2 BIT 7 BF153 
ALU BUS BYTE 2 BIT 0-7 AL 133-AL 143 BRANCHING CTRLS RM042 D-REG BYTE 3 BITS 0-5 RA 156-RA 165 EXP EXT ASM BYTE 3 BITS P & 0 BF162 
ALU HI INPUT ASM CTRLS BBlll CF CLOCK CTRLS LIGHTS IND KF042-KF054 D-REG BYTE 3 BITS 6-7 RA166 EXP EXT ASM BYTE 3 BITS 2-4 BF153-BF154 
ALU LO INPUT ASM CTRLS BB121 CF COMMAND REG CTRLS & DECODE KF022-KF026 DIRECT CTRL INTERFACE WR071 EXP EXT ASM BYTE 3 BITS 1 & 5 BF163 
ALU A SW CTRLS & ALU SIR AC014 CF COMMAND REG KF034 DIRECT CTRL INTERFACE BUS TAG JA021-JA 131 EXP EXT ASM BYTE 3 BITS 6 & 7 BF164 
ALU A SW GATE CTRLS AC012 CF DATA REG BYTE 0 KF014 DIAG REG BYTE 0,1 RD021,RD024 FEATURE BYTES 1 & 2 RD051-RD072 
ALU A INPUT PARITY GATES AM011-AM012 CF DATA REG BYTE 1 KF015 DIAG CTRLS RD022 FTC ERROR BITS P-l RA 125-RA 156 
ALU 2 A INPUT BITS 4-7 AL 131-AL132 CF DATA REG BYTE 2 DK016 DIAG MANUAL CTRL KDll1-KD112 FTC ERROR BITS 6-7 RA166 
ALU 2 A INPUT BITS 0-3 AL 141-AL 142 CF DATA REG BYTE 3 KF017 DOC CTRL INTERFACE WPOll-WP012 FLUSH THRU CHECK ERROR RE025 
ALU 3 A INPUT BITS 4-7 AL lll-AL112 CF DA COMPARE KF032 DOC CONSOLE RD WR CYCLE CTRL PD012-PD013 FTC ERROR 1 SIR RAl16 
ALU 3 A INPUT BITS 0-3 AL 121-AL 122 CF DATA CHECK KF011 DOC CONSOLE WD DATA REG PD015 FTC ERROR 2 RA 126-RA 127 
ALU CARRY-IN LATCHES AM014 CF DISPLAY CHECKS KF035-KF041 DOC CONSOLE KEYBOARD INTERFACE P 0021 -P D022 FTC ERROR 3 RA 136-RA 137 
ALU CARRY & COMPL CTRLS AC013 CF DISK ADDR REG KF031 DOC CONSOLE MAGNET DRIVER PD031-PD121 FTC ERROR 4 RA 146-RA 147 
ALU 16 BIT CARRY LOOKAHEAD AH015 CF INTERFACE TO 23FD SS011 DOC CONS PRT INTERFACE WPOll-WP022 FTC ERROR 5 RA157 
ALU PARITY PREDICT & 4 BIT HS CHECK AL 117-AL127 CF READY & HEAD CTRLS KF021 DOC CONSOLE PRINTER SW & CTRLS PA361-PA381 FTC ERROR 6 RA167 
ALU PARITY PREDICT & 4 BIT HS CHECK AL 137-AL147 CF TRACK INC DEC CTRLS KF033 ELIMINATE REG. MT014 H-REG BITS 0-7 RH022-RH023 
ALU LOGICAL CHECK ADOll CF SHIFT REG KF012-KF013 EPSWA B REG RM812 H-REG BACK-UP REG RR125 
ALU HS ERROR LATCHES AM013 CLOCK START CTRLS OSCILLATOR & DRIVE KC021-KC253 ERROR COUNTER RE361-RE362 H-REG PARITY CHECK RH021 

ALU DECIMAL CTRLS AD012 CLOCK SYNC CHECK RE045 EXT ASM GATES BEll1-BE121 I BACK-UP RVlll-RV315 

ALU 2 4 BIT HS TRANSMITS & CARRIES AL 135-AL 145 CLOCK SYNC GATING RD023 EXT ASM GATES BE 151-BE 161 I BUFFERS RU111-RU128 

ALU 34 BIT HS TRANSMITS & CARRIES AL115-AL125 CONSOLE ADDR COMPARE PA341-PA351 EXT ASM BYTE 0 BITS P-2 BE 112-BE 113 I BUFF CNTLS R U041-RU045 

ALU34 BIT GROUP CARRY COLLECTION FS AL 116-AL126 CONSOLE CPU LAMPS & DRIVERS PL141 EXT ASM BYTE 0 BITS 3-7 BE 114-BE 122 I CYC. CONTROL GEN. RU031-RU036 

ALU 2 4 BIT GROUP CARRY COLLECTION FS AL 136-AL 146 CONSOLE CPU SYS CHECK PL142 EXT ASM BYTE 0 BIT 7 BE123 PRE-ADDR ASSY RU051-RU052 

A-REG BYTE 0 BITS P-4 RA111-RAl12 CONSOLE LDF CHECKS LAMPS & DRIVERS PL161-PL 162 EXT ASM BYTE 1 BITS P & 0 BE132 I-CYCLE CONTROLS RU053 

A-REG BYTE 0 BITS 5-7 RA121 CONSOLE MATCH CIRCUITS PMOll EXT ASM BYTE 1 BITS 3 & 4 BE124 I-CYCLE ERROR LATCHES RU054 

A-REG BYTE 1 BITS P-4 RA122-RA131 CONSOLE PUSH BUTTON & ROTARY PA251-PA331 EXT ASM BYTE 1 BITS 1 & 5 BE133 I REG RV111-RV315 

A-REG BYTE 1 BITS 5-7 RA132 CONSOLE ROLLER SW A REG DISPLAY PL101-PL132 EXT ASM BYTE 1 BITS 6 & 7 BE134 K ASM BITS 0-7 LATCHES BK015 
A-REG BYTE 2 BITS P-4 RA 141-RA 162 CONSOLE SW DATA ENTRY A & B PAOll-PA211 EXT ASM BYTE 2 BITS P-2 BE142-BE143 K ASM FORCE BITS P,5-7 BK014 
A-REG BYTE 2 BITS 5-7 RA151 CONSOLE SW DATA ENTRY C & 0 PA021-PA221 EXT ASM BYTE 2 BITS 3-6 BE 146-BE 152 KEY REG RVlll-RV315 
A-REG BYTE 3 BITS P-4 RA 152-RA 161 CONSOLE SW DATA ENTRY E & F PA031-PA231 EXT ASM BYTE 2 BIT 7 BE153 L-REG BITS P-7 RLOll 
A-REG BYTE 3 BITS 5-7 RA162 CONSOLE SW DATA ENTRY G & H PA041-PA241 EXT ASM BYTE 3 BITS 2-4 BE 153-BE 154 L-REG BACK-UP REG RR144 

B BYTE ASM CTR LS BA012 CONSOLE SWITCHES MISC PA051-PA 101 EXT ASM BYTE 3 BITS P & 0 BE162 LOGICAL ADR, DISP. ASSY MT042-MT093 

B BYTE CTRLS SIR BA013 C-REG ASSEMBLY RC112-RC122 EXT ASM BYTE 3 BITS 1 & 5 BE163 LRU MT211-MT216 

B BYTE ASM 28 INPUT ASM BITS P-7 BB112-BB123 C-REG ASSEMBLER RC162-RCl72 EXT ASM BYTE 3 BITS 6 & 7 BE164 LS CONTROLS MB l11-RC092 

B BYTE ASM 36 INPUT ASM BITS P-7 BB113-BB122 C-REG ASSEMBLER RC182-RC192 EXT BUS IN DRIVERS BYTE a RC211-RC212 LS GATES BYTES 0-3 LCOll 

BACK UP ASM BYTE 1 BITS P-7 R R 126-RR 128 C-REG ASSEMBLER RC142-RC152 EXT BUS IN DRIVERS BYTE 1 RC221-RC222 LS A DEST ADDR LT X LA212 

BACK UP ASM BYTE 2 BITS P-7 RR136-RRl38 C-REG ASSEMBLER RC132-RC134 EXT BUS IN DRIVERS BYTE 2 RC231-RC232 LS A DEST ADDR L T Y LA222 

BACK UP ASM BYTE 3 BITS P-7 RR146-RRl48 C-REG CTRLS & SDBO RC091-RC093 EXT BUS IN DRIVERS BYTE 3 RC241-RC242 LA A B FAST X ADDRESS LAOll-LA018 

BACK UP REG BYTE 0 BITS P-4 RR116-RR117 C-REG BYTES 0-3 BIT P RClll EXT CTRL ASM MISC DE001-DE002 LA A FAST Y ADDRESS LA111-LAl17 

BACK UP REG BYTE 1 BITS P-7 R R 121-RR 123 C-REG BYTES 0-3 BIT 0 RC121 EXT CTRL ASM MISC DEOO3-DE004 LS A SLOW X ADDR ASM LA211 

BACK UP REG BYTE 2 BITS P-7 RR131-RR133 C-REG BYTES 0-3 BIT 1 RC131 EXT CTRL ASM MISC DE005-DE006 LS A SLOW Y ADDR ASM LA221 

BACK UP REG BYTE 3 BITS P-7 RR141-RR143 C-REG BYTES 0-3 BIT 2 RC141 EXTCTRLASMSOURCEDECODE DE011-DE012 LS B DEST ADDR LT X LA232 

BASIC ASM BYTE 0 BITS P-7 GB611-GB612 C-REG BYTES 0-3 BIT 3 RC151 EXTCTRLASMSOURCEDECODE DE013-DE014 LS B DEST ADDR LTY LA242 

BASIC ASM BYTE 1 BITS P-7 ~B621-GaQ22 C-REG BYTES 0-3 BIT 4 RC161 EXT CTRLASM SOURCE DECODE DE015-DE016 LS B FAST Y ADDRESS LA121-LA127 

BASIC ASM BYTE 2 BITS P-7 GB631-GB632 C-REG BYTES 0-3 BIT 5 RC171 
EXT INTERRUPT-RFG P-D RM813 LS B SLOW X ADDR ASM LA231 

C-REG BYTES 0-3 BIT 6 RC181 EXT DECODE BFR RR 119-RR129 LS B SLOW Y ADDR ASM LA241 
LS MISC X ADDRESS CTR LS LA021-LA024 
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Maintenance Aids A-10 

LS MISC Y ADDRESS CTRLS LA031-LA034 RETRY-DIAG-ACB ASM BYTE 2 BITS P-7 BE231-BE232 T-REG BITS 4-7 RT013 IFA 
LS 64X18 MONO BUFFER LA311-LA347 RETRY-DIAG-ACB ASM BYTE 3 BITS P-7 B E241-BE242 T-REG ASM & 2 REG ENTRY RT014 
LS SEL CHAN ADDR FORCE BB012 RETRY BACK-UP REG BYTE 0 BITS P-7 R R lll-R R 113 T-REG PARITY PREDICTION RP013-RP015 

ADDR. MARK JL413-JL414 

LA A B COMPARE ERROR 1 & 2 RA 117-RA 127 S-BRANCH HI-LO ASM A RM216 T-REG BACK-UP REG RR134 
ADR ADJ. CONTROL JV011 

LS A B COMPARE ERROR 3 & 4 RA 137-RA 147 S-BRANCH HI·LO ASM B RM226 TRAP ADDRESS LT RH014 
BCA REG. JL213 

LS A B COMPARE ERROR 5 & 6 RA 157-RA 167 S-REG CHECK RS126 TRAP ADDRESS BYTE 3 BITS 3-4 RH011 
BIT RING JL312 

MANUALSTORE DISPLAY KM011·KM031 S REG A RS115,RS214 TRAP ADDRESS BYTE 3 BITS 5·P RH018 
BYTE COUNTE R & DECODES JL022·JL 116 

MASK A-REG 4 INTRO REG RJ011 S REG B RS125,RS221 TRAP CTRL SIGNAL DRIVERS RH016 
CC HWD ERR. LAT. JL611 

MASK B·REG 4 INTRA REG RJ012 S-REG BITS 0·3 RS 115-RS 125 TRAP CYCLE L T RH021 
CC REG. FORCE JL214 

MCK·REG CTR LS RE011·RE015 S·REG BITS 2,4,5 STAT SET COND RS211·RS221 TRAP REO LT 'RH012-RH015 
CC DEC & CNTL JL216 

MCK·REG A BYTE 0 BITS P·7 RE021-RE022 S·REG BITS 4·7 RS241·RS224 U2 REG, OP & OPDEC. RUOll·RU016 
CE TESTSW JL021-JL022 

MCK·REG A BYTE 1 BITS P·7 RE022·RE024 S·REG SET-RESET CTRL & CHECK RS112·RS114 U3 REG, I MM. BYTE RU021·RU026 
CE CONTROLS JL514 

MCK-REG A BYTE 2 BITS P·7 RE031-RE033 S·REG SET-RESET CTRL RS 122-RS 124 V REG RV111·RV315 
CLOCK PHASE GEN. JL311 

MCK·REG A BYTE 3 BITS P·7 RE034-RE036 S-REG SET·RESET CTRL RS212.RS222 W REG RV111·RV315 
COMPARE GATE & DATA JL2l5 

MCK COUNTER RE053 S·REG OPERATION DECODE RS111-RS12l Z REG BYTE 0 BITS 0-7 AL 134-AL 144 
CONTROL TAG JL512 

MCK-REG B BYTE 0 BITS P-7 RE04l,RE045 S·REG BACK·UP REG RR114 Z REG BYTE 0& 2 BIT P AL 137·AL 147 
CYC CODE REG JL2ll·JL212 

MCK·REG B BYTE 1 BITS P-7 RE045,RE046 SDBI DRIVER BYTE 0 EXTERNAL MB151 Z REG BYTE 1 BITS 0·7 AL 1l4-AL 124 
DATA & CMD OVERRUN JL513 

MCK·REG B BYTE 2 BITS P·7 RE051,RE053 SDBI DRIVER BYTE 1 EXTERNAL MB161 Z REG BYTE 1 & 3 BIT P AL l17·AL 127 
DATA CK JL811 

MCK-REG B BYTE 3 RE052 SDBI DRIVER BYTE 2 EXTERNAL MB17l Z REG BYTE 2 BITS 0·7 AL 134-AL 144 
DIAG. ASSEMBLER JL711·JL715 

MEMORY CTRL MS011·MS015 SDBI DRIVER BYTE 3 EXTERNAL MB18l Z REG BYTE 3 BITS 0-7 AL114-AL124 
FCH REG JK211 

M-REG DATA GATES A & B RM111-RM1l4 SDBI DRIVER BYTE 0 INTERNAL MBll1 Z REG GATE CTRLS AC015 
FCL & FBO REG JK311 

M·REG DATA GATES A & B RM114·RM124 SDBI DRIVER BYTE 1 INTERNAL MB121 Z·REG TO AREG CTRLS RA012 
FCS REG JK212 

M·REG SET·RESET CTRLS RM112·RMl13 SDBI DRIVER BYTE 2 INTERNAL MB131 Z-REG RESET RA013 
FDR & FOP REG JK411, JK412 

M-REG SL T·RESET CTRLS RM122 SDBI DRIVER BYTE 31NTERNAL MB141 Z·REG COMBINATIONS EOUAL 0 RS213·RS221 
FED REG JK312 

M-REG LATE SET·RESET CTRLS RM123 SDBO PRE ASSEMBLER RC113-RC123 
FHC REG JK216-JK217 

M·REG DUP CHECK ASM RM061·RM064 SDBO PRE ASSEMBLER RC133-RC143 
STORAGE (SOOOl-S0020) FLAG REG-FFL JK111 

M-REG DUP CHECK RD024 SDBO PRE ASSEMBLER RC153·RC163 ADR. & INST. TO STOR S0600-50601 FMOD REG JK611 

MB-REG BYTE 2 BITS P-7 RM035 SDBO PRE ASSEMBLER RC173-RC183 DATA TO STOR S0700-50712 FSB & FGT PAR. GEN. JL901 

MB-REG BYTE 3 BITS P-3 RM073 SDBO PRE ASSEMBLER RC193 DELAY LINE S0311-S0315 FST REG JK313 

Ml.REG MCOll-MC022 SDBO ASSEMBLER RC114-RC124 ERROR DEC S0290·S0292 GATED ATTENTION J L811-JL814 

M2 REG BYTE 1 CTR L MC014 SDBO ASSEMBLER RC134-RC144 INST. EXIT TO SYS. S0800-50805 HD CONDo JL411 

M2-REG BACK-UP RR135 SDBO ASSEMBLER RC154·RC164 PARITY OUT GEN S0301-50304 IFA ASSY WD 20·23 BYrE 0 JK113-JKl15 

M3-REG PRE ASM P·7 RM021 SDBO ASSEMBLER RC174-RC184 READ GEN S0261-50262 IFA ASSY WD 20-23 BYTE 1 JK213-JK215 

M2-REG BYTE 2 BITS P·3 RM031-RM033 SDBO ASSEMBLER RC183·RC184 SAR S0401·S0404 
* 

IFA ASSY WD 20·23 BYTE 2 JK314-JK315 

M3·REG BYTE 2 BITS 4-7 RM032 SDBO INTERCEPTOR RV011·RV015 SDBI SDBO INT-EXT SO 1 00·S0805 IFA ASSY WD 20-2.3 BYTE 3 JK414-JK416 

M3·REG BITS P,O,2 RM041·RM043 SP PARITY & PAA CNTL RV021·RV024 SDBO INT. & EXT. S0900-50915 IFA INTERFACE WF 101·WF 111 

M3-REG BITS 1,3 RM044 STORAGE WORD DECODE DC031·DC032 SDR S0202-50248 INCORRECT LENGTH LAT JK513 

M3·REG BITS 6-7 RM052 STP STACK MS115-MS621 SDBO BYTES 0-7 EXT·INT S0900-50915 INDEX JL411 

MR·BITS 4-5 ASM A RM214-RM215 STP X, Y DRIVE & TIMING MSlll·MS114 STOR. CLOCK S0407·S0410 M ISSI NG AM LAT. JL014 

M3-B ITS 4-5 ASM B RM224-RM225 SYS REG BYTE 0 RS011 SYNDRONE GEN S0271·S0287 MOD SEL BITS JL511 

M3-REG PARITY GEN & CHECK RM065 SYS REG BYTE 1 RS012 WRITE GEN S0251-50252 MOP REG JL314 

M3-REG BACK-UP RR145 SYS REG BYTE 2 RS013 SELECTOR CHANNEL 
ORIENTATION LAT. JL014 

MPXINTERFACE WA011 TA REG DOC CONSOLE PDOll 
RD, WR ERASE GATES JL412 

MPX CHANNEL TAGS & REG & DECODE FA011-FA151 TT REG DOC CONSOLE PD014 SELCHNLINTERFACE GF414-GZ555 RESETS JL613 

NO REG BLOCK TO A REG ONLY TIMER CH113 SEL CHNL INTERFACE RECEIVERS & DRIVERS GB911·GB951 IFA RETRY CODE REG JK612 

N2·REG BYTE 2 BITS P·2 RM033 TIMER CH111-CH112 SEL CHANNEL GATES, SHARE CTRLS, TRAPS GAlll·GA511 SERDES READ BUFFER JL011·JL015 

N2-REG BYTE 2 BITS 3-7 RM034 TIMER OSC DRIVE CTlll SEL CHANNEL DECODES, GATES, TAGS, CTRLS GB051-GB514 SHARE CYC. CNTL JK511-JK512 

N3-REG BITS P·7 RM045-RM052 TIMER DECODE PM014 SEL CHNL SOURCE DECODE GD011·GD017 SHARECYCERRORLA~ JK513 

NSP REG MT031-MT032 TIMER CARD 2 CTRLS CH021·CH022 SEL CHNL WORD BUFFER & CTRLS GC311·GC513 SLT & MST CONVERTS JL415·JL416 

P REG RP011·RP012 TIME OF DAY ADVANCE CTRLS SET CTRLS CT111·CTl12 SEL CHNL 1 INTERFACE WA021 JL515-JL518 

P·REG BACK-UP REG RP124 TIME OF DAY CLOCK OSCILLATOR & DELAY CT011·CTl15 SEL CHNL 2 INTERFACE WA031 JL813 

P·REG PARITY PREDICTION RP015 TIME OF DAY CLOCK DETECT & BITS ASM CT113·CTl14 SEL CHNL 3 INTERFACE WA041 TAG REG - FTO JK112 

PLUG ON TERM ZA012·ZE234 TIME OF DAY HI TO LO BYTE 0 BITS 0·5 CT211·CT212 SEL CHNL 4 INTERFACE WA051 TRAP CONTROLS & REOUESTS JL611·JL612 

PRIORITY DECODE RH013 TIME OF DAY HI TO LO BYTE 0 BITS 6-7 CT213 SEL CHNL 1 ASSEMBLER GC611·GC645 WR. DATA & MOP ERROR JL313 

RETRY BFR RR021 TIME OF DAY HI TO LO BYTE 1 BITS 0-1 CT213-CT214 POWER 
WRITE CONTROL JL117 

RETRY COUNTER RH031 TOO SPF ASM GATING BYTE 0 BITS 0.7 CT214 WRONG LENGTH RECORD JL512 

RETRY FLAGS RR012 TOO PARITY PREDICT BYTE 0 CT214 
SE~ PANEL LITE DRV. YD311·YD351 

2319 MIXER BD 
RETRY HM BYTE 0 RR115 TOO PARITY PREDICT BYTE 1 CT225 

1ST -5EO LOG IC YD411-YD431 

RETRY REG CTRL RROll·RR012 TOS HI LO BYTE 1 BITS 1·5 CT221·CT222 
2ND-SEQ LOGIC YD441 CE PANEL FE110-FE120 

RETRY CODE CTR LS GB711-GB713 TOO HI LO BYTE 2 BITS 0·1 CT221·CT223 
RELAY DEV. YD511 DRIVE SELECT FE070 

RETRY·DIAG-ACB ASM BYTE 0 BITS P-3 BE211·BE212 TOO SPF ASM GATING BYTE,l BITS 1·7 CT224 
REG. INPUT RESISTOR CARDS YD111·YD121 INTERFACE ENTRY FROM DRIVE FE010 

RETRY·DIAG·ACB ASM BYTE 1 BITS P·7 BE221·BE222 TOD SPF ASM GATING BYTE 2 BITS 1·2 CT224 
REED RELAYS YD811 INTERFACE EXIT TO DRIVE FE020 

TOD CTRS BYTE 2 BITS 4-7 CT311·CT312 
SEO·PANEL INDICATORS YD611·YD612 LEVEL CONVERT FE070-FE 100 

TOO CTRS BYTE 3 BITS 1-4 CT312·CT313 
THERMALS,SEO& DELAY YD711·YD721 RD·WR COAX SW. FE030 

TOO CTRS BYTE 3 BITS 5-7 CT314 
UNDER VOLT. DET. YD211-YD251 VFO FE040-FE060 

TOO ASM BYTE 2,3 PARITY.GEN & GATES CT315·CT316 
VOLTAGE NETS BOARDS ZZOll-ZZ121 CHAN TO CHAN ADAPTER FEATURE XX001·XX931 
VOLTAGE NETS ZZOll·ZZ310 

TOO BYTE 3 BITS 3·7 CT317 DIRECT CONTROL FEATURE JAOll-JA 151 
T-REG INPUT RT011 
T-REG BITS 0-3 TR012 

* NOTE: SO Logics in Area & FTSC Only 



MST LOGIC INFORMATION 

CLOCK CARD LOCATIONS 

AGATE BGATE 

Al - K2 A1 - C4 
A2-C4 
A3- C4 B3 - V3 
A4- 04 

C3 - J2 
B1 - C4 
B2 - M2 
B3 - H4 
B4 - K2 

C1 - G2 
C2 - J2 
C3 - G4 
C4 - E2 

CLOCK TIMING CHART 

OTime 

o Delayed 

1 Time 

1 Delayed 

2Time 

2 Delayed 

o 45 90 135 

CYCLE TIME FOR CONTROL WORDS 

PIN LOCATIONS OF TIMING 
PULSES ON EACH CLOCK CARD 

+0 Time- G05 
-0 Time- J07 

+0 Delayed- 011 
-0 Delayed- G07 

+1 Time- B13 
-1 Time- JOg 

+1 Delayed- J02 
-1 Delayed- J13 

+2 Time- J12 
-2 Time- G13 
+2 Delayed- 004 
-2 Delayed- G12 

OSC Sync Point Gl0 

180 225 270 315 

202.5 ns J Note: Cycle times in the logic pages appear as 180, 225,270 cycles-
247.5 ns ( A delay of 22.5 nanoseconds is added to each of these cycles to 
292.5 ns ( obtain the cycle times of 202.5 to 292.5. Two delays are added to 
315.0 ns ) obtain the 315-cycle time. Refer to the control-word section for 

/ details on cycle times for each word type. 

SPECIAL NOTE 

• Signal lines cannot be tied down to -3V or ground 

o Signal lines should not be tied up to +1.2V directly 

• Signal lines can be tied up to +1.2V through a resistor network located on 
each board at the following locations. 

AGATE 

A1 - K2 B07,B08 
A2 - C4 B07,B08 
A3 - C4 B07,808 
A4 - 04 B07,B08 

BGATE 

A 1 - C4 B07,B08 
83 - V3 B07,B08 
C3 - J2 B07,B08 

B1 -
B2 -
B3 -
B4 -

PULLING CARDS WITH POWER ON 

C4 B07,B08 
M2 B07,B08 
H4 B07,B08 
K2 B07,B08 

C1 - G2 B07,B08 
C2 - J2 B07,B08 
C3 - G4 B07,B08 
C4 - E2 B07,B08 

Most cards in the A & B gates can be pulled out and extended or 
swapped without dropping power. Exceptions to this are: 

1. Local-storage cards 01 A - B4 - M 2,P2;0 1 A-C4-B2,C2 

2. Storage-protect cards - 01A-A l-H4,J4,K4,L4 

3. Phase 2I Memory Cards 

4. ECC Board cards 01B-A3 

5. Memory select card 01A-C1F2 

Note: 
1. It may be necessary to IMP L after a card is extended or 

swapped. 

2. Board covers should not be left open for an extended period 
of time. 
(Possible false errors or thermal checks) 
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4-Wide Card Socket 

0 B 

J G 

P M 

U S 

Wiring Side 

P 
I 
N 

0 S B 

• 2 • 
~ • + 1.25 • 

• • 
• • 
• --@ -3.0 

• • 
~ • 

• • 
• -@ • • - +1.25 

• • 
• • 

13 

Voltage Locations On Phase 2 I STG Array Boards 

Voltages are applied to EACH card. Each card occupies two 
c,onnector positions 

+7 
+2 
+1.25 

G09 
B04 
003 

-3 

GNO 
B06 
008/B13 

Upper and Lower Row Tri-Lead Locations 

Pins 
~----~------------------------------~-11 

MST Board (Wiring Side) 

1 ' 

2 

3 

4 

5 

6 

Upper row (1) are pins 11 and 13 
Lower row (6) are pins 2 and 4 

MST - 2 Module -' Pin Side View 

0000 
O.~O 
ogoo 
0000 

• -3 Volts 

~ GROUND 

g +1.2 Volts 

Rows 

VOLTAGE LEVELS-SCOPING INFORMATION 

13 

Pins 
2 
4 

1. MST voltage swing is approximately +O.4V to -O.4V. Depend-
ing on the load this signal will vary slightly .• 

2. Scope probes must always be grounded. 

3. Lamp driver +2.0 is the up level-+0.3V is the down level. 

4. Interface lines +3.0 is the up level-O.OV is the down level. 

5. All lines longer than 12 inches must be terminated (a 90 
resistor is used). These resistors may be on an MST card or 
may be terminated with a POT (plug on terminator). In 
the FEALD's a terminator on the MST card is shown by an 
asterisk on an input line to a logic page and a note at the 
bottom of the page. 

Example: ·1 time buffered - RT011 BS6* -
A POT is another terminator that plugs into the tri-Iead cable. 
POTS are shown in the ZA and ZB logic pages. Missing POT 
can be detected by an excessive amount of oscillation on a 
signal level. 

OV OV 
-O.5V \ -------

Note: Missing POTS cause the machine to be very sensitive 
to noise. 

6. Bad levels may appear to come from the external assemblers 
(SE & BF logic) because of spare inputs. Spare inputs are 
left floating. This causes the output to appear like a bad 
level. 

Ground Reference 

The output signal should not be gated anywhere during the 
time the signal does not pass through ground. Also, there 
should be a note on the logic pages involved. 

7. Examples of outputs from correctly operating nets that may 
look as if they are double-terminated • 

==:\COV 
\~-----. ..~ 

~.5V 

OV 
LJ~--::-O---.5""""V--' 

OV 

The above wave forms are typical outputs of an AO type 
circuit. The double hump on the negative swing indicates 
that two input AND circuits are active. 

O.4V 
\ ..... ______ 1 

The above wave form is typical of A dot AND Ckt. With two nets 
tied together, the positive signal will pull up a negative signal. 

8. The following is an example of a double-terminated net output. 

OV \ 
\J--- -O.2V 

A 

Maintenance Aids A-12 



GATE LAYOUT 
A B C 

Backup Regs M, N, MB Regs 
Stg protect Selector Channel 1 Traps and Priorities 
TaD Clock or Integrated File Branch Controls 
Sel Ch (common) Adapter Interval Timer 

Selector Channel 2 External Assemblers A, B, Z, 0, Regs 

2 ALU 
*SX4 Diagnostic Reg FTC Latches 

A, B Assemblers 

Selector Channel 3 External Assemblers A LU Controls 

3 SPTL 
*SX4 C Reg Decode 

Display Assembler 

Console File C Reg LS Controls 
MPX Channel SDBO LS 'B' Array 

4 System Reg Secondary Ctrl Asm External Addressing Ctrls 
Printer/KBD LS 'A' Array Cards 
Manual Controls 

'A' GATE (CARD SIDE) 

* Several cards for Selector Channel 4 are in A2 and A3 boards 

Channel Cable Plug Locations 

LOC A B C o E F 

2 DC In DCOut 

3 X Bus In X Bus Out Y Bus In Y Bus Out MPX Bus SX 1 Bus 

4 X Tag In X Tag In Y Tag In Y Tag Out MPX Tag SX1 Tag .. .... " . 
' . . . 

B 

D 

2----13 2----13 

DC :::; 0 irect Control 

Channel-to-channel feature uses positions 
A3, A4, B3, B4, C3, C4, 03, and 04. 

2----13 2 ----13 

Note: Plug the terminator cards shipped in the I/O connector rack 
sockets into the appropriate positions in the last control unit on 
each channel. Refer to the installation manual for each control unit to 
determine the terminator location. 

G 

J 

G 

SX2 Bus 

SX2 Tag 

A B 

Selector Channel 4 3215 Pri nter /Keyboard 
Direct Control Channel to Channel 

Phase 21 STG Phase 21 STG 

2 (control Stg. and (112 or 160K) 
high main Stg.) 

ECC Address-Adju st Circu its 
I.V.W.U. I.BU, TR Regs. 

3 Logical Regs. 

Phase 21 STG Phase 21 STG 

(Control stg. arid (112 or 160K) 
4 high main stg.) 

'B' GATE (CARD SIDEI 

H J 

SX3 Bus SX4 Bus 

SX3 Tag SX4 Tag 

C 

Phase 21 STG 

(208 or 256K) 

Channel Ctrls 
LRU Reg 
CPU ADDR ADJ CTRLs 
I-Cycle Ctrl. 
Op Code and I Buffers 

Phase 21 STG 

(208 or 256K) 

Console Lamp Drivers 

Console-Fife Interface 
Drivers 

Printer/Keyboard 
Magnet Drivers & 
Lamp Drivers 

01F - Al 
(Behind Console) 

Under-Over 
Voltage Detect 

Power Sequence 
Relays 

Thermal/CB Detect 

I ndicator Driver 
for Power Panel 

02-A2 
(Below CE Power Panel) 
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VOL TAGE DISTRIBUTION 

Voltage Location Chart 

Regulator Logic Page Rating Gate Boards 

101 YE310 +1.25V@69A A A3, B3, C3 
-3V 

102 YE310 +1.25V @69A A A1,B1,C1 
-3V 

104 YE300 +1.25V @69A A A2, B2, C2 
-3V 

107 YE301 +1.25V @69A A A4, B4, C4 
-3V 

108 YE300 +6V @12A See Special Voltage 
o istri bution 

109 YE303 +1.25V @69A B Al,Bl,Cl 
-3V 

103 YE300 +1.25V @69A B A2 
-3V 

106 YE300 +7V @69A B A2 
105 YE300' +1.25V @89A B A3 
110 YE302 +2V @250A B A2,A4 
111 YE302 +2V @250A B B2,B4 
112 YE302 +2V @250A B C2,C4 

Duo Reg Adj Card 

0 Overcurrent Potentiometer (sealed) 

D Overvoltage Potentiomter (sealed) 

o Voltage Adj Potentiometer 1.25V 

o Voltage Adj Potentiometer 3.0V 

Phase 21 Control Regulator Card 

o Sealed Potentiometer 

D Voltage Adj. Potentiometer 

Single Reg Adj Card 

D Overvoltage Adj Potentiometer 

o Overcurrent Adj Potentiometer 

CJ Voltage Adj Potentiometer 

Usually Sealed 

Maintenance Aids A-14 

Special Voltage Distribution Chart 

A-Gate B-Gate 

01A A1Ll012 GNO 01B A1C6004 +6 
A1Ll011 +6 A lC6E03 GNO 

A2Cl0ll +6 A1C6E04 +6 
A2C1E12 GNO A1T6B04 +6 
A2C1 Ell +6 A1T6A03 GNO 
A3C6E04 +6 A1T6A04 +6 
A3C6E03 GNO B1Nl011 +6 
A3C6004 +6 B1N1E12 GNO 
A4Ll012 GNO B1N1El1 +6 
A4L1011 +6 B1N6004 +6 
B1C1El1 +6 B1N6E03 GNO 
B1C1E12 GNO B1N6E04 +6 
B1Cl011 +6 B1C6E03 GNO 
B4C1El1 +6 B1C6E04 +6 
B4C1E12 GNO 

01AF1 (Mixer Board) Special Voltage Distribution Chart 

3210-1 3210-11 3215 Console File Audible Alarm 

Pin Voltage Pin Voltage Pin Voltage Pin Voltage Pin Voltage 

C2B08 +6V 02B08 +6V B7008 GNO L2B12 +24V K2B08 +6V 

C3B08 +6V 03B08 +6V B7013 +24V L2013 +24V K3B08 +6V 

C4B08 +6V 04B08 +6V B7B06 -3 M2B12 24V Ret F6B08 +6V 

J2B08 +6V C5B08 +6V B7B08 +6V 

J3B08 +6V 05B08 +6 M7B06 -3 

J6B07 24V Ret G6B07 24V Ret 

K6B07 24V Ret H6B07 24V Ret 

L6002 +24V M5002 +24V 
L6013 +24V M5013 +24V 
L6010 24V Ret M5010 24V Ret 

L6B08 +12V M5B08 +12V 



BASIC LOGIC SYMBOLOGY 

POLARITY-Is indicated by a wedge (~ ) or no-wedge. 

More Negative Voltage ~ 

More Positive :,oltage ~ 

ACTIVE LEVEL--Is the line level that conforms to the edge of 

block character for that line. 

This Line is Functionally Active When Minus~ 

This Line is Functionally Active When Plus --U 

AND·-The output of the AND block is active only when all of 
its inputs are active. The letters in the block are the symbol 

of the function. In this case, 'A' is the symbol for the AND 
function. The input may be mixed to any block. 

I I 
I I 

A~ 
B~ 
C~ • I 

D--II..
I I 
I I 

ORO-The output of the OR block is active only when one or 
more of its inputs are active. 

:=LJ--c 
A~ 
B -------r-L 
C~ 

INVERTER·-The output of the inverter is of opposite 

potential to the input. 

AMPLI F I ER·-The amplifier provides adequate driving energy 

and an appropriate impedance match to other blocks. The . 
amplitifer output is active only when the input is active. An 

amplifier having input or output of other than standard logic 

signal voltage has distinctive labeling at the block. 

THRESHOLD--The output of the threshold is active only when 
the number of active inputs reaches or exceeds the number 
specified in the function symbol. (N) - minimum number of 
actiVe inputs required for an active output. 

EVEN COUNT··The output of even count (Even) is active 
only when an even number (such as 0, 2, 4, and 6) of inputs 

are active. 

ODD COUNT--The output of odd count (odd) is active only 

when an odd number (such as 1, 2, 5, and 7) of inputs are 

active. 

A 
B 

C 
o 

ODD 

I I I I I 
!......!I~ 

A ------1 L..!.....J I -

B I 1 ~i-I~I~------
C I j-' -fl-+I----

o I~ 
E~ lri'----11--

IIU~ 

FLiP-FLOP-·The flip-flop has two stable states. One of 
these is the T state or set state: the other is the '0' state 

or clear state. The flip-flop block normally has two outputs. 
AT output and a '0' output. In the ALD's a line from the 

upper part of the block represents the 'I' output and a line 
from the lower part of the block represents the '0' output. 

A flip-flop can have five types (S, R, J, K, and T) of 

inputs in different combinations. Inputs J and K, respectively 
act like inputs Sand R in the flip latch except that simul

taneous application of a J set and K reset will complement 

the output. The T input complements each output. I n the 
FF example a simultaneous S-R (set-reset) input causes output 
Y to follow the set (+) and output Z to follow the reset (+). 

If any other inputs are active during simultaneous S-R input, 
the outputs are undefined. 

(]=FF 

J Y 

T 
K Z 
R 

FLIP FLOP LATCH OR FLIP LATCH--The definition of this 
device is the same as that given for flip flop except that 
simultaneous application of active signals at the '1' input and 
the 'a' input will cause the '1' output and '0' output to both 
go to the negative polarity or both go to the positive polarity 

(depending upon the characteristics of the particular circuit 

type) for the duration of such simultaneous input application. 

Complement input is not applicable to this block. 

D -fl- ~ 
~ariati~ 

POLARITY HOLD·-The output of this block will follow the 
data (CD) line as long as the control line is active. When the 

control input goes inactive the output remains at whatever 
polarity it possesses at that moment. The PH block may have a 
clear input. If so, when the clear input is active the output is 

inactive. 
The output line is toward the top of the block. The data 

line is the input line toward the top of the block. The control 

line is centered on the input side of the block. The clear 

line is toward the bottom of the block. 

Data =UH 

Control . 

Clear 

Output 

Data ..JlJl.Il.IlJUU 
III I I 
I I. I I 

Control ~ 
I I I II 
I II I I 

Output ~ 

Clear 
_______ ~r_L_ 

CONVERTER--The converter block provides the necessary 

conversion between two types of logic. Voltage mode to 
current mode, voltage to Voltage, etc. An indication of input 
and output voltage levels, or line types, may be shown in the 
title area of the block. 

-1 To +6 

~cv ~ 

SINGLESHOT -The output of the singleshot becomes active 

when the input is active. The output remains in this state 

for a time characteristic of the particular block. Regardless 

of the length of the input signal, the singleshot always has the 
time duration shown in the title area of the block. If a 
singleshot has more than one output not of the same duration, 

the block is labeled or a reference note on the page relates 
pin numbers to time durations. 

500 NS 

A-LJ-

EXCLUSIVE ORo-The output of an exclusive OR block is 
active when only one of its inputs is active. 

TIME DELA Yo-The time delay block delays a signal without 

distoration of the signal. The time delay symbol must always 

be accompanied by the time delay. 

Time delays having a delay time for the leading edge of the 
output that is different from the time delay for trailing edge 

are identified by the placement of an 'L' for leading and A 

'1' for trailing immediately prior to the separate delay times 
in the block area. The input polarity at the block must be 
that associated with the leading edge of the output. 

50 NS 

JTDL 
A~-B 

A --1"""'11.-____ _ 
I 
I 

B --+----r--t--
----l ~50NS 
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DOT BLOCK--A dot block represents an external connection 
of two or more nets. If one of the nets becomes active, it 
will force all nets to the active level. Blocks which are con
nected in this fashion will have a wedge ( ) or a plus (+) 

symbol under their output lines indicating the level of the 
active dot. 

Note: Dot And blocks operate as And's--output is active 
only when all input nets are active. 

COMPON ENT BLOCKS 

CJCJCJCJLJ 
ReSistor I nductor Capacitor I mpedance Indicator 

(I ntegrator) 

~ -kJ-

LJ u UU r"'V I 
Power Therma- Diode Diode Array 
Supply Switch 

LJDuLJLJ 
Jumper Fuse Jack Hub Switch 

EDGE OF BLOCK CHARACTER--An edge of block character, 
alongside an FE ALD (MST) block serves the following 
functions 

E An extender. In combination with a 'K' input, shows that 
additional blocks act as inputs to the first block. 

K At the output of a block, 'K' indicates that the line 
connects to another output. At the output of a block 
And connected to an 'E' output of another block, 'K' 
indicates the nonlogical function of an extender. 

X A non logic input or output. The driving circuit to this 
input is usually a fixed voltage or bias. An X line does 
not influence the state of a circuit. 

P A positive-going shift or pulse activates the block. 

N A negative-going shift or pulse activates the block. 

T A test point. Do not confuse this with 'T' as an input 
voltage character. 

Module Pin 

Card Coord i nate 

T 19 E S 
U S R 

U:'O'dOd r 
Simultaneous Inputs Result In Set 
Output Dotted Minus 
Active Dot Will Force Reset Of Block 

Code 

B 

C 
D 
E 
F 
G 
H 
J 
L 
T 
Z 

Voltage Codes 

Minimum Up Level (Volts) Minimum Down Level (Volts) 

C 
CD 
J 
K 
R 
S 
T 
U 
X 
* 

2.5 to 2.1 1.9 to 1.5 
2.5 to 2.1 1.4 to 1.0 
1.9 to 1.6 1.4 to 1.0 
2.0 to 1.6 0.9 to 0.6 
4.0 to 3.5 0.5 to 0.3 
2.5 to 2.1 0.5 to 0.3 
2.0 to 1.6 0.5 to 0.3 
1.5 to 1.1 0.5 to 0.3 
0.7 to 0.5 0.4 to 0.2 
0.3 -0.3 

-1.0 -1.5 

Block Characters 

Control line of PH 
Controlled data line of PH 
Set line. See flip flop 
Reset line. See flip flop 
Reset line 
Set line 
Complement line. See flip flop 
Unloaded output 
Nonlogical line (Exm bias) 
Indicated off board connection or 
labeled load resistor 
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DOCUMENTATION SUMMARY 

3145 Related Manuals & SR L's 
(Not Complete) 

FETOM M5T Packaging, Tools & Wiring Change Procedure 
FETOM Components Circuits 
FETOM Power 5upplies 
3145 Parts Catalog 
3345 Parts Catalog 
3215 Parts Catalog 
3210 Parts Catalog 
5electric 1/0-2 Parts Catalog 
23FD Integrated Theory/Maintenance 
3215 FETMM 

5Y22-6739 
5Y22-2798 
Y22-2799 
5124-0120 

5124-0107 
5124-0114 
5131-0024 
SY26-4154 
5Y24-3560 

3215 Maintenance Analysis Procedures (Order by Part Number Per Sheet) 
3210 Theory/Maintenance SY24-3559 
5electric 1/0-2 Theory/Maintenance SY27-0078 
3345 Theory/Maintenance SY24-3581 
3145 MDM Second Levels 
A Guide to 5ystem 370/145 
IBM 5ystem/370 Model 145 Functional Characteristics 
IBM System/370 Model 145 Operating Procedures 
IBM System/370 Model 145 Installation Information 

Physical Planni. 
IBM System/370 System Summary 
1 BM 5ystem/370 I/O Configurator 
IBM System/370 Principles of Operation 
IBM 3210 Console Printer-Keyboard Model 2 Component 

Description 
IBM 3215 Console Printer-Keyboard Model 1 Component 

Description 
Emulating the IBM 1401, 1440, and 1460 on IBM 5ystem/370 

Models 155 and 145 Using OS/360 
Emulating the IBM 1410 and 7010 on IBM System/370 Models 

155 and 145 Using 05/360 
Emulating the IBM 1410 and 7010 on IBM System/370 Models 

155 and 145 Using D05/360 
Emu lating the IBM 1401, 1440, and 1460 on IBM 5ystem/370 

Models 155 and 145 Using D05/360 
DOS OlTEP 

SY24-3580 
GC20-1734 
GA24-3557 
GC38-0015 

GA22-6976 

GA22-7001 
GA22-7002 
GA22-7000 
GA24-3552 

GA24-3550 

GC27-6945 

GC27-6946 

GC33-2005 

GC33-2004 

GC24-5086 

System/370 General Group (Microfiche) 

These manuals will be shipped to each System/370, on 
microfiche, form MID_ (Initial shipment approximately two 
weeks before machine ship.) 

Document 
Microfiche Hard Copy 

. Form No. Form No . 

Meters - Parts Catalog S184-0056 5124-0056 

Tools/Test Equipment S183-0330 5123-0330 

Catalog Vol. 1 
Tools/Test Equipment 51B3-0438 S123-0438 

Catalog Vol. 2 
5MS I nstruction/R eference Manual 52B3-6900 5223-6900 

Metering-FETOM 5283-2728 5223-2728 

F ETOM Components SY82-2798 SY22-2798 

Circuits, Sl T, SlD, ASl T, MST 
FETOM Sl T Packaging, Tools, 5YB2-2800 SY22-2800 

Wiring Change Procedures 
FETOM-Power Supplies SYB2-2799 SY22-2799 

5l T, 5lD, ASl T, MST 
SMS Power Supply 60-Cycle S285-6478 5225-6478 

Transistor-Theory-Application S283-6783 5223-6783 

Transistor-Component Circuits S2B3-6889 S223-6889 

FETOM MST Packaging SYB2-6739 5Y22-6739 

Tools and Wiring Change Procedure 
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New 370 Op-Codes 

OPERATION MNEMONIC OP CODE FORMAT OPERANDS DESCRIPTION INTERRUPTION CONDo CODE OPERATION MNEMONIC OP CODE FORMAT OPERANDS DESCRIPTION INTERRUPTION CONDo CODE 

Compare logical ClM BD RS R1, M3 Second operand is Oper. a = Selected Load Control lCTl B7 RS R1, R3, Control Regs. Oper. Unchanged 
characters under D2 compared with Prot. byte or mask D2 specified by R 1 Privileged 
mask (B2) first operand Adr. = a 1, Selected (B2) (start) and R3 Op. 

under mask, (bits R 1 lo 2, (ending) are Prot. 
12-15 = bytes 0-3), Selected R 1 Hi loaded from loca- Adr. 
and result indi- 3, Not used tion designated by Spec. 
cated in condition D2 (B2). 
code. 

Move long MVCl DE RR R1 2nd Op. is placed Oper. 0, 1st & 2nd 
Compare logical CLCL OF RR R1, 1st Op compared Oper. 0, = or both R2 in 1st. Op. location Prot. Op. count are 
long R2 with 2nd 0 p. and Prot. fields a length Note: Specs. of R 1 Adr. = 1, 1 st Op. 

results indicated Adr. l,lstoplo2, & R 2 are the same Spec. Cnt.low 2, 
in condo code. Spec. 1st op hi 3, as CLCl inst. 1st Op. Cnt. hi 
Note: Rl & R2 not used 3, no move-
designate a pair ment, destruc-
of Regs and tive overlap 
must start with 
an even Reg R 1 , 
R2 (8-31) = 

Start of compo 
field 
R1+1,R2+1 
(8-31) = length 

Set Clock SCK B204 SI D1 8-byte field spec. Oper. 0, elk. valid 
(Bl) byD1 (Bl)is Privileged 1, Clk. valid 

placed in the TOD Op. 2, not used 
clock (0-51 bits Prot. 3, Clk not 
used) Adr. operational 

Spec. 

of compo field 
R2 + 1 (0-7) = 

Shift and Round SRP FO SS D1 1st Op. is shifted Oper. a, result is a 
(L 1, in the direction and Prot. 1, result (0 

Padding char. B1 ), no. of digit positions Adr. 2, result) a 
R1,R2,R1+1 D2 specified by 2nd Op Data 3, result 

(0-7) = ignored (B2), 1st Op is rounded Dec. overflows 

Insert Char. ICM BF RS Rl, M3, Bytes in con- Oper. A" 
Under D2 tiguous order Prot. 0, inserted 

Mask (B2) from 2nd Op. Adr. B 1 = 0, or 
inserted into 1st mask is a 
Op. under mask, 1, 1st bit of 
(bits 12-15 = field = 1 
bytes 0-3) in 2, 1st bit of 

field = a 
0, not used 

13 by factor 13 on Over' 
right shifts. Flow 
Note: 
D2 + 82 bit 27-31 
= no. of shifts 
Bit26=O= 
left shift 
Bit 26 = 1 = 
right shift 



OPERATION MNEMONIC OP CODE FORMAT OPERANDS DESCRIPTION INTERRUPTION CONDo CODE OPERATION MNEMONIC OP CODE FORMAT OPERANDS DESCRIPTION INTERRUPTION CONDo CODE 

Start I/O Fast SIOF 9C+ SI D1 Non-block multi- Privileged 0, I/O Stored CPU I D STIDP B202 SI D1 CPU data stored in Oper. Unchanged 
Release Bit 15 (B1 ) plex mode: Same as Op. operation (B1) 8-byte field Privileged 

= 1 SIO. Block-multi- initiated & designated by D 1 Op. 
plex mode: S 10 channel (B 1) 0-7 Reserved Prot. 
is started if sub- proceeding 8-31 CPU Serial Adr. 
channel, channel with execu- 32-47 CPU Spec. 
are available or in tion Model 48-63 Max. 
interrupt pending 1, CSW stored MCEL Length 
state & no excep- 2, Channel or 
tional condition sub-channel 
has been detected busy 

3, not op. 

Store Control STCTL B6 RS R1, R3 Starting Control Oper. Unchanged 
D2 reg. Spec. by R 1 & Privileged 
(B2) ending with control Prot. 

reg. Spec. by R 3 Adr. 
Store Channel STIDC B203 SI D1 1 nformation Oper. 0, ID stored are stored at Loc. Spec. 
ID (B1 ) identifying the Privileged 1, CSW add ressed by D 2 

designated Op. stored (B2). 
channel is stored 2, Chan. busy, 
in 4 byte field at no store 
MS 168 0-3 Type 3, not oper. 
4-15 Channel 
Model No. 16-31 
Max.IOEL 
Length 

Halt Device HDV 9E SI D1 Current I/O Op. of Privileged 0, Sub-chan 
(B1) addressed device is Op. busy with another 

terminated. Chaining device or interrupt 

is broken. (More pending 

detail is Sys/370 1, CSW Stored 
Prin. of Op.) 2, Chan. Working 

3, Not 
Store Char. STCM BE RS R1, M3, 1 st 0 p. bytes, Oper. Unchanged Operational 
Under D2 selected by mask Prot. 
Mask (B2) (bit 12-15 = Adr. 

bytes 0-3) are 
placed in 2nd 
Op. field in 
contiguous order. 

Store Clock STCK B205 SI D1 Value of T.O.D. Oper. 0, Clock in set 
(B1 ) clock is stored in 8 Prot. state 

byte field designated Adr. 1, not set state 
by D 1 (81) 2, error state 

3, (not valid for 
3145) 

3145 TM A-19 



DIAGNOSE INSTRUCTION FUNCTIONS FOR THE 
MODEL 145 

The specific diagnose functions are designated by the 24-bit 
address formed by adding the contents of B 1 +D 1. The two 
low-order bits of this address are ignored so that the address 
always appears to be on a word boundary. The following 
specific Diagnose I nstruction functions have been defi ned 
for the Model 145. 

Load Patch Wards (8+0=000000) 

This diagnose function loads patch control words into 
control storage from main storage. This op code is enabled 
when the service representative sets a bit in an external 
register (as yet undefined) by preparing a programmable 
card. This Op code is disabled after the control words 
have been successfully patched (condition code 0). 
Thus, there can be only one successful patch per I MPL. 
If this Op code is issued again, no control words are changed 
(condition code 3). This diagnose function has the following 
format: 

I 83 I R- I SD I DD I 
The address in general register R specifies the main-storage 

location of the patch control words and their addresses. 
This main·storage address is forced to a word boundary by 
circuitry. Data for each patch word occupies two words 
in main storage. Bytes 2 and 3 of the first word contain 
the 16-bit control-storage address where the patch word 
is to be inserted. The second word contains the actual 
control word. If byte 0 of the first word is nonzero, the 
operation is ended: no control word is moved to control 
storage. 

Module Be of control storage is reserved for adding 
microprogram changes (adding control words). Any added 
control words should be assigned to this module. 

This diagnose function sets the following condition codes. 
o Patch control words properly loaded. 

Patch address is outside of control storage. 
2 FE pin not plugged (the service representative has not 

enabled this Op code). 
3 Second patch attempt: Op code is now disabled. 

I 83 I 12 I 8 1 I D 1 I format: 

PSW Restart (8 + D = 0000041 . 

This diagnose function causes the same action as pressing 
the PSW restart key on the console. 

Main-Storage Full-Recording Made (8 + D = 0000081 

This diagnose function sets the mode register to full-recording 
mode for single-bit corrections in main storage. There is 
no change to the condition code. 

Control-Storage Full-Recording Mode (8 + D = 0000101 

This diagnose function sets the mode register to full-recording 
mode for single-bit corrections in control storage. The 
condition code remains unchanged. 

Main-Storage Quiet Made (8 + D = oooooe) 

This diagnose function sets the mode register to quiet mode 
for single-bit corrections in main storage. The condition 
code remains unchanged. 

Control·Storage Threshold Made (8 + D = 000014) 

This diagnose function is used to set threshold mode for 
single-error corrections in control storage. 

Control-Storage Quiet Mode (8 + D = 000018) 

This diagnose function sets the mode register to 
quiet mode for single-bit corrections in control 
storage. The condition code remains unchanged. 
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TRAP LOCATIONS AND ROUTINES 

H-REGISTER TRAP H-REGISTER TRAP 
OPERATION BIT ADDRESS ROUTINE OPERATION BIT ADDRESS ROUTINE 

Selector share cycles None None Multiplexer H5 D400 GMSR 

Machine check without I/O HO -- IFA H6 --
a. Normal DOOO GHEC a. R etu rn Low D480 GPBK 
b. HO is already on DOO4 GHEC b. Unused D484 
c. One or more machine checks have DOO8 GHEC c. Unused D488 

already occurred (SYSO, Bit 2=1) 
d. HO and SYSO Bit 2 are already on DOOC GHEC 

d. Di\3gnostic 048C GPDO 

S;o;e;~(isP'ay H7 --
Machine check with I/O HO -- a. Store/D isplay 0840 GKAD 

a. Normal DOlO GHEC CPU Low without I/O None --
b. HO is already on D014 GHEC 
c. One or more machine checks have D018 GHEC 

al ready occu rred (SYSO, Bit 2= 1 ) 

a. Spare --
b. Storage Protect 0804 GICM 
c. Address Check D808 GICM 

d. HO and SYSO Bit 2 are already on D01C GHEC d. Address Adjust Exception 080C GGST 

Retry Hl -- CPU Low with I/O None --
a. Normal r-·····-··- 17 D200 GHRT 
b. H 1 is already on _.--1 D204 GHRT 
c. A retry trap operation is in progress 

(SYSO, Bit 1=1) D208 GHRS 
d. H 1 imd SYSO Bit 1 are already on D20C GHRS 

CPU High H2 --
a. Set IC D300 GKCC 

b. CA Trap D304 GKCC 
c. Address Contents D308 GKCC 

a. Spare --
b. Storage Protect D814 GMDR 
c. Address Check 0818 GMDR 

d. Spare --
Scan/Clear None --

a. Scan Storage 0380 CSTS 

b. Clear Storage 0384 CSTS 

Single-Cycle Allow I/O and Soft CA Match None DCOO GKCC 

d. System Reset D30C GRST 

IFA H3 --
a. Mini-Op End D128 GPBH 

b. Error End D12C GPCG 

c. Index D124 GPCE 
H·Reg Blocks Trap Request 

Bit for H-Reg Bit 
d. Gated Attn D120 GPBK HO None 

Selector Channels 1, 2, 3 No I FA H3 -- Hl H2, 3, 4, 5, 6, 7 
a. Exceptional Status Trap D120 GSES H2 H2 
b. Chaining (CC or CD) D124 GSTR H3 H3,4,5,6 
c. UCW Handling D128 GSTR H4 H4, 5, 6 
d. Unused D12C GSTR H5 H5,6 

Selector Channels 2, 3 with IFA H4 --
a. Exceptional Status Trap Dl00 GSES 

H6 H6 
H7 H7 

b. Chaining (CC or CD) Dl04 GSTR 
c. UCW Handling Dl08 GSTR 
d. Data (unchained) Dl0C GSTR 
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CPU MAINTENANCE AIDS 

1. To prevent I-cycles prefetch, tie B-B3 G2 D04 to B-B3 
V3 B08. (ALD reference page RV023.) 

2. To provide a conditioning level to the address-compare 
match circuits, tie the conditioning level (it must be a 
minus signal) to A C1 D2 P02. 

Add Match-------.r----, 
A 

P02 A-C1D2 
Conditioning Level------t __ ..J 

ADL PM 013 

Addr, Match Sync Hub 

3. Pressing the store push button runs the CPU clock for 
three cycles. Pressing the display push button runs the 
CPU clock for two cycles. It is possible to single-cycle 
through these operations by adding a jumper from A-A4 
R2 B08 to A-A4 Q4 B07 (Ref. Logic KM012). 

4. To hardstop the machine while running microdiagnostics 
(that is, error occurs in a timing loop), 
a. Put the check control switch in hardstop. 
b. Tie-up a B3 M2 B09 to A-B3 H4 B08 

(Ref. Logic RE012-Suppress all traps) 
5. Automatic recycle of a failing program loop (PSW Restart) 

a. Use the control-word address-trap position on the 
address-compare switch. (Refer to the console section 
of this manuaL) 

b. Alternate method: Use this method if the switches 
are needed to generate an address-compare sync. 
1. F,ind a word in the microlisting where the restart 

operation should begin. 
2. Build a branch and module switch word to branch 

to the GGAD routine, statement LNK 04. This 
performs a branch to the PSW restart function. 
The address should be in the IPL PSW at location O. J'fJ 

6. Another method of performing a restart operation is by ~0v 
use of the diagnose instruction. The PSW restart function L I 1} ~ 

") ~~ ~, of this instruction (83000004) can be stored in the pro-, J ~1 ...... " 

gram stream. A write-up on the diagnose instruction is n rI'\L. " 
included in this section. ,(l ('\ ,1;; 

7. To stop on single ECC errors, tie B2N2D07 to B2M2B07 ~ ~O\ ~V 
(RE06l). To determine which ttst is being corrected, V!/ 
perform the following. Sa /I 
a. Turn on the full-recording bits in the mode register 

(external address 08, byte 0). Bit 3 is for main
storage full recording. Bit 4 is for control-storage 
full recording. Turn on these bits before running 

the failing job. , 
b. Put on the jumper to stop on single ECC errors. 
c. The machine will hardstop when the single ECC 

error occurs. The SNG ECC light will be on. 
d. Display MCKB (machine check B), external address 

06, byte 3, to determine the failing bit. 
e. Determine the failing address by using the information 

from the microlisting and the indicators. 

Examples 

To determine the failing bit, total the binary value of the 
C bits in MCKB3. Bits 6 and 7 of MCKB2 determine 
whether the failing bit is a data bit or a check bit. 

NlCKB Byte 2 Byte 3 

[ili] I P 0 1 2 3 4 5 6 7 

[ oaT. or Check out 

CT C32 C16 Ca C4 C2 Cl Co 

Failure 

Data Bit 
Failure 

0 0 0 0 0 1 1 0 
1 0 0 0 0 1 0 
0 0 0 0 0 0 0 0 1 
1 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 

8. To loop the storage scan or storage load function of 
the diagnostic/console file control switch, refer to the 
comments in the CSRD routine of the System/370 
microlisting (about sequence number 300). 

Bit 3 is failing 
Bit 41 is failing 
Check Bit Co is failing 
Bit 0 if failing 
Check Bit CT is failing 

9. When troubleshooting problems with the System/370 
microprogram load, be sure to take, advantage of the 
Alter/Display.capabilities of the console printer (GKAD 
Routine). 

"* ~ /i\ 
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Alter Display Address Range Storag6 Area 

AM DM o Thru 7FFFF Main Storage 
AK DK o Thru 7FFFF Storage Keys 
AS DS o Thru FFFF Control Storage 
AL DL 00 Thru 7F Local Storage 
AC DC o Thru F Control Registers 
AG DG o Thru F General Regs 
AF DF 0,2,4,6 Floating·Point Regs 
AP DP ---- Current PSW 
T T Test 

* Requires CE Key 

NOTES: 

1. Expanded local storage (40 through 7F) can be 
displayed but not altered. 

2. The T mnemonic can be used to correct miner 
mechanical typewriter problems between customer 
jobs without the necessity of loading the micro· 
diagnostic disk. Refer to GKTM routine. 

3. When AM/DM is used, it is not necessary to type a 
six·digit address. Example: To alter main memory 
location O-type AMO; then carriage·return. 

4. If a mistake is made while typing in data, instead of 
trying to determine which byte to alter, type in AM 
to the nearest word & use the space bar to get the 
correct byte. Each pressing of the space bar causes 
the character in storage to be printed. 



'CHANNEL MAINTENANCE AIDS 

1. To use the address-compare switch functions during 
an I PL operation (address compares uses switches F,G, 
H normally used for the I PL address): 
a. Method l--Control address stop in the GMPL routine 

before the word that moves the switches to the LS 
Reg (about Sequence No. 33). Put the IPL address 
in the switches and single-cycle through until the 
switches are read. Put the new stop word in the 
switches and return the rate switch to process. 

b. Method 2--Change the microprogram in the GMPL 
routine. Remove the word that reads the switches 
(R=SW, S3). I nsert in its place RDH R DM, FC 
(Bit structure is 5 x 50 FC XXX). 

'"'-v-' 
Next Address 

Store the IPL address in main-storage location 00 FC. 
Now the switches C-H are free to use for address
compare functions. (That is OOFC = 0280) 

2. The selector channels gate the following words into the 
C-Reg for share cycles. The share cycle light ~!*>uld be 
on. 

Operation Buffer No BLiffer 

Output 40B80C08 60B80C08 
In forward 48880C08 68B80C08 
In backward 488COC08 68BCOC08 
Skip 48840C08 68B40E08 

3. All selector channels share the same microroutines in the 
370 microprogram listing. Therefore, the WA 1 - WA2 
local storage and external addresses that appear in the 
far-right column of the microprogram listings may not 
be . correct. To determine the local-storage and external 
addresses for the selector channels, use the maps for 
LS and externals in this manual. There are four indicators 
in the upper roller, Position 1, to assist you in determining 
which channel is operating or which one was operated 
last. The selector-channel routines are GSXX. 

4 •. Selector Channel Logics 

Chan 1 
2 

GB &GC 
GF &GG 

3 GK & GL 
4 GP & GO 

GA pages are common to all channels. 
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CONSOLE-PRINTER MAINTENANCE AIDS 

1. To change Address of Console Printer 
-Patch C. S. (F F60) DC area. 

32 UCW's 

If Doc Console Address = 09 C.S. FF60 = 00 E090 
If Doc Console Address = 1 F C.S. FF60 = 00 E1 Fa 
2nd Doc Printer 1 E c.s. FF68 = 00 E1 EO 

2. To single-cycle alter/display 

16 UCW's 

0009 E090 
00 1F EOFO 
00 1E EO EO 

Refer to KM012 Line name (+ Store Display Single Cycle) 
Tie this line plus. (Use clock card tie-up point.) 

3. To print single characters continuously, refer to Basic 

Micro Diag. routine B LAO. 
4. To print single characters from keyboard without altering 

storage, use alter/display test mode. Refer to routine 

GKTM. 
5. To scope keyboard entries, refer to: BLAO (3210), 

BMAO (3215) 

PR-KB Troubleshooting Hints 

This procedure can be used for both the 3210 and the 3215 
except where noted otherwise. 

This procedure is not intended to be a test procedure but 
assists to statically check out suspected trouble areas without 
a microprogram loaded. 

This procedure checks out about 90% of the Selectric 
I/O adapter by sorting the specified data into the Selectric 
I/O registers. The Selectric I/O has four registers, (T1, 
TA. TT, and TE). Only two of these registers may be used 
as destinations (TA and TE), but the TI and TT registers 
can be checked out by storing specific data in the TA and 
TE reg.isters. 

The console PR-KB registers can be selected by setting the 
bottom roller switch to position 2. Rotary switch H selects 
which byte is to be stored. Switch H set to 2 stores in the 
TA-register whatever data is dialed into the A and B switches. 
To store data into the TE-register, set switch H to 3. 

Dial the bottom roller switch to position 4. Set H switch 
to 3. Set the A and B switches to DE. Set the storage select 
switch to display the external registers and store. The H
register should contain DE. This prevents the adapter 
from trapping. Dial roller posit'ion 5, set byte 0 (MTO Reg) 
to 00. Return the bottom roller switch to position 2. 
A. T A-register check 

1. Set switch H to 1 and the A and B switches to 00 and 
store. T A-register shou Id be reset and the parity 
bit on. 

2. Store each bit individually into the TA-register to check 
for shorts. opens, and transpositions. 

3. Set T A-register to 00. 

B.TE-register check 
1. Set switch H to 3, set A and B switches to 00 and store. 

All TE-register bits should be off, and the parity 
bit on. 

2. Store each bit individually into the TE-register to 
check for shorts, opens, and transpositions. 

C. TT register reset check 
1. With the PR-KB not ready, set the H switch to 1, 

set the A and B switches to 1B and store. The TT 
register should be 00 or DB. Bit 4 is the ball side bit 
and may be in either state. 
Note: Ball side does not apply to 3215. 

2. Set the TA-register to 00, and the TT-register should 
not change. 

D. TT-Register set check 
1. Set the rate switch to SINGLE-CYCLE IMMEDIATE 

STOP. Make the PR-KB ready, press START once. 
The TT-register bit 1 (operational), bit 5 (end), and 
bit 6 (console request) should be on. Intervention 
required light off. 

Set T A-register to DB. 
TT-register bits 5 and 6 should be off. 

Set TA register to 00. 
2. Press the request key. 

Press START. 
TT-register bit 0 (attention), bit 6 (console request), 
and the request pending indicator should be on. 

3. Set the T A-register to DB. TT-register 0 and 6 bit 
should turn off. Also request-pending indicator 
should be off. 
Set the TA-register to BO, (the proceed indicator 
should be on). TT-register should not change. 

4. Press the EN D key, 
Press START 
TT-register bit 5 (end) and bit 6 (console request) 

should be on. 
Set TA-register to OB, TT-register bits 5 and 6 should 
turn off. Proceed indicator is off. 
Set T A-register to 80. 

5. Press the cancel key and start button. TT bit 6 
(console request) and TT bit 7 (cancel) should be on. 
Set the TA-register to 08. TT bit 6 and 7 shou Id turn 
off. 
Set the'TA-register to BO. 

6. Press the alter/display key, then the start key, once. 
The TT-register bit 2 (alter/display bit) should be on. 
Set H-reg to OF. 
Set the TA-register to B4. TT-register bit 2 should be 

off. 
Set the T A-register to 00. 
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7. Set the TA-register to 20, TT 6 (console requestl 
should turn on. 
Dial bottom roller to position 5. 
Set byte 0 bit 6 (MPX suppress out) on. 
Dial roller position 2. TT bit 6 should be off. 
Reset MTO bit 6 (MPX suppress out). TT-register 
bit 6 should be on. 
Set TA-register to 00. TT-register bit 6 should be off. 

8. Set T A-register to 04. TT -register bit 6 shou Id be on. 
Set TA-register to 00. TT-register bit 6 should be off. 

9. Set TA-register to 40. TT-register bit 6 should be on. 
Set TA-register to 00. TT-register bit 6 shoul_d stay on. 
Set TA-register to 10. TT-register bit 6 should turn off~ 

E. Clock circuit and printing check (does not apply to 3215) 
1. Set the rate switch to PROCESS. 

Set T A-register to 50. 
Set TE-register to 08. Typewriter should have done a 
carriage return. 

2. Watch the TT-register while storing 01 repeatedly. 
TT bit 4 (ball side) should be turning on and off. 

3. Set TE-register to 02. Typewriter should print an A. 
(In the event that the ball is in a different case than 
the one desired, set the TE-register to 01 to shift to 
the opposite case.) Any character can be printed by 
storing the proper T/R code into the TE-register. 
(See pages 7-6 and 7-7.) 

F. Keyboard and TI-register check 
1. Set T A-register to 90. 

Press desired key, and its appropriate code will appear 
in the TI-register. TI-register (modified keyboardl 
codes are on page 7-7. 
Note: EBCDI C characters appear in the TI-register 
for the 3215. 

G . To operate the second (remotel 3210, turn on bit 3 of 
sys byte 0 before starting this procedure. 

Character 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

& 
q 

w 

e 

r 

t 

y 

u 

i 

0 

p 
@ 

a 

s 

d 

f 

g 

h 

j 

k 

I 

$ 

#" 
z 
x 

c 

v 
b 

n 

m 

, 

I 
Space 

C/R 
U/C 

TI reg. Character TI reg. 

31 = F1 

32 < F2 

33 , F3 

34 F4 

35 % F5 

36 
, 

F6 

37 > F7 

38 * F8 

39 ( F9 

30 l FO 

20 - EO 

10 + DO 

18 Q D8 

26 W E6 

05 E C5 

19 R D9 

23 T E3 

28 Y E8 

24 U E4 

09 I C9 

16 0 D6 

17 p D7 

3C % FC 

01 A Cl 

22 S E2 

04 D C4 

06 F C6 

07 G C7 

08 H C8 

11 J Dl 

12 K D2 

13 L D3 

lB I DB 

3B " FB 

29 Z E9 

27 X E7 

03 C C3 

25 V E5 

02 B C2 

15 N D5 

14 M D4 

2B I EB 

OB -, 
CB 

21 ? El 

00 Space co 
lC C/R DC 

CE LlC 3E 

Side 0 TE reg. Side 1 Side 0 TE reg. Side 1 

a 02 A ) 82 I 
( 06 

, 
- 86 

e 12 E v 92 V 
d 16 D u 96 U 
i 1A I z 9A Z 
h 1E H y 9E y 

c 22 C t A2 T 
b 26 B s A6 S 
g 32 G x B2 X 
f 36 F w B6 W 
I 3E ? BE , 
j 42 J < C2 1 
@ 46 * % C6 ·0 

n 52 N , D2 5 
m 56 M -, D6 4 
r 5A R + DA 9 
q 5E Q > DE 8 
I 62 L t6 E2 3 
k 66 K & E6 2 
p 72 P ! F2 7 
a 76 0 F6 6 

# 7E $ " FE = 
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INTEGRATED FILE ADAPTER (lFA) MAINTENANCE 
AIDS 

1. a. WARNING: Use STOP position of address-compare 
control switch if disk files are in operation. If Hard 
Stop is used and I FA is in a write mode, the data can 
be incorrectly written. (Customers should be made 
aware of this also if they use address-compare functions.) 

b. Online diagnostics should not be running when customer 
performs an I PL. 

c. Online diagnostics affect customer's throughput. 
Record test results and analyze offline. Use FD test 
box whenever possible. 

2. To change the control-un it address of IF A (Normally 30): 
Refer to 370 microprogram, routine GPAA. 
Patch control storage (D. C. Area) byte at FFAB 

FFAB = 3X 3 = Address of 30 
X= Not used (Formerly No. of Physical 

attached drives) 

3. Scoping levels seen in IF A and 2319 
MST + .5V to - .5V 
SLT + 3.0V to 1.0V or OV 
MST to S L T converters 

1.5V to -2.5V 
CE Panel Ckts. 

Float Lev. (approx.ground) to -3.0V 
4. 's' Service plug part number 2218608 
5. To connect CA SYNC (or other I FA line) to 2319 CE 

Panel Sync Hub: (Temporary procedure) 
Attach one end of tri-Iead to desired sync point. 
Remove plastic housing from the other end of tri-Iead 

and insert in tri-Iead at 01A-B 1 E 1 All (WF 111 -
Probe Line). Be careful not to short signal to ground. 

20" tri-I ead = P /N 817687 50" = 817095 
Note: A negative signal sent to the 2319 also turns on 
the 2319 probe light. 

6. To gate the address-compare switch-function (Example: 
CA match with certain I FA line), refer to console area 
of manual, address-compare switch (PM 013). 

Note: The output can now be used as a sync for 2319 

troubles or to use the 2319 probe light as a circuit 
monitor. (See I FA No.6.) 

7. I FA Microroutines 
Online 2319 Tests 

GPAA - GPCG 
GPDO - GP02 

IFA Extended Microdiag. sa Series 
(2319 VFO Adjustment procedure is in SBAO and 
Chapter 10) 

8. IFA retry bits as posted in extended logout. 
FGL (Ext 22-3 Bits 5-7) 
000 Error occurred while executing a test I/O 
001 Set when a drive is selected and before Mini-Op 

routines are entered from I-cycle 
010 Set when IFA decodes a valid CCW. 
011 Set on every successful share request. 
100 Set when IF A CCW not valid. 
101 Sets when a drive is selected. 
110 Unused. 
111 No other code applies 

9. IF A Share Cycle Words (Seen in C-Reg) 

Main Stor.Share 
Input 68 88 OC 08 
Output 60 B8 OC 08 
Input-Skip 60B8 OE 08 

Control Stor.Share 
Input 68 B8 40 08 
Output 60 B8 40 08 
Input-Skip 68 B4 42 08 

10.File drive head adjustment. Improving scope picture 
if using online diag's. (Cannot be used if customer is 
using IFA.) 
GPO 1 Routine 
Change word that sets CE Wait Time SS (GA,A-,K80 
seq. 23 Approx.) to branch to next word. 
Patch Word = OXOOXXXX 
X's = AOR of next word. 
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I FA Latches Logic References 

IFA LATCHES 

AD DR MARK 1 & 2 JL413 DATA OVERRUN JL513 ORIENTATION JL014 

ADDR MARK-MOP REG JL314 DCC MODE JK313 OUTPUT JK512 

ALLOW BCA CK JL811 DELTA INDEX JL411 PACK CHG BUFF JKl18 
ALLOW FULL OSC. JL311 DIAG DATA SENSE JL513 PCI JKll1 
ALLOW GA DEC. JK513 DIAG. ERR. REG-FED- JK312 PRE-FULL OSC. JL311 
ALLOW HD COND JL411 DIAG. MODE JL514 PROG. CK ·JK212 
ALLOW INDEX JL411 DIAGNOSTIC JL411 PROTECT CK JK212 
ALLOW RESTART JL612 END DATA FIELD JLl17 RAW DATA JL514 
ALLOW TRAPS JL612 ERASE GATE JL412 RD BUFF PARITY-SERDES- JL013 
BIT RING LATCHES JL312 ERROR RESTART JL612 RD GATE JL412 
BIT COUNT TIME JL216 ERROR TIME OUT JL612 RD SYNC GATE JL413 
BIT COUNT APP. LATCHES JL213 ERROR TRAP JL611 READ JL314 
BLOCK CLK JL313 FBO REG JK311 RETRY LATCHES 5,6,7 JK612 
BYTE CTR LATCH ES JL111-4 FCH REG JK211 SCAN JL314 
CC DATA JL216 FCL REG JK311 SCAN BYTE JL013 
CC HWD ERROR JL015 FOR REG JK411-2 SEARCH JL314 
CC REG. INPUT JL216 FOR FULL JK511 SELECTED GATED ATTENT JL215 
CC REG. LATCHES JL211-2 FOR FULL BUFF JK416 SERDES CHECK JL013 

CCWO JL117 FFL PARITY JKlll SERDES LATCHES JL012 
CE MODE JL514 FILE HD-CYC LAT. JK216-7 SERDES OUTPUT JLOll 
CE TRAP REO. JL514 FMOD LATCHES JK611 SET HEAD JKl12 
CE-PANEL SW LATCHES JL021-2 FOP REG JK411-2 SETCYC JKl12 
CHAIN CMD JKll1 FORCE DEC 0 JL116 SET DIFF. JK112 
CHAIN DATA JKll1 FORMAT JL314 SHARE CYC ERR. BUFF JK416 
CHAN DATA CK JK212 GATE LAST REO. JL414 SHARE ERROR JK513 
CHAN CTRL CK JK212 GATED ATTENTION LATCHES JL811 SKIP JL314 
CHAN BUSY JK313 GATE INDEX JL411 SKIP JK111 
CLK GAP SENSE RESTART JL413 GATE BR-O 0-0 JL311 SLI JKlll 
CMD OVERRUN JL513 GATED SERIAL DATA JLOll SPARE A, B, C JK112 
COMP GATE JL215 HD CONDITION JL411 STANDARD INDEX JL411 
COMPARE HI JL215 HI TRAP JL611 STD RD DATA JL215 
COMPARE LOW JL215 IDA JK111 STW CYC 1 ADR ADJ. JV011 
COMPo RD DATA JL215 IFA SHARE 2 JK511 STW CYC 2 ADR ADJ. JV011 
CONT RD TO INDEX JL513 INCORRECT LENGTH JK513 STW INTLK ADR ADJ. JV011 
CONTINGENT CONNECTION JK513 INDEX JL411 TRACK OVERRUN JL613 
CONTROL JK112 INDEX START JL314 WR CLK GATE JL412 
CONT. UNIT ADR. BITS JL216 INDEX TRAP JL611 WR CURRENT ERR JL611 
COUNT 0 GATE JL116 INPUT JK512 WR. SYNC JL117 
COUNT 0 SHARE JK512 INTERRUPT COND_ BUFF. JK416 WR. ZERO JLl17 
CS COUNT ROY JK512 INTERRUPT JK313 WRITE JL314 
CS SHARE CYC JK512 LATE SHARE JK513 WRITE GATE JL412 
CU BUSY JK313 LOST ON LINE JL611 WRONG LENGTH REC JL512 
CUA LOAD JKl12 MISSING AM JL014 WRONG SVNC JL612 
CYC ACTIVE JK512 MOP PARITY ERR. JL611 ZERO PAD PARITY JL013 
DATA GATE JL117 MSCOUNTRDY JK512 7TH ZERO JL414 
DATA REO JL117 MS COUNT ROY BUFF JK416 8TH ZERO JL414 
DATA REO.HONORED JK511 MULTI-MOD. SEL. JL511 
DATA FIELD PEND JL513 NTOOP JL612 
DATACK JL811 ON-LINE BUFF JK118 
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IFA Sense and Status Information 

Sense Byte 0-3 

Byte 0 Byte 1 Byte 2 

Bit 0 Command Data Check in Unsafe 
Reject· Count Field 

Bit 1 I ntervent io n Track 
Required Overrun 

Bit 2 Bus-Out End-of Serdes 
Parity Cylinder Check 

Bit 3 Equipment Invalid Selected 
Check Sequence Status 

Bit 4 Data Check No Record Cyclic-Code 
Found Check· ... 

Bit 5 Overrun File Unselected 
Protected File Status 

Bit 6 Track Cond Missing Address 
Check Marker 

Bit 7 Seek Check Overflow 
Incomplete 

Byte 4: Physical File Address (See Text) 

Byte 5: Record Overflow Codes (See Text) 

Byte 3 

Ready 

On Line 

Unsafe 

Write Current 
Sense 

Pack Change 

End-of 

Cylinder 

Mu Iti-Modu Ie 
Select 

Seek 
Incomplete. 

Sense Byte-4 

The bits of byte-4 identify the physical disk drive assigned 
to the given address. Only the four low-order bits are 
assigned. The same four bits are written as the low-order 
of the BCA indicator byte at the end of each field. 

Bits 0 1 2 3 4 5 6 7 Physical Drive 

0000 0000 A 

0000 0001 B 

0000 0010 C 

0000 0011 D 

0000 0100 E 

0000 0101 F 

0000 0110 G 

0000 0111 H 

0000 1111 Module not defined. 

Note: Module not defined occurs when the identifier· plug for 

the given address has not been inserted. 

Sense Byte-5 

This byte is zero at all times except when an overflow
incomplete (Byte-l, Bit-7) occurs. 

0123 4567 Hex 

0000 0110 06 
0000 0101 05 

0010 0101 25 

0100 0101 45 

0110 0101 65 

0101 0101 55 

0111 ·0101 75 

I nterru pted Condition 

A read command was in progress. 
A write command was in 
progress. 
A search-KD-equal was in progress, 
and the record is equal to this 
point_ 

A search-KD-high was in progress, 
and the record is to this point_ 
A search-KD-high or -equal 
was in progress, and the record 
is equal to this point_ 
A search-KD (any type) was in 
progress, and the record at this 
point is low. A search-KD
equal was in progress, and the 
record is unequal. 
The status-modifier must not 
be set for the ending. 
A search-KD-high or search
KD-high/equal was in progress 

and the record to this point is 
high. 

The status-modifier must be set 
for the ending. 
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Unit Status (CSW 32-39) 

Bit a Attention (not used by I FA) 
Bit 1 Status modifier 
Bit 2 Control-unit end 
Bit 3 Busy 
Bit 4 Channel-end 
Bit 5 Device-end 

. Bit 6 Unit check 
Bit 7 Unit exception 

Channel Status (CSW 40-47) 

Bit a 
Bit 1 
Bit 2 
Bit 3 
Bit 4 

* 'Bit 5 

Bit 6 

Bit 7 

Prog. Control interrupt 
I ncorrect len gth 
Program check 
Protection check 
Channel Data Check--This bit is set to 
indicate a bus parity error during I FA 
share-cycles 
Channel Control Check--This bit indicates that 
the CPU detected an error other than storage
protect or storage-wrap during a file share
cycle. The condition is detected by the CPU 
circuits but is referred to the I FA for posting. 
The operation and chaining are suppressed. 
Interface Control Check--This bit indicates that 
a command overrun condition existed during 
the operation. 
Chaining Check--Not used by I FA 

*Red light indications if in hard stop. 



370 MICROPROGRAM LOAD (IMPL) 

Start console file NOTES 

L ___ ....-____________ .......Jt'I-:.---- 1. Be sure that all Sw's are in process and that the disk is 

I inserted properly. 
t 2. Console file eight turns from pink to white. 

Start loading from disk address 00 

Validate Stg. 

DACC Routine (Overlay 1) 

1. Stop words are loaded into every position of control storage. 
2. Clear MS if load follows a power-on reset (POR). 
3. Stg. errors (if any) are blocked during this routine. 
4. The EC number, serial number, and feature descripter cards are 

checked and compared to data on the disk to ensure that the proper 
microprogram is being loaded. If not, a diagnostic stop occurs_ 

DGN 0-6 Routines (Overlay 2) 
1. These tests perform a checkout of the CPU. 
2. If a failure occurs, a CPU error may be on or a stop word may be 

cycling. 
3. If a failure occurs during these tests, load the microdiagnostics 

to isolate the problem. 

Validate Stg. 'r 
DACS Routine (Overlay 3) 
1. Once again, stop words are loaded into control storage. 

Load the 370 Microprogram (Overlay 4~ 

143. The console writer should restore and 
carriage-return. 

4. Use the M-Reg andthe address listing (Overlay 
1) to determine what caused the stop. 

~ The plug cards are located in A-B2 P3, P4, 
P5. Display external addresses 12 & 16 to 
read the plug card. 

~5. Console writer prints Go/No-Go complete. 

Load 
Card Rdr. 
with Patch 
IPL 
Card RDR. 

ZZZ Routine 
1. Perform a CH KSum on Cntrl Stg by Exclusive Or of all control words. 
2. Bad CHKSum is indicated by a diagnostic stop and M Reg. byte 2 = BC. 
3. Troubleshoot by loading microdiagnostics if stop occurs. 

System 
Reset 
IPL 
PSW Rst 

I Trap to D30C 

System Reset 

GRST Routine 

1 

1. Validate LS, channels, externals to proper values (see descriptive text in 
GRST for details.) 

Diagnostics 

CSRD Routine 

1. Checks the basic data paths and verifies that the checking circuits are 
functional. 

2. Clear Stg. protect keys if Power on Reset or Enable CLR is active. 
4. Clear main Stg. if Enable CLR is active. 

Block multiplex overlay routine will 
configure BLK MPX channel table 
for type of device on each channel. 

Plug C ard 
Logic Page 

Locati ons 

CH1 A-B1S2 QB63X 

CH2 A-A2S2 GF63F 

CH3 A-A3S2 GK63X 

CH4 A-A2T2 GP61X 

5. Errors are indicated by the Diag. stop lite on. \011_---- 6. If failures occur, load microdiagnostics. 

Sy"stem Reset 

GRST Routine 
1. Enable I-cycles (DF module ADR forces hardware operation). 
2. Set control Stg. to threshold mode, main Stg. to quiet mode, turn off IMPL 

indicator. 

3. CHK if patch required (TODL Byte 3 Bit 3 = 1 Ext. Adr. 3E). 

t ____ --I Patch Req'd IPL 
GIPW 
Routine 

PSW 
Restart 

GICM 
Routine 

System 
Reset 

Stop 
Word 

L 7. If a microprogram temporary fix (patch) is required, 
move the jumper on the card located in A-A 1 R2 
from a zero to a ol)e. Refer to the write-up in the 
microprogram section for a complete description of 
installing a microprogram patch. 
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MAJOR FUNCTIONAL UNIT CARD ASSIGNMENTS 
EXTERNALS 

.. 

L-.-

External 
External 0 

Registers t---

Assm 1 

MCHK I Retry f-+ - f-

Expanded 2 
Misc External -

Features Assm 3 

12 Identical Cards 
BE111-BF161 , 

To A-re· 9 

External 

Bus-I n Drivers 

4 Identical Cards RC211 - 241 

Local Storage 

B LS 
ADR DCD 

Fast 
DCD G2/J2, G2/J2 
ADR 

H2 

~Slow ~ .. 
B 8 

\t XY Assm BFR ADR 

~ 

G2/J5 

l\ 
I : Fast 

G4/J4 G4LJ4 
DCD M2 

XV,4<;m 
A A 

~ BFR Dest Slow .. 
XY Assm Adr 

G4/J4 

Swapping C4 G2/J2 With C4 G4/J4 
C4 H2 With C4 M2 

Will exchange most of LSB Regs with LSA Regs. 

See LA Logic Pages 

1 

I-

SX1 

Selector 1 

B 1 Board 

*Clock C4 

SX2 

Selector 2 

A2 Board 

*Clock C4 

SX3 

Selector 3 

A3 Board 

*Clock C4 

8 - Local 
Stg 

C482 
C4 C2 

-- A -
Local 
Stg 

B4 P2 
B4; M2 

CH 

MPX CH BUS & TAG OURS 

Ara Identical to SX 
Expanded Local Storage 

OURS See Logic FAlll-141 

SX4 Cards Are Identical 

To SX 1,2,3 But Are 

Distributed on two Boards 
See MUlti-usage Ref List 

4 Identical 
LS Array 

Cards 

M-Reg 

ro ...... 
ro 
o 

M-Reg Gating Lines 

2 Identical Cards RM 111, RM 121 

B Source Branch Decode 

2 Identical Cards RM211, RM221 

STG PROTECT 

Stg Protect Stack 

4 I dentical Cards 
MS 511-541 

Clocks 

All Clock Cards are identical. 
There is one on every A Gate 

Board. See KC 111-222 

*If swapped, timing must be 

checked and changed if 
necessary. 

I-Buffers 

0,1,2 

Logical Addresses 

Real Addresses 

Address 

Bit 8-27 

B-B3-02, E2, F2, 
S2, T2 

V 111-128 

B-C3-B2 & C2 

Match 

MT311-345 

B-B3-J2, K2, 
M2, N2 

[77 
Tlll-134 

B-B3P2, Q2, R2 

C-REG SDBO 

SOBO 
Pre-Assm SOBO 

0 

From 
2 

Stg 
3 3 

Secondary 
Cntrl Assm CoRe . 

0 

ALS 
CF 

SWS 
2 

SX 3 

9 I dentical Cards 

RC111-191 
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S-REGISTER 

S-Reg is Duplicated 

A-C3K2 with C3L2 
SWAP 

A-C3H2 with C3J2 

A-Register B-Register 

o I 1 I 2 13 

D-Register " 

0 I 1 '2 I 3 

1r 
FTC Latches 

0 I 1 2 I 3 

6 Identical Cards 
RAl11-161 

2 I dentical Cards B 

BBl11-121 
2 3 

Z-Register 

3 



MAIN ANP CONTROL-STORAGE MAINTENANCE 
AIDS 

MBA Storage Analyzation Test 

Purpose: 

To purge main and control storage of all single-bit cell 
failures. 

1. Load MBAO from Extended Diagnostics. 
2. Check diagnostic printout, for MACH SER NUM,E C 

LEVEL, STORAGE xxxK. 
3. Set system control panel rate switch to single-cycle. 

4. Alter control-storage addresslFF3 to ~O, using system 1/"/:)') ·:C"{/1 J 5'1 ) 
control-panel rotary switches! 

5. Press start key. 

Note: When running MBA tests at or above EC 128658, 
refer to write-up in Test MBA 7 for single-bit detection. 

EXAMPLES: 

m ERROR: 

MBA STORAGE ANALYZATION TEST. 
SET SWITCH H TO A 1 TO LOOP AND DEPRESS START. 

MACH SER NUM 

REPLACE 
REPLACE 
EXCHANGE 

012345 E.C.05 

GATE 
01B 
01B 
01B 

CHASSIS 
C4 
B4 
B4 

CARD 
S2 
S2 
R4 

STORAGE 256K 

REPLACE OR EXCHANGE THE ABOVE CARDS AND RERUN THE TEST. 

NO ERROR: 

MBA STORAGE ANALYZATION TEST. 
SET SWITCH H TO A 1 TO LOOP AND DEPRESS START. 

MACH SER NUM 012345 E.C.05 STORAGE 256K 

GATE CHASSIS CARD 

STORAGE IS IN SPEC 

MONITOR MUST BE RELOADED TO CONTINUE AFTER RUNNING THESE STANDALONE TESTS. 
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Block Multiplexer-Feature Plug Cards 

Each channel contains a plug card that is scanned at IMPL 
load time. Information pertaining to the type of devices 
on each channel is plugged on this card. 

The block··multiplexer feature is installed on a 370/145 
if the 370 microlisting contains routine GSLD. 

=- .... 

IMPORTANT --This card may need to be plugged by the 
CE at installation time and also may need to be changed 
if new I/O devices are added to the channel. 

The plug cards are located in the following positions. 
(All selector channels contain the plug even if the Block 
MPX feature is not installed.) 

Channel 1-
Channel 2-
Channel 3-
Channel 4--

A - B1S2 (no IFA installed) 
A -A2S2 
A -A3S2,-
A -A2T2 

Byte 1 Byte 0 
---:l.~ ••••• 

Common~· •••• ! : : j l 
.. O--~ 

• 
• 
• 

Common----J~ 

o ----i~ 

• • 
p 0 

• 
• 
• 
4 

• • • • • 
2-_3 P 0 

rc · • 
• ~.C • \ 

5 _6 7 4 
* *-

** Asterisks indicate bits that are used in the example. 

• 

• 
• 
• 
5 

Plugging from common to the upper pin causes a logical 
one to be read. Plugging from common to the lower pin 
causes a logical zero to be read. 

Addresses on the channel are blocked into groups of 16. 
Two bits on the plug card are used with each group of 

16 addresses. 

• • 
2 3 

• • 
• • 
• • 
6 7 

Byte 2 

:CC: : 
• • • • • 
POl 2 3 

** • • • • 
• • • • 
• • • • 
4 5 6 7 

Byte 3 

• • • • • 
• • • • • 
• • • • • 
POl 2 3 

• • • • 
• • • • 
• • • • 
4 5 6 7 

Maintenance Aids A·32 
Use the following table to determine which bits on the 

plug card are used with each address group. 
Example: Assume that selector channell has the 

following: 

Byte Bits 

0, 1 

Byte 0 
2,3 
4,5 
6, 7 

0, 1 

Byte 1 
2,3 
4,5 
6, 7 

0, 1 

Byte 2 
2,3 
4,5 
6, 7 

0,1 
2,3 

Byte 3 4,5 
6, 7 

"-) 

' ..... ", 

Device Address 
TAPES-- (Addresses - 180 - 184) - 2803 with 4-2401's ' 
DISK-- (Addresses - 130 - 137) - 3830 with 8-3330's-

00 - OF 
10 - 1 F 
20·2F 
30 - 3F 

40 -4F 
50 - 5F 
60 - 6F 
70-7F 

80 - 8F 
90 - 9F 

Using the table above and the plug card in A-B 1S2: 
the addresses for tapes would be located in Byte 2 Bits 
0, 1. The addresses for disks would be located in Byte 0, 
Bits 6, 7. 

Next, determine how to plug these bits. Use the chart on 
the next page. Tapes are type 3 -byte 2. Bits 0 and 1 
are plugged 1, 1. Disks are type 1-byte O. bits 6, 7 
are plugged 1, O. Be sure to plug odd parity for each byte. 

AO-AF 

The next page gives a brief description of the different 
types of devices that can be attached to the block
multiplexer channel. 

BO- BF 

CO - CF 
DO-DF 
EO - EF 
FO - FF 

The following description tells how to plug the two 
bits associated with each address group. 

The block-multiplexer channel (even though it is a selector 
channel) operates much like a regular multiplexer channel 

Itaneously. 
ords). 

That is, many control units can be operating simu 
This necessitates the use of UCWs (unit control w 
UCWs are located in control storage and contain a 
information needed to keep a particular control u 
operating (status, chaining information). 

The microprogram needs to know just what kin 
control unit is on the block multiplexer channel. 
units are of three types: 

II the 
nit 

d of 
Control 

Type 1 Each device in the group requires an u nshared 
UCW 

Type 2 
Type 3 

Each device in the group shares a UCW 
Each device in the group operates in s 
channel mode (block multiplexer not 

elector-
allowed) 

The two bits assigned to each group of 16 addre sses will 
be plugged as follows. 

00 Continuance of shared ucw- ,-Type 2 " 
I 

01 Shared UCW - - - - ....J 

--10 Unshared UCW---- -Type 1 

11 Selector-channel Mode - - - -Type 3 
) 

The plant plugs all address groups to the 1.1 state 
(type 3: selector·channel mode). At installation, it is 
necessary to change the plug cards if type 1 or type 2 devices 
are installed on your machine. 

The following chart assists in determining what type of 
device is attached to the block-mu Itiplexer channel. 

~ 

Type 

1 
1 
1 
1 

3 
3 
1 
1 

3 
3 
3 

3 

3 

3 
3 
3 
2 

Note 1: 

Devices Description 

1442, 1443 
2821,2540,1403 Readers and Printers 
2501,2520 
3211 

2841-2311,2303,2321 
2314-2319,2312,2313,2318 
2835-2305 Disk Files and 

3830,3300 Drum Storage 

2415 
2803,2401,2402,2420 Tapes 
3420 

1419 Mag. Char. Reader 

2701 Teleprocessing 

2250 I 
2840·2250 II Displays 

2848-2260 
3270 

I 

The channel section of this manual gives a complete 
-description of the block-multiplex channel operation 
It contains a description of the UCW tables in control. 
STG, the UCW Pool, etc. 

Note 2: The 3270 Displays can have more than 16 devices on one 
control unit. All of these devices would share the same 
UCW. Assume 32 display units with addresses 00-1 F 

Byte 0 Bits 0, 1 would be plugged '01' - shared UCW 
Byte 0 Bits 2, 3 would be plugged '00' - shared UCW 



Microprogram Temporary Fix Plug Card 

A microprogram temporary fix (also called a patch) is a 
modification to the 370 microprogram. These patches are 
installed in the field on a as-needed basis. At IMPL time, the 
microprogram checks whether a patch is required. It does this 
by examining the TOD low byte 3 bit 3 (Ext Adr 3E) at card 
location 01A A 1 R2. If this bit is plugged to a logical 1 (Bit on), 
a patch is required. 

Card Coordinates --\-;=~R~Q:!...P!:... ____________ ~ 

Time of Day Low 5 
Byte 3 (bits 3-7) 6 
Bit 3 is used if a patch is required. Move 7 

the plug in row 5 to make bit 3 = 1 8 
Bits 4-7 are spares 9 

NOTE: Refer to the microprogram temporary fix procedure for 
a detailed description of installing a patch. 

Memory Select Plug Card 

This card is plugged in 01A-Cl F2. The delay in the card is 
plugged so that the select to control storage occurs 57 ns after 0 
time in the CPU. This card is set at the plant and should not have 
to be adjusted in the field unless the Cl F2 is replaced. Refer to 
the adjustment procedure in the storage section of this manual 
(Logic Ref. MSOll). 

Selector-Channel Feature Plug Card 

The selector-channel feature plug card has been modified to eight 
different part numbers. It is not necessary to plug this card. 

PIN (EC 135342) 

5858817 
5858818 
5859054 

5859055 

5859056 

5859057 

8216246 
8216247 

Feature Description 

S x 1 unbuffered without S x 2 
S x 1 buffered without S x 2 
S x 1 unbuffered or I FA and S x 2 
and not S x 3 
S x 1 buffered or I FA and S x 2 and 
not S x 3 
S x 1 unbuffered or I FA and S x 2, 
S x 3 and not S x 4 
S x 1 buffered or IF A and S x 2, S x 3 
and not S x 4 
S xl, S x 2, S x 3, S x 4 unbuffered 
S xl, S x 2, S x 3, S x 4 buffered 

NOTE: Any subsequent engineering changes (EC) may have 
different part numbers. 

0 Component 

~Bit3 Side of Card 
o 0 0 Bit 4 A- A1 R2 
o 0 0 Bit 5 (Log Ref CT 317) 
o 0 OBit 6 
o 0 OBit 7 

Standard Clock Cards 

A clock card is located in each board. The delay taps are adjusted 
so that the clock ti mes match on each board. 

Signal Out 0 

2ns The delay is plugged to obtain 0-14 ns of delay - (Logic 
KCXXX) 

These clock cards are adjusted at the plant. If it is necessary 
to adjust clock time in the field, refer to the C-Reg and 

4ns Delay clock section in this manual. 

8ns 

Signal In 0 

Selector-Channel Feature Plug Card (Early Machine) 

This card is plugged in 01A-A 1 U4. It is used to tie lines 
up or down depending on the particular channel being 
installed. It will be necessary to alter this card, only if 
a channel upgrade is made in the field (Logic Ref. GA511 

and A0006). 
Jumpers are installed as follows. 

Feature Installed Not Installed 

IFA/SXl B03·~Term. B03 ~ Tie Up 

B04 ~ Term. B04 ~ Tie Down 

B13~ Term. B13 ~ Tie Down 

SX2 Dll ~ Term. D11 ~ Tie Up 

D05~Term D05 ~ Tie Down 

B07 ~ Term. B07 ~ Tie Down 

SX3 B05 ~ Term. B05~ Tie Up 

B10~Term. B10~ Tie Down 

D04~ Term D04 ~ Tie Down 

SX4 D02 ~ Term. D02~ Tie Up 

B12 ~ Term. B12 ~ Tie Down 

B02~ Term. B02 ~ Tie Down 

Buffered 
D06 ~ Tie Down D06~ Tie'Up 

Channel 

I 

0 0 0 0 0 

0 0 0 • 0 

0 0 0 0 0 

013 012 011 010 009 

0 0 0 0 0 

o 0 0 0 0 

o 0 0 0 0 

813 812 Bl0 B09 B08 

0 

Example~ 0 

D02 --> Term [ 
If SX4 Installed 0 

002 

0 0 0 

0 0 • 
0 0 0 

007 006 005 

0 0 0 

0 0 0 

0 0 0 

B07 805 B04 

0 

0 

• 
B02 

o -. -
0 

004 

0 

0-

o -
B03 

-' Tie Up 

-
I-

I-

t-

r0-

-

Terminator 

Tie Down 
Output Pin 

Tie Up 

Terminator 

Tie Down 
Output Pin -I 

J 

Tie Up 

Terminator 

Tie Down 
Output Pin 
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Serial Number, EC and Feature-Plug Card 

I 

P5 P4 P3 

0-3 0-3 0-3 

I Serial No. Byte 2 I I EC No. I I Feature Byte 2 

4-7 4-7 4-7 

I Serial No. Byte 2 I I EC No. I I Feature Byte 2 

0-3 0-3 0-3 

I Serial No. Byte 3 I I Serial No. Byte 1 I I Feature Byte 3 

4-7 4-7 4-7 

I Serial No. Byte 3 I I Serial No. Byte 1 I I Feature Byte 3 

Notes 
1. Cards are located in A-B2P2 through P5. (ALD R D051 

to RD072). 

2. Feature card B2P3. This card is plugged to identify the 
features to the microdiagnostic program. It should not 
be necessary to alter this card in the field unless a 
feature is added or removed from the machine. 

3. Card is plugged to the Hex value indicated below. 

Byte 2, Bits 0 - 3 
1 = 112K 
2 = 160K 
3 = 208K 

Byte 2 Bits 4 - 7 
Bit 4 - IFA 

Main-Storage Sizes 
4 = 256K 
5 = 384K 
6 = 512K 

Channel Information 

Bits 5 and 6 - Number of Channels (I FA counts as 
one channel) 

10 = 3 00 = 1 

01 = 2 11 = 4 Example: Machine with 

Bit 7 = Word Buffer 

Byte 3 Bits 0 - 3 Misc. Features 
Bit 0 Spare 
Bit 1 3215 Matrix Printer 
Bit 2 Second Selectric Printer 
Bit 3 Spare 

IFA & SX2 & word 
buffer (would be plugged B) 

P2 

I 

I 
BLANK 

I 

I 
1 

Byte 3 Bits 4 - 7 Misc. Features 
Bits 4, 5, 6 Spares 
Bit 7 Direct Control 

EC Number and Serial Number Byte 1 (B2P4) 
Notes: 

1. EC number. The last two digits of the last EC installed 
is plugged in B2P4. 

2. This card must be updated in the field after an EC 
is installed. 

3. The 370 microprogram verifies that the disk and the 
machine are at the same level (otherwise the disk will 
not load). 

4. The serial number byte 1 contains the first two digits 
of the serial number of the machine. The serial number 
is also verified when the disk is loaded. 

Serial Number Bytes 2 and 3 

Notes: 

1. The card in B2-P5 contains the last four digits of the 
machine serial number. The serial number is verified when 
the disk is loaded. 

General Notes 

1. Features are located in external Reg 02 bytes 2 and 3 
and can be displayed on the console. 

2. The EC number and serial number byte 1 are located in 
external Reg 12 bytes 2 and 3. After installing an EC, 
display this Ext Reg on the console. 

3. Serial number bytes 2 and 3 are located in external 
Reg 16 and can be displayed on the console. 

Maintenance Aids A-34 

Wiring of the plug cards and the PIN of the 
pre-assembled hex configuration are shown below. 

Hex Wiring PIN 

0 

• • • • • U 
819364. 

1 · . . . ~ 819365 

2 · . . , . . , 819366 

3 ....... , ! ! , 819367 

4 • • ! • • • , 819368 

5 • • , • ! ! , 819369 

6 • • ~ ! • ! , 819370 

7 
• • , ! ! • f 

819371 

8 · , . . . . , 819372 

9 , ! • • ! ! , 819373 

A 
• ! • ! • ! f 

819374 

B • ! • ! ! • , 819375 

C • , ! • • ! , 819376 

D • , ! • ! • , 819377 

E • , ! ! • • , 819378 

F • , ! ! ! ! , 819379 

+8421P-



COMPLETE 370 MICROPROGRAM INDEX GDAR Decimal Arithmetic GKLA Alter/Display Logical Address Translation HOUT 14XX Exit Routine 

(Routine Feature Sensitive) GDMD Decimal Multiply and Divide* GKTM Console Printer/Keyboard Test Mode HZAS 14XX Reset Add and Subtract 
GDSR Decimal Shift and Round (I nstructions) 

* Helpful commentary of Routine, Instruction, 
GEAA RR and RX Logical Operations GLAA I/O 0 perations * ZZZZ Control Transfer 

or Operation. GEAB Immediate Logical Operations GMCR Multiplex Chain Routine* (DISC to Control STG.) 

OVERLAY 1 GELG SS Logical Operations GMCW Multiplex Channel Unit Control Words -(Check Sum of Coreload) 

AABA Local Storage and External REG Maps GELL Long Move and Compare Logical* GMDR Multiplex Channel Data Routine* 

AACA External Word Bit Designations GEMO Insert Store and CMP. LOG. Under MASK GMGR Multiplex General Routine * 

AADA External Word Bit Designations (Cont.) GEMV SS Moves GMLO Multiplex Channel Log·Out 

DACC Validate Control Storage GETE SS Translates and Edits GMMS Main Status Handling Routine 

OVERLAY 2 GFAR F L T PT Arithmetic* GMPL Initial Program Load* 

DGNK Go-No-Test GFDV F L T PT Divide* GMSR Share Trap and IPL 

DGNR Go-No-Test GFEP Extended FL T PT Exponent Routine* GMSW Multiplex CSW Store Routine 

DGNO Go-No-Test GFEX Extended F L T PT Arithmetic Start* GPAA I-Cycles-IFA 

DGNl Go·No-Test GFHV FLT PT Half* (UCW MAP - IFA Adr.) 

DGN2 Go-No-Test GFLR Floating Point Rounding Loads GPBA CCW Read Out-IFA 

DGN3 Go-No-Test GFMD F L T PT Multiply and Divide Start* GPBB OP Decode-I FA 

DGN4 Go-No-Test GFME Extended FLT PT Multiply Routines * GPBC Search Ops-IFA 

DGN5 Go-No-Test GFMF F L T PT Multiply Start* GPBD Read Ops-IFA 

DGN6 Go-No-Test GFML F L T PT Multiply Loops* GPBE Write Ops-I FA 

0999 Go-No-Test GFSL F L T PT Signed Loads GPBF Space Count Op-IFA 

OVERLAY 3 GFST F L T Point Store and Convert to Decimal GPBH Sub-routines-I FA 

DACS Validate Control Storage GGAA TST Under MSK, Move Char, TST and Set GPBK ControlOps-IFA 

OVERLAY 4 GGAB Set System Mask and Load PSW GPCA Error Sets-I FA 

ABKA K Addressable Index GGAD Diagnose Instruction GPCC Machine Check-IFA 

Addressable C.S. area (Cust's. (C.S. Patch Information) GPCE Index Trap-I FA 

Avail. Stor - last M.S. Addr.) GGB2 'B2' Instruction * GPCG Error Trap-IFA 

CSRD System Reset 0 iagnostic GGCM Mo nitor Call Instruction GPDO IFA CE In-Line Test Entry and Set Up 

(Looping Instruction for all of GGCS Set and Store Time of Day Clock (2319 In-line Test Desc.) 

Stor. or Single Adr.) GGDC Direct Control (Read/Write Direct)* GPD1 I FA CE IN-line Error Posting + Resets 

CSTS Storage SCAN and Clear GGID Store CPU/Channel 10'5 GPD2 IFA CE IN-line Trap Handling Routines 

GAAI Instruction Cycles"*: GGPA Set, Insert Keys, Supervisor Call GOER Program Event Rec.* 

GARR Execute RR Instruction* GGSL GOET 

GARS Execute RS/SI Instructions* GGSM GRST System Reset* 

GARX Execute RX Instructions* GGST Translation TRAP GSER SELR CHNL Error Routine * 

GASS Execute SS Instructions GGSX Translation Exception GSES SELR CHNL Exceptional Status 

GAXF CVT. Binary & MPY Long I Cycles Completion GHRM Routine For Retry of Storage Words GSHT SELR CHNL Halt Routine 

GBAB R R Branches and Set Prg. Mask GHRS Routine For Retry of Second Error GSIN SELR CHNL Interrupts 

GBAC RX Branches and Execute GHRT Retry Routine GSLD Block M~ltiplex UCW Routine* 

GBAD Branch On Index GHEC Machine Check Trap Routine * GSTB B LKMPX UCW Tables 

GCAE R R Signed Loads GHEI Machine Check Interruption Handling GSOP SE LR Channel I/O Ops 

GCAG R R Load and Fixed Point Arithmetic GHLC Log Routine GSSS SELR CHN L Status Store 

GCBA Half Store, LA, Store and Insert Char. (Log Buffer MAP) GSTR SELR CHNL Chaining Traps 

GCBE RX Store GHYI Emulator Interrupts GTRC Op Code Count Routine 

GCBH ADD/SUB Logical, Start Multiply Divide GHYP DRI and RCCW Operations GTRD Trace 0 Diagnose Ops 

GCBJ Load Multiple GHLI Machine Check Interrupt Code Routine* GTRT Trace Buffer Load Routine 

GCBK Store Multiple GICM Common Interrupt Routine GTRU Trace 1 Diagnose Ops 

GCCB Convert to Binary GIPW Store and Load PSW Routines HAUM 14XX Add and Subtract 

GCCD Convert to Decimal (BC & EC Mode PSW Data) HBVW 14XX High Speed Ops 
GCCR Load and Store Mult. Control Registers GITM Interval Timer Routines HCOM 14XX Compare 

(Control REG's MAP- F480 to F4BC) GKAD Alter/Display Routine* HICY 14XX I Cycles 
GCDV Fixed Point Divide* (I nstructions) HIND 14XX Indexing 
GCMH Fixed Point Half Word Multiply* GKCC Set IC and Console Traps* HIOA 14XX I/O Address 
GCMP Fixed Point Full Word Multiply* GKDI Doc. Console Start I/O * HMCP 14XX CPU Move Operations 
GCSH Shifts* GKDJ Doc. Console Test I/O and Int.* HMIO 14XX Move I/O 
GDAA ' Decimal I Cycle Completion GKDT Doc. Console Share Routine* HMOD 14XX Modify Address 
GDAO Pack, Unpack, Move with Offset GKEL Alter/Display Expanded Local Storage* HOPD 14XX Op Decode Routine 
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REMEMBER 
The INDEX is in the front 
of the manual 
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System operating ••••••••••••••• 
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