
re 

e· 

--

e ·. 

•· -~ ' ••• 

" 
' 

INT.RODUCTION SECTION 1. · COMPREHENSIVE 

Input/Output" Cont~.' • 
Channels •....•. ; • 
Input/Output Instruction Format 

FR. AlO 2-1 
. . . • . 1-1 

. 1-2 
• 1-7 
. . 1-8 I/O Control Words • 

~unc~iohal Units ....• . ,. . 1-14 
~heory of Operation . . . , . . '•1· . 1-15 

SECTION 2. I/O INTERFACE . FR. B07 2-1 

Interface·Llnes .. 
Scan Controls . • • 
Outbound .Tag Lines. 
~nbound Tag Lines 
Interlock I:ines . 

·Special Controls. 
Initial Selection Sequence. 

... 2-2 
2-3 
2-10 
2-14 
2-16 
2-18 
2.-21 

~ . ' -
SECTION 3. /vJULTI,PLEXOR GHANNEL FR. Cll 2 ... 1 

' 
C~mprehensive Introduction .... 
Data Flow • . • . • . ; . . . . . 
Functional Uni ts. . . . . . . • . 
MPX Storage (Subchannel Storage) . 
MPX.Channel Microprogram. 
I/O Interface Control · . 

' . ,, 

3-1 
3-3 
3-3. 
3-5' 
3-6 
3-7 

THEORY OF OPERATION . FR; D07 2-1 

Start I/O . ( I"/O...;Command.s) ~ 
Multiplexor Share-Cycle 
I/O Interrupt . . . . . . 
PSW Store .. 
CSW Store .. 
New PSW Load. • . . •· 

3-15 
3-16 

. • 3-27 
3-28 
3-29 
3-33 
3~33 C(;_W Flag Operations .• , . . · . 

Start I/O Transfer-in-Channel (T.IC) 
(:onu:napd ,. "-,,t..; · • • • • .; • • '· • 

Initial Program Load . (•IPL) . •; 
Test I/O. . . . .,, . 
Halt r;o. . . . ~ 
Test Channel. • 
Error Handling. 

SE~TION 4.' SELECTOR CHANNELS 

Comprehensive Introduction. 

FUNCTIONAL-UNITS. ... -, . 

. ' .' '·: ·•: ... 
GA Re,gis,~~fi· : . • 
GB. eontrol',i(tit. • • • .,. 
GC ilnd GD! ·Registers . 
GE .Regis~r 
GF .R!!gist;er 

. GG Reqi$oter • 
,,?f sontfols 
GI· Jius. • • 
GJ Bus. • • • 
GJ Asse!llbler. 
GJC Register.' 

... 
,.·. ~f 

~ ........ 

3-42 
• 3-42 

3:...44 
3-45 
3-46 

.. 3-47 

FR. Al1 2-2 

•/. ~1 

FR. B02. 2-2 

4-4 
4-5 
4-6 
4-6 
4-6 
4-7 
4-7 
4-8 
4-:8 
4-9 
4-9 

GO Register ...• 
GR Register ...• 
GR, GS, and GT Busses. 
GU and GV Registers .. 
GW, GX Registers ... 
Modifier • . . • . . . . 
Clock (Selector Ch,annel) 

THEORY OF OPERATION .. 

Stp.rt I/O.; Cornme.nds to Con.trol 
]/0 Interrupt Execution. . 
CCW Flag Operations ... ~ 
Transfe.r in·Channel (TIC). 
~est I/O . . • . . . . , ~ •• 

. ~ Halt I/O . . . . . . . . . 
• Test Channel • . • . •. '. . 

.Jni ti al Program Load (IPL) 
Error Detection; 

CONTENTS 

4-10 
4-10 
4-11 
4-12 
4-12 
4-13 
4-15 

FR. B16 2-2 

Units 4-18 
4-40 
4-41 
4-50 
4-51 
4-53 
4-55 
4-56 
4-59 • SPECil>.L FEATURES .· FR. E04 2 -2 

Memory Protect . . . • . . .4-60 

SECT10N 5. CONSOLE.CHANNEL. FR. E!>5 2-2 

Comprehensive-Introduc~ion • , .. 5.,.1 
' . A ' 

F~CTIONAL UNITS : . . . • FR. All 2-3 
··'· . .. . . 

IBM" l051 Attachment Clock. 
C'o.n.t;~pls Ih-TT . . . ·. . . 
Controls Out-TA. . . • • . ., .. 

5-18 
5-24 
5-25-
5-26 
5-27 
5-3'2 
5-43 
5-44 

Read-W:i:'i te. Register. . . . • . . . . 
Share-Rec:jue~ Control'S-Poll Contr~l ¥' 

IBM 1051 to. 2,0°30 Interface 
Parity Checking. , .. 
Pariby.Bit Generatorst 

THEORY OF OPERATION. 

Mic::roprogran:i~. \ · • . 
Write Operation·~ .. 
Read Reader-2 Operation. 

·. 

·Read Inquiry Operation ... 
. ·Ready Share-Request Operation. 

Sense <Jperation. , . • .. . . . 
~hained Data Operation . . . . 
Coninand Chaining Operation • • 

·command Chaining. with Command 
Immediate. . • • • • • 

POWER SUPPLY AND INTERLOCKS.\ 

SPEC!AL E'EATURES . •. 

Control Alarm Operat.ion. 

SHARED I/O PANEL -· . 
' REVIEW QU~STIONS . ' . 

.• . ,• •· . 
' c-

FJL CG2 2 ""3' 

·. 

""'4 5-45 
, 5-53 

' 

• 5-69 
5-73 
5-84 

• 5-86 
5-86 
5-87 ' 

5-88 

FR. Ell 2 ~3 

FR. E12 2-3 

•• 5-91· 

FR. El"8 2-3 

FR. El72-3 

'. ' f' . 

• ·~t. 
C,__:_ \ 

AOI 
· .. ~ 

.. .... ,_-' .. 



! . 

Review Question .. Answers. 

• " 

.... 
SECTION 6. DIRECT CONTROL FEATURE FE. Al3 2 ,..4 

-''°Intreduction.. • • • • • v.~ 
Write Direct • • • • • 
Read Direct. • • · • • • 
Defi.nitions of Inte,rface 'Liries 
Application~--~:---:--. ·• 
'Data Flow : . . • • • • 

\ 

6-1 
6-1 
6-1 
6-3 
6-4. 
6...;5 

SECTION 7. 'APPENDIX .. FR. BOl 2 .:..4. 

INDEX •. ~ ·• FR. A0·3 2-1, 2-2, 2-3. 2--4 

' 
--., . 

·' ·-· . 

. 
· 1.·· 

./ 

•. A02 

t 

e 
e 
9,;, 

e 
' 

'9 
·e 
·e 
e 

---,,. 

e 

I 
e 
e 
e 
e 

·e· 
·e 

• e 
. ·" .. " e ... 

e 



' -. 
- 'f 

---

,,,,. , 

. -

•c 0-1 !1" 
• TC Cl-! EC7 

TC'1:1-ICll 
TO Cl-l IH 
TO Cl-I au 

· ~ U:f u; 
• • • • to u:. il'• 

... . \ 

ll 

!lff ffl 
f -

9 

CAe ... 

. . : JS U:J II! 

. . i~ zfl-f 'H •r 
'b & - t 
fCl 0 - • 

. ~,, ~f t~ 

~ "- t i ! :l fu 



•lT I It! ..... ! • . • . • .._,, . . . . . . . 
~l~l'O •ltlO~• '-'• 
<Gl> • ..., • • • • • "'°" 1-1 • • • - • 

=. !f ~1 n1 
;,~ ~ u:t dt 
• T-e Cl-1 fOJ 

T'O C1-l Ut 

· ~ ~~n.u 
'tO Cl-• tit 

CAii) "· 

;g &J:j JU 
• , TO Ol-J fU 

TO 02'-) fl) 
TO Cl-I 00• 
TO Cl-I tOS 
to 01-1 • 12 

• ~ 01-2 f05 • - c2-1 f 01 
• Cl'-3 CU 

• 

.. ._ . . 

. ... . . 

.. •• 

. . . . 
• r• 

. . . . 

. . . . 

. . . . 

. . . . 

UC• l-ll • • • • .... , . . . . . . 
CW ..CTltl'f 1-:te • • ......... . . . . . 

' IL -~~i &e:TJ \Of• ;_, ( ': 

LC w Cli" ID• fl au• 1.-...: 
UlllT C 11D1. WGIO i•iJ ..... 

.. , 

UNIT SUTUS • • • • 
t-u • • 

WllJ! S-U • ' . • • • as • • • • • • fi1 f"i··· • .,. Jlt ' ... • • • 

;~ "'llh!.. t" . . "' ia . " ,....,, ' Wit P UTIOllll S.1 · •· • .. ·~· .... 1111 . HU~ . $T S-.9 • • .. ,,,,..,'rtJ ·'Hg .. •. ' 
!rH WI T UT~~- AN •(1-fOltE ""I' U, CA · -94 . f • • 

Wl T flllTH A , ~ · • o 
. . """" ; 

. . 
1" l''f" ,_io I • • U Uf H -)-10() 
llH u (.H ,... 

• 

g YOlu ei'f '""'" ·l .. s-n ' • . VOl l fl'VNC.w C H ' ,_ 33 ~ 
-vou •uc.ik ~~t.H ,. ... ,.,. · toso ,..,~ · -.. . • • • 1m £•C O•flAT~• . .-.. « NOOfl 9 " • .. i i' Ill ,_95 • • . 

0 ~2 ~ f ... S • • • • .... s.-.s . • • I l lfTACHMEHT C'lOCll . 1-11 
!OS ATTAC.t'!MfNT ! .. 20)0 ,_lJ 

OSl MOCH fl! • • • 0u-,0~ ,,,ir.,·tt ,_,'- · 9 0 .0 1 NlO I(.( 12 
~,~ 

,· 

• 

• 

-. 
• 

• 
~'-

"' 

• 

C4 
TC 

TC 

t 

' t 
f 

f § 

ij 
to 



UNIT nnus ..... • • • • 

w••l!u 1-1! : : . :, . . : : 
walff'tutEcf • t-i : : : .: : .. Tl . , ,.TE•uu s-u _ . 
Vl t "ICM>PROGM"S 5-5J 

· M1t f OPUATI 0. S-5,J :· • w• T OUT 6'-J • • • · • • • 
ldt T S kU.f:-« ~UE ST S-.9 •, ..• 

• 

• • •1~1tuu'1li· ···s-h ·• :· : .·: 
WllTE STATUS W!KIC ~O U)TO.E 5-Se •1TE UP CAS.~ 5-M ·• • • • 
.. TE lllTH A :v' .s-n ··. . . ; "t!'I ; 
1M urck J-io· • • 
u urcw ->-106 • • 
IXH LATCH J-l 

' .. 

0 ¥Ol fS 8 fr 'UNOf·l 5-33 ' • • 
0 VOl TS PU'M;H.tC.lUTCH ' 5-33 ·•· • 
0 -VOlTS RUCcll Q. UTCH 5-34 · 
lOSO COMA.NOS· · 5-<Wt . • • loso ftfO C:PERAT fOf( .s-se osg litOOH. 1 S-9 • • • 
105 OP JN 5-95 • • • 
lOSO REQ I 'f S-95 • • • 
lOSO UCW fORlllAT · 5-45 ' • 
1051 ATTAC+tNEN'T ClOCIC ·f-18 
1051 ATUCH"EN'T IJll 2'0JO 5-13 • 
1051 NltH Nl 5-6 • . • • 
1051-2030 IHTEUICE 5~32 • 
1930 Tq 1951 I Nl,E It f 6C E S-12 

,,. 

,· 

• 

• 

• 

CA., Pl. 
TO OZ.-1 COi 

TO 01-l fl6 

· +g gJ:J Ul 
TO OEJ COJ 
TO 0 4 'Al J8 g -1 J,3 
TO OZ-J ~f O 
TO Ol-4 A 5 

• TO Ol-J j°' TO J U 
TO gr-, 10 
TO Ol-J 15 
TO 01-J lS 
TO Ol-J °' 
TO OZ-1 0~ 

• TO C2-l D-
• TO Ol-1 002 

l 
• TO Ol-J IOI 
• TO Cl-3 IQll 

TO 02-J lt't 
TO 02-J (OJ 

• TO 02-J iU 
TO Ol-2 I' TO Ol-3 6 
TO 02-3 El6 
To 01-J coz 

• TO O~J All 
TO 0 2 Ell 
TO C 2 ElO 
TC Ol-J 107 

'TO U-.t fl6 

' ... 

CONTINUED ON 

FRAME A07 

I 



' ... 

CONTINUED ON 
FRAME AOe 

A07 



e. 
e. 
e 
e 
e 
e 
e 
e 
e 
e 

I 
Ce. 
e 
e 
e 
e 
e 
e, 
e 

j 

- . 
f" . 

e 

->· 

" 

!,, 
~-~ 

"~ 

)!'. 

Field Engineerinp 

Theory of Operation 

, 

Restricted Distributio11 

This manual is intended for internal use only and may not be 
used by ~ther than IBM personnel without IBM's written permission •. 

' 
l/D Control 

System/360 Model 30 

A08 

" ' 

;i ~ 
f 

--

' 

( ~-, . -.. :'' . 
·1 . 

---

Y2~2-2 



Form Y24-Jj62-2 
FES y24.:.os10 

PREFACE 
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J • 
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Input/Output controls of the System/360 
Model 30. A knowledge of the IBM 2030 
Processing Unit is assumed. Inf rmation 
pertaii;ling to the 2030 Proces ·ng Unit is 
contained in a companion F'eld Engineering 
manual, 2-030'.Processing Unit, Form Y24-3360. 
For maintenance information on .the ·IBM 2030, 
refei"tb the .IBM 2030 Maintenance Manual, 
Form Y24-3390. The IBM 2030 Maintenance 
Diagram Manual-, Form Y24-3466, contains 
diagram flowchart·s ·of sp.ecif~c op-code 
microprograms for the basic machine and . 
the IBM 1400 Compatibility Feature. The 
IBM 1620 -Compatibility Feature Diagram 
Manual, .Form Y25-3478, contains flowcharts 
of 1620 emuration.' . 
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SECTION 1. COMPREHENSIVE INTRODUCTION· 

: INPUT/OUTPUT /CONTROL 

I I .__ 

• The IBM 2030'communicates with I/O devi=es through Channels. 

• The Channel is a physical part of the CPU, but functionally 
separate. ~ 

• The Channels _are.':cortnected to, and corrununicate with, the I/O 
control un-iats vi~ a st.andard 'interface. 

• E~ch I/O device attached to a channel mJst have an assqciat
ed .control ,unit. 

The transfer"' of~information between the 
2030 processing unit a,nd an I>-o device is 
by I/O control circuits and micro programs. 
These cont,.i;,61 circuits and micrc> programs, 
together, are called channels. Existing 
channel ·circuitry is _lo~a.ted in the CPU, 
but in a~tual. operation,' the channels are 
completely separate units. 

~-

-t 
A cbannel is connected to an I/O control 

unit by a cable containing 34 signal lines. 
The 34 signal lines, and the sequence in ~ 
which they become active and inactive, 
constitute the standard interface. By 
using a standa.r:d set of lines and signal 
sequences, the same I/O control units an~ 
dev.ices can be used on most models of 
system/;\60.: '--. 

. . 

l/O Devices ilfontrn 1 Units 

i C:lrd· l-J Si":9le l. 
Punch j _ : Unit 1 - : ; 

~:~~r 1 ~1 Mu!•i- i • ; " 

I Unit 

Cord 
Reoder 2 i 

1 Single 
Printer ~ Unit· 

~~~~,--~ ~'~~~ 

' 

Figure 1-1. CPU to ~/O ,'ijlevice Data .J'ath 

When an I/O device is attached to the 
IBM 2030, a contt'ol '¥'1it must be used. The 
control unit can be separate from, or con
tained within the I/O devi'ce. Each device 
could have its own 9ontrol ~nit, or several 
devices can be controlled.by one control 
unit. The control unit acts as a buffer 
af!d compensates f'Gir a difference in the 

-rate of flow of data, or ~he time of occur
rence ·of events, when ·transferring informa
tion between the 2030 and an I/O device. 
Figure 1-1 shows the concept of data flow 
between the .CPU and I/O devices. 

--
The channel itself· can have many I/Q 

devices physically connected to it but only 
~ IIO device·· can be operational with the 
channel at any one time. To ensure that 
only one control unit and device is select-

1 ed, ~ch is given• uni2ue add<ess. 

I 
I 

i 
i 
/_Channel 
J (Up to 3) 

1,. 
Central Processing Unitj 

j 
I 
' 

1-
i 

Section l (6/69) 1-1 
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CHANNELS 

' • 1'.he I_BM 20 30. has two . basic types of channels: 

1. Multiplexor 

• 2. Selector Cone or ·twn> 
'~ ; 

~ 
~,,·· 

• A console'.subchannel is also avaiJ:abl.e for th~ 1050 attachment • .. 't . · - ~ 
The two channel types used by the 2030 
perform the same function. They differ · 
however-, in the method by which they obtain 
their. objectives: 

1.. 

2. 

The multiplexor- channel is basical
!~ a .microprogram routine. It oan 
sust<i-in opet:at.ions with several. I/J 
devices at a time on a time Shared 
basis. 

The selector chan.nel is a high
speed channel. ~trper;~tes with 

CHANNEL INSTRUCTIONS 

' 
6ne i/O cteviC.e ~nEj.l~fa cpmplete 
data reeord has been transferred. 
It does not use mi.cr3'i;>ro/J:Jiam. 
routines to accomplish. data trans-

• fers. • 

The cbnso:tf'! subchannel operates only·_ 
with the 1050 attachment. It uses the · 
microprogram routines of the multiplexot 
'channel to accomplish nlany··of·its func
tions. The circuits for the console are 
also located in the 2030 frame. 

.. .. ·~7 lot ·'! 

•The CPU uses fou? instructions ~Q co~nicate with a channel: 

Start._ I/,O 
Test, Ii'O---------

Halt I/O 

Test Channel 
.,,, 

" 

. 
i 
i 

.. 

Th~ .star~ I/O lnstruc~~ used_by t~ 
CPtf to initiate all I/b 6perati:ons. Test 
l/O is the J:PU' s means• of obtaining. infor
mation; regardi,ng the stat us of a particular 

2. A command address, designating the 
location in main storage where the 
associated first ccw is located. .. 

' I/Q control unit and device-. The halt I/O 
instruction is iss'\led PY the CPU to discon
"nect a particular I/~ control unit and 
'devic~ from tbe channel.,a. The test channel 
instruction involves on1.¥ a channel and the 
CPU. It is used to determine the status of 
the r channel. 1 · 

- These ~our i~structions specify o~ly the 
address-of the.- channel, I/O control unit, 
a~d d.~vice. For the test I/O, halt I/O, 
and test <;fhann~l instructions, this is 
SUf f i_l:i.¢1t. The channel must, however, 
obta\.b-'"opera~· ng information ,to execute a 
stert; I/O ins ction. It gets this infor
tnatian from a c rinel address word CCAW> at 
lacatdo~ 72 ,.(hex 48) and a channel command· 
word CCCWh, located in CPU main storage. 
Tb,er,CAW consists of: 

.,/ 

I 

The cc~ consists of: 

1. 

2. 

3. 

r 
.I 

The specific; COIT!JMnd tg __ t>lf executed by 
the I/O unit-:_ ,.. - i -.,_ ;-

' i . 
A :lata address t-tlat: speci'f;ies the atea. 
oy core storage ~o be µs~ for the data-
transf ~rs. , , 

A count that specifies the number of 
data transfers, in the fo.tm of bytes, 
that are to be majP.' ~ 

Five flag bits that may extend or modi~ 
fy the basic command. 

A separate cc~ is necessary for each 
con;nand the channel is to perform. For 
example, a read, write, rewind instruction 

" 

1. A storage protection key for the I/O 
~pe;.a ti on. 

to a tape drive is actually three separate-,_. 
conmands and therefore would require three_~. 
separate C<;l(i' s to execute the commands. • ·J-!-". 

.. .. ·~" ' J{tl., 
1-2 ' 

• . i I • . ' '•. 1 ... IJ,. '~ 
All 
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l/O INSTRUCTIONS 

.. The start I/O instruction selects .the channel, control unit, 
anl'I device. 

I~ 
The channel, control nhit:,· and device, are connected electri-• 

• 

cally by the standa~d in~rface. . 

Afte~ executing the ins~uction, the coptrol unit presents 
ending status and caus¥s 'an interrupt. · 

When ~he CPU issues a start l/O instruction 
to a channel, the channel selects th~ l/O 
device and control unit by executing an 
initial selection sequence. 

' The channel issues the I/O command' to 
the control unit during tt:.'· i,.nitial selec
tion sequence, and electrid!"fly connects 
the control unit to the interface. The· 
control unit decodes the command and raises 
contro.l lines to the I/O device. 

A control unit that is.electrically 
copnected to the channel can operate in 
either burst mode, or da_ta interleave 
(byte> mode •. When operating in burst mode, 
the control unit remains electrically con
nected to the channel after initial selec
tion, until a complete data record has been 

£.transmitted. When operating in byte mode, 
the control unit disconnects from ~he chan
nel after initial selection and between 
each data byte. When a control unit is 
connected to a selectbr channE¥, it always 
operates in DUt'St mode. This is because a "'\ 
selector channel is a high speed channel 
that operates w1'.h -one I/O device_ at a 
&me. · •\,...- ' 

\ ' 

When a control unit is., connected to a 
multiplexor channel, it operates - in either 
qitst or Qyte mode, depending on the design 
of the control unit. Normal d~9 transfer 
from t~e l/O u~it to the multipl~xor chan-

. nel is in .byte. mode. The control unit may 
· f<;>rce burst mode operation. Normally, the 

the I/O command, the control unit sends its 
channel-erni and device-end status to the 
channel·. These may be sent together or 
separateYy, depending on the control unit. 

The control unit always sends channel
end status. to the channel at the end of the 
data transfer portion of a collihand. · 
Channel-end may''l;_>e alone or accompanied by 
other status bits~ Device-end is sent when· 
the control unit is in'a·position to accept 
another command. 

,l When a channel receives ending status, 
it may- eiiher accept the status~or it may 
CO!IUTland the control unit to hold <stack> 
the status. pnce the channel responds to 
channel-end, status with .either an accep
tance respoi).se or a stack respon9~, the 
control ~\mj,;1: disconnects fr~m the channel. 
F'igure 1-2"' illustrates a basic selector 
channel data transfer. 

• 
When a channel acc.ep'ts the ·control unit~_" 

device erid status, it will either obtain 
new operating information (a new CCW), or 
initiate on I/O interrupt of the current 
program. 

If the channel must obtain a new ccw 
because of the presence of the command 
chaining bit in the ccw, it must wait until 
i't receives device-end status from the I/O 

•jevice- contr9l unit . 

l~ speed 'COntrooJ. units operate.in byte · _ • 
mode -ancl- high spe.ed unit:;; in _bu;:-st mode. ,_ An l/O interrupt causes the status of 
InterJl\ediate sp~d units have a swl.tch that.· the int~rrupti'ng 'channel and I/O unit to !'e 
can be s-et to either nyte or burst mode~ . ,---~ :rn the channel status word CCSt.') ana 
I'he selector c __ hatt,h_. el over rid.es tt:e s_witch ~ .. "'"~---~ ___ "x xeec~tion of the l/9 interrupt program 
setting and force$ burst mode. ;.;-hen the _. t.b ~n; --c 
channel is ofo.\ating il'l byte moje, it may ·, -' - .-
service sevet~i I/O uni ts on a time-shared-' · 
basis. It must disconnect from one I/O Note: The CPU can begin the execution of 
device before it-can operate with another an I/O interrupt only after it hils 

, devi~e. This me~ns that the control unit comRteted the execution of the instruc-
, must initiate a ~ction sequence each ' tiori it is currently executing w~en it 

time it reguirei~vic~ from the c:'i.annel. receives the interrupt. -

when a channe!f ·~n'µ. c6ntrol unit have 
transferred the number of bytes required by 

. Refer ta=Fi.gure 1-3 for a flowchart' of 
the four ch~nnel and I/O instructions. 
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Channel, Physically Con
nected to Confrof Unit. 

'·\'/'ants to Se~ Doto and 

Punch ':'.l Cord. 

.7 

.. 

··~' 

Chnl 

Chnl Sends Adr-Out 
and Se I-Out. 

<;:U 'Deco!!e> Address 
ond Waits for Sel-Out 

Control Unit 
Off Line or, 
Power Off 

Yes 

No Yes 

Chnf 

CL} Raises Op: In. 
Chnl Cancels Adr-Out. 
CU Sends Address. 

Chnl SendS Cmd-Out. 
CU drops Adr-in and 
Sen,ds Zera Status .. 

Lasr Unit On Lin~ 
Sends Select-Iii. 

No Yes 

Cho'lr.el Canceh Ad
Cres5-Qu· .YlC D::J;:;~ Ci; 

I 'rw Already ,vVorking. 

(CU Send; Busy Status). 

« 

. ' 

{ ~· J c5' c~r,',. 
mine P.,e:~~:J-r'_, 
s· Sen• . 

T:: Deer-

C>- ni Serd~ Ser·.- ice-
0-...:: ::::r.d siat~. 

Ser.,,ice-Jr c.rcifs"er. 
0-..·j Ex:-~:::!"'¥" \ 

.\'es 

., . 

.. 
.:: :ense Cmd 

.~t-r-e i· is, S:or~ 
Pt.:nd·>12. 

Figure 1-2. Basic Selector Channel OperatiJn 
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.CU .-'Sends Status 

ThQtJks a Lot, I'm Ready. 
(Service-Out to,(;U) ' 

I'm Reod)I Too, Send Wle 
Soilietfii~g. ICU Sends 

.Service•ln). 

j 
~.~~~~~~~~~~--' 

I 
I 
I 

. ' 

• 

I 

'• 

.. 

OK, l'mGcingtoCl~on 
Up ond Go Home 

l.· ' 

CU and De·.i ice 
Present Endin!!I · ~ 
Status. .i' 

I 
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. , ·e 

e 
e 
e 
e 
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I 

. f 
~i 

<ili-

<• No 
~- ~ ..-.--------c. 
•~ ,t .f {Test Chnl) 

-~~1! i 

J. 

.' 

' ' j• \ 
t 

Part 3 

7 
\ 

Chan,;..I Executes Ho It 
1/0 lnterfoce Sequence 

CPU Proc;eeds wrth 
Next lnsfructi_on 

A 

~ 

• CPU Issues 1/0 In!' 
struc tion to Channel 

Start 1/0 

Channel Obtai~ a CCW 
from Core Sto;_age • 

I Chcmnd Issues Command 
to I, 'Ji.Dev ice Control u'ni 

Control Unit 
Decodes Command 

Control Unit Sends 
_Status to Channel 

Figure 1-3: Il'O Insttructions (Part 1 of 'JJ - .,. 1-J. -
,-; .. I 

:fr 
~,\ .. i1 ,_ 

,. 

Yes 

Channel Begins Se ction 
of Unit Specified by 1/0 
I n.stru.ction 

• 

' . 

Test 1/0 

1/0 Q>mmc:.nd
. DoiD-Address 
Count Flogs 

1 Channel SeQ!Js Zero Com
.mend io 1/0 U "t 

.. ' 

Centro~ Unit Sends Stotus I 
to Chdllne I -

.L Chonnel Accepts Status 
~ ond Steres It ln~he C~ 

Control Unit Disconnects 
- fmm ii.; Channef 
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', 

·;. 

Jniticre :; Se.e-:<:;,;-> 

S~quer-:e C :-;---·".e;: ... 
t:i t~re. :::ce 

l 
< c T·:::··.-"¥' 

C::~:: .ef~e 

Se..--c: D::!,:; T:::. '"'' 
;;;~ce:·.e J-::~c .:,~ ...... 

No 

Port I 

l 
Bu~st 

fv\ode :.:;ir 

Select8• 
c~11,~y,-

.. 

(P.lj ~cnti'nue~ , .. ir-;... 

Ot 1rer /nstru;:ti."bns. 

·-........_ Yes 

E xea-ufe t~e 

(O""l"nCnd. 

. ~ 
. Doto~ 

Trarisfer > 
·'--.. (o..,clere 

Yes, 

T~.:i~sr;-.'! s~C,.LS 

to c_ ... :::~re!. 

l 
•• p.,.. 3 , 

Figure 1- 3. l/O Instructions CPart 2 of ,3> 
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e 
e 
e 
e 
9' 

e 
e, 
e 
e . 

I e 

I --
e 
e 
e 

' 

- \ 

\ 

No Does Chpnne I 
Execute Stock 

· Seguence· 

l Control Unit Disconnects 

I From Interface- But Holds I 
~s. ~ l 

. NA~ 
0 AHow Control > 

, L:nrt tp Send / 
'~Sta"tus , 

· · Yes 

No /Does (p~' ~........ ~ntrol Unit ~~pture; ----, 
~ ' Issue > lnterfoc~ and Send:. · 7/ , ''"'"' I 
~ . 0 , 
Part I 

No 

Port 2 

',~ 

Does Channel ~,, Y~s' 
-Ac·~-~---------, 

r--
Thi1 Chnl .-End.otaru1. 

~ MPX Ghn1 Al nC'f$ Stach ,) , 

; )evice-End Statu:_:__~-~ 
--~ 

! 

Unit Status OR:l 

Address P!ocec i'1 
Interrupt BuFe.-

--u--=r:=- ~-· .~ 

. -. ---,/ 
Channel Requ~sr-s 
Interrupt 

CS\"/ Stored 

ril 
i c : 
~·/ 
Port l 

[ Control Unit Di~connects 
i From The Interface ... 

L__ ---r . -- --~ 
r/___.-/, '-...,~ 

.
1

. .Unit S!otus He~d0; i1n 
Channel. 

I) LJ,,1• Add•ess is in 

. Loco I Store. 1 

I 

Figure -1-3. I/6 Instructions <Part 3 Qf 3) 

INPUT/OUTPUT INSTRUCTION.Jl)RMAT 
. I 

The four I/p inst~uctions h~ve 
word. 

. : 
The l/O instruct1Gn format is as follows: 

I 

' 

:l~--,--~--71~L~;"'--~51i~--1~T;~---~l-~ 
I Op. Code! Ignored I Bl I Dl I 
l _______ J._ ___ _,_ ____ J._ ______ ~-------J 

Bl+Dl=i/O channel and Jevice Address 

- BITS 0-7: An eight-bit field giving the 
'operati$>n c;ode df ,the instruction as}ol-

Al6 

bit 

·lows: 
- .1001'1.100 {9C) 

10011101 (90) 
l0011110 C9E) 
10011111 (9F) 

-' 

Start lLO 
Test I/O 

.Ralt l/O 
Test channel 

BITS 8 - 15: These eight bits are 
and ar.e ignored. 

' 

.... 

not used 



BITS 16 - 19: A four..:: bit field -which 
designates a j2-;bit'"general purpose reg-"' 
ister in local storage. A zero in th~ Bl 

\ ,field is used to· indicate the absence of a 
lf base register component, and a value of 

zero is used in forming the a9dress regard
less of the contents of general register 
zero. 

BITS 20 - 3l: A 12-bit field'whtch holds a 
lit~ral va'lu!2 known as. the displaceiifent. 

. The contents of the general purpose 
register desi<lnated by Bl is added to the 
value of Dl. This forms the cl\anne~ and 
unit address·. In the resulting 32-bit 
summary: _, ;j 

t 
'\ 
'\ 

I(O CONTROL WORDS 

Bits 0-20: Ignored·. 

• 
BITS 61 - 23: These three ·bits for channel 
address ate assigned as follows: 
000 - Multiplexor Channel 

•.. 
001 - 010 Selec-tor Channels 1 i; 2 (011-,110, 

Selector Channels 3-6, are 
invaiia on.the 2030) 

. 111 - Unused • 

BITS 24 - 31: These eight ~~its define the 
unit number to a maximum of 256 units, each 
unit{having a unique address. 

Four control' wo s are common to I/O op~rations: 

1. 
2. 
3. 
4. 

Channel Addce Word (CAW) l · . 
Channel Col!1Tland Word cccw> ( Start I/O Only · 
Channel Status W~d (CSW) · · .,. 
I/O New ·-and''Old P~gram St.c.tus. WOrds CPSW) 

I 
(, I'-\_ ....;--

COMMAND ADDREsS ~ (CAW) 

\ .·~· 
"·~ 

• The CAW is.</- 32-bit word locate~ in main storage 72. - 75 
C48-4B hex> • 

. It provides the address of the first Ch~nnel-Command Word 
cccw> to be us;a in the I/O oi)E!ration. · , · 

• It provides the I/O protection .j ~to 
operation: 

be used in the I/O 
·•i \ 

It i~ ~utC?matJ.cally. read out when the 
is given. . r' . 

• instruction start IYO 

' 
The CAW is a 32-bit word stored in the 

'fixed 'location 72-75 in main memory. The 
CAW is loaded into ihe channel by the 
instr.uction start I/O and speci;ies ttie ""-__. 
address of the first control word. The CAW 
has the.following format: 

r--~~-------~-~-,.--~--T~----------1 
10 314 718 311 
II/O Protection(Keyf Zeros !CCW.Address I 
L__;~~-------_::_~-~-----~------------J 

1.,. 

BITS 0 - 3: . A fo~·i-bit I/O protection key 
wh~ch is compared•with the four-bit stora~e 
key obt,llined from: the storage-protect stack 
when a ~ain sto~age location is addressed. 

1-8 

r • 
. • 

If the protection key and the storage key 
do not compare; the protection key is not 
zero,' .>and the operation is ;INPUT,- the 
address is violating a protected area. 

· This causes the channel to generate an I/O 
-interrupt, wlth the protection-check indi
cated in the channel-status of the asso
ciated csw. 

BITS 4 - 7: 
·zeros. 

This four-bit field must be 

BITS 8 - 31: A 24-bit U1Hd which clefines 
the address of th.e first control wold used 
in the I/O operation. The CCW specified in 
this address must not be a Transfer-i•
Channel command. 

Al7 
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e 
9"' 
e. 
e 
e-·-
e· 
e . 

--
e 

I 
e. 

.e 
. --.e: 

... 
' 

CHANNEL COMMAND WORD (CCW) 

~ • • 
\_ 

t I .~ 
• ~he CCII- is a 64-bit word located in a main-storage area 

. designated by the"program. . . ' 
• It contains control-information specifying: 

• ;,'l. ~ 

1... Type of qperati,'On <O<?mmand code>. 
, i. Mkin stojage ~~~~- ~p be used (data ;.iddress. and byte 

count> . .-. . - · ; · , 
3. Action tl9 be titlU!lf.-:w~n com.pletion d't' operation <Flags>. . ;,.~ ,/_$ . . . 

• Acces~ed_ only 'd\,lr-,t1t9 t~ start I/O microprogram when 
initiating the ·'t/O operation or chainin;J from one ccw to 
another. -

• Used'as a basis to form the unit-con}rol word <for multi-
plexor _channel only>. i ~ - . · 

• < ~· .~'~ 
The address contained in the CAW is the · -
address in main storage of the first ccw to 
be us•d in an I/O.op,ration. This ccw is-a 
64-bit word and specifies the operation to 
be perto.rmed. Because the ccw must .be 
located on a double ~ord boundary, t~e 
thr~ low-ofder bits of ~ts a~dress must ~ 
,Jeros. ~ 

' The infonnation a,>ndined in the ccw 
define_s: ._ . 
1. The c;>peratio1f,to- be 
2,. The main-a-torage ar 
3. ~e action~o be tak 

of ttte o~ration. 

. Ttie forma·t«·P~• ccw is: 
r-------,--------r-------~, 

·_ Fi\ure 1-fi" sbows the ccw ~n4 ~ 
fo~t, Bits·muked x and M ·11,ave the si9-
nificance: _ _ · : _ - • ~-· . ' 

~-: ~~~~~r r ; . - -~ 
. ' ~, 
~;;;;~d----~--~-~~~-;-~~~- -;-11· 
·t-~---------7---.:....!~+--..:'------~---· 
t--------,--..:--.------+------~---f I Invalid · I• • x • '1'- o o· o I" 
~-,....----------+. -- ·---=----· 
JSense I• • • • O 1 o 01 t-----------t . -----;;--1 
!Transfer in ~hannel Jx x x • 1 0 0 Of 
~-- -~----+-------------· --
tRead Backward· _ · I• • • a 1 1 0 Of ' 
~-~ - ~ --------~-------~-.-.-· Ill 

JO 7~i8- 31132_,...- ·'-361 
"f}, COl'lllla_n,d I .. ~ Da~~...L: ~·. I• -P~ai!i.1-,.;···1 

I c~e I .. A-~''· I .-- - I 

!Write I• • rl • a • 0 lf 
~'.-~,--,-------~-+--- ... -----~ 

.'t IR~d .- .. _ I• a••·•,.• 1 )f 
t-----·-- .-----+--------------· 

.1control l• • •a• • 1 t I 
L------~--------A-----------..... , 

L-------1, \ . ' ) .._,:,#• . ' --J 
.... '! '- .. _, ) 

.. - , ... .¥~·· - . 
-·~----,.~--:---&..r-----:--:---, 

_ • 391 trO - ::' 471 "8 /_-.;., 63\ 
!"" · Zeros I ·• I~red. I " count 4 
L--· ---"----L-~----fl---L-,_.,! __ ,_ ____ J 

. . ' . • . t 

Fiqqr~ 1-• Com.e6d Code. 

The .edifier bite'o€ the CCl9mllad cocs. 
speeify to ~ 11'0 tU.it th• det•O ~1-
tions under vbich the opeuUon la ~o be • 

BITS O - 7: command Code. The:;e eight exea:uted.... It covers •OCh concUt ioq9 •• 

· A . nel commands: · _Tbe -•nin9 of '.the mlQ;di. i.er bit-.. · on 
bits specify~one of the foliowipg $ix chan-:-" recording-d.,... it}'. pui.~, •bd. ~ -=· 

W' th•type of UC> device. _ - -- • · · -· - · _ i: =~~9tBackward J_ _ : , .· ·( - _ .,_ -~--
A -. . 3. R-ead _. ans a -- lh o.at.a wr~s-.. - T.._ •· 
W ~ Control , apeciLy)ti. loc:ation of tlia e19bt-bir · . · { _ s: Sense , _ j_n ~1n atoh9e. It. is ttlllt Ur~t !'oMti~. 

6. Transfer-in-Channel - referred to in the area def~ne4- bf_ .tlae CCV. 
A . . ___ ~ The .locat-!oe 1• the atarti~ •dltr-e9a ~ram 
W' Each--.of the siJr comi&nds, "1th _the tbic:h dau ia to ·be tetehed or· .Ute •t.t.rti .. _ 

exception of Transfer-in- c._nneX'-(TlC-)_,_ 4tddr"••of"tbe locatlo•-wbere dit\-!ll-i• t.o. e initiates the· u_o operation. The TIC co.- be -•~red_. 
mand lfii.CW contains the address of another • 
ccy fn bits s - 31. 'l'he .remaining~ bits· <32- BITS 32 - l6: Pl~•·· .Fh•• fl•9 bit• ~i- , -

e 
9. 

63> are- ignored. · - " -fy the basic ccw c.tmlillar_.. : · .• _, 
' . . . ~~ . . ' 

: ' 

... .. 

. '-CO~T~Eo ON. 
. .F~Mf IOI-.. - ' . 

·-I ~ 

. ,_ .. .. 
<I· .. 



I 
.. , 

.. 

1. Bit 32,,·Chain Da.ta. CD. This bit speci
fies chain data addresses. It allows a 
channel I: to obtain ·the data address and 

. oount .ftom -the- next ccw after the ccw 
in whic~ it 'appears has been fully 

• • exec11te~·. . . 
~ ! • ' • i 

2.· ·Bit h, Chain tommand (CC.). This bit 
specifi¢i? chain conunand •.. ·r,tl allo~s the 

. ·channel to ol;>ta~n and execut,e the next 
CCW if ~~he C~w in which it apgears i~ 
success~ully executed. ! . I \. 

. I • • \ 
). Bit 34,,

1

.suppress Length.Indicati~ 
ISLU .- I. This bit aUows the, channel to 
ignore ~ncorrect length "indications\> 
when an l/O 'device sJ.fJnals ~he....end of\ 
an.operf!tiqn before·ttie·n1.Jm~er of .byt~' 

. specH if!d by the ccw' count ~ave been· · ·. 

4. :::n::~~:;~;0• T:::e b·::r::; ts t~e. · ·" 

channeli to bnias~ st,o~ing i~put infor-
matiol) ~n maion storag,e. . 1· • .. 

I ' , .* . ..,,.,,·, .'• ( !#_. 
I '. !Ir '=t I ; .,... .. : 

;f;,.~/. 4 ~ .. · .. 

\., 

\\\ 

\ 
... 

.\ / ·r ;. 

~· ~'.t 36, Program Controlled Interrupt 
·' · CI>. ·This •forces the channel. to 
. at empt ·an ~nterrupt of the major pro-
. gra • It is used by programmers to . 

force an interrupt ,to the major program 
during .the execution of a chain· of 
ccw•s. It allows the GPU to find out 
how the· operation is goin.g, and to 
initiate ·ot.her action if the conditions 
warrant it . 

------ . BITS 37 - 39: These· three bits muse be ' p . . . 
zero. If they do not contain zeros, the 
operation iso t~rminat:ed witb a program 
·error indication. . · 

\ 

• BlTS 40. - 47: These eight bits are not 
used and are ignored. ' ·. · ' ., 

BITS 48 - 63: Count'. •. This.16-bit field ' 
defi.nes·· the' number of . ~yte. storage loca
tions in tqe area def.Hjed by th.e ccw .. · The 
count in conjunction wiith .the data address 
specifies t~e comp~te 'stor11ge area uqed· by 
the,currentCCw •. ': <· ·~ . . 

; ; 

I ·-I ·1\' ~( II ·t 
~HANNi,L ~TAf~S woRf3! :rcsw> . ·. · ~ 
• .. rtt.~- cs· F.'_ . 6~~·bit w~'rd lo~"ated at !llaih.;_storage word l;.;a;~ 

, .. _ .. 

: t'ion I> •<40>. • 

. •" It ,d*J!.s ibes ·th~" st~tus, o~. ~he .110. oper~ti'on .·just comt\J.e1;~d~~' 
• ;:It ldenl ifi~s 't,l'le l/O pr~teJtidn key, ~~e 'i.a~t .cc~ add1res~_' 

use~p;J.us eight, the resi\)U.al cou.nt, and chi;innel-find).mit'. 
s.tat;1,1sj at. end time... · ... · ·' .· , '\ I · / • , · 

. • 
, - ,. . I "'"' ~ , 

It\~· s~_ott.·;l in.t"m. aiit,stor~.g~\locahon~:~61.i. ·at the ·c"omfletio· . 
of·_ an 1p· o~rat.~Qn 'if.hen· t~e 1/0 ~nt'e_., uption ( fof t 
ope rat on> is taken. · · . ,- f . ~ 

,/ port:io t9f thlir·1 sw may titi ~toreJ in mai n..:stoi.age s't;or·age ... 
J .. :.- ~utin<J. tJ iria.tit; ti.on of ~n f uo i.nstr:~ti·on., .th~· siatds 

;•' aM 69 (44 ~ndli5 .. h~;ic> d.Hejto the I/O instruction:·}i)eirig 
( reject .d .• _.or .if a~ immediale oper~tibn has ~en perfqf\lne -~ .•.. 

• .. ~·1 -~., ...... _'\,. '. ~.' I , '~i:.. :- .. :.-1-"~ir~:- i~ 

.. '1hen, the' :v . pperation sequenqe i is complet- stored~ . 
ed .. at. t~e 1_Vrit. all) ·~n~erruptiori to tt:ie CPU r----"=---":""'19'"-: ------T---~;:-------------, 
pra9r.~" is denerated. The in~ehuptfon . IO . ' I 4 • .=7 ( B •f., 31 I 

( 

e 
.e 
e 
.·e 

--~-
Le 

,..__,__ 

e 
e 
.:. 

e· .. 

I 
e 

... ' 

--~ 
" e 

•· .e 
C'. 

· .1-nitiateQ brt · t:he. star_t l/O i11~tr_, uction has . ey . · I 1 I · I / 
. il>een coillple~ed. ·· , The cPµ, Jn 1 c~epting .' ,. .-... --,---<-/.--J.--~--J..,..--- --------... ----J ,. ,.. 
,'-~fotms Ute: program that the tjp$tati0n .' · IP }Tect'io I 0000. ('colnd"Addre'ss I 

::;\·ntei:rup~_ior, a~~o. store , l )(.e . • . ' . • • - . . • 

. \~--

.•. --· \· . . 

"' . . ~r~t1~a ~~~~e~ . ~~:.~ne . r;;;r·-:.-----:--~:--~714~~:,., ~-~-/7~~~6;i 
1:Uriilt iUld. o t4 . I . / · status t . I. I count ' I 
'and .k~esct~ · ~L/--.fi---------------..1.--/-----,....:~-~----..,J 
staTj(l,ls c · . t::l,. . '. 

- fqtlfe - 'ii 
t. Bi.ts; "() -- 3 ~ Protection' Key.. This four-

/ _._, bit ~ey is the . same a·1:1 the pI'otection 
key~ des9r_ib~d previously under . co~nd 
Addi!:eSs' Word. (CAW).. .. 

I i 

~-.; ' 
(;. . .. ·. 

-. .. ~~. \ .... 

._t 



·e 
2. Bits 4-7: These four bits must be zero .. 

e I 
3. Bi_ ts 3-31; Commanq 71.ddress. 

Irientifies· the last CC'i address u~ed 
plu'? eight.· 

. ilits 32-39 indicate the c~nditions 
detected by the I/n unit or its con
~rol unit and ar.e· senj: via the interface 
in a status py,te. 

.e 
e 
..,,_ 

·e·· 
e· 
·e 

-e 

.e 

.J 

Bits 32-4:]: Status. T!1is a.r0a defines 

Uits 4Q-47 indicate the ~ondit~ons 
detected· b_y the channe·l. · 4. 

the conclitioi)s in. the I/O device and s·. 
channel that caus.ed .the storinq of the 

Bits 48-63:-. Count. This area contains 
the residual count for the l\lst C:C•v_ CS':J. used. ~ . . 

.. 
IIRO~)l~ST~J:US, WS~.~D CP:i~ 

·• Four PSW's are associ~ted with input/outp~t operations: 

~ 

1 • currPnt PSW 
2. I nit i,il Pro9rc1m Lodd P:>W 
3. l/O old PSW 

, . 
4. 1/0 new PfjW. . 

7 
Thf' bit.f'Ositions in'.r1 P!;w wt.Leh -are util-:: 
izP<l in'.'ar1 I/O op<'ration are li.sted with' 
.thei~ f~nctiun: ~ 

tri t: s 'o - 7 : . sys U; m 1f\rl :; k · 
J 

;." 

l\H U . Mul tjpl e;c<J';' ,ChannPl. Mask 
" 

flit .1/ •f>dector 'c1ti<i:rlnel Md!>k 

~!lit }2 ~)(•lecttir Channf'l' ). MM;k 

ntJ, ·\_; d re, ·rmt u~>Prl. 
Bit!S 16- l1: l ntPtrupt ion Code ( I/O Old 
PHW) 

lli\·s.'14-l'J: condition.-cud<• (C'C:> 

:hw ~;yst<'rri m,i!;k bit.-~; O, 1, c1r;d 2 providr> 
ftlh" f)1c'iJity to pn•v;~nt "11 l/O .intE:rrvp:-,~ 

}ltio~)~; occurrin<; wh(•n thP aN)r<Jpriate bit ls 
/ '.z;;rc'i. "rld.s qives the pos[;ibility of pi:e-

,~ 'vent.iriq ri'o int.(•r:rupts from onp cl:iannel. 
~f. wliile allowing ~/() interrupts on ar10the{ 

cj,i..-innPl. ' 

Thi~· Hi ~>i;lc> which form Uw interruption 
coct1~ !Ps.w ff>-31 > are store<! in t.lw ·110 old 
!"SW in m,Un atoraqe''!6 when <.1n 1/() int~r-· 
rupti9Q is at:cet~ted by:c'*'htt: CPU. ;I'he inter
rupfihn ''eod~! in t.t1is ca{ie c'ontdins t:he. 
thannel and-~nit addre~s Which caused the 
irrter rupt. The _"(::hannel an<~ unit address . 
OCCUlJY Psw' bit positions,.21.~ lL. PS.W bits 

'16. - 2.0 an! m,jcJe 'zero. ··ae,Oause only the 
chatmel and unit. causing the interrupt are· 

\ 

, 
,...~--~ 

iden~ified in the interruption code,. the • 
-prcxrram mmJt now refer ·to the ·-status field 
of the CSW to determine the cause of the 
interrupt;:. --

.. 
The 'condition code is set after th~ '. 

initiation of a~ I/O instruction·and 
informs ·the· program if the r.10- irJ?truct ion 
was successf'ully ·started 6r if it was , . 
reje,cted. The' L(O instruction could be,···· 
rejeLted because the channel or unit were 
µnavailable or ti'usy. The ccmdi·tion-code 
settings for each of the four· t/o instruc- · 
tions are: 

. . 
r-------T-~--,----T------.-T.--'-----T----:-1 

I . I I I . . J . I. 
~ • I o I 1 · I · i1 _I 3 I,' 
~-------+--------+-------+-----~~+-----~·-
I ~lal t l·not · lhalt.ed (stoppea'.jnot I 
I I/O . !_working I • I· · I op•; I 
·----~--+~--~----+----~--f------~+~~~-f ' 
l·oitdrt 1avail-:-,_1csw. lbusy.· •. 1rrot l, 
II/O l<ible. !stored I. loper.J 
•'"'~-~- :c- -+-----.:.. __ +:---,.. --:- +-~--r-'""+----'-l 
l Test . t not I csw · . I working t n_ot I 

.,. lc.hannellwprki'n'J !ready I · (0per .. 1 

·~------+--------+-------+-------t-----4 
. l'.I'est (avail- 1csw '(workingfnot L 
·_(I/O I.able (s'tored i foper. ( 

"'"'. L-.------.l:.--,-'-----~-~-.:....--"-..1.-------.l.-----J .. r: . v . 

• I 
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The meanings of the condition codes ave: 

1. Available 

2. Busy 

.3. csw ready 

4. csw stored 

s. Halted ... 
6. Not oper 

7. Not working 

8. Stopped 

9. Working 

Unit and channel availa
ble 

Unit or channel busy 

Channel status word 
ready for test or inter
ruption 

Channel stat~s wprd 
stored •• •l 

Data transmission 
stopped. Uni~ in halt-
reset mode -

Unit or channel not 
opez;at,ional 

' Unit or channel not 
working :I 

Data transmission 
stopped 

Unit or channel working 

The condition code also may be changed 
by LOAD PSWl SET SYSTEM MASK, and by an 
interrupt. 

current PSW 

,, 
• , 

I 
''· 

• The fiEhds of the current Psw'are scatti:!red 
storage and CPU-registers 

throughout local 
·~ 

The current PSw fields .and locations are: 

1. 

2. 

System Mask: Locat.ed in local storage 
K24. It is also in CPU latches. 

·, ' . . ~ ~ 

Storage. Protect Key:· Located in• four 
high-order bits of lo~~l storage loca
tion K2S and Q\register. T.his is the 
storage prot~ key for CPU operation. 
It is not t~e-same as the I/O storage 
protect key i.in the CA.W. '·-3.· AMWP: Located in the four low-order 
bits of local ~torage location K25. 

... 

. 
";;<-. 

~ ;t ..:.-~--

4. Instruction Length Code CILC): Located 
in the four low-order bits of local 
storage K4. 

5. Co'ndition Code !CC): Located in four 
~igh-orde.x bi.ts pf. local sti:rage K27. 

6. PSW bit: Located at bit-1 of local 
storage location K4~ ' 

7. Instruction counter· CIC>: Located in. 
!peal storag~ locations K17 and KlB-: 
when the PSW bit is on., It is in the • 
IJ-registers when the P~w bit is off, 

-.If -.:r-. -, 

/ 

., 

'f 

e 
e 
e 
e 

{~ 

e 
·e 
·e 
e 
e 
e 
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Initial Program Load (IPL) PSW 

• The lP:L°PSW is loaded from the first input record on IPL 
Gpera.tions. 

• \ 
After the first three records have entered the c~u, the IPL 
PSW enters local storage as the current PSW. 

I/O NEW PSW 

• Located at main storage location 120 (hex 78). .. ·, 
The IIO new PSW enters local; storage on I/O interrupts as 
the current PSW. 

Iro Old PSW 

.. ' Located ~t main storage location 56 (hex 38) . 

,. •' The current PSW is loadeq int·o the I/O ::>ld PSW location 
d~ring 1/0 interrupts. 

- f, 

UNIT CONTROL WORD (UCW) 

• 

• 
The UGW is actually a subchannel of the multiplexor channel. 

Refer to subchannels 'under the multiplexor channel function
a 1 uni ts for a d.es_g;:iption of the efcw. 

. ' 
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FUNCTIONAL UNITS 

LOCAL STORAGE 

• The contents of the CPU data flow registers are stored int~ 
local s~orage whBn a ~hann€l micrDprogr~m routine is being-~ 
executed. · 

, . 

• Two local storage positi9ns serve as the multiplexor channel 
interrupt buffer. 

• Local storage also contains the K-addre~sable byte posi-. 
t ~ons. • 

A channel breaks into the CPU microprogram 
at various times. For this reason the 
channel's microprogram must store the con
tents of the CPU data-flow registers in 
local storage. This allows the channel 

.micropr,ram 'to use the CPU data-flow reg
isters. When the channel is finished with 
the the PU ddta-flow registers, they ~re 
restored to the1r original state from' the 
information\that was stored in local stor
age. 

Loca 1 storage also serves as storage for 
other channel operating information. This 
information is stored in the K-addressable 
byte' locations. The K-addressable byte 
locations also contain some of tHe current 
P'SW. 

The K-addressable byte utilization is as 
follows: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

·~o (hex BB> is the Interrupt Buffer 
CIBJ for the. address of a MPX channel. 
I/O unit that is requesting an inter
rupt. 
Kl (hex 89) stores the T-register , 
during MPX channel operations. 1 

K2 <hex BA> stores the R-register 
during MPX-· channel ope:r,-ations. 
K3 <hex 83') is the interrupt buffer 
for the stfatus of .a MPX ·channel I/O 
unit that'Jts requefsting an interrupt. 
K4 <!lex adf"i contains the current PSW 
inst'ruction length oounter CILCl in • 
thef·· four low-o:r·1e.z: bi ts. Bit 1 serves 
as the PSW bite. The· instruction coun
ter . nc> is .in local storage at Kl? ~ 
and KlB when the PSW bit is on. 
K5 <~ex 8Dl holds the unit 4!\~ress of __ 
the I(~ unit.operating on s11ect~! 
channel 1. . \ Ki'"' ·· 
K6 <hex BE> holds the h};<Jq-Q.rder· -i. 
address of selector channel \ next-cc~ 
a-ddress. 

B. 

9. 

10. 

11. 

12. 

13. 

14. 

15 .. 
16. 

17. 

18. 

19. 

20. 

21. 

22. 
23. 

24. 
.25. 

26. 

27. 

K7 (hex BF> holds· the low-order of 
selector channe1' 1 next-CCW address. 
KB <hex 98) s/erves as temporary stor
age for the unit address of a unit on 
the- MPX chanpel. 
K9 (heif 99) /is used by the console 
subcha~nel ~o store unit status. 
K 10 <hex 9f> through KlS <hex 9E) is 
CPU working storage. , 
K16 <hex AB> is instruction counter 
unavailable. 
K17 <hex A9l holds the. high-order byte 
of the instruction counter when it 
must be stored in local ~torage. 
K18 <hex AA) holds the low-order byte 
of the Instruction Counter ~<IC) when 
it must be stored in local storage. 
Kl9 (hex AB) is not assigned. 
K~·9 <hex AC) stores the R-register 
d~ring selector channel microprogram 
ro'utines. 
K21i. C hex AD) contains the addresses of 
an l/O unit operating on selector 
channel 2. , ~-·. 
K22 <hex AE) holds selectqr--channel 2 
next-CCW address high-o~-der byte. 
K23 <hex AF> holds .. seleetor channel 2 
next-ccw add~ess low-order byte. 
K:24 (hex BB) ,contains the current PSW 
system mask." 
K2 5 (hex B9 ): contains the current PSW 
storage protect key and AMwP. 
K26 <hex BA) is n9t assigned 
K27' (hex BB) .contains the current P~~ 
condition register and program mask. 
K2B <hex BC} ~s not assigned. 
K29 (hex BDl stores the S-register 
during selector channel microprogram 
operations. 
~30 (hex BE) stores the U-register 
during_selec}or channel microprogram 
operations. 
K31 (hex BF) stores the v-register 
during selector channel microprogram 
operations . 

I 

. ,. e 
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THEORY OF OPERAT!ON · 
I 

• , The l/O instruction !-cycles are -named 3! format. r...-cycles. 

• After reading oi:it the instruction the CPU reads.out the 
channel address word (CAW). 

~ 
• 1 The channel microprogram reads out the ccw and begins its 

execution. 

, •'" When the execution of the CCW is complete the channel either 
obtains•new operating information or atte~pts to interrupt 
t~e CPU program. 

,.,._• An l/O iJ1terrupt lofdS the CSW with the required informa-
i tion. '- / 

Before issuing an l/O instruction, the CPU 
1 program loads the CAW with the address of 

the ccw to'be-executed, and loads the ccw 
with the required information. Also the 
CPU must be in the sµpervisory state before 
issuing any l/O instructions. These are 
prJ~ileged instructions that may be issued 
in the supervisory state only, or a program 
error results. 

Du~ing l/O !-cycles the instruction 
reads out normally. The instruction code 
enters the G-register. The 8-field and 
D-field.specify the channel and device 
address. The channel address enters the 
u-register, the device address enters the 
v-regi$ter. When this is complete, the CPU 
reads out the CAW. The storage protect key 
enters the high order of the u-~egist.er and .. 
the ccw address enters the lJ-registers. 
During the read out. of the CAW, the PSW i.s 
interrogated to determine if the CPU is in 
the ·supervisory state, and the ccw address 
is checked to ensure that it is on a double 
word boundary. 

When the CAW has been read out, the 
channel microprogram program reads out the 
ccw, the channel selects the desired l/O 
device and issues a command. The l/O 
device responds with status. After this is 
accomplished, the channel microprogram 
analyzes the status byte received from the 
l/O device during ini~l':.select1on, and 
s7ts the Psw_ condi tio~· fco~e\:~, The cha_nnel 
microprogram then bra · hes ~·CPU l- cycles. 

' , _ti.-'.,_ 

ln the case of a start !:IO\instruction 
that has been successfully $tarted, the 1 

··channel continues. to operate with the l/O 

device either on a time-share basis with 
other l/O devices and the CPU or constantly 
with the·l/O device until the entire record 

_,.specified by the CCW count is. transferred. 
(_This depends on the channel and I/O device 
'Whose address the start I/Q instruction 
specifies. In most CijlSe the CPU begins t·he 
execution of the next instruction. The 
channel and CPU op~ra~e concurrently on a 
time-share basis. It, is possible for the 
CPU to be executing al prbgram while. all 
three channels are op~rating concurrently, 
all on a time-share tirsis. · 

When an I/O device[. has completed the 
execution of a ccw, it sends an end signal 
to the channel. The ¢hannel in turn either 
obtains new operatingjinformation or 
attempts to generate ~n interrupt to the 

.. CPU program. The CCWd' flag bi ts determine 
~f the c~annel is.to 

1
btain new operating 

infonnation. The curr~nt PSW system mask 
determines whether or \not a particular 
channel can generate a~ interrupt. 

When the CPU execut~s an interrupt, it 
does so at the end, of the execution of its 
current instructiqh. Ali I-0 interrupt 
consists of: J 

1. Storing the cbrrent PSW at the I/O old 
PSW. I 

2. Loading th~ tsw with the required 
information. 

3. Loading the /O new 'PSW into the cur
rent PSW loc.ations in local storage and 
correspondiqg regist~s. The CPU now " 

.,. executes th1 I/O progtam defined by the 
I/O new PSW. ' 

Section. 1 1-is 
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SECTION 2. -I/o INTERFAcE . 

,· 

.. 
• TbP. IBM System/360 I/O interface provides a un-'fform method 

of attaching __ I/O equipment to the System/360. /ji 

• 
\. 

This interface consi~ts of 34 data and control· l:ines . 
·l 

~ 
\ 

may .tf~ ----!!-Up to eight input/output control units attached to 
one System/360 channel. '~" - '--"'::_--....".. 

\ . il .. •. 
• 'Most control uni ts can· accommodate,. one i~1· ut/output 

~1,though some can accommodate more than\ · e device. 
pevice 

\ 4 
: ti • 

\ ~ 
The inp~tYoutput interfat:e provides a uni:-41'1 

form meth~d of attaching. input/output <Iffl 
control un~ts to- IBM System/360 cha-nnelsf 
The interfaee ca·n accommodate up to eigijt 
control unit~ w __ ith ad.dressing capabil,r.·~ es 
for up to 256 I/O de.vices. This mean$[ that 
some control units can control a sin1 .e I/O 
device and some c'an control a numbell'··'of I/O 
devices. I 

~ f!,:-'1 

1ft' 
' The interface, consisting of _.l4 lines, 

establishes requirements for si}jnal trans
fers. between control units a•ndiithe servic
ing c;:hannel. The~efore~~i~t~#·f ace lines 
provide a common inf ormattqn.:,;format and 
signal sequence for all inplitYoutput devi
ces~ "Figure 2-1 categorizes interface 
lines according to their general functions. 

-, Except for signals that establish prior-
ity among ,control units, all· interface · 
signals are sent over a common bus. Any 
interface signals that the channel gen~r
ates is available to all control units, 
although only one control unit may be ser-

~ viced by the channel at any given time. 

After a control unit is selected,· it 
remains logi<;ally connected to the channel 
until it ·trans mi ts or receives the required 
inf ormatio~ or until the channel signals 
the control ~f!i t to disconnect. • 

The rise and fall~signals transmitted 
over the interface a terlocked with the 
corresponding r_esponses. This interlocking 
makes the interface applicable to a wide 
variety of circuits and data rates, and' 
permits the connection of control unit$ •of 
different circuit speeds and data rates. 

Each·control unit contains' an address 
card that designates its interface address; 
no two control units on the same interface 
can have identical addresses. To ~gin an 
I/O operation, the channel must transmit · 
the address of the desired unit. During 
the selection sequence, the •elected con-

807 

trol unit must identify itself by transmit
ting its address to the channel. 

A similar identification procedure is 
necessary if the control unit initiates the 
signal sequenc.e: the control unit! must 
id.entity its~f by .transmitting :i.ts ·address 
before it can indi_cate. the purpose of the 
sequence. 

·j,-

!Abound Tags (3 Lines)' 

Address-In 
Status-In 
Service-In 

Bus-Out (9 Lines) 

Bus-Out Bit Positions 
P,0,1,2,3,4,5,6,7 

Bus-In (9 Lines) 

Bus-In Bit Positioris 
P,O, l,2,3,4,5,6,7 

o..,tb_ound Togs (3 Lines) 

Address-Out 
Command-Out 
Se..Vice-Out 

··channel 1i---------------.~ 
Scan Controls (4 Lines) 

~igure 2-1. Interface Lines 

Section 2 2-1 



Interface adapter circuits located in 
each control U:nit must: 

1. Convert iptetface-line sequences and 
coded commands to control lines neces
sary to operate the control unit. In 

INTERFACE LINES "· 

turn, the control unit controls the 
desired I/O device. -

2. Establish communication retween t>he·, 
control circuits in the unit and the 
interface. 

• 
• Int€rface lines are divided into five types: 

·-

Figure 2~~ shows channel.a11:d control unit 
connections to the interface. Observe that 
the select lines <select-out and select;,..in> · 
corinect serially through eac_h control u'hit 
for the purpose of establishing priority, 
other lines connect in parailel. . 

__ ___...,,_Priority-is assigned to the different 
cont~ units on the channel during .instal-

lat.;i-;n. The customer establishes ~riority 
of control urilts by evalt'1ating the type of 
channel involved, the.data rates of the 
control ~nit& to be aitache~ and the _type 
of_ operations to be performed.· The-nighest 
priority c9ntrol unit can rec~ive 'the most 
service frd~the channel, whereas the low
est priority~eontrol unit receives the 
least service from the channel.-

/. CPU Channel Control Unit 1 Control Unit 

Highest Priority ' Lowest 1'riority 

[!J--Terminotor QJ--Receiver 0--Drlver 

Figure 2-2. Interface Connections 

2-2 
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I 
,. 

I 

I. 
I' 

SCAN CONTROLS CFIGURE'2-3). 

• 
• 
•. 

• 

• 

.. I 

Select-out, ,hold1-ont, and s·elect-in are controlled by the 
channel. -

Request-in is controlled by the cont~ol unit • 

The scan controls are' independent of processing unit non-l/O 
oE>era tio_ns, • 

. ·The purpose of I the scan controls is to establish ..initial 
communication between the cha,hnel and attached control\ 
units. -

The scaq .controls establish contact between the channel and 
the control ~nits on a priority basis. 

Operational-In to Channel 

Address-In' to Channel 

,, 
\ 

$elect"0ut ond 
Hold-Out 

Op-In 
(Not) Service-Out ."t'· 

A 
C .U. Wants Channel 

- FL -

(Not) Seleci-Out 

· End-af-Signal Address-In · Data on Bus-In 
Se't"ence 

I 
~awe st Priority C .U. 

Select-Out and Hald-Out 

C . U, daes nat want. Channe I A 

/ 

(Not) Lowesl.Priority C .U. 
-· 

* Time delay d_uratior dependent upon c<>ntrol unlt. 

Figure. 2-3. Scan Controls ~ 

Valid Address 
on•Bus-ln 

Pr~te Select-In Id Charynei 

Pr'1P." le Select-Out ta Next C.U. 

', 

The sequence·in which select-out and 
hold-out "&'presented to the control units 
is called p · r'ity. The first c ncrol unit 
t-o compare-equal ect-out l:i,fie 
to the next ,control unit in line. To . / 

,j ' .... 

The primary objective of-s~anning is to 
establish .a connection with a control unit·. 
During initial select.ion any control unit · 
that receives select-out and hold-out at 
the same time compares7its address to the 
one on bus-out. An equal compar~ is t~e 
first part of any sel~ion sequence. 
Scanningr't)1en, is. thJ:·~cess of present
ing select-out anq hold-out in 'an estab
lished sequence ut1til a control unit in
dicates that its address compares ,eq'ual. · 

_further define priority, the first co~trol 
unit 'that can receive select-out has the • "f 
highest priority', the last', the lowest. It} 
realHy ,, thei'e ·are two 'Ways to e"'tab;I.ish _- · 
priority. ,The method presented-, here is the•· '· .. • 
sim9lest and is used primarily for clarity. 

" 

:• 
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CPU 

Chan11el 
Interface 

lnterfac:e Phy~ica I ~~ction 

. ·- \ ·-

.... 
\ 

CPU 

Channel 
Interface 

Ele.ctricol Equivalent 

\ ..•. 
\ 

.\ 

" 

.-:-------~.--, 
I· 

I - - - - - - - - -··- -, 
I 

I ..!, 
I. I 

,I r-=-:::t---ir-~~~~-. 
C~U· 

Cha~nel 
ln!erface 

Select - In Ad~ed (D9lted Wi<e) . 

CD 

I 
I 

,_ --

·I 
I '----'--i 
I 

'---"-

( ., ... 
1 . . 

-: -· - - - - - - - I,..,. - - - - - - - - --, 1 • . • " r- - - -·- - ... - - --, . 

CPU 
I: 1'"· 
I 1 Printer 

I 

I· 

Figure; 2-4. S'!'!lect-in~ Select-Otlt Prioritf . .,.Cont"rol'. 
.. J 

~ ~ ·' 

izor· t:'"his example, coasic!ei:. tour· con}ro£'• 
uni.ts positioned by. the custor11er "j'.n thls · 
s~_quence: ._ 

. 
1. Reader <close~t to the proces!'?ing unit> 

2. Printer• .. . 
'1. Printer 

3 • .R;aaer 

;_ \, 
~ \ 

' \• 
' 

. I i....:=:L---/ 
I 
I 
I 

'--'-

3. P~nch 4. ~unch <lowest priori~y>-
. ' 

© 

-

, 4. Tape Drive (f~rthest from the_p~ocess-_..,... 
·ing. uriit> ,..... .·r- . 

·, Fi>111 t.he system to o[>erate effi'cie.ntly, 
··~ 

Th estiiblish tfiis pri~rit.y,, the c~t 
connect th~ tape drive .tp the.(~yst;em i-oter
face f~rst, t'hen coi:inect l:~,\~~- dri_ve to 
the ,.Pr inter, the pri-n~er to t~eader_, -and 

. \,,,,...rf"· . . .. . 
2-4 
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\ 
the reader to 1the punch. Tl'fe t>Ut.pat of the 
puneh·is connected to a te~minator. . . . 

Disregarding, then, the phy5ical loca
'tion .of the units, they are electrically 
coupled in the desired priority $equence. 
That is, -t~first control unit to,receive 
select-out is the tape drive< If tnis µnit 

\ compare_s addre~es antl finds them equalr it 
,connects to ·the interface. Select-out l.S 
prevented .from·reaching'the ot;her control 
units by the s·elec1"ion logic.' This pre• · 
vent.s.two Qr ·more .WJits froin connecting to 
the. interface ~t the same till'le~ .· If .the, 
unit compares· aadr.esses and finds" them.,. 
unequal, it· propagates the selec~-out sig
nal to t~e. next cont~ol unit .fn J,ine. 'fhi-s 
indicates that the highest .priority uni.t . 
does not require service and Others are' 

-« .fre~ to use the intel!face.~ . 

. To ~omplete the. P.rocess ~f.·: estab~ishl.ng : 
'priority, eact> unit 'must be jfmper wir~4 
internally for "high-priority>" This term 
means that each controL unit,'as it . 
re~eives select-out~ a~tempts to compar~ 
addresses. This wiring alsq ~auses select- " 
out· to, pe passed along ta the next control 
'unit ·if the addresses compare unequal.. ' 

· ·: Us'ing the same cabling. sequence, this 
:priority can be·altered bY jumper wiring a 
-control unit internally _tor "a condi t-ion 

..... 
.. 

SELECT-QUT 

called low priority.. Low-priority jumpeL. 
wiring essentially shorts out the select

. ,out signal directly' to the next control 
6 u~it and pick~ up the selecti"on pulse on t.~ 
its return path to the proce~sing unit. 
This return ltne is called select-in for 
'physical identif it:ation only. · . . 
Electricalfy. it is.the sele~t-out line oh 
its ~etu~n path to the proce~sin~ unit. , 
Thus, if any ~ of the four urii ts in the • 
example is wired for "low priority" ,its· 
p~iori'ty would '*ange· to the· last in the 
serie~.. Figure 2-4. shows the printer · . 

. al te~ed from the ·number 2 position to the 

.number 4 position simply· by chanqing t)"le 
'jumper." wir}ng from high-pi:-3.ority to low-
pr:i9rHy. ".'· ~ ., .· 

~ 

· . c;qii.siderin~ ·oniy' one unit wired for low 
prl.cirtty,, the·se · ~i::e the possibilities: 

U~it ·i CTa.pe ·Drive> 
Qfii~ 2 (Printer} 
Unit ·3· <Reader> 
Unit .4 (Punch) 

highest or lowest 
2nd highest or lowest 
3rd highest or \est 
no change . . . 

Except f©r the ~~rst·unit, ~ltering two or · 
more control units offers unrimited 
_.priority arrangements. The first 11:nit can, 
only be first or last, not 2 or )• 

•., I 

·-. The select-"-ollt line connects each·ctjntr::>l unit i'l'.} series. 

•.o Contrdl-~nit 0priorityis cleterinined by the order that the 
sel.egtr;.out. line goes throtlgti'the. co·tjtrol uni~ logic. 

: - . . . ~.. -

.· . ·-~ r 
T~e. sele~t;-.Put H~e p~ides t.h. e sc·&n loop 
ttiat allo"is the. chann~l to.· V;i,te11.r_ ogate e~ch 
cont.rot unf.t ·in pri_ority seq'1~ce. · · . : 

ijhen an I/O contr~l unit rec~ives·t5e 
select-out signal\ it must either raise it's 
opera,tional-in line in response to it · ' · 

. <request service> or immediately propaga1te 
. the .:s~l~ct-out· s_ig,~l to the n~xt· .contrql 
unit in -the series.·· once·a-·contiol uni.t':~ 
has prqpagated seLect-outo ,· it cannot railse 
).ts operational-in line until the next · 
incoming select-out line to the control 
unit .. rises... " 

The channel. must· hold s ect-out ·active 
Qntil it receives.a signal o either the ·. 

. ' s~ct-i.n or the address-in,..1 e. When 
~l~t-out is transferred to· ta ~ntrol . 

(~~ 

FIGURE FRAME 

unit with tQe lo~st priority, the control 
unit either: 

1. 

2 • 

· ... 

raises its operational-in 'line, and ' 
later, its a«~dress-in- li'ne~ initiati'n9 
a signal sequence with the. chAnhel, .or , . •. . . - ' 

. . 
propagates the,incoming select-out to 
the chann.el .(select-in>. 

It a controf <llhit -Conditions·· 
operatibnal-.in when t'he incoming select-out 
is active, it dties not transfer seleqt-out 
to the next control unit (or select;..:"J:n.to 

. the channel>.' By .con~itioning operatj,onal-
in, 'the control unit i.nterrupt!3 the ·· · · 

.channel• s scan·· 1oop... Then,. the c;ontrol 
un'it tra.nsmits an address. byte on bus-in 
·lines ·and con~itions address-in. 

Bii 

... 



. . 

• i 

The control unit niust Jltold operational
i,n active until collliiunicat:ion with the 
channel is complete. The'channel can drop 
select-out after receiv,ng address-in, <>r 
can hold select-out activ' through the' 
complete I/01 operation. ·tn no case can~the 
control unit cancel operaijional-in befo~e 
~he channel. drQps select-9ut. 

,. 

S.ELEC'r;-IN .. ·.I 
• Se.l~ct-in is the sel_.ect-out line's ~reti'.trn path to the 

chann~l._ .. The select'-in 'signal notifies the channel that no control_ 
..Jlfli t has decoded the 1iddres5 sent ou.t.. 

i , 
II : 

' •. 

The contr.Ql·unit provides an option of 
connecting its selection 109ic. ·in· ·series on 
either the select·out or select-'in line 
<see Figure 2-:-2>. Descend~ng'-o.rder Pz-i.ori-· 
ty from the channel. can be estab}:ish'ed ·en 
tile select-o.\lt line, and the remaining 
control u~·t&· ca···n ma. inta.in the descending
or.der prio t .to the caannel on t.,l'le 
select-in lo· c~· For clarity, assume that 
the ·selection l<:>gi~ is c2nnected to (itie ---~ · 
select,,.out! line. . · 

_/ 

. ,,,. 
REQUEST-IN· ~-

~· .·. 
Select-in is. a line!' from the lowest 

pr,i.ori ty control .unit. to the channel. It, 
is the oqtgoing select-out line of that 
con_trol unit and provides a return path .. to 
the channel f:Or ·the select-:out signal. ThE! 

'definition of.the select-in line is the 
same as that Of a select-out line cOlillllg'· 
from any control unit. ' ' ~-

' 

.. 

• Request- in allows' a control uf.t to i~te. to '.the c.:hannel 
that it needs service.· · 

\ 

• At, the channel, request.,. in ini Hates.>. the polling ·sequence • 
- ,1' 

A control unit conditions the request-in 
line to indicate that it will initiate a 
signal sequence when select-out polls that 
unit aga_i:n .. - The chanbel rieed not, condition 
select'-out t.o scan the attached control 
uni ts until the requ~t...,in line· indicates· 
tha.t a control unit''req1H,res servicing. 
This oppration allows t!'le eontrol .unit with 
the hig'hest priority to·receive attention 
in a i'ninimUm amount... of time· after the 
request-in. lin~-U-'b-onditi<med. To illus.,. 
ti:ate the function of requ~st::...in';'\consider 
the. fbllowing example. _ • · · .. 

.\ 
2-6 

,i 

Assume that the highest interfaee-prio~
ity ls assigned to the I/O device with,· 
highei:it data rate and that th~ device with 
the sloflest data· iate has the ·lowest prl.or
i ty. Th~ uni~ wi~tr. the lowest priority 6an 
wait lo~gest for service; so, each time 
that the request-in line is conditioned ... 
that unit is the la~t to be polled.· 
Because the I/O d~vice with the highest 
pi::iority can wait .the least period'of time 
for service each reques,t''-iri indication 
causes that unit to be.palled first. 

f ' ' - .., .. 
L 

812 
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--
e. 

HOLD-OUT 

... 
• The ~l~-out signal controls the ·effect .of select-Out . 

• This s_igtlaJ,. allows additional channel contror' over the po1'1-
ing, oE?eration. 

The .. chan_nel ~onditions the hold-out .line to 
all coh~rol u'nits 'in parallel to ·allow· 
select-out to perform. its:· function ;bi. a 
cont;(ol ·.unit. The hold-out line allows the 
chanriel·to·cancel the effects of select-out 
at· eacf;l control unit at the. same time; If. 
the channel.-.is~ holding select-out active 

•• 

·~· 

·:· 

·and cancels ·hold-out·, no col'.ltrol unit can 
make use of select.-out._ A unit can only· 
propagate the incomin<g se.lect~out to tne 

-next unit. Therefore, 'the channel can 
·' int'errupt the palling seque~ce and cause 
"select-out t:o fall ·ih all.,units in the 
; shor~est p6ssib:j.e time.· · · 

: 

' 

' . 

\ 
.... -

(• 

' "' ! . . .. 

" . 

• 

--· 
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BUS LIN'm 

• - The bus lines darry information.-between th~ ch'anrrel and all 
attached contrql 'units. : <~,. 

'1'.~ --;,.">, 

There 4re nine 1bus-in lines and nin~-J;>~~()J~llnes • 
- ' . •. ·--~ 

• 

• TQ.e basic unit !Of infocmation in the System/360, the 8-'bit 
byte~ may be _t.r.ansmitted/over the bu~ lines. 

A parity "bit, 'is; added td the 8-oit byte when necessary to J • 
maintain o~. 

1 

\. 
(Not),O~rl:ltionaHn · 
(Not) Select-In ' Address Valid on Bus-Out : 

A 

Command Valid on Bus-Qut 

• . I 
Service-Ip I .. \ 
Service-Out: Data Valid on Bus-Out .l 

~. 

~__,_ 
. t ~..._ . .__._ 

(Not) Service-Ovt ··-
Doto on Bus~ut Lines 

Address-In 

'Status-In 

-Service-In 

'f Figure 2-5. 'Bus- ·Li-bds 

, Inf~rmath>n ~is tra~f'~t:ted. ~ver--~hei.·inter
face from the chann 1 t°'. a control unit -on 
bus-out, and from a~.· ntrol unit ·to the . · 
c·hame-l on bus-in; ~ _ ure 'i-s shows the · 
different condition essary to have 
informatibn on· bus- ' d bus-out at the 

~. correct time• . -BuS- n an_d bus-out each 
contain eight in.forrliation .lines' and. ~e 
line for odd parity. Thus the basic .unit . 
of informa:-tiori in ·the Systeml-360, d'ie 8-bit 
byte, can be transm~tted over the inter:.. 
face. •_ _ -

In-formation on the in and the out. bus 'is 
arr.1n9._ed so that-_ bit po~ition '7, on a bus 
always carries 1;he ~owest. order' bit ·wi thj.n 
an··s-bit byt.e. Th.~.'highest-order l;.Jit is \n 

2-8 

... 
·· -A~dress, Status, or Data 

,· 
Byte Vaii<l O!\_Bus-ln 

... 

positio'n 0, and intervening bits are in 
aesc-end±ng order from position 1 to posi
t'ion 6. 

When a byte transmitted over the inter
face. consists of fewer thai;i< eight bits, ·the 
bits mus·t be placed iri. the highes't-numbered 
bit positions of the bus Clow area>: Any 
unused lines o'f-the 'bus must include the 
lo~-numbered-positions of the.bus. Thus, 
if a paper tape reader·reads 5-channel ' 
tape, bus-·in positions 0; 1, a'nd 2. are -
always zero. The parity bit of any byte 
must appear in the pa:rity position CP> ._ 
'l'he byte forrried· by- the. nine _bits must 
·always'conta~n odd parity. 
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BUS-OU'l' 
.. ~ •'" 

I ·s::;._~ ~ 
•. """"'"~.· 

• Bus-out transfers information from the channel to a 
unit. 

contr~l:~·' 

The information·can be either data, controi, or ad~ss 
information. 

• Tag lines iden~ify t.he bus-out data • 

• Bus-out consis~s of' eight data lines an1. one parity line . 

The ~ine bus-out lines transfer information 
•from' the channel to control .units; The 
·channel conditions .an o.ut- bound tag line . 
. to ideotify the type of· data transmitted on 
bus-out lines. For example, when the 
addres~-out tag and bus-out lines ar\ 
active concirrent~y, the infbrmatjon n the 
bus-out lines designates an addre'!;s. · 

Tag lines control the period during 
which bus-out line~ contain valid informa-

BUS-IN \ .. 

tion. When the address of~ an I/6 device is .. 
transfel"re·d, the· informat.i(on on bus-out 
lines is V:al~ii fropi the rise of .address-out 
to the rise of one of the following:.· 
operational-in, select-in, 'or status-in .• 
When informat{qn other than an address is 
tlt'ansferred, sigl'lals on. bus-out lines C\re 
valid., from the ris.e of the identifying 
outbound tag to the f~ll of the responding 
inbound _tag. · 

. 0 

• Bus:--in transfers information from a control unit to the 
channel. 

• Bus-in information can be either data, addresses; or coh-. 
trols. ' 

• Inbound tag lines identify the information on bus-in. 

• Bus-in consists of eight data l,ines and. one parity line . 

The nine blis-i_n lines transfer information 
from the selected control unit to the chan
nel. The control unit conditions an 
ihbound tag line to iuentify the type of 
ipformation transmitted on bus-in lines. 
For eXa.mple. when the status-in tag and 
bus".'iri'lines are active concurrently, the 
b\.lstin lines contain a sta·tus byte. 

"i'., 

Tag[lin~s control the period during 
which P.us-in lines contain valid informa-· 

\ i;:ioft ·;'.Signals on. bus..:..in. lines 'are c?nsid
' ~re~ valid from 100 nanoseconds after the 

' 'riisEf~f the identifying inbound t~g t·o the 
r',ise' Of the respon.ding .outbound t.ag • 

. }· l 
The primary objective of scanning is to .. 
es~il(h a connec.tion with a. control ·unit. 
Any c-~ol unit that receives sele,ct-·out" 
ahd ho(d-out a. t the same time compare~~ it!? 
a!idress'):\o the oRe ori bus-o.· ut.. AJ)-eqs~r '. 

. ....... 

.. ''> • 

• 

• 

• 

• 

• 

Select-out, hold-out, arid select-in are 
controlled by ~he cBannel. 

Request-in is controlled by the control 
unit. 

The scan controls are independent of 
processin~ unit .oon-I/O operations. 

i ,' ' - ' 
The purpo~e of t.he scan cont,t:ols is to 
'establish' initial communication between 
,the cllan~~l and attached· control units. 

The scan cont,r'?ls; establish cl!fitact 
between the channel and the contrO-l 
units on a priority basis. 

'v: ....>. 
compare is.the first par~ of any sele~tion 
sequence. .. Scanning, then, . is- the 11rocess· 
·of presenting selec~-out and hold-out in an 
establishe.d sequence· until a co!'ltrql unit 
indicates that its address compare~ equal. 

. . "· ,......_ 
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OQ1'BOUND TAG LWE~-y_ .. -
• ~e are th.ree outtx>und 

L Address-out 

2. command-out 

·,- 3. service-out 

,. \ 
tag lines: 

"'--=- - -

• .These· lines control the basic cormnunicat.iQn between the 
cilannel <1nd a control unit •. 
' 

• NQ., two of these. lines can ~.be active J·t the same time. 

Each of the outbound tag lines has a bas~c These signals h~ve a positive .sequence 
depending on ttie operilltion involved. Exam
ple: Init.ial·selection shate-cycle, en~ing 

, procedure. It: ia .. as ··much ·the· sequence! .that 
\governs the operatiOn as the exact nari! or 

purpose: 

Address-out The data ori. the bus-out 
:lines 'is an. address. 

· Comtnapd-dut j . The datjl on the bus-out 
~lines is a command. 

I purpose "Of the line... These sequences must 
be·thoroughly understood to become com• 
pletely familiar with the operation.of th~ 
interface • Service-Out 

. : 

. Responds to data received 
from the control unit.· on a· 

·read operation, and ihdi
cates data being sent tQ .,// 
the control unit on a 
write oper~tion • 

·' 
·/• 

.\ ,. . .... 

!\QDRE_SS-;oOT 
. , 

•• 

• 

.... . 
The basic·funi;:t:ion 
trol unit that the 

.. 
' of.address~out is ~o indicate to ·a con-

information on busrblit is an address. 
. . '. . . 

.. '• 1 -
Addz:e,ss:-out can also be activ'1ted at the same· t.ime 
seledt-out i's ·deactivated to disconnect ·a selected 
contto.l unit. from the interface. 

•• 

The channel transmit~ a si~al over the 
address-out line <Figure 2-6)'to indicate 

•' ·either of two conditions: ' 

until it receives operational-i~. , . 
select-in.._ or stat\JS-in. se:iect-iri' . 
indicate!; that no control unit decoded 
the address. This ·-oceurs when . the 
specified control unit is.off-line. 
Status-in· indicates that the designated 

.. . 

• 

·1. Addre~s-out initiates selection of apl 
l/O device .causing all attached cqntrcl>l 
units to attem(>t to 'decode the address 

~·on the . ..bus..:out lines. Because -each .. " , 
contro.f unit adcit:eSS .is different,' -only 

.. one ·unit .c;_an ~e6>de the_ addreH. I.f l 
· :the control unit that ;ecoqnize"s · the · • 

•'address is BOt busy, it lllQSt respond by 
conditioning 'operational:-in ·when · 

1 

sel~ct..:out is Cf,:tdi ti~me·4 to t~e con- : 

'eontrol unit is busy and cannot be 
intel'rupted ~ execute another opera
·tion. The channel. responds to the . 
status-in reply by cancelling select~ 
out.' I~ then Waits for status-in>to 
fall, and cancels· address-a~: ... ,.--.... ---·· 
O~ional-in indic<:t!;es 'th~-t;. the_ ........ 

•. 

• trol 1111it. · ', , . .~:_ · - · • 

Address-,out precedes'•' the rise of 
selei:!t-out by 400 ~aposeconds. ' The· 

· channel must hold address-out active 

2-10-. (6/69.Y.'.» 

l 
816 

contr unit has decoded th~ address, 
• - ~ " < • ·-

Address-out causes a control uni~ to 
.disconnect f'rom the interface. · The " 
channel: ~ 

a. Conditi:on.&i the. select-out line,~ 
• 

.e 

•• .. 
41' 
e 
e 

-e 

--
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9·· 

-~ 

e ·-
e· 



e 
e 
e 

--
e 
e 
e 
e 

I 
-, --
-e 
e --
e 
~-

·' \ 

e. 
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~ 

.. 
' 

b. Receive~~pera~ional-in 
control unit, 

from a 

c. Conditions the address-out l~ne <or 
allows address-out'to remain 
active>,_ then after· 250 ns, 

d. Cancels select-out and holds 
address-out active'until the con

s 

tro~ unit allows operational- in to 
fall. 

The control unit must cancel opera.tional-in 
within 6 microseconds after receiving the -
interface disconnect indication.· The I/O 
operation proce~ds to the normal end, but 
no data is transferred across the inter
face. 

Disconnect from lnterfcee* 
~A~d~d~re~,.~·~O~ut'--~~~~~-,-----
(Not) Select-Out 

Operotionol-ln -

Select-Out** 

Control Unit 
Decodes Addre,. 

Addre,.-Out 

Dot on Bus-Out 

A 

• Op-In 

A 
- -FL- -

(Not) .A:ddre,.-Out'** 

A 

*Control.Unit must grop op-in wit~in 6.µs~c. 
** Se~ect""'Out rises a minimum of 400: ns ofter address-out 

••• Rise 'of Op-in couses adtjress-out to foll. 

Figure 2-6: Address-out_, -

.-

\ 
\ 

--
- ' 

•. 

Operational-In 

i' 

'' 

' . •' 

Addre5"-ln 

- :·"-v 

·, 

.,. 

(" 

,_ 
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COMJ.'.AND-OUT • 

:,.,/''I. 

• The basic function of cormnand-out is ·to-lntUcate to a con
trol unit that the informalion on bus-o'~t is a commanl. 

• command-out also is used to indicate "pr-oceed" ,at tr.e ehj of 
initial selection. 

• In response to status-:l.n com.'lland-out signals a control unit 
to ~sttck" "its status. 

• In response to service-in, command-out indicates "stop" . 

.. 

Command-Out 
J ~code C:O,..mand Byte 

j A i i A- I. 

/ . '1 

on Bus-Oct 

~A~d~d~re~ss~-~ln'--------iL___j ·.--+--'L.._j -

Initial Selection Sequence 

Proceed 

Service-In . r:l~I ____ s_1o_p 

~C~°"';.;.;;.ma~;.;;:..nd-~O~u~t------<L___j 

·Status-In [J 
-;;;..._..;;~..;;;.;;;--..;._•_. _J, A. - -. £c"'mand-Out . __ 

Stock Stotcrs" 
£ 

'\. 

. Figure 2-7. Co'rnmand-Out 

The,,.channel conditions the co~~-out· line 
<Figure 2-7> to respond to a 'Signai on·an 
inbound tag line~ :>uring the.initial sel
ection sequence, the channei li.ctivates 
command"-out to reply .. to addr~ss-in, indi
cating that a command byte is on the bus
out lines. This command byt,~specifies' t_he 
I/~ o~f~ t_o b~ ~e7formoo. <;>nly at " 
this· t in the im.tial -selectic;>n · • 
sequence does command-out cause l:Jle select
ed control unit to d.ecode the bytl!_on, Qt.ls
out lines. After the initial sele~ion 
sequence, the"Command-out response to··' 
address-in means proceed • 

... 

2-12 

... ·~} .. .. 

J, 

A command-out response to service~in 
means "stop•, and causes ·the ·control unit 
to terrninat,e the operatiop "and reset. 
i-Jhether during the initial "'gele"tion 
sequence or a~ the end· of the operation, 
the command-out reply to status-in causes 
.the se1ected control unit to •stac1t• <hold> 
the staws 'data. The cOnlro' ·unit. can 
pr~ent .th'e S'tack~ status only if • 
suppress-out and address-out are down 1vhen 
select-.ou~ rises at the· control un1.t.. 

818 
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~J!;R\lICE,.-bUT 
I 

• T~ basic 
ti;.>V unit 

~ ./, 

functi~ ~f service'-~~t is to indicate to a
1
,.con

that dat': ha.s been reC:~ived or;_j_~ being· sent, 
I• 

Serli ~c' t, respbrids _to' se~vice-in "pn t:ead. or 'write 
to sta~us-in during .a status·'\sE!que·nce. · 

opera-. ~-

. (\ .. 

Chan,,;, I Hos Data Byte;; &.is-Out 

•• • <..;'> 

· ,, ervice-Out 
' --"------..,.--i 

A -' or Received Byte.on Bus-In; Pr~d .. 
Not S,uppress Out End the 

A 
Operation 

f 
' 

N 

Chained 

S 'at~s-ln . Suppress-Out .; ·-. ' 
ration 

A 
SerJice-Owt 

·1 itiol''Selectiorr 

FhJ.ure 2-8,. Service-out \ 

s:;vice-ou'~ :ts «1 line from,. the channel ~~\ 
all.att·ached control units ·and is used tO'_ 
si~nal th_~·, selected device in r-ecognition 
bf' ·ii: sig.nal on the service-in··or status-'-in 

- line !Figur~\·2-B>. A signal on the 
se11yi..ce,..out;'.line h_ndicates"t-o the selected 
devJ.ce th<it tzbe channel has _accept,ed the .-
inf!ormat1on <on bus-in or has providld on 
bu~-o,ut the data requested by service-=-in. 

. p . 
i 

I 

.. 

. I .. 
~. 

. . 

When service-out -is f?eht-+,n respdnse to 
_serv:ice-in 11urin9 a write ·or 'control opera_ -

.. tio~, th~ 'r:ise of service-out indicates_ . 
-'that the channel .hc;ts pl'ovided the requested 
information on bus-oat~ In this case, tbe 
s'ignal. must rise after the information ls 
pf~ced on the bus. Sf.rVice-out must st.ay 
up. 1*ntil the fall of t!ihe, associated 
se~.r'v'i;ce- in or. sta'tus-in signal. Sex;:vic!'!- • 
out c~nn9t be up concurrently with ·any 

•. 

. !When service-out is sent in response to 
Sf.?t'lvice--i_n d~ring read, read-ba.~k-wards~ ,or 
sense_ .. opepatJ.ons, or_ to status-l.n, the · 
ser\vi lJIE!-out ·signal ·_must rise after t~ 

. , ch_a~mel accepts the information on bus-'in. 
· .. In ·!these cases, the rise of s·e,rvi.ce-out · · ' 

ind'.icates that the information on bus-in 
hasl been received. 

ot~er 1~-t/ig. - , . : 

A ser~,ce-out response to status-in •\ 
while supp?\!'!ss-out is up i_ndicates to the 

cont_ r.ol uni~ t·h·--·a_ t the ____ ,,'~iJD.eration is be-ing _- __ chained. Se~\ SuppresS"'Out for f~ther 
details. The \status is_ accepted by the -
channel. '\ ·- ' , _ 
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·INBOUND 'PAG LINES 

• There are three inbounrl ·~Cig lines: 

.. Add~E!A-rn 
~t·atus- ln 
:>Afrvice:-~n 

;, 

.\ ~' .. .. 
. f, • ·-~··\ . 

., . 
·.' 

. ~ . . . 
Tqes;e ~ines co'ntro.i :ttw basi~.comU1unicat'ion betwe.en a 
coht(ol1 ur:iit ;md the chann~l · ~:. 
~ , ' . \. 

• .i:J.o ·two of these !ine!oi, can be active dt· the sam~ time. 
~'" , . ,, . 

. .. 
Ea.ch of tlfoSI;! lirles. h,\S a sin'J:le. basic 
ptl'rpos~:· 

Aiidress-In 

Status-In ,. .. 

Service-In 

. -
l\DDJ<!:; SS- IN 

.. 

'l' pt;.;da ta on ti.he ·bus-in 
lim~s is· aQ address.· 

.... 

The data on the bus-ih 
line(.;• is status informa.-'> 
t'ion ~ • · 

The. informatiori the bus-in 
lined is data on a re&d 
6pera t ion. On a w.r i·te 
operation, this· line. l.ndi
cates that. the coritiol · 

... ~. 

. ( 

: 
unit is ready to. t,!!ce! vet 
data. 

:Th.e control unit uses t"he iribotind".tag . 
lines to'·r~spGhu "to 'sir1na::l' s~~c,uetl,~f:' d,evel-. 

. oped by the channel. For f~XdmJ?le, d"ur'fng 
<:i.n initial s.election sequence the channel 
·activates add.resG:out. The control unit 
·that is !OH~lPct.ed rest>ohd:; with addre.S?-in. 
The channel then ~.;ends command-out. When 
the control 1jnit receiv.es t.he commdnri:, it 
sends., st<1tus·-in. The chaniiel respo~ds with' 

~ ~ervic~;:-o.ut. ·ii/hen th1t control 1m~t i:.; 
ready to :;end or receive data, it: _clct''ivat·~~; 
service-in. 

··' 

I 
•· /\ddres~;-ln ·identifies.·~t:~H-· info.rmati-on ..on try~ ·bus-in lines 

~i control uhit ·t.1d,.J\eH~>:-· · 1- • 

as; 
. \ 

fJi ., .. =·. 

. • Wh~m the channel.idm1tifies t~f~ t;.oi:i,q:ol~uni't·/,it i::PspancLi 
wi t.h .,co11:111dnd-.011t·. ~. · · .\ · ' 

I . 

•• ... .. " Ad.dress-In 
Decode AddresJ Byte on Bus-In 

' 0 crotionol-ln 
A 

Fiq11re 2-9. Ad<lrPm;-In 

/\ildn·i;~;-'in is a lint> from <Ill <1ttached . 
control units to thf! chitnnel a·igui::e · 2 -') > :. 
lt i~; usec,1 .to niqndl th<' ch,11111Pl ·that. the 
addrPs!; ot "in l/U unit i.u on bm;-in •. ·'rht> 
channel rtmpunrh; tq dddre~;s-in with 
commd nd-out. , . 

' . 
Ou.ring thl· init.idl selt-ction sequence, 

the:·channel d1ecks, the addH:;~; i::eceiveil·. 
aqain~t the address in it.id I y· sen.t out.' If 
tfipy .. ari> eq1J,1 l, th~~ op~!.ri~t i n can proceed. 
It not, hh~ channel bran~hes to·an error 
routine. / · 

2-14 

.· 

' .. ~ 
1furin9 .:Jata t,J:",rnsfer cycleo, Hie ctidnnel 

ident:l. t ieo the. control unit. when ·address-in 
1s receive!l . .' The channt>l;ca'n'then select · · 
th~l co·rrect information to Pfo·ceecl _with 

.data .tr'ansfer. 

/\.ddres~-;-in rema~ns active u'ntil. t.he rise 
of c;omm<in<'l-out.· rt• rtl\Jlit ther1 f,dl in order 
·t.h at - comma n•!--rn.i t co1 n f ii.11. 
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STATUS-IN 

.... 
• Status-in identifies the information on •he .Dls-in lines as 

a status byte. 

• The line must remain active until the cnanhel responds • 
Address-Out 

Busy Sequence 

A 

Stotu~-ln 

Decode Status Byte on Bus-In 

Operotional-ln 
A 

Figure 2-10. Status-In 

/ 
/ 

activates the status-in line 
the channel that a status 

1. Service-out, indicating that the chan
nel accepted t'1e status. 

e is on- the bus-in lines· <FigaJe A-10>. 
atus byte has. a fixed forma·t and 

contain its describing the current status 
at the cont unit. 

2. Command-out, indicating that the chan
nel has stacked the status. 

Status-in 
nel responds 

chan-
If status-in is the control unit's r~ply 

to address-out during initial selection, it 
must: remain up until select-ou_t falls. ---'----.: ___ _ 

·----r---__ 
! ----
1 

i 
' 

·4b. '. -~ ~, 
SERVICE-IN,-.~ -' 

··:· 

• On 
on 

I 
(~i, /, . (", ,1 '". 

a re~'a opef:ation,- secvi't:e-ii'i fndicates that· da:a i_ re~dy. ). 
the'~us-in lines. • _ 

•· on a write operation, service-in indicates that the control 
unit is ready to"receive data. 

• This line remains active un~il the rise of either .command
out or service-out. 

0 t t 0 u pu peratron ,---., 
Operot[onal-ln 

A 
Servic_e-ln . '-----' 

..._,---., 
....__ A 

Input _Operation • 
, ··-.~· 

,Figure iti_ii. Service-In 
~-,~ 

I -~~~- • 

..____ 

Request that Chonnel Transmit 

a Data Byte on Bus-Out · 

Request that Channel Accept 

the Doto Byte on Bi.is-In 

A co.ntrc;lr unit activates the service-in 
line !Figure 2-11> to: 

on the bus-in lines'(read, read 
backward, and se~e operations>. 

1. Signal the channel that a data byte is 2. Request that the channel ~ransmit a 

Section 2 2-15 
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data byte on the bus-out lines <write 
or control operations>. 

The channel responds to sen,ri9e-in with: 

INTERLOCK LINES 

• There are two interlock lines: 

Opera,t ion al- in 
Operational-out 

1. Service-out, when data is accepted or 
transmitted. 

2. Command-out, to stop data transfers and 
end the operation. ~ 

I 

• These· lines permit only one control unit at a time to com-
municate with the channel. ·"· 

'The interlock lines provide. additional 
control of the interface. .They are used to 
gate other sigRals,, reset, all control units 
and si.gnal the'channel that a unit is 
selected. 

OPERATIONAL-OUT 

------·-- ~--:--,.._ s 
..• : ' "'· _, ••.. <• •• 

• All outbouri'~n~s ~ar~C>ntroll~~d"b~y~~o~p~e~r~a::.::t.i~o~n~a~l"'~~o~u~t~.~~~---~~-~--'l\;:-~~--~-c.~~~~~~~ 

To reset''all thf control units, the channel drops 
operat~on~l-out and suppress-out. 

• 

Operationaf-out origina,tes at the channel 
when the processing unit is power-on-reset. 
It sta"ys up as long as the channel is oper
able. The operational-out ·line enables all 
control units on the interface to communi
cate with ,the channel <providing the cor
rect signal sequences are maintained). If 
operational-out is down, all interf~ce 
signals become ti.neffective. 

The fall of operational-out resets con
trol units on the interface either selec-

2-16 

tively or concurrently, depending on the 
status of suppress-out, a special c6ntr9l 
line <Figure 2-12>. If the channel drops 
operational-out while a control unit is 
operating on the interface, the control 
unit .is reset. If the channel wishes to 
re~et all control "units on the interface, 
the suppress-out and operational-out lines 
are both dropped (for a period of at least 
6 microseconds to ensl,lre a complete reset). 

'.; -,,,. 
i,;,. 
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·' . 
~- . 

(Not) Suppress-\Out 

A 
(Ncit) Operatlona I-Out 

Figure 2-12. Operational-out 

OeERATIONAL- IN 
. 
~,. 

6 U5eC:. 

TO Reset oil Ori;.Line 

Control Units 

~· '.' 

• ,Operational-in si9nat9\ the. channel that a device is se1ect-
ed. '1~~;· ' 

• When select-out falls and the signal se~uence is completed, 
operational-in is dropped. 

To initiate an interface signal sequeqce, a 
control un_it conditions operational-in"11(hen 
the incoming select-out line is" up. At the 
same ti~~. the control unit blocks select
out from ~eaching the next co trol unit. 

:No other control unit can con ect to the 
interface while operationa~:in up ••... 

' · ~n ~perati~nal-in is rais for a 
p\rticular signal sequence, it up 
until all requited information 
transmit~ed between the•channel ~nd the 
d!!Vic,e. Operational-in drops _at, the same 
time as. the transf~r ·of the last byte of 
inf9rmation, if se.lect-out is down.· 

,, 

Signals on bus-in and op the inbound tag 
lines are signif ic~nt only when 
operational-in is up, except in the case of 
the control-unit-busy selection sequence. 
i4hen -operationa·1-in is down, the ·.channel 
disregards any signal~ pn.~these line~. H.o"W-, 
:ev:er,' IJIOSt' control· uni ts are interlocked so . 
thai no signals ·are placed on any' inbound 
lines when operational-in is down. This is 
necessary to prevent erroneous .indications 
to the channel when another control unit 
first raises its operational-in line. 

·I 
f'' 

; ' 

·.,..._ 
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SP ECIAL_~.j2!ITBQb§ 

CLOCK-OUT! 

i 

• Clock~out designates when a control unit is allowed to 

• 

'changr to CE mode. 

Clock out indicates that the processing unit is not in a 
halt pr wait conditi'Qn.' 

A control unit can switch to CE mode only 
when the System-360 processing unit is 
halted or waiting. The clock-out line 
indicates that the processing unit is not 
halted or n~t waiting, and could address 
any control unit. Therefor~control 
unit is prevented from changing in or out 

(Not) CPU in Wait Condition 

(Nat) CPU in Halt C ndition 

l (Not) CE CPU Meter Recording Time 
A 

Figure 2-13. Clock-Out 

METERING-OUT 

A. 

of CE mode unlesa the clock-6ut line is 
down. ~he. clock-out line prevents the 
setting of the CE mode latyh by the CE key 
switch. Clock-.out is raised by the channel 
when the conditions are as shown in Figure 
2-13. 

.ljl ·.1 

~'~ 

• Metering-out enables the control unit usage-meters to record 
time. ) 

The channel raises the metering-out line to 
all control units whenever the processing 
unit customer usage-meter is recording' 
time. Metering-out causes customer usage
meters· to register time in each co~trol 
unit that is no't in the, disabled st'ate (CE 
model. 
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METE~ ING- IN 

' 
• M~tering-in indi~ates 

is recording time. 
to the channel thit the control unit 

l 

A control unit tr(j'lsriiits metering-in to the 
channel when the" customer meter on the 
contr()l .-Unitis reco;_di.ng time. Metering
in causes the customer meter that records 
use.of the processing unit to accumulate 
time even though the processing unit may ··be 
in the halt or wait condition .. 

SUPPRESS.- OUT 

• The suppress-out line ha~ ,these function9: 

-'su,pr>ress~ fs"·,n:us ·· ·· 
Suppress data transfer 
Chain command cont;ol 
Selective reset.· 

/ 

Control Unit hos Assembled Stotus Oota 
-Select-Out 

Execute Cycle to Transmit 

Status Byte Jo Channel 
(Not) Suppress-Out 

Previously Stacked 

Stotus 

Service-Out 

Suppress-Out 

s <!is-0\>t 

Service-Out A 
· Stotus-ln 

_su_ppr __ e_u_-_o_u_t ________ ~.----

(Not) Operational-Out 
,A 

Operational-I" 
~ 

• 

Figure 2-14. Suppress-out_, 

OR 

Chained Operation 

Selectiv.t Reset 

'· 

The suppress·-out line <Figure 2-14) 
connects· the channel to each control unit. 
Suppress-out is used alone or with an out
bound tag li.ne to provide the following 

. speCial functions. · 

.;.,, C07 

!lock Service
In to Channel 

'' 

, 

SUPPRESS STATUSt When a contro~ unit ends 
an I/O operation, it transmits a status 
qyte on buij;-in lines and conditions the 
status-in tag line to the channel. The 
st,tus byte indicates whether-errors were. 

... "' 
section 2 2-19 
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Form Y24-3362-2 
FES Y24-0510 

encountered in performing the operation and 
signals the .channel that the operation is 
complete. A channel may respond to status
in wit'h command-out, causi,ng the cont:t'p'l 

. unit to stack the status data. 

condition,, suppress-out blocks service-in. 
The qhannel must condition. suppress-out at 

~least 250 nanoseconds before the previous· · 
. service-out. tag··drops to ensure that the. 

subsequent request for. dat·a or offer of 

·e . . 

" 

data will be suppre.sse~. 
When select-out rises at a control unit A 

holding. stacked status· d'ata, that control CHAIN COMMAND CONTROL:. To indicate a - . .'· 
unit will not capture th'e interface to chained command,•' the channel conditions · / · · 

· present th~ status byte if suppress.-dut is. .SUJ?~'ress:-out afte·r 'the sele.ct'ed control·· . . .· · 
active. The .channel must condition unit .. begins the cycle to. tiansfer the . · · .A 
suppress-out at least 250.nanoseconds status byte and bef$r~ the channel respon~ • 
before the control unit receives select-out. to status;-:i,n .with se,rvide-out. '.The act~ve 
t~ ensure that the stacked stiatus data is ·.state. of the suppress-ol;lt line. ana ,the · 
nqt transmitted. :I'he rise of sµppress-out · service-out response t? st~tus-in comqine 
after a control un.it begins a status cycle to hold ·selection of the control unitl"and 
does· not interfere with the transmission· of -, the l/O device. · The next command from ·the 
the status l;>yte. If a control unit. condi.- •' cl)annel diust be directed to· that eon-el-ol: 

._ _ tions request-in to offer status· data, and . unit and •'I/O .device •. 
----·-sup_press-out rises. 'before the conttol u,pit · · 

l-. 

recei"et;-se_:i,.~ct:-out, suppress-ou1: drops. SE~CTIVE 'RESET: If th~ ch~~l conditions 
request-in _._____ . ' .. ., suppre!is-out at·~least 250 nanoseconds . . 
, · . . • ~ - ... ,' ·,;. ·:- .• ,., . ·· · ; before allowing 'operational-out ~ · fall and 

. SUPPRESS DATA 'TRJi...~SF.ER: Fcfr°°rtoncyclic '. bo!.ds suppress-out cictive'·un.til 250 .nano,- . 
I/JiJ devices ·(buffered I/O de.vices, not-..,;--. ·_:;:seconds afteJi' operati·on~l-ollt rises· ag"ain, · 

'appH.cable to tape) that' (?.an wait for data '(>n"ty, the I/O device presently operating . 
·:transfers without indica:ting· an overrun -: on the intilrfac~ is rese.t. 

. ~~ . t . 
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INITIAL SELECTION SEQUENCE 

• During the initial selection sequence,~ the channel selects a 
control unit a,nd' specifies t~e operation to be performed. . ' '!his sequence is the same_ fo.r ,.11 control uni ts. and ~pera
tions. 

The in~erfate si4nal sequence in whi~h the 
channel selects. a control unit and I/O 
device"and st3ec~fies aEI operation to be 
performed is caped the initial ~eles;;tiQ!} 
seg~~ (Figure 2.-15>. · Regardless-of the 
unit selected .oit'the operation desigpated, 
the signal sequEFnce in the .initial selec
tion is· standarcl.~ . 

I 

Operotional-<Put · 

' 
~ z Address-Out 

3 :S.,iect-Out ••~ 

4 Opj!rotionol-lnl 

1. Stat\,\s-in,. · indica~ing that th~ selected 
unit is bilsy an·d cannot execute another 
operat.i,on, or 

":" •• • f . ..., ~',.u -~ .~>\. 
Operational-in, indicat,wtg tticH the·· ;- · · j• 
desi:gna,ted unit.. wi 11 complete ~he in}
tia1-"selection sequence. However, the· 
operational-'in response to address-out 
does not· commit the control µnit or the. 
channel to perform an operation. 

... 

If no control unit decodes the address 
byte <specified control unit is o;t-line; 
the addres~ by~e is invaliq, et~;>_/ t'.~.e 
contro.l um. t with the low...,r.tt: pqerity p.ro
pagates s.elect- in tct..t~e cha,nnel_ :When its 
incoming. seiect-out ·~s condi!tw1.~d .. The 
select~in or status-~n. reply to ··a~dr~s-out 
causes the channel tcf canc!ll. addre.ss-out 
and11:.erminat:e the selectio~ sequ.ence. 5 Address.-ln 

2 

6 CommQnd-Out~ .. -.. 
7 Status-In ) 

'I 

8 Serv ic.e -0 ut • 

"' * A multiplex ... chan,,el ~ill respond to statu5-in w•ith e.ither. · 
, command-out or servfce-out. Normol ly, a.selector channel 
·will respond to:stotu•+in >yith only service-o\i. · ' ;i 

.•• i')epending on .the·chon~el controlli_ng -the. operation, select-out 
miBht drop during t!ie·i~it,iol selection sequence or remoin 

."-active, ofter.ttre sequerHie ii complete. Op!lfotionol-in COflllO_t. 
drop _unti I· ~elect-out is ~noctiv-e, .· ' · 

I 

•••'Select-0~! (]nd Hold"~~t up together~, 
I • 

Fig•ure 2-l;s·: Inltial Selection Seque~cei· 

The. 'chani1~1 begins the initial s;electiofi 
sequence by ·transmitting an· address b~te on 
.the bus-out Jines and raising_ address-out. 
The -address byte selects the- unit to exe-

.cute the operaticn. Each cCtntrol unit -
• attached to the ·interface attempts to.· 

decode t;he ·adaress, but, because all inter
face' a.ddresses are differe!lt, only one unit 
c·an · int~pret the =ded byte. 

. - 1 
When :..select-out is act.ive at the control 

unit th~ t .successfully decodes the ad.dress 
·byte, that --~on_t:ro~ unit condi_tions "eit,her: 

.. 
When operational-in causes the channel 

to . cancel addres·s-out, the SEllected control 
unit transmits an addfess byte on bus-~n 
lines and conditions t·pe add.iess..,in line .• 
The· channel compares this address to1 the 
addres·s it placed on ,the bus-9ut lines to 
ensure ~hat the right ~vice has answered. 

. . 
'Af't er checking the address I the channe 1 

re;:;ponds to address-io by t.ranstnittiitg a 
command byte ~nd condi t:i,oning · commancr~_c;iut 
to the control unit._ The command -byte 

,.designates one of seven· operations, tread, 
read backward, write, COJ\trcil, sense, t'est 
IIO, or no-oph and establishes conditions 
to contr0l execution of ~hf,; op~ration. 

The control .unit .must the~ drop addr.ess.-
..,. in, and after command-out falls, t~e · 

control unit places its status information. 
on·bus-in and raises status-in. ·-If'<the I/O 
device is availabl.e, ·t:he status byte· is· 
zero. If the channel accepts :this status 
byte, it responds with service'-out. This 
~ignal com~letes the initial selection r 

sequence. · 

·When a control unit that does•not. l\av,e· 
.operational:-fo _up:' requires. service,, i ti"'" 
raises its reques't-jn l,fne to t_he chann~l •. 
The next time sele¢{-out ,ris.es at any corr 
trol unit requirinc_r service_ltnd no I/,O ;; 
sele.cti,on is being attempted' by the channel 
<address-out down)., the ·control unit pl.aces 
t,he addr.ess of. the dev.ice on -bus-in. It 

• -,then signal~ on both -1::,he' address-in and the 

section 2 ·7-21 
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.. operational-in l.ines, and 
request-in signal. 

~. 

removes the \. . . 

. dd \ . When the channel recognizes the a ress, 
a command-out sig'nal is sent to the control 

' I 

unit, indica~inci proce·~d. At'te.f' ~ddres~:-;.in 
drops, the channel re~ponds ·by dr¢jpping,1.he 
command-out signal. The .remainder.of trie . 
sequence is the same as .a cha~nel-iilit.ijted 
initial selection. sequencel!. 

• I.. 

•. 

;/ ... . 
·/ 

DA.::A· TiANSFER . . . , . ., . ~ ·. . .~ ,· ·. 
')..,.I ' I' .._ .::-- •"f •' ., ., ~. ... .. 

·./'' . ~ .. •, \ 
.. , • Y" ·<· . 

,..-.. •'- . .-
, I ' • · · . , ,, . · ·' I ,,·~ . . , .>' •4 ~ . • ~ · '. ,Or , • _ •, ,. • 

• ... '··A c:ondO·l unit ~~an':seircr-data tQ., or .reques:t' daua·fro~ the. 
~liannel ~ · · · · 1 . 

. 7 

. " · i. S.ervic;:~ in and service-put .are ,the :cont·ro.J.14.ri~ taq .l,ines • 
. \ ... . ' 

Data ·transfer may be requested by a c(1ntr61 
unit a'ftl!t. a selec:tion sequ~nce. To trans.-. 
mit to *the channel, the C!ontrol unit place5 

, a· data byte on bUs-.in and ra;i.ses ser:vic·e-:·; 
· in. ' The. tag and 'the:. d~ta ·on ·bus.:..in m~st be 

I held: U!'ltil an out'bound ·tag is· raised· in 
\':r:esponse~ To r:;equest d~ta from t.he ~, 

cl;lann.e'J.., :seJ:\vic:e..:in is r::aised •. ··rhe channe·1 
pJ.lices the data on bus-out· and sifhclls with 
serVi.ce:-out. The channel maintains ·the . 
validi'ty of bus-out. until ~erydce-in 'falls. 
When,. s~rvic~in falls, the .. channel·-responds 
by dropping service-out. , 

.. 
. '·'·· .. 

\, 'i·: 

ENO OPERATION 

• .. , ~ 

• ~ Ari oper~ tfon ,is completed when .the control unit. and device 
prespnt en4;.ng'_'status to th~ channel.. · · 

·~ .\ . 

... ~· . ;. The channel acknowledges receipt of the status .byte .with · 
service.:.out .br c~nunaria-out.. ·1< ·, .. •, 

, ~. ~·· • r . 
·. ~~i.\ . . ' '• . . . 

.. 'When any I,IO'op;raifon, except.'itest•r'to and .;;,H the. cba.nnel cond'itions· suppress-:otit 
no.:.op,. bas proceetied to its. npr:mal end,. the 250";nanoseconds :before select-out. rtses a't 

·control· unit assembles an'd -transmits a·. · · the' contrbl unit l'loidinci stacked ·lftatus 
sec.and.. status byte to-tbe channel~ The· data, 'the con~ol unit does.'not transmit 
meani.ng:and fQrmat of this.status byte are the status by 'again untll suppress-out 
\cientical to~t,he 'purpose and fo.rmat of the drops. Wheii he cha~nel· cane~ls. suppr,ess- .. 
s"tat~s byte tr~nsmitted during the initial. out, and se:le t-out to the unit ·is active,· 
selection sequencl:!. · · · .· . · the control !-lhl.t send$ its. adaress,. ahd 

·~ 

\:t· 

·~" 

'• 

" . .. .· .\\.. ,.i· . . . . ,. re-trarismi;,-'. the'.st11tus ·byte to the. 
. , ·channel. . · .. · . · ' . 

' To acknowledge rec-ipt of ~he status 
. ... 

byte, the channel. "'°niitions either ·. · 
.. service-out or· comman· ""out.. service-out 
indicates ~hat the.ch nnel has accepted the. 
statu.i:i data and q!s-et the ,operatl<;>n. . 
comman.d-out· caus~s th41! control· uni~ to .. 
stack the status :hytef. · , ~. 

\ 

... r .··· 

,, .. ' 

. 2-22. 

if the channel does not condition 
suppress"-out before' sc!lect-out rises at' th.e 
co'ntrol unit holding stacked status data, ; ~ 
the control. unit.initiates. ano~her 'CY.Cle· t.o 
tranS'mit tt~e status ~~te again •. 
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SECTION 3. MULTIPLEXOR CHANNEt 

. ' .. 
COMl'REJf=NSIV! IN:rgoouc{ION . : ~ 

IBM 
,_ 

.Bh~tes • The 2030 multiplexor cJ\annel data-flow registers 
with the CPU. 

~ 

• The multiplexor channe_l consist~ mainly of mic!oprogram 
routines: r 

• 
The 'mult{plexor channel ·can sustain ~perations wfth several 
I/b devices: at once ·on a· data inte:r;leavi.ng basis. 

• 
' .. 

• . The basic IBM. 203_0 :multiplexor c_hannel_tlas 32 subchannels. 

.'.l'he IBM 2030 multiplexor channel is basi:. 
cally a· microprogram _that uses the CPU . 
data-flov registers to pertotm the multi
plexor channel functions · CFicgure 3-1). The 
I/O in~tructi~ns issued to t1iJe ,multiplexor., 

.channel_ (Star):. l/O, Test I/0 1 Halt l/Q, an:i 
·Test Ch_annell J. are all ex,ecuted by the chan-
nel microprogram. , .. · .. ,' . . 

•I 

'. 
The mul~ip~exor channel llk}Y operate in 

eith·er one pf c,t·wo mode_s,, BURST or BYTE 
mode. In· burst mode, . the channel selects 
and operates with one I40 device, only, 
until, the ent11re. ·ccw or ·chairi of, ccw• s 'is 
executed. In byte or. data inter.reave. mode, 

. the channel se:lects and _operates- with a 
• ·tlevice until ore.'- t\l(Q or fou~ bytes. have 

been transferred','. The ·channe1 has no con
_tro·l' over its mode Of operatilon, nor in the 
case of _byte mode, does it dtttermine the 
number of bytes to be transferred on each 
selection of a~ I/O devi.ce. iBoth of these 
conditions. are: determined by the I/O device 
involved'. 

The basic· 'lBM 2030 multiplexor channel 
operates und·er control of 32 subchannels. 
Tlie subchannels maintain the operating 
information for .each ccw being executed by 
tbe . channel. 

Upon the initi~tion of an I/O ope~atio11 
by the CPU, the 1:hannel microprogram reads 
out the Channel Address Word CCAWl. . 
Besi·des readinq- out the CAw, :t.his routine 
al~o checks the PSW to ins'ure that it spe-

.cifies supervisor}' state. 

If the P¥:OJ' dc,ies f!.Ot' specify supervisory 
state, a program interrupt occurs.· If the 
PSW is in. superviscfry ,sf.ate, A the channel 
begins the execution of the instruc'tion. 

When executing either a~e~t channel, a 
halt I/O, or test; I/O i·nstruction, the 
channel executes ·'the. ~tire'· instruction 
before returning the .CPU to Iacycles-• When 

executing a start Iib instruction the· chan
nel allows the CPU to· return to I-cycles .. 
.before the execution is complete, but only 
after the selected. I/O control unit and 
device have disconnected .from the channel 
as in ifhe case. of byte-mode devices. 

.;:, . 

.: 
, Whenever the cpu· returns to executitig . 

,other instructions, the operating informa-
' tion for a selected device is stored in the 
subchannel. When the device requires s~r
vice, the channel breaks .into the cux:::rent 
microprogram routine, stores the CPU d~ta 
flow register information in local stof,ge, 
obtains· the operating information from the 
subchaimel, and operates with the. device 
until it disconnects from the channel. 
When the I/O control unit disconnects from 
the channel, the channel· uprlates the sub
channel information, \d allows the CPU to 
continue the executio of the current-PSW 

, .inst;ru~tioi:i. . 
·~ . - ~ 

Whe_n the entire ccw. seqi.lence 'specified . 
by: the start I/o· instruction· has been .com
plete_di, the channel in1;J!rrupt;:s the cllrrent .. 
PS~ inlstruction sequence if allowed t-o do · 
-~o by, the current PSW system mask. The 
channe.l then stores the required inf orma:-· 
tio~ in· the Channel Status word ccsw>. 
Aftec" the csw has been generated, the I/O 
new PSW. takes the place of the current PSW. 
The. c~u now executes ~the I/6 'rlew PSW 
instr~<;tion· _sequenc~. 

The ·uo program will no~lly prevent 
other I/O int,errilpts by masking them· off 
with the system mask; It will normally 
interrogate the csw and execute some type. 
of error routine if the tsw indicates the 
instruction was ·ngt executed cor,iectli. 
Ott.ierwise., the I/O program will normally . 
allow the CPU to begin the execution of any· 
pending I/o instructions-and then return 
the C~U to processing tpe PSW instruction · 
sequence. that was discontinued b-y the I/O . 
inteErllpt •. 

_/ 
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DATA .Fi.Ow . 

,• 

• All qatjl between th'e MPX chahnel and CPO main s~rac;ge must i 
pass through ~he. a-register. 

f, 
! .. I .. ,, I ,, 

• ,'T~.e·UV-registers maintain the data address·' 
,,, ' ' ... 

• , :The. LO-registers maintain the count. 

Because the MPX channel.uses the CPU reg
isters. to accomplish its objectiv,es, the 
MPX- data flow is quite similar t.o normal 

•cpu data ·now. · · · 

on input 9perations.- the channel· receives 
data on bus'-in. .The l1PX channel micropro~ 
gr~ p0ts. the ,bus- in· infoiima ti9n into the · 
a-,-egiSter by spec.i.fpng the a•registe~ as 
the destipation and ·bllS!;"in· .as the A-. , 
x-egister entry. · The date) goes 'thrdugh the 
A-register and Arit.hmj!tic Logic· Unit, CALU) ·: 
Any parity. errors are Corrected in the ALU,. 
and a. channel .control cl'ie.ck is set if 
runnini;J _ in process mode. ' If running· in 

FUNCTIONAL UNITS 

SUB CHAN.NELS 

,,. I 

I, , 

" s'top mode~ an A-tegister erlor is set. The 
data entets the R'-register' from the ALU. 
It iijl then stored in. main storage by er:· - ! 

stor~ cyc~e,,. . ~.., .~ · J ~ . · . · 

o~ output operatlions J!ata is rea'd out of 
, _main stor~ge into, the R:re9ister. Fr.om th~ 
R-registe~ the dat.a Jcont.roi da.ta or recora 
data> enters the bus-o.ut recrister which '' 
conditi.onl\I t:he bus out lines. directly. 1 • . ' ' . 

, ' I , 

During both input and ·oqtput operations~ 
- the .qv:-:eg.~ i~s rs~ -mainn1t'ain th.e data addres~.1 
_whil~~~registe~ maii:itains the count;.! 

• Operating information necessary to sustai 
operation is .contained in a subchannel. 

a single. I/O 

' .. <... 

9' The ~X channel may have Up. to 224 ·SU 
i.. 

• · A MPX channel subchannel is a 
controlled Word cucw>. · 

• . ucw• s ._are sto.rE¥1.· in MPX st.or.age 

.. A ucw· i~ initla"l.'!y gener 
CAW· and ccw informatio 

__ / -
The high_ speed of tlte,IBM 2030 CPU 'and the 
slow speed of many I/O devi'ces makes it 
desirable to have a channel .that can · 
operate· several l/O devices at a' time. The 
multiplexor ctrannel .fulfills this require
ment. B-y -ha vi!'lg many subchannels, ·each of 
which contains.a cur~ent record of one I(O 
operation, the multiplexor -channel is ·aple 
to read ox: write from several low::-'speed .I/O 
devices1at a time• When an I/O device 
:requests service, the multiplexor channel.: . 
Selects.- the SJlbchannel associated-With that 
IIO device and services the 110 device · · 
under conf,rol of '. J-he subch_anneL. The, IBM -
2030 has 32 subcnannels as a standard·fea-• 
ture and may have up tci 224 subchannels as ' ' 
optional fe~~tures. n '·. ' •• 

·'>)fhe first ~ subchannels can be either 
single or stiared subchanne],s. The remain-

• . 

.. 
C13 

.called a· Unit 
.-• -

• 

ing .subehannels are all s-t.n~le. A shared , 
subohannel ~an be used by mtjre than· one I/O 
device. Shared. subchannels ,are normally 
used by multiunit control UQits, such· .. as 
tape or disk drives which cqntrol several 
IIO devices. -When sev.eral li/O devices 
shaie a subchannel, only on~ of the I/O 
deviees c::an operate at,any givep time. 

A subchannel contains the necessaty- " 
informatiqn that _is· !'reeded to sustain· chan• 
n~l ·operat;it>n with a particular I/O device.l 
Unit Contiol Words· CUCW) serve as the MPX 
channe~ ,sqbchanne.ls., · • , ,, · 

. ' 
A basic IBM 20.lo;·ha~ 32 ;ucw• s stored in ' 

a portion :of auxiliary storage called MPX , 
storage. The' ucw• s remain :in ·MPX storage ; 
when. not being used for channel operation. 
Th,y-are fetched <from the MPX stox;age when-~ 
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000 001 010 

UNIT CONTROL WORD 
ucw 

011 loci 

, I 

101 110 '11 

Chartnel 

Status 

Op. 
and 

Flags Hlgh 

I 
Caunt 

I Low High 

Data 
Address 

·Low High 

Next CCW)· 
Address 

' Low 

. Channe I Status. Byt'~ ,' Op. and Flags Byte 

_O - Co~nt Zero (1050 Only) 
l -. Channel Control Check 
2 - ~nterface (OJ;Jtrol Check 

0 - Chain Data Address (CDA) 
l - Command Chaining (tC) 

3 - Fint Status Received ·Coded ex
planation 
below.· 

• 2 - !iuppress Length Indication (SLI) 
S-Skip .. ,. 

4 - (No Name). 
5 ·- lncdrrect Length 
6 - Program Check 
7 - Pr0tection Check 

4 - ~~~a;;; Control led Interrupt (PC1) 
5 - Active -
6 - Output (Write) 
7 - Decrement Data Address 

3 4, 
0 0 
0 ' 
' 0 
1 ' 

Figure 3- 2. 

. ' 
Handling Octa; Expecting· Octa. 
Device tnstructed to Stop; Expecting Status •. 
5ta~us Stacked ot Control Unit. 
Stolus Is in Interrupt Buffer (IB). 

I 

Un·iti control Format 

needea,-and,place~ in the· CPU registers. 
After they- have t>een used and updated, they 
are r~stored into.the MPX storage. 

~:i,Ju~e 3- 2 sho~s the UCw format·. The· 
inithl ucw is generated in the CPU reg
isters duiing E-,·p~ase of a star't I/O 
instruction. The address of the first ccw 
is fet;ched from tbe CAW. Adding' 8 to this 
address generates.I the. next ccw adP,ress,?" 
which , becomes· part of the utw. ,_J 
• . ; I •. • : .. . 

The d~ta addre$s and count are ~et9hed 
from ~he first cc~ and placed i~ t)le ucw. 
Because the 20 30' .~torage addresj .is a maxi

·mum of 16 bits long, only: 2 bytes are need
ed in.·:the ucw for 1 the data address. The 
same holds true foE.JAie next ccw address~ 

,._ ', "'!' • • 

The• op--.and-fla«1 byt.e in the. UC~ is now 
genera~ed from 'thE1 ccw cci~nd byte and 
flag bfte •.. The 5 -I flags ar-.e tra1,1sferred 
intact. The, co~nd is compress~d to two 
necessary bit's: bilt-6 in~icating inpu·t wheri 
o, and' output whetj 1·, · anc;i bit-7 indicating 
'bicrement or decrement data. address: Bit-5 

· js the aptive bit lfor thf ucw, and is set 
during~· tl!sra t 11q and r~set_by tpe/store 
csw p io .of en I/O interrupt or test I/O 

~ Instru · o. • ~-..'.- j-.::· .•. ; - . 
; . \.; l-~ 

' , ' 

j i 

The status byte contains information 
necessary to generate. the CSw. ,It is kept 
current during an. I/O qperation, and with 
some ,interchange of bits, becomles the chan
nel ·Status byte in the csw. Bits-3 and-4 
are not•use~ in the csw. One is replaced 
by the PCI flag, and the other i.s unused in 

-the CSW. Bits 3 and 4 have meaning only 
when th~ active bit (5) is on. 

Bit-3 on}ly indicates the device status 
.. byte has be.en ·queued in the device. 

Bit-4 alone indicates.that status-in, 
not service- in, sqculd be senti by the''.uo 
device ne~t. If no):., it is an error. 

When bit~3 and bit-4 are on together, a 
,channel E'nd <CHE> t}lpe of unit status tucw 
is active> has been stored in the IB and 
the multiplexor-int~rrupt ·1atch turned on. 

Both bit~ 3 and 4 off. ( O > , in di ca te the· 
channel is expecting data and has not y~t 
come to the end of the specified count. 

All other ·positions in the status and 
op--and-flags bytes have the same meaning·as 
they do in the CCw flags byte and.the q;w 
channel-status· byte.' 
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MPX STORAGE . (SUBCHANNEl. STORAGE) 

Form Y24-3362-i 
FES Y24-0510, 

• 32 doub!e words used to store unit control words 
in the basic CPU (SK main storage). 

• Each double word, or ucw, is associat~d with a control unit 
or device attached to the multiplexor chan.nel interface. .. r 

• The ucw address is developed from the I/O device address by 
·microprogranuning. 

• '.l'he XH and. XL latches in the FB reg1ster are u'sed to 
distinguilih between local storage'and up to 3 MPX 
storage areas in auxiliary·storage. An.XXH latch-is. 
used. when more than 3 iMPX areas are ava~lal;l1e. 

• ucw 31 is assigned to !:he console sUbchannel. 

• F_igure 3~3 shows UCW address development • 

MPX ~orage is a variable-size.portion of 
aux;i.liary core storage. It' is organized in 
ar.eas of. 256 bytes, each contain'ing 32 UCW's 
numbered 0 through 31. The number of. these 
areas present in the 2030 depend~ o~ the 
size of main storage. · · 

UCW's O through 7 are used.by multi
device control units .. These eight UCW's 
are called shared subchanne.ls, and devices 
that use them must have an address' that 
aontains a bit in position O (for example, 
x 'SO' , x .' 90') . Each of these shared 

\ 
. SINGLE SUBCHANNEL 

V-Register 

5 6 7 

I X j. X, I X I . T-Register 

~. 
Ad<t.ress of Byte, Within UCW, 
Determined By th~ Micro-program. 

. ' 

, I 

lsu. bch~nnel UCW's can pe shared by up to 
16-I'/'O devices. The limitation is due t9 
addressing. .• 

I Single subohannel UCW'e are used by I/O 
devices which do not have a bit in position 
0 of their address'. There· are 24 single 
subchannel UCW's in the basic MPX storaCJe 
(SK main stoz:ag~,fPU's) with UJi> to 224. 
single subchannei UCW's available q,n the 
2030. Wh'en 224 UCW's are available,• none 
may be shared. Any of the first S 
subchannels, .. not' used b'y multi-device 
control units, may be used by a single-
device control unit. ' 

t 

SHARED-SU8CHANNE1. 

0 .3 4 6 

0 

M~Jt 

0 I· 0 V.!Register 

~ 

Not Used to Dete'1f!lhe 
ucw Addre;., 

. 5 6 7 

x x ·x T-Regi.ster 

Address Of Byte, Wi thrn 
UCW, Detennined by 
Micro-program., . , 

e Figure 3-3. Conversion of I/O B~vice Address to MPX Storage Address 

.•... 
•·I 

;.,.. ... 1 '\ 
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Form Y24-33'62-2 
FES Y24-os10 

UCW address 31 is reserved for use by 1 } 
the console subchannel. When this addre~ 
is detected during a start I/O, a branch 
is taken 'to the console subchannel 

,microprogram. 

The addreps of each UCW is developed 
from the I/O"device address. 'the 
development is done by micropcogramming. 

XXH, XH, XL latches--These three latches 
are set to indicate which MPX storage area 
Is to be accessed for a particular UCW, 
When the three latches are all OFF; they 
may be binarily represented' at 000. This 
bit configuration indicates that a 
subchannel in the MPX O· area is to be used. 
The XH and XL latches may repre?ent a bit 
val~ O to 2. (binary 00 to 11) , 
ind~irtg MPX 0 through 2 areas of MPX 
storage. This ~~ge provides enough storage 
for the total standard number of UCW's 
pos!j_ible ,(96). When the special feature of 
224 subcha:nne.ls is installed, a third latch 
(XXH) is used to indicate a binar~ range 
from 000 to 110. 

. The I/O device address is stored in-the 
v'-register during I ..:cycles. The. bi ts in _ 
th~ v-register are then transferred te the 
T-register, and the XXH, XH, ·and XL 1abches. 

·f This transfer is accomplished in one ot' two 
~ays,' as determined by position O ~f the 
v-register. .. 

determine which of the three MPX storage 
areas will be used. If XH an. are both 
off, pne of the first 32 UCW' · ,·.11 be 
addressed. The two optional X ~torage 
areas are addressed by either' XH only or 
XL only being on. This also m~alla that a 
device address with 011 in bit positions 
0, 1, and 2 would be invalid because 
this would cause'iocal storage to be 
addressed._ Validity checking is done by 
the microprogram. 

Next, the 3-bit of the V-register is 
transferred to the 4-bit position of,the 
~register. Then, the 4-, 5-, 6-, and 7-
bits are transferred to the 0-, 1-, 2-, 
and 3-bit positions of the T-register. 
Now one out of a possible 244' UCW' s has 
been selected. Bits-5, -6~ and -7 of the 
T-reg~ster a-re now set to a\ constant by 
the microprogram, thus the T.-register 
contains the address of one qyte of the 
proper UCW. 

.. 
If position O of the V-regfster is A 1,, 

a shared• subchannel UCW is indicated. In 
this case positions 1, 2, and 3 in the 
V-register are transf~rred to positions 1, 
2, and 3 in the T-register. The XXH, 
XH, and XL latches are t.urned off (set to 
0) and positions 0 and 4 of tJ:ie T-register 
are se~ .to O. Positions 4, 5, 6, cand 7 of 
the V-registei::- are not used. 

Again, bits-5, ~6, and -7 of the T-
If position O of the V-register is a register are set to address one of the a I zero, a single subchannel UCW is indicated.• ,bytes in ehe ucw selected. 

· Posltion one is transferred to the XH 
latch; position two is transferred to· I Devic7_addresses 00 through lF are valid 
the.XL latch. _The XXH latch is set by on a,basic Model 30. By adding two more 
position 0 of_ the V-register if 224 MPX storage areas, device addresses 20 
subchannels are available. These l~tches through SF are.also valid. 

MPX CHANNEL MICROP~OGRAM 
1 •' 

• Tl'le MPX channel mi~roprogr_am ~performs al:l the MPX channel 
:;funct'ions. 

• The MPX mi~ro~rogram may be entered from four d~ff~rent 
sources·: 

1. The_ IlO instruct:i,ons. 
2. The store csw routine. 
3. MPX share request~. 

. 4. :r_p.. 
• - The MPX _microprogram ha.s exit!:\ fo:p 

1. ~ele~tor ·cha~nel 'I/o instructions~-
2. cons0le subchannel instructions, 
3. Rett\rn'to'the·CP!,} microprogram. 
4-. Load P-SW. ' 

All multiplexor~ch~nnel operatiai;is are 
performed under control of the channels 
microprog-rarn. Tbe ·cpu "ay enter the ~X 
channel microprogram by mearu;; of a normail 
lnicroprogram bran.ch, as ·on start I/O . 
instruction·s, :or the CPU. may i:>e forced ~nto 
tbe MPX channel _m.icroim)~am ny the_M~l( _ 
stacking latcb .. as on MPX'· sha-r_e-cy.cles. --

The fpur entries.to the microprograin 
·point out the four basic uses of the micro
program. The four I/O instructions: Start 
~/Q, Test I/O, Halt I/O and-Test chal\Ilel 
enter t.!le channel program from I-cycl'es~ 
start I/O uses the Iila jority of ,micro steps, 
while.the test-channel instruction uses' 
very few. •. 
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I\ forced branch to the second entry 
point, is caused by a multiplexor share
from some l/O device. ·This entry consists 
of the store CPY register routine, plus 
several other routines, which perform the 
share operation. 

A for~ed entry into the MPX cpannel 
microprogram is accqmplished when a share
request sets the wX-registers to the 
address of a channel microprogram word. To 
be able to return the CPU t'o its present 
operating state, tpe address in the wX
registers is stored in the MPX channel read 
only back up address register (ROBAR>. The 
branching conditions of the last addressed 
CPU micro program word are also stored in 
the MPX.,:;hannel. These are stored in the 
buffer lestore latches. . 

The. third entry is used when an l/O. 
interrl1pt causes a store old PSW, store 
csw, load new ~SW, operation. The store 
csw portion ff1f the l/O interrupt is 
performed by the multiplexor channel micro
program, if t~e multiplexor channel caused 
the interrupt. 

The (ourth ent::;y is another forced 
branch caused by the initial program load 
1IPL) key in the console. The routine . 

• entered by this branch sets up a dummy Ccw 
and start l/O to cause IPL. 

The MPX channel exits are: 

I/O INTERFACE CONTROL 

1. 

2. 

3. 

4. 

5. 

When the program is entered from !
cycles, the channel address is tested. 
A selector channel address cAuses a 
·branch to the selector channel 
nii croprog ram. 
If the device ;:iddress on a basic 
machine calls for ucw 31, a branch to 
the console subchannel micrpprogram is 
taken. . · \ · 
At the end of either a st~r csw or an 

,IPL operation, the program ranches to 
the load PSW routine. 
An l/O instruction for th multiplexor 
channel will return the c U to I-cycles 

.-on com pl et ion . • J' 
·A microprogram trap, ca· ed by a share
request, returns the CPUito the micro 

,word that was interrupteJ\by the trap 
if no other share request!) are pending. 

Se~eral new microprogram statements are 
introduced by the-multiplexor charµiel. 
These instructions control the FA and FB 
registers, gate data through the channel, 
and allow the microprogram to branch on 
multiplexor channel signals. 

Data passes from bus-in to the FI7bus, 
and from the MPX bus-out register to bus 
out .. The FT-bus is a group of signals from 
the interface and channel, put together to 
form a byte that can read onto..filfe-,.,.-ws 
for testing. .. 

The status bus;is rn,ade· uli'of signals 
used to control microprogram branching. 

• Out-bound lines are controlled B:y·)atches in the FA and FB 
registers. 

• In-bound lines are sensed by the microprogram or used to 
reset latches in the FA register. 

' 
Some of the latches in the FA and FB 
registers are used to control the outbound 
interface lines. ~~croprogramming sets 
these latches, and either the inbound 
interface lines or microprogramming can ., 
reset ~he. latche's . 

• ' 

The inboun1 lines are either sensed 
directly1 by the microprogram, or mix~a 
together .first, and then sensed. -... 

--.;' 

'ir- "'\ . .,.., 

'""""-·----·-"t 
-!'-,.,-
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FA-REGIS'!'ER 

• The FA-register is comprised of five la.t.ches (Figure 3~ii) . 
\ 

• It controls the tag-out and bus-out interface lines. 

• It controls polling • 

The FA-register latches are turned on by 
microwords that specify FA in the cs field. 
The vaiue of the CK- field selects a speci
fic FA-register latch or latches.• 

The five FA-register latches are: 

1. command-start latch 
2. service-out latch 
3. Command-out latch 
4. Address-out latch 
5. Bus-6ut-control latch 

COMMAND-START: This latch turns on when a 
microword CS-field specifies FA. The 
command-start latch is controlled by the 
parity-bit position of the CK-field. When 
it is 1, the latch turns on. When it is O, 
the latch turns' off..:. 

When the command start latch 1s on it 
prevents the MPX-channel trom polling 
(selecting> any unit that is requesting 
service from the.MPX channel • This -
include5 the corisole subchannel. It does 
this by holding the FT3-bit MPX Share Reg 
line at a- negative level. It also prevents 
the MPX stacking latch fr.om turning on by 
holding the MPX Share Reg line at a posi-
tive~ei. · 

SERVICE-OUT: This latch activates the 
service-out t~g ·line~ It is turned "on when 
a microwo~d specifies FA in the CS-field 
and CK = 1 or 9· CCK SAL bit-3). It is 
turned on alone when CK = 1. It is turned 
on '4tj.th _the bus-out control latch when 
CK = 9. 

The MPX channel microprogram tl.\rns on 
the service-out latch in response to either 
service-in or status-in. Once the service
out latcn turrls on, it remains on until the 
inbound tag lJ_ne c,eitheyservice-in or 
status-in> f~ls. · 

\ 
\ 

COMMAND-OUT:. This latch ~ivates the 
command':.out tag li~e. wlen 1.t is on. It is 

'{ ... 

.. 

\ 

c 

turned on by a microword that specifies TA 
in the CS-field and CK = 2, or 10. (Cl( SAL 
2 bitl. ~n CK= 2, it is turned on 
alone. When CK= =10, it is turned on wit~ 
the bus-out control latch. The cOl!lllland-out 
latch is turned' on by the MPX channel 
nlicroprogram in response to either address
in, service-in, or status-in. It turns off 
~ the initiating intx>und tag-line falls. 

ADDRESS-OUT: This latch controls the 
address- out tag line. · It is tUrlU!'d on to 
activate address-out. 

The address-out latch is t•rned on by a 
microword that specifieS FA in the cs field 
and CK = 4 or 12 (CK SAL bi~ 1). It IMY be 
turned on alone CO: = IH·or llith the tius
out control latch CCK = 12). It is reset 
by .. the microword that· specifies FA in the 
cs field when the CK SAL 1 bit is off lO). 

BUS OUT CONTROL: This latch turns on when 
the micr.oword CS-'1-eld specifies F~ •nd the 
value of CJ< is 8, 9, 10, or 12 (CIC SllL bit 
O>. The bus- ou'\: control latch allows the 
contents of the R-register to enter the 
bus-out register • The tius-out register, 
in turn, conditions the standard interface 
bus-out line&. · 

The bus-out control latch is always 
turned on with a tag-out control latch 
(CK = 9, 10 or 12>'. It remains on until 
the associated tag-out latch turns off. 

The bus-out regis.ter latches remain on 
until the next time the bus-out control 
latch is turned on at which "time any tius
out register latches that are not 
conditioned to turn on by the R-registe"r 
contents turn off at Tl time. 4'" 

once the R-register cont1nt.s enter the 
bus-out register, the R-reg'!ster is a,..i la
ble for other fun'ctions. 
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FB-R£GISTER 

• The FB-J:egister is ~omprised o·f 11. polarity holtl latches 
(Figure 3-5).· 

e.- 'The .f'B-regieter latches are ·turned on or off by a microword 
that specifies FB as th'e cs-f,ield destination. 

• The CK-field select$ a ~pecific FB-register latch or g.roup 
of l.i t~hes. ·' 

The FB-register controls the operational-· 
out and suppress:..6ut; interface lines. It 
all'JQ contains the 110 and external mask . 
latches ass'ociated with the current PSW and 
the ){!{and XL la\ches' associated with 
au\i-liary storage.-, . ··•· 

The F!i-,.regis·ter ·j,.s a gtoup .of polarity 
hOld latches. These ··1at,ches turn on or off 
when :i aticroword specifies FB ~s the cs. , 
f~eld desqnation: The e1e~en FB-register 
latches arq.; · 

........... ' 

1. ··~ultipl,ex~ channel interru''pt latch.' 
. 2. Operational:-out contro.l latch · . 
3~ Suppress-control latch ; 

' 4. Multiplexor o~ration latch 
5. Multiplexor .ch~nel mask 
6. Selector channei\+ mask 
7 ~---- Selector channel;( 2 ma,sk 
,-_ XXH-latch 

10, XH-latch 
11. XL- la tr,h 

. MPX CHANNEL INTERRUFT: · Thi!'! latch is;. . 
turned by the MPX · ci:hannel 'to. indicate. ~hat· 

,the MPX ·interrupt buffer I tI.f') i·s full. 
This means that an I/O interrupt:. ~s pend-· 
ing. 

·rhe MP.X channel interrupt l.atch turn~ ·on 
when a microword cs field s'peeif ies FB and · 
c~ = 0 12 and parity bit on ,tCK &AL bits 0, 1 · 
an.Cl parity). It,.tu'J:ns off when CS is FB, 
CK~= li, and 1CK parity bit is off. · 

O.PERATI ONj\L- OUT CONTR_OL LATCH: This lat ch 
<FAO'.il> cptitrols the operational-out inter-
face ..... Unt_·~~ .. in conJ.·unction with a ~ .. us·ec . j .• 
!:iingle-sl)cit. It is turned o~ by .a 'microword' 
.that ~>ei':Hies FB in the cs field when 
CK. "' 5, · i, (CK SAL bits 1, l and Pl. It is 
t\J'rrwd off by i! microword that specifieS ',FB 
·ii't the CS'"field when CJ<=5, (parity bi.t ; 

~ oft>. • · · · 

The suppress-control latc-h is turned on 
by a microwerd _that specifies F~ in the 
CS,..Cfield when' CK•'=; 10, l_(CK SAL bits O, 1 · 
and Pl. It is tu'll1ed off by a microword 
that specifies FB in the CS-'-f~eld when 
CK=. 10, O <patfty·bit"off). · 

MULTIPLEXOR OPERATION LATCH: This latch 
defines that portion of a MPX share-reque?t 
cycle wh.en the CPU registers. are being used.· 

"for channel funct.ions. It is C!:>ntrolled'by 
'microprogram. It is turned on after the, 

CPlLhas beei:i s·tore.d and turned off before 
the CPU is' restored • 

Th~ multiplexor-OPeration latch. iq_ 'used 
to i:e.11 when to specif{ channe,l 'error's and 
when to specify CPO errors. A.11 errors 
that oc6ur when the '.lM:ch is ori .. <1re charged 
to the multiplexor channel. -- . • ·. 

The multiplex0r-operation latch 'is 
turned on by a ll!icroword tha,t specifies FB 
as the CS-' field .d;estination "(it.h -CK = 6, 1 
(CK SAL bitd 1~ 2·and Pl. ·Ibis turned off 
when CS destination is FB and ;CK=6 ~ O •• 

i/~ AND ~XTE~NAL-MAS~ LA,C.HES:. The . - , 
ji\l!lltiplexor-channel rrfask, seiec:tor-channe'i 

·1 mask, selector-channel 2 <1nd external- '· 
,·mask 1atc?es ~re condit<ioned'.to se~ to ·ttie 
cen,tents Of ·t'he current PSW S)'s~'m mask •. ,, 

- .. -~ ._ ' 

' ..The )?SW 5¥13tem mask }?yte is t:ransferr.ed 
·into four FB-r~gister latches durJng PSW 
load .. Here they· provide acy,ive c,ontrOI of. .. 
I/O qnd- eiteinal interrupt$.' ·.Bi.ts 0 •. :1, 2; 
and ·7 of :.t.heo R-reg4.ster are u!3ed t.0 set the. 
mask latches,: after the syste~ ma:';k ha.s · · 
bee'n ·read into the R~re,g,i.::;ter,, ,.Th~ 
microwora that sets the PSW system mask 
from the R-r~gister into the FB.:.iegister .. 
specifies FB as the .cs .field desti.nat:i.on 
and Cl<_ = 3, 1 JCJ< SAL bits 21 3 and PL. I\. 
microword to reset these latches specifif!.$';; 
FB· i.n tl_l.~cs-·field with CK = 3, O (p.;irit:V . 
bit .off'). · · The 6 usec ·ningle-,shot is a~tivated by_ 

t.lw mieroprogrc-im to causf~ operational-ou.t. 
tofa·ll _'dU·fing ~1 system resflt, recycle 
rfi!set or power~on reset. 

SUPPREoS CONTROL LATOI: This latc)1 is ""'· 
·under· m.i.eroproqr-am confrol as bne of· the· 
controls for the suppress-out line. It is 
tu,ned or\ by ·the.M'.PX .channel to i'r,1di'cate., 
the' channe 1 ii>. commanq chair:lin:q or to·· 6ause . 

XH, XL,. AND .,XXH AUX I LI AR 'F STORAGE ADDRESS 
LATCHESl These ·1.a.tches are u~ed by micro

'. '"program routi-nes ·to address· one of th~ .7. 
, MPX s-tolrage. areas. · · 

a. sel!J·ctive 'reset, · ·· 

' 3-i'o. 

I,_· •• 

. . I 
· .· . The XXH,....-XH arid XL latches are.condi-

\':ibned by the s'..;. register" contents, d8 well 
as a· micrpword. 'th.a.t specifiel.i FB,_as' the• 
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CS-field destination when CK = 9, 1 <CK SAL 
bits 0, 3 and Pl. XXH turns on when the 
S-register-0 iatch is on. XH turns on when 
the s-registe"r-1 latch is ·on. XL turns on 
when th,e s- register- 2 latch is, __ on. These 
latches are reset by a mieroword 'with FB in 
the CS-field, and CK = ~, 0 is selected. 

When XXH, XH, and XL are all off, the first 
32 UCW's of MPX storage are selected. 

The use of the XXH latch is ·optional and 
is used for auxiiliary storage addressing on 
systems that require more than 96 ucw•s. 

FB Name I CK Field \ Reason --:;r' ~---- \'. Dec_"_~e_~:s ° FB\--+--_l)~~-----
' M~X -· , CK SAtS- • \ 1 • MPX Interrupt 

Chan~! ~ O,l,~(an) :, / Buffer(!BisFull.) 
Interrupt 0, l, P (Off) I (I, 0 Int. Pending) 

--------~-----_, - ---. ·----r.--·----------------< 
Operational CK SALS ' ' Controls OP-Out 
Out Control 1, 3, P rOffi ' ! Interface Line With 
Latch 1,3,P (or) \{ 6 usec S.S. 
----------- ---------- --+----

Suppress 
Control 
Lotch 

Controls On State 

Multiplexor 
Operatioo 
Latch 

, (I 0 and Extemal 
Mask Latches\ 

MPX 
SXl 
SX2 
Exter110 I 

XXH Latch 

XH Latch 

XL Lotch 

Figure 3-5. 

CK SALS 
0, 2, P (on) 
0, 2, P (OffJ 

CK SALS 
1, 2, P (on! 
1,2,PiOffl 

CK SALS 
2,3,Plon\ 
2, 3, P lonl 

CK SALS 
0,3,P•on 
0, 3, P iOff1! 

CK SALS 
0,3,P (onl 
0, 3, P IOffl 

CK SALS 
0,3,P Ion) 

0, 3, P ·Off• 

of S~ppress - <;:Jut. 
Indicates Cha.nnel i~ 

choining commqnds or 
) to cause selecti;e Reset. 

·---~/ -----------. -
Defines when to 
Specify Chonnel Errors 

J
I ond when to specify CPU Errors. 
. (On - Channel Errors, Off c 

--- -+ 
CPU Errors) 

Provides Active 

Control al I 0 and 
External Interrupts. 
Bits 0, 1, 2, and 7of 
i-Regfster are used to 
Set the Mask Latches. 

'---,---------l 

S Register 0 on 

(optional) used when addressing 
mor-e than 96 UC\\"~ ,_, ____ . ____________ _ 
S Register 1 on 
Used to Address 
One of 7 MP'>X ·~tor Areas 

S Register 2 on., 
Used to Address One 
of 7 MPX Star. Areas 

When XXH, XH, & XL are all off, the first 32 UCW's 
are addressed. 

Fl;l Register 

003 
' 
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POLL CONTROL 
i • " • 

• The initial-sele<*ion s.equence uses the co111111and-start and 
start-select-out latches to control select-out. 

• Automatic response to Request In uses the Select out Request 
and select out Inte.rlock iatches. 

The multiplexor channel automatically polls 
the multiplexor channel interface in 
response to request-in, it both the 
command~start and select-out interlock 
latches are off. Select-out is sent over 
the interface to the lini t ;.'.that sent 
request-in. When this unit receives 
select-out,. it sends· back address-in and 
operational-in. 

/ 

The start-select-out latch generates the 
Sel-0 signal during initial selection. 
'nlis latch is turned on when both ~dr~O and 
Bus-0 are generated. When the address-out 
and bus-control latches turn on, their 
outputs are ANDed to turn on the start
select-out latch. 

' This latch has three resets. Adr-I will 
. t the latch. Also, if Adr-o is down, ADR-I and OP-I turn on the select-out

interlock latch, whi~h then'resets the 
select-~quest latch, and select-out is 
dropped~ Another request-in will not be · 
detected until select-out-interlock is ,. 
reset. select-out interlock is reset when 
the control unit that has captured the 
interface drops ·o~erational-in. 

Sel-I or-status-reset signfl will ~eset 
status reset is a combination of STA-I,. 

MD-0 and not SRV-0, or Recycle reset. · 

I Circuit timing prevents a conflict 
between r~uest-in and the turn on of 

Request-in. can ·now be'0 responded to, as 
long as command-start is off. 

command-s~art. If request-in com~ up ·~ 

The initial selectiqn. sequence brings up 
Select-out as follows: When the 
microprogram.has arrived at the point in an 
I/O instruction where it needs the inter
face, it captures the polling circuits by 
turning on the COlllll1Cln~- start latch. 

TUrning on the command-start latch pre
vents a request-in signal from turning on 
~he select-request lat~h· and also prevents 
. the multiplexor shar•rrequest signal f•om 
being gerierated. I' 

OPERATION41- INTERLOCK \ 
• synchronizes Op-I signal to CPU timing.' 

•• Reset every Tl time. 

during t'he micro step before the word that 
turns on command-start, a forced ROS branch 
prevents execution of the Jgicroword that 
turns on command-start unt11 after the 
share-request operation. 

If Req-I .rises during the micro step. 
that turns on the command-start latch, the 
coand-start latch is allowed to turn on. 
The latch clamps off the Req-I signal 
befote'it can turn on the select-out 
reciuef;Jt latch. or set the MPX share-request 
stac;king ·1atch. Req-I will not be honored 
unt.\]. command-start is turned off • ""•. ;. . 

~· '· 

• Used in devel~pment of SVI and STI dire=t branch signals for 
the status bus. 

The operational-interlock: 'latch is t.urned 
.on at T2.time ~~the Op-I interface line is 
'-:/up. It i~ reset. every T1 time. Its output 
is used to force UR SV.I and STI direct
branch signals wqeif Op-I is down.. Refer to 
Dit_.t Branch Signals for development of 
.SVI ~D~ STI · signals. , .. 

" t 
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• 
FT-BUS 

I 
• Eight selected signals which can be gated to the A-bus • 

• There is no parity bit. 

• The M~X channel uses S of th~ bus 

The•FT-bus is made of eight selected 
signals put together to form a byte of 
information, with no parity, which can b~ 
gated onto the A-bus ·for testing by the MPX 
channel'microprogram • Two micro steps are 
needed to test signals on the FT~bus. The 
fir-st step masks the Fr-bus for the signal 
to be tes\ed. The second'step br,nqies on 
the res~lts of the first step. · 

Five of the eight FT-bus signals come 
from the MPX channel circuits. The eight 
signals which make up the FT-bus are: 

FT-0 Suppress-out Cdiqgnost·ic u.se onl~> 

·' 

FT-1 

FT-2 
FT-3 

FT-4 
FT--5 
FT-6 
FT-7 

Hold-in latch <direct data 
channel) 
Mult;,.iplexor-operation latch 
Mul tlipl exor-s hare-request s.ign~l 
<provided command start is off>. 
Initial-program-load latch {CPU). 
Select-in interface signal 
Select-out !for diagnostic use> 
Multiplexor channel interrupt 

· latc.h 

The multiplexor share request signal is 
a col!!>ination of request .... in and not command 
start. • · 

• Dire~t branching is 
speed is a factor. 

done o\ 5 MPX channel signals where 

! 

• Two of the 
to provide. 
and exit. 

signals :SVI ~nd STI, are' clev~loped by the channel 
the high-speed-data loop, with a high speed entry 

·Five sigbals from the MPX cliannel are_; sent· 
to the CPU status bus for direct. branch 
control of microprogramming •. These signai,s 
are sent .. to the status .bus rather than the 
FT-bus because ·direct •ranching is faster. 

The signal names are: 

OPI (operational-in interface signal) 
·AI Caddress•in interface signal> 
SVI (service-in signal) 
STI <status-in signal> 
INT (interrupt s'igna1 > 

SVI and STI1iare signals developed by MPX' 
channel circuits for use by the high-speed
data loop. 

The status-in CSTI>, 'sentic.e-in (SVI) 
branch indicates these condi~ions: 

005 

STI svf 
1 1 
0 1 

1 0 

0 0 

1· 

Op\-in is down. 
Service-in and Op-in are up (No 
SRV-0 or CMD-0) 
Status-in and Qp-i~:are up (No 
SRV-0 or CMD-0) .· . 
None of the a .. l:!s:>ve, usually Op- in 
up and neither service-in.or· 
stat~s-in are up. 

The INT sig~al is brought up by the MPX 
chahnel if the 'l'QUltiplexor channel inter
rupt latch is on' and the multiplexor-mask 
latch if off. Th1s signals the CPU that a 
multiplE!'xor channel I/O interrupt should be 
tak,en. ' · 
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FI-BUS 

• FI in a microword is the designati n for bus-in. 

FWX-REGISTER !ROBAR) .. '-·-. 

• Stores the· contents of the WX-~egi'. ter register CROAR> dur-
ing 1-lPX share cycles. I 
{ 

• FW i~ a six-position register, pat:ty and 3 through 7. 
--.·' 

.-·h""{,X is a nine-position register, pa ity ·and 0 through 7. -r . . 

The FWX-te~'fst,ers store the contents o the 
WX-registers wn~the CPU microprogramf is 
interrupted by ,the~ultip·lexor channeHI 
This is when qie chanri~l is opera ting n 
data interleave mode ari~.-en I/O 1Jnit · I· 
requires service. The chanqel is in d ta
m. ode when .. it is .operating con~.rreenntly with 

.,the CPU. program.~ a; time-shar~~s l/ 

"The contents of' the wX-registers at 
gated into the FwX-registers by the M 

I.OAD LATCH 

• Turntd on by load key . 

Share Pulse. 
unit requests 

· and no higher 
exists. 

This pulse occurs when an I/O 
service on the MPX channel 
priority for ROS control 

The· last microword of: the MPX channel 
· routine must ga~e the FWX-register contents 
into the ·wx-registers so the CPU program. 
can continue', from the point it wa.s 'discon

./ tinued. 

• ~ . <'forces trap. to IPL microprogramT wt}en a trap of higher p;n.or-
i tY foes not exist.. 

• Turned o.ff by C -> LOAD niicrostatem.ent l'lhen I/O phas~ of IPL • 
is c?mpleted without errors; 

• Turns on load la~p on console to indicate IPL . 
I f '~ 

Holds suppress-out on for the duration of its state . .. 
The load,.lat~ tt.ir~ on and causes a load 
request po be sent to the priority stacking 
latches then ·th,e con,soYe load key .is 
re~eased . Two 'latch'es; .-~ich eliminate 
switch noise, co.ntrol. the:rturn on of the 
load latfh· ~.~ .. "''~~ .:;. 

I ,_4· 

Because the load key· also causes a sys
tem reset, the· load request\ is not honored 
until after .the syst~-reset. reques:t·has 
been hon~red. and a system reset executed. 

Then the load r~uest is honored, and a 
tralP to pre IPL mitroprogram is tiiken. 
\ 

·"·.·.· >;-1'-~ 

3-14 
j 

when the I/O portion of the IPL micro
procf ram ha::; been compl!'!ted with no errors, 
the 2030 executes a micro step ~ontaining 
c -> LOAD in the CK field. This causes the 
load latch to turn off. The IPL is now 
c~mplete except for loading the IPL-PSw 
fr'6m main "storage a,ddress 0000 into the 
current PSw,·which sets up the initial 
mach~.ne conditions and branches the macro
program to the "first instruction. 

The IPL latch has an indicator on the 
console which indicat~s if the IPL I/O 
operation has been successfully completed .~ 
or not.· 
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THEORY OF 0 0PERATION 

START l/Ot'I/0-COMMANDS) 
: I . 

• The IBM 2030 issues all operating·cornmands to its channels 
and I"O unJts with a start I/O instructi<>n• 

• .. The ~annel add I/.~"un1t, addresses are desig.nated by tl;le 
start I/O iri~truction. 

The start' I/O instruction is an SI-format 
instruction. The fou'r-. B-field' of the 
start I/O instruction contains the high
order address of- a general purpose register 
(LOCAL STORAGE). The D-fie~d_of the . 
instruction contClins a displacement. When 
the B-field of the start 1/0 instruction is 
zero, the D-field enters the u- and v
registers as the channel address and the 
unit-address, respectively. !four high
order bi ts ente.r the low order of . t:.be· 
u-register>. When the B-field is no·t zero, 
the _contents of the· general purpose , 
register, referenced, by the B-field,1 c,tdds 
to the c·ontents of the D-field. 'The ·result 
appears in the D-fleld and enters t~e u-and 
v-registers as the channel and unit'.· 
addresses, respectively. ' 

When the CPU recognizes an instruction 
as an I/O instruction,· it branches the 
microprogram 'to the 1/0 routine. (QCOOl) 
This routine reads the Chi,innel Address 
word. <CAW) and checks the problem - state 
bit in the current PSW. It initiates a 

. program interrupt if the bit is'on; IIO 
instructions are privileged in~tructions 
and may be 'issued in the supervisory st'ate 
only. 

1. 

2. 

3. 

4. 

The ccw ii~ress enters the IJ reg
isters. 

· •. '·· . . 
The ~icroprogram checks tHe ccw address 
to insure that it: is on the correct 
l:x;>undary lmultip~e of 8),~and. that the 
high order i_s zero. 

The· microprogram places the niemot:y 
ptotect tag in the high order of the 
u-register ff the memory- protect fea
ture is present in the CPU. 

The micrpprogram checks :the first CAW 
byte to insure th~t it•is zero if 
memory-protect is not iruitall~d in the 
CPU or that the four low-order bits are 
zero if memory-protect is installed in 
the CPU. . , 

• i 
When this is accomplished.• the micropro

gram initiates a progtem interrupt if any 
errors occurred. · 

Ass'·ume that no errors have oceurred, the:· ·· 
microprogram resets the multiplexor cha1foel 
.txH, XH, and XL latches and branches to.the 
start I/O rout,ine associated with the Cha.n
nel addressed by the start I/O ·~nstruction, 
in this case'; the m,ult iplexor channel start 
IIO ro.utine <.QCOOl>. 

I ~en the start 110 instruction is not 
being executed as the result of ap execute 
instruction, the microprogram stores the 
contents of ·the IJ~registers in two K- . 
addressable· byte '.Locations .in local 
storage. These are .Kl 7 <A9> ·and K18 (AA). 
The microprogram turns on the PSW bit, bit 
1 of K4(8C), to indicate that the instruc
tion eoupter i$. stored in local storage and 

,/ Tl;le multiplexor channel start I/-0 rou-
tine reads out the ccw under microprogram 
program control. It c.hecks the command 
byte for a Transfer-In-Channel (TIC> com
mand before reading th'e rest of thi:: ccw. 
Aft~r determining that tqe data address of 
the ·ccw. is valid, -the count is not zero, 
and the three low•order bits o.f the flag 
byte are z'ero. The microprogram sets the 
PSW condition code to zero loads the ucw 

not in the IJ-regis~ers. · -

If start WO is being ~xecuted as a 
result Of an execute instruction,.the IJ
registers 4re already store~ in 1 local . 
storage<•and is .i!)erefo{e not: stored by the. 
microprc;>gram. l[\,t - · · 

' 'I ,) ~··.-. - • I • . 

Whether ~ n~t the µ,10 instruction is 
being ex~cuteif as, a.,;-il!;eault of an execute 
instructi.~, .. ~·.h;e m£c?'Rprogram reads out the 
i!Aw -''1 · •· ' .. ... 

• associated· with the 'unit address with the 
re~ired information and selec;:_ts the I/O·--.'-
uni.t. ', 

• > ... , ~:· .... ,\ ~ 1;'• 

•-~ : ~· o.n.start· .. ~A:) ins.tructions the entire CAW 
W.~:- ·. reads out: /,_\ . . . . 

The ucw address is determined by the 
address of the I-/0 controi unit 'and device 
which is in the V-register. If bit zero of 
the V-register is on, it indicates that the 
control unit to be selected controls multi
ple I/O devices. Multiple-unit control 
units operate with".fute device at a time and 
always ~se ·one of the first" 8 ucw locations 
for a subchannel. / -.. - · .. ,, .J - ' 

- ··4t> ... "'. 
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Because the basic IBM 2030 has 32 ucw•s, 
·the unit 'address. is checked to determine 
that it does not' e"ceed a value of 31. If 
the' address is· e~actly 31, it indicates I · 
that the coIJsoi:e is being requested. See 
section 5 for 4 description of 1050 opera
tionj •• 

Assume the u·nit address ~is valid and. is 
not •he address of the console. The micro 
program test.s the interrupt buffer 'status. 
If the status is zero, the mici;op.rogram 
resets th.e interrupt latch. 

The micro program nowrstarts the initial 
selection of the I/O control unit and 
device. It sevs the unit address in the 
R-registef:'>'and~tµrns·· on the address-out . 
latch with the instruction FA= K12; 1. 
This instructioff'-'also turns on the bus-out 
control latch. Thus, lhe address of the 
desired unit is p·laced on the _standard 
inter;face. The addressed control unit 
responds to address-out with either status-' 
in or. operationalc-in. · S.tatl]s-in, in this· 
case, indi;<;a_tes that t\he control unit is 
busy·. Assume the ·cont~ol unit .is not busy 
a!'ld r~sponds with oper~tional-in. · 

. I 
Tt~e rise of operational-in allows the 

microprogram to reset the addn:ss·-out 
latch. 

.. After. t:.he channel ·drops address-out, the 
.- ¢qnt~ol unit places the address of the 
selected I/O device on bus-in and raises. 
address-in. fhe channel ~ompares the 
add·ress sent to the address received in • 

·return and initiates an address ·mismat-ch 
error if they are not identical. 

¥sume the address.es match,·. The channel 
microprogram places the ccw command byte in 
the R-register, and turns on .the command-

MULTIPLEXOR SHARE-CYCLE ~ 

• A multip~exor shar·e-cycle: 

out latch and bus-out contt:,l latch. This 
resets address-in at the.~ntrol·unit. 
When addres~-in falls, the_ c~_nnel 
microprograJh reads out the ccw co,unt and 
high-order data~address, plactpg them in 
the D, L, and U reg:t.sters for later ;use. ., 

The control unit next· preseR-tS its sta
tus to the channel. When the .ch\·n·nel 
mic~opregram recognizes the r.ise of statrfiis-
in it tests the status. ., . ~ ;:~ 

. . :tf the statu~ is O, -~s'",.:it is if the. 
co~trol ~nd I/O devi~e a~e ~n·a posit~9n_ t~ 
execute a ccw, the microprogram loads .the 
UCW with the ..ccw · comm'!'nd al1d next-CC~ ,1 · .· 
address. The microprogram now respo~4§ to 
status-in with servfce-out CFA · = Kl, ·u. 
The microprogram now sets the UCW channel 
status t;o 0 and placelil .the ·JllE!mory-protect 
key in the Q-registe_r. It also turns on 
the H-register-6 latch, ~bidl. prev.ents 
m~ltiplex.or ·share-request traps. - CThe 
comniand-:;start latch also performs this same 
function· by clamping off any requests from 
oth~r control uni ts> . · ' · 

.• when ... Op-iin f?-lls at the cha-nnel, it 
signal-s the CPU· by activating-both the 
serviqe-"in and .. status-in_ di~ branching 
conditions.'• w~en the microprogram recog-· 
nizes this condition, it loads the UCW with 
the co'unt and data.::address. The micropro
gram alsp places' the multiplexor protect 
key in the -Q-Jegister,- 1;esets the multi- -
plexqr operation.al latch, ·resets the 
H-register~6. latch, and returns the program 
to I-cycles. , 

'.l'he CPU now proceed$ with prog ra·m 'exe!=_U
ti_on, while _the multiplexor chantiel, the '_ 
selected IIO. control .unit, and de:vice exe-:
cute the CCW comm~nd. ' •·· · 

I. Stores the contents of the CPU registers in local.stor
age. 

I 

• 

2. Connects the requesting I/O unit to the interface. 

3. Loads the unit's Ucw "into the CPU d1ta-flow registers. 

4. controls the transfer of information 'between an Ilb unit 
and the channel. 

Figure 3-6 shows the MPX share-cycle _concept; ( 
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No 

!Wiset MPX Share 
Cycle tv\aSk 

, Retum 'ro Ori,ginal 
Microprogn::im Routine .• 

rigure 3-6 .• 

·. 

· .. ,' 

... 

No 

Restore the CPU Register 
t~_}h~ir Original Con-
d.iti0nL -

; . 

v •• 

If Neither Status_- Jn or J 

Service- In a~e Up and ; 
Qp-1~ is Down Toke the I · 
''Both" Leg Out. : 

Both. 

.:.. 

: ta:cus-ln Only .. Status._ 

~ctiv~·· 

See Ending~Procedure. 

Ac ti vote Selec!..;9ut. 

~ 
~· 

~x Share cycle; Gener~l Logic 'Fiow 

• .009 
\ 

1/0 CoAtrol Unit 
Activotu Reque$t-ln 

The Channel Allows the.· 
Control Unit to Raise 
Operational-In by,·~n:.' 
voting Sel~t-Out' .. 

The. Channel Requests 

ROS Control. 

Wait for 2030 to Toke 
Multiple1Kor (MP.Xj 
T~p. 

Store CPIJ Register 
Contents in loco! 
Storage. ' 

WQit fQr Requesting 
Unit to·.Present Address'
ln. 

Load ltequesti'lJ Units 
UCW Into the CPU • 
R·egisle~. 

' 
' I ---, 
I 

.:1 
I 

.·. 

Asisume 
I. No MPX' Share 

Cycle Masi< , 2: Command Stoff 
Is Off. 

.• 

Nei.ther. (Wciit) 

Service-In Only. Ser
vice-In Is Active: 

Execute Dcito loop. 

.. · 

\ 
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l ' .. . . l .- . 
To send information to the c~nei or~, 
receive information from t'he d.bannel, an 
I:IO control .unit initiates nhil'tiplexor 
share-request~ycles •. ~ 11111:tiplexor shar.e: 
cycle consists f breaking into t~e present 
micr_oprogram r· ine,. !executing the_ multi
plexor share-re st microprogram .routine, 
and retu~ning t :the briginal' micro.~ogram 

. routine".~ . - · . · · · · 

.. An I/O .uni£ . activati~s its requeat;-ih 
line. to ini.tia~ .sh_are-request cy9les. . 
Request-in _act"ivat~s .the -FT bus--:3 line, . 
JllUltiplexor share;-request. This tu;rns on 
'thie. select--Out-:-requ~st:'. latch, activating 
select-out. ·'It also turns .on the multi.,; 

: p~exor._chamie:i· stac!tin9 latch in the _CPU. 
This ,forces t;ihe ll)icroprogram to brancl\ to . 
the·multipleur Channl!ll.microprogram <trap> 
at' ·~e end of ·the: next'. CPU cycle that has 
no Ros write instructions pending· · 1 

• <allow-write .latdb of:O. Also, tb b~anch 
tQ .the multiplexor channel tr"-P• no higher 
pJ:iority ·1;1t,acking1 latChes may be On;. and the 
e-regiSt.er.-6 Iatdli. must be Off.· 

Assuine . that these' requiremeJ)ts ·are met,: 
ThE!. IBM 2030 st~its .executin;g the · · 

' l 

·.MULTIPLEXOR CHANNEL ROS REQUEST·. 
. . . . .. - / •. 

· multiplexo:i::";rap~ The tra:ti stores tthe 
contents of the CPU data-flow regist~rs in 
~acai ~torage, loads the.I/O units ucw into 

. the CP!J registers, and connects the l/O · ·.. . 
. unit t~ .~e ~stanc!ard interfa~e <turri_s. 1.on . 
. • operatiapal-ln>. The Jllllltiple~or trap also 

contains 1.a dci.ta. f oop .which .c.ontrols tile · ·· 
: transnuss·~on .of i'nformation between _an I/O · 
d~vice and~ultiplexor .chanDi_el.. · · 

... . ' - ~ . . ~ " '"\ 
·, '... . '\ . . ) . 

-. ·· once an I/O . .,µni t · (:jlpturea the ·interface, 
it may hold'.· it f;o-f':ttp.'e-transmlssit>n of one 

·!byte of inforinatli·on, ·1~ever.a.1·bytes, or f.or 
.a compl~e record. As long as an'I/O unit 
keeps its· opera.,,t.i6nal-in ;line active,· it: . 
has control .of the i1*et'f~· · e a~d is'. thus. 

. connected to ~he channel. The' multiplexor 
channel staYl:J oin its· data loop· as ll:>ng as. 
an ~/O unit' keep& its .. ope "-tional-in · 

~·: aqtive~ : : · . - . _. 

"·' . . . ' 
When the I/o.upit·deactivates 

operat:Lonal;..ift, the UIM· 2030 resumes execu
tion ot the 'mici::oprograril routine that was . · 
discoat~nued by ·the multiplexor sh~re- _ 
re~est. · · \ .. 

. . 
-·· .. ~ 
'.J.. 

' . 

"·-

•: .... 
. ... 

• .; .. JI. 
"~ 

. • • .. ·The ·multiplexor. CMPX>. channel requests ROS. control! when it. 
', · ~et:eives req1t1eEJt-i~. · '.. ~ / · · · , . 

. . ,I· . -. . ' 
' ·> 

• · 'l'he CPU allows t~ ·MPX cM,ilfiel. to take ROS control following 
... , .• • cycle which has ho "rite cycl• pending and wh-:n there are 

· · no hiqhe~priorit~ .reqtiest;1:1 for. ROS control. ·e-' 
--- . 

.. 9 

'";·-.:~ . ,• . - . . 
• . · The .MPX,..chanl\el stores .the ROAR in ROBAR <FWX-registet) 

before l t assumes ,ROS control.· 

,. 
. • 

I ... The 
its 

MPX channel. s~ore·s .the X6 
X6 and X.7 buf~er latches. 

and X7 brsnch conditions.in ···. 
. ;•1', 

! . . 

When ~e channel recei,'Vel(!I _request.;,ln -from a 
·control unit," it genel.1ates a request for 
RO~ control. TlUs -request .. turna on. the MPX 
·channel stac~ing late~· at' '1'3. t.il!le if the· 
-.uow-wri te latch is ~lf ~nd there are no 
bigher-prioritJ requ~ts for ROS control. 

_I: ~ . . 

; When the MPX dhannel stacking latch 
t.uJ:ns· ~ri. it: · 

.. 2. 

3·. 

., "'" . ',:._.··:· 
Stores the ·Read-Only Address Register 
<.ROAR>,· contents in _.the MPX channel . 
ROBAR-' (FWX-reqiatet). 
.conditions the ·x-register to set: to the 

.. address Of the_ first ROS Word Of ·the 
MPX channel micropr0gram routine 
t address· 010 in hexadeciml>. . 
stores the X6 and X7 branch ·c·oi;iditions 
in their respecti.vE! MPX channel 'buffer 

·-

·~ 

4. 

.. 
latches on.the next'cpu cycle. 
Prevents the set of''.the control . . t .. 
registe:z::. on ttte ne~, cycle •. 

< 

Normally~ a ~01? word is actually execut- . • . 
ed lcont~ol ·register· set>· one CPU cycle · _ . ., . 
after it 1s addressed-._· When the-.first: MPX ·, 
channel Qdcroproijram woid :ta ·addressed,. the :'e· 
control r'egis~er. ·is prewq,te<\ from setting · 
by tt\e any-priorit:y-puls.e. _ Tbis cr.eates an-.. .. ... , 
inactive cyc>e as ~.ar a11 the ·execut~on of a · , '. · . · 

·microprogram· word i's concerned. You· 111icjht -& • • a. 
also notice '.that the w-regiater_ is ·not set. ~ W 
to a particular address. · ThJ:? w-r~giste:t is . 

. allowed to reset. t'.o zer0 at. its ~Qrmal- !let'-~ 
time <Tl), and the W~r~~ster parity l•tch 7 
is. turned on by the.any~ priority-pqlse. " 

. l.' 

010 
· .. '~ 

.e..: 
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Although the any-priori,tyrpolse becomes·: 
'licttv-e-~QJ: _a second time, it:_·does' not per
.form af\y function because it1 is· turned off 

at T3 ~il!'_e_bY,. the IF'6---JM;~h ·f·. hicn __ is. tturn~ on by the first MfX channe:l-· .c.roprl!>granr 
worci'; • . ~1 • :_ - • _ . · . · • .. • . . . , "" \ • _. 

·.·The X6·1'pa~x'7 brar_ich · c:;ondhions are.. .· 
Ii< st<ired in bucffer _latches bec~use th~ bJ:;anch. 
r_t conditiqns of, the last ·ma·jo'rl microprogram 

... : ;) ' .. 
.- I i. 

• 

:wor4 may ~e ·dynamic cbnditl-en!I,, .stJci! as the 
~-bus-z•ro~ ·These J:opdiUons would not· be 
pres~t ~~.. this micirowor<l· is e~ecuted 
which· is upon.the resl,llllption·of the major 

. micrpprog.ram. ; .T~erefore, ·the X6 an.d X7 
br~ch coqcUt.ions are stored. in the. MPIC 
channel X6 and »7 buffer latches and are·. 

!.gated to the. X-bus when 'tqe major ·microp:to-
: 9ram is resumed. • · 

. I ~ 

.·/ .. · .', \. <.>.: 

MuLTIPLEXOR- TRAP.; r._ . ·; .• , · .. • -;· '· 
• . - • . _-I . "· , . . • . , . 

• · Turns. on e-register-6 lalch;'< masking, ;off thE! in~.tiation of 
~ny t'up:.~er- mult~ple~or Fhate 1trC1:PS_ fr!)m- oth~r uo units.~ -

• 

• 

.. 
·• 

. . . i .. I. ' · • 
'Allows .t~ ·I/O uni,t to crnnecr to the interfa..ce • 

r . . . . 
s·tores b-he-.conten.ts· of ttie CPV data..,flQW r_egist~rs -in· local 

.. st_orage~ · ..... ~ '· ·. I · · 
Loads the; uc.w · operatiI)SJ ii.nforma ~ion 
1. · C()unt .into ;r.-~'ru;i tr-r~'list"ers. 
2. Sat.a address ipto UVrrk!9isters • 

. 3. '. OI>·an~ fljlgs into .G"'."feg~s~er. 

Ser.vices the. I/O unit~· ~.1_ '?'' · ' 

Upd~tes t?e . uc.w~ .. 
.• + 

in~o CPU iegi~ter~:· 

• · Turns off., the H.,:regf~te.rH'6.- l~~ch. . 

_. : ;~~stores' ·-~h: CPU' data:.:.hb~ re-~lste~s' to ·t~~i~-, orlginal ' 
val·ue~ ·' .· :\ - .---1 · · 

; - . · " · I.· 
_Res.tarts the microp~Qgrar -at; t_!1e point it w.as dis-eonti,nued .• 

J . 
I ,, •· · . see Figure 3-0, 

•, . 

- .... 

, .. 

.· 

'' ~ •. 

" 

.. 

.. 

. / . . ' ; . '-! • . ·,_ .. 

·' 

,. . .,_ ~he:- first nli-c '· ord ot; t:h·e m~lt;ipl~ic;;r trap 
turns· on _the .-register~6 laJch. · Thi~ :_. · 
prevents the r~quest-in tJign~;J.s on· th'e ·:.ii 

' mui:Uplex;~r 'ttannel from iJl.iHatin.·g ·ait_Y · 
mult.i,plexor 11are-•equest tr!'ps until the 
H-r~gister-6' ~at<:h t':'rn& :Off~ · ~'!~is also · 
allows break-~n_by higher prldr1ty trap 

·_ · 'l.'he microprog:cam n~ pr~ceeds -to Io~d 
sthe -CP? da~a-flow i~9i~te~S, wit-h the ~CW 
. operatin~ i~ormat~on: 'fli6'. mi~ro_pfogram: .. 

- . . ~ 

routine,s.J .- · . - · · , ·I ·· . 
I , 

.; . .the. nrultip.lle_xor tt'<ip now htq,re.s' 
1
tbe: 

, .cont; · of 'thie C}>U data-flo~ regi_sJ:ers. _.in 
·. c ·local st aqe.j' · ·. · · 11, · ·• · 

.•. • .. '. . :11 , .• • -· 

. ' 

' l· ·LOads· the G-rec}ister: with the ucw op- • · 
and-:flag ·byte. · ; 

·2·. sets the Q-regis_ter with the . 
·muitiplexor niE!mory--:pNt"ect ta_g. . . 

·.3-. • L()~ds. the L ~and Ir.regist;.~rs. with t.he 
·ucw ciount• .. ,~ ·. . . . . . .- .· .:;e .. 

4.• LOad~ the uc.:ar)d v-registers Ji~th th~ 
.. 'u_cw data'fd4re,s. e : ,. •• 

\. 

.. 

. . 

. . . I . " 11 _ : • 

~hen 'the~ r .. CQntrol unitl t'ece'ives 

.~.... ~ ~- . \ ., .. 
,, . ~ ~~· ':. 

-~ter ·th'! i/o ·unit' deactiya:tes a~~ess.:. f, " 
in ~s· a ~esu.lt of -command-~ut, _it~ ac:ti.va~s t". 
service-j,n. · If .. tlltll I/D unit is execut.i.ng: \ · 

·an input c:;cw i,t,win·:al.so place ."info~tNm ~ 
on bus.;..in at. this' time·.. ' -

. ;;.. 

se1ect-o~t,: i,~; activates it_s~Qperational-iq 
line, places 1~s address and, t~e addr~~s Of 
the L/.O device1 on bus-in, an aetivates 
adaress-in.· When ~pe.miccop ogram aetects 
the .'rise ··of !ldfiress:-i:n, it ,I? or.es the,-uni~ 
address in loc~l-~tota'ge and determines 
frQm the· unit 0 i!lddr.ess . .t.he· ad ess· of the ' 

~ as~ociated .u~r . . · .. : 1 . ' 
------.--·""' • .._"-+' E-.,.., ... 
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An 1/0 Control Unit 
Acti~otfrs "f{~queff-ln •. 

Activate F·T3 (MPX Share 
Request) 

Jurn'On MPX Stocking 
Latch . . 

/ 

· ,' Vlait fpr 2030 io lake 
MPX,,lrcfp. 

. ..... 

' . 

Turn On Commaiid-Out 
and Command Start 
lotr;hes, 

Yes 
I', \.. 
~--'----=.--'-_:__,----,' . _,. Hti.s Begi~s th~ se·l~cti".:n 1 

1Activote Select:_Ovt. J- Of th~ ~Unlit tho.t Hos R~-
Set G-Register to: 

." OOOIOOiO. 
- and ·Hold:,_Out. .. . quest-Jn Up.' . (G3 and.G6 ONJ • 

Turn (yn" H,~~ister-6 • 
latch. 
(Preven·t onYnlore /y(PX. 
ROS Req sts). '. 

Store tl,f! CPL! Data °F l~w 
RefJisters !"' Local Storage:_ 

Wort +or Control_ UniJ -
to ·prE'.~nr Address-Irr. 

Esta~/ll_h u·nits u(W 
.oitd Conditio"n XXH.,XH 
on.J xr la_tches; 

. f 

.. ~odout UC'(/ Op and 
flag Byte~ to: G Regis.ter, • 
Tum on M~X-Qp l~~h_. 

.. 
-.~-

•.· 

-.-( 

- R-4- BA 

r-a9 
s-sF 

·o-·sE 
L-5D 

./ 

v-sc 
:·~~50 
'G--5A 

J·-59. 
1-.se: 

-. 

I . , 

This Allows the R-ReQister 
Cont."ents l.ci Enter the 8us
Ou1 R'egiste'r . 

-.-

··-.---'- :... .. t . 

Set G'."'Registei with" utw 
·Op-: and -Flog Byt~, with 
cs: 0. 
G XXXXOXX 

_ Ldad Land lJ-R~!Jiste~~ 
with l,.JCW Coynt _. 

Lo10d CJ'and V-Regi§te1 s • 
with LCW Dota AddreSs. 

~After Command-Out Falls, 
the l/(\.£ontrol Unil Ac-

. ti votes Service-In . 

,, . 

t • 

_ G5 Is Set to Zero to In'-
- dicote the 1/0 Micro- ; 
program Was Ertered By 
Way CJf a Share Cycle. 

Con.trol Unit Also Pu,ts In
formation 'On Bus-In for 
Input O~ercitions • 

. ,. 

·. 

Tum On Service-Out and 
Bus-Out-Latches.~ . 

Load Bus;Jn lrif~rmationi 
into R-Rt?gister .. : . ' . ~-

._. 

\ 
''. \ 

' 
~-~· 

•F:igtire 3-7. Mii_~~i~~ ,cycle: Setvi~e-I~,ahd-No ·ccw Flags <Part 1 'of :3>, 
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Store R-Register •. · 

Decrement Co-::nt. 

Su.btra~t ]. Frohi Low
Order Dot;> Address. .. 

·! 
_ ,ll.<:l'\i-1 .. to Low. Q..ta 
: Address. 

Yes 

Upaate High Drifo 
Address. 

fon.tiiion th~ Channel to' 
Respond wiih Cammand-
0.Ut·to the Next 
Servi.ce..,lri.. 

!Set G3 ond G\ f~ 11.) 

Fig~re 3~7. · .. MPX share eyelet~ 
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· Neitfier 

S'il.tus·ln 

see Endi n9 Proced'ur~ 
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: If Neither Status- ln or 
: .Service-In ore Up and ._ 
1 Op-In is Down Take the• 
1 "Both'' Leg Oat. I 
I ... • ,. 

Servi.ce-ln 

Branch to 
-. Daia Loop 

_..>. 
-~ . .. 
"" , 

.• . . . 
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.. . ' 

Both 

U pda le U CW Status 

: ·Upda'te UCW ·Count 
From L and D-Registe1s • 

·Update UCW Data 
~Adarf!ssfrom .UY Reiii.•-. 
te~s. .·~, 

. -~ 
· Rei tore· 0.-Register •from 

Loc"al Storage. 
·: (St~ge Prate"ct Ke~), 

· Turn·Off 
· MPX Op Latch 
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,-;.? "' 

·}~· 

': 
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. i>ctiv_ote Select Out 
.? ::~_-~"'~· ----,--.,.---~ 

58:0.1 
59-) 
5A-·G 

· 5B-._U • 
• 

5(.:::.:. v 
· 5E :-+ D 
5F "'+ S 

89 - r 

I ,, ___ _ 

Yes'· 

•,. 

·Restore CPU-R"9isters 
From Local .Storage. 

·• 
R"estore/R-Register • 

' \• 

, ..-~~--'--L---~ 
' :.-

. Restore W?{-Regi}ters 

Return to the.Original 
CPU Micr.;-progrom 

/. 

FigUJ:-e 3-7.. MPX s_hare Cycle: Service-: In 
and N:o CCW Flags C Part 3 of 3) 

,. 

.. 

When.th~.~c~pprogram detect~ -the_ rise 
of service-ui, ·it .reads i;>ut _the core 
storage J_)osit~ori referenced ~ the ucw data 
a.ddress, plac~s the information i._n the 
R-register, an'd deci;ements -the ·1ow,.-ot:der 
cou1:it ·!U-register> ~ one . .l ·The tbicropro
gram now determines if the) Skip flag is qn 
and acts accordj_n"gly. <·refer· to Multiplex
or .CCW Flag Operations•for skip.> 

Assume that ·s~ip i~ not specified by the 
UCW flag. 'T.he lllicroprogoram .~etermines ·if 
the operation is ·input or output •. For 
input operations the .micropr'ogram loa~s the 

·a-register, with bus-in. information, writes 
this information.into the core-storage 

· position referenced by Mie UCW _data 
address, and activates .servl.ce•out. If the 
oper~tion is an c:iu!:put operation, the 
micropro9ram turns ·on- the .service:-out and -

. bus-out -latches.• The bus-out latch loads . 
·the bus-out' .register with the R.,.register 
informatibn. Thus, a byte has been trans.ot 
ferre~ betwe7n the CPU ~d the I/O unit • 

T4E!. mi~roprogram n~w-"1.lpd'ates the data 
address~ It modifies the dat.a addr•s -1 
for read- backward operations, ~.,<ind + 1 ·for' 
a~l other· o~rations. . . ._ · 

· ·The micropjogram· now samples the 
operatlonal-iri\ S1:tt'Vipe.--in and status-in 
li~es. ~s long as operational-in .remains 
activef the I/O unit rem,ains connected to -
the-interface and to the channel. Because 
the cpu: actually· becomes -the multiplexo·r 
channel -for mult.iple.xor operations, it must" 
continJ1e .functiq~ing as a· multiplexor c:iw.n-

... nel. until:operat'ional-in falls. 

When the I/b b.nit holds ·the channel for 
trans~issions of multiple bytes of data the 

· microprogram exec~es only the data•loop 
portion of the inultip.le.xor trap. Thi.5 
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,consists of either sending or receiving 
information as·· specified by the ucw Op 
byte, and u¢ating the count arid' data 
addresses which are irt- the LD and uv
registers, respectively. 

An I/O cont:iol unit may ·keep its 
operational-in li.Jle active fo7 one byte, 
several bytes, or or the entire record 
~pecified by the U · count;. If . 
Operational- in rElffia~ S a.ctiye I Ser Vi Ce' 
cycles must occilr· at a specified rate, or 
an interface cheo,f wi 1 occur after a time-
out sequence. . ' 

To follow this descr pt.lion, assume the 
I/O uni.t has requested 's rvice several 
times and now deactivat~'- its operational
in line. When operational,in falls, it 
forces bot~ the service-in and status-in 
branching conditions <not ineerface 
signals). This signals the mi~oprogram t;o 
update the .unit co~trol word in''!'!PX storage 
with the updated count and data-address 
from the LD- an~ UV-registers, '•, ~ -
respectively. It also se~s the Q-reg'ister 
with the original storage-protect key. 
When this is accomplished; command-start 
turns off to allow further share-requests 
before the microprogram restores the CPU. 
registers to their Original value. · 

.-. 
·'' 

ORIGINAL.MICROPROGRAM.RESUMPTION 

- •.. The. ROBAR enters the ROAR. .. The 
'-

H-r.egister-6 (H6) latch turns off':-

The multiplexor microprogram t~sts the . 
· FT busi for the rise of request-in before 

returning the CPU to the execution Of,' the 
original microprogram . If the· microp:r;o
gram determines .that request-in is a.ctive 
during• the test for request-in, select-out 
and hold-out are activated if command-start 
is Off and the microprogram tests for the 
rise of address-in. When addr~ss-in 
becomes active, the microprogram reads out 
the ucw associated with the I/O unit that 
1.s sending the request-in signal, and ~xe
cutes the data loop~ In this case, the 
microprogram did not· have to stqre the 
CPU-registers in local st..~rage; because 
_this. inforI)lation w.as already in. local stor-

• ~ge from the previous.. request-iq. 

When a micro;rogram determines, that it·. 
has honored all outstanding request-in ~nd 
service-in signals on the multiplexor chan
·nel, it t.urns off 1:'.he H-registe~-6 latch 
and gates the back..:up read- only~ddress 
register (ROBAR; FWX-register> i,,t~ the' 
ROAR. This allows the 2030 to ieturnto 
the ~xecution of the mi'croprogr~m that was 
discon:tinued by the rnul tiplexor ·share-
·reques't. ., 

• 

• Th~ X-6 and X-7 
_-y.-'7 

buffer latches cond_ition the X-bus X-6 and 
. lines. 

. · . 
:_·To ~return the CPU to its originaJ. micropro-

g.liiilm .after a multiplexor ROS trap, the 
. ~ltiplexor,: ROS trap has, as ·us last. 
- instr.llct.i.on,_ 'an instt<pction. tO· .transfer the 

.- contents. of the'FwX. r~gister .t:o ·the wx · 
: tegfster~ The ·last rniiltiplexor trap ROS 

word also t~s off H6. ;.. · · 

,. 
During ·TJ ·.time of the.. ROS word th~t~-~ 

specifies WX=FWX, the SALS become effec
tive. ·The SAL outputs allow the FWX reg..: 
'lster .contents to' condition the. w-and x
buses. - . '· 

At Tl time of. the next CPU ~ycle, the · 
w-an'a X-bµs conditl9ris set into their 
re!rpecti\re registers. This addresses the 
las.t original progr~m ROS word addressed,· 

-. 
before, the execution of the muiiiplexor ROS 
trap. Remember that although tl')is ROS word 
.~s·addresse .. d, its.execut~on.wa~ prevented. 
becau;h~ the co-, registers did nQt set. 
ourfn9 this same CPU cycle, the 'cri- , 
reg_isters for the iii'st ROS word :of the 
moltip1exor-,ROS trai>· are set, thereby 
e-xec_utirig ··t.he microprogram instruction • 

'. -· 1,.t T4 time of Uiis, cycle, 'th~ ROAR res
tore buffer lat.ch turns on. , This latch 
ga~es the X-6 -and x-7 bu!fer lattcbes · -. 
<holdin~ branch c:o.ndition) onto. the.X•bus' 6- · 
and 7 lines • .'The executing of the origirral 
microprogram· .is now at _the 'point at which 
the -mul ti·plexor-share- r~quest d+s cont·inued 

•. i~. 
·, 
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ENDI~ PROCEDURE' 

• 

• 

• 

• 

• 

• 

A centrol unit may present th"re~ ,typ~O"f .endin9 

1.Cha~nel-end: data-tra• hier. complete •. \. 

. / ··'\..._ 2. Device-end;· ccw-execut n l.s complete. 

, ~ 
:I.Control unit-end; control unit was .. busy but _is 

sta~us: 

now free. 

When a channel receives ending status, i,t .may. obtain a new· 
ccw or cause an interrupt. 

~ . . . ,• 
To cause an interrupt, the channel 
status in the interrupt bU'f fer and 
latch. · 

puts the unit address and 
turn3 on the interrupt 

If. t_he int~rrupt buffer is' full, the 
the sta,t:us i if ··not. command chaining. 

chinnel queues 'cstac·ksl 

. I. 0.--
The cpannet always queues :Oevice-end .status when not command 

- chaining. , 
- I - - I 

see Figure!3-a· • 

f. 

'? . 

..;;>_I, 

An I/O control I unit signals the· channfl 
when it has ex~cuted the data transfer • 
portion. of a C11V co!Timand. It a-lso SiCJnais 
the channel when the selected ~/O device 
has fully exec~ted the c·_cw command,. These._ 
two signals arEj! channel-end Cb'us-in bit 4) • 
and device-end: Cblls-in bit 5). Chann~i-end 
and device-end ar~ ~tatus conditions 'and, 

2.· Immediately following a de.~cle. 
lThis is the case for devices.that hold 
operational~in'up until an entire 
record is transmitted.) 

. · are, therefore; ide11tified .as.·_ such by' tne 
status-in ta~ line. 

Channel-EWid and· d~vice-end .§.tatus ijiay 
occur in the. same status byte-- or in sef_par
ate status bytes. Thi&.: depends on the ccw 
command and the' I/O unit involved. .. 

. Besides these twQ type's of ending ~ta
tus, a control unit may also present cjon-

. trol unit-end status. It .. does this' when it· 
becomes free after it has tieen busy t:q a 
new command, or when it finds u:pusual_ista
tus after presenting its previo.us status •• 

A control unit may present ending statu~ 
t_tiree differi:nt ways: • 

1 .. During in.lt~al selection. 
" 

3-24' 

3. By raising request in and raising 
status-in after address-in falls. 

Ending status may appear alone in a status 
byte or it may be accompanied by some.other 

"' status such as unit-check status or status
rnodifier status. 

. When the ch,annel receives ending status, 
it may either request t;he CPU to inte:;-rupt 
the current instruction sequence and store 
the required infor111ation in the C9'3-nnel 
Status word (CSWl pr it may obtain a new 
ccw and start its execution .. ~his depends 
on the« ucw flag bi ts, and the type of 
status the channel r~ceives. For' example, 
when a ·UCW op-and-:-flag byte contaips the 

. command chaining bit, the ucw status is 
status-next or zero, and status-in.is not 
unit-check, unit-exception, control unit
end,. or busy status, the channel obtains a 
new ccw. This is explained in ccw Flag 
Oflerations. 
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Acti...Ote service out 
Reset S - register 

·' 

Status In 

Put UCW stotus into 

V - regi~ter 

Tum 'On V 3 

ReOO ou-t UC W 
,Op - and - fl~ byte, 
Turn onV4 .. 

.. 

Status Routine with No CCW Fla~s Figure 3-8. 

'•· 

_, i-

017 

I 
• 

I 

. Restore "ROAR 
Return to CPU 

'·:! 

Restore CPU 
a-register j 

Reset MPX 
Operation latch_ 

Honor .request 

, 

: . 

• 

'· To follow 1this .descript.J,on, assume the 
channel receives reque·st~in. The control 
unft presents• status-in in response to 
command-out with no bits on bus-out 
Cproceed>. When tqe channel receives· 
request,._n, it stores the CPU-registers in 
local storage, polls <selects> the unit, 
and loads. the units UCW into the CPU reg
isters. 'The control unit nolol presents . 
status:. in. 

When- thjJ ,multiplexor microprogram re~og
.nizes th~ t{se of statufi-in, it tests' the 
1G-reg,iste:r to determine if the t;J and G6 
·latches are on., These conditions are -set 
. in the tJcw op-and-flag byte during the 
'multiplexor share cycle in which the count 
reduces to zero., Assume both GJ and G6 .are 
on. The microprogram reads out the JJCW 
status by~e and ·begins to assemble a new 
status byte in theV-x:egister. The micro
'prograin next reads out the ucw Op-an,d:-fla9 
byte and turns on s.2 if the ucw is active~ 
The microprogram now reads out the unit _ 
address from lo(#ll storage 1(.8 <hex 98) and 
places it in the' u-register. The micropro
gram now tests the FT-bus to determine if 
the multiplexor channel interrupt ,latch is 
on <IB full).· If the IB is full, the 
microprogram activates command out. If the 
IB is full and the ucw is active the chan
nelJt\iust determine if the IS contains the 
channel~end status of the device now pre
senting status. If this condition does . 
exist the channel microprogram turns 56 on. 
S6 on indicat_es device end type of status. 

When Op-in falls in response to command
out, the channel .microprogram updates the 
ucw and restores ;·the CPU registers: If S6 
is on when Op-iq;:'fa,fls the channel does not 
update the ucw. When a control unit 
receives command- out, it queufiliS Cholds the 
status in its status regi~ter> and deacti-
vates operational-in. ".... . 

J 
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.. 

Assume the IB is not full.' In tnia c••• 
the microproqra111 places the unit'• •41h"• 
in. the IB (Jl(0). When this .is acccat>lished, 
the m.icroproqram txanches on 52 on mew 
.active>. If the ucw ia u:t:·i••· it l9<Nlns 

•that the st•tus now being pr•Sot!'nted ~· tti. 
first status received fro. the V'O unit. for 
the~mmand sequence it is preaent.ly eu
cuting. In this case t4e aicroproqr,.. 
places the status in the IB <J<l> and acti
vates service out. When operation.I-in 
falls, the microprog¥4• restores the ucw 
\!Sing the contents of the v-regist:"r for 
the ucw st~tus Qrte. 

When s2 is off IUC~ot active), it 
mean~ that the unit JS presentinq status a 
se-oond time,. nor1Hlly deYictt-end atatua. 
In this case,the llictoproqrui sets the l& 
.~atus <JO> tlQ 0 a':ld, having tirned 'on the 
'tB-full latch, activates ~· out. Thia 
staclts the. status at .the control unit. 
This is necessary to prevent. aultiple da.ta 
path control units that are connected to 
two channels from starting an operatiOft on 
a second channel while the control. unit has 
an in-errupt waiting in tl\49 multiplexor· 
channel. When operati<>l\al-in·fall¥, as a 
result of command 011t, t.he llicroproqra
restores the CPU registers to their origi
nal state. - Remember that if ~ ucw is not 
active when the channel receives status-in, 

_t'he same l/C> unit has ptesented status one 
time previously: therefore the ucw was 
updated as a result of the .previous ,status-· 
in and does oot have to t>e 11(.>dated a second 
ti Ille. 

The last microword of the 11Jlt. ipl-exor 
trap contains an instruction that turns off 
the lf.:.Tegister-6 CH6l latch and allows the 
read-only back-up address-register contents 
to enter the read-only address register, 
This branches the microprogram to the point 
it was discontinued by the' request-in• 
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lj_nterrupt· ~hep it reoeives endinq status CPU executes the I/O int:'errupt ·at the end 
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'l 

/ 
•"' '. 

V.,.01.int~r;upt Conce~s 

' 'l 

\ New Instruction Stream 

. '~ 

.EOI '·' 
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) ''· 
~.An I/O inten·u.pt causes the CPU to: 

\ 

• 1. '· D\.sc!'.>nti tl~-e · the e~ecuti0n of the 
" program being ex1ecuted under control o;t. 
the' cu.rrent' PSW •. :. ·, , · 

..... ' -
Stor~. i.nf9rma,tion in {he csw. 

i 
Load· the I/O new gsw from main sto.rage 
location l'io' (hex 78) fnto tl)e current 

3. 

· PSw locatio~s. 

4.· Execute th~ new'f/n PSW program. 

The CPU c.arinot honor an interruptrrequest 
untJl ··it· has completed -the execution rif the 
current instru'c::tion. Also~. tt:ie 'current PSW 
system-mask. bit. that corres1onds to the 
thannel r~questing. the· iri\.-{upt, ~st be' • 
on. i.··.) 

t 

"" .... ',_ ., ' . . 

, When the CPU·~ completed the execute 
, ·phase of the, .curf;~:i.nstru.ction, the CPU 
. 'interr;upt circuils ho~r the multiplexor 

channel interrupt. Th interrupt micropro
gram stores the currenf w in the I/O old 
PSW location, <main-storage.,_positi°'11. 56), -:-

,. loaas the channel status woXd resw,. main
storage locati.cin 64) with th~ .. required 
infqrmation, and loads t·he I/O. new PSW into 
local. st,orage and CPU registers. as the 
current PSW •. A.fter this i.s accoiioiplished, 
the .. CPU returns "to I-cycles and starts the 
execution of tJ1e program ,cQnfrolled .by the 
contents of .trte' I/O new Psw. ·At some later 
tiive, .the progi~ n\ust load the 110 old ·psw · 
into the current PSW, to return to the 
original program. Figure 3-9 shows th~ 
gener.~1 ~~-cept of an I/O int~rrupt. · 

... 

•'' 
• The Psw· store mi.croprogram stores. the cllrren·t Psw· in the I/O 

old PSW•location. · · •. 

. . . I 

, The last ·E-cycle ROS word of eac.h 
· ~nstruction branches the. microprogram to 

tt'le' interrupt inicr;,oprogram routine if an 
interrlipt exists (interrupt: latch on>' •. 

~ 
The first ROS word of tne.;i.nt~!rrupt · 

routine pas t.he itrStruction r~t !nterru_e_!: 
with· both X6 and '/.] branch indicatoi::s set . 
'to 1. 'this 'instr:'U~!:io~is a~ test to deter
mine 1:.he 1;1ource of th~ interrupt: 

L· Ex'te-•fn<1Lor" timer interrupts preV'ent 
· '• b~)th the X6 aruJ X7 bri:lnches· (X6 = o,· 

X? ;,· 0) / 

2.:,_ ne}ector channeJ 1 interrupt prevents 
. J:.lt~)' X1 branch <X& .": '1., ·X7 · .= o·>. 

3. i>n!e(;tor cha·nn.el 2 interrG.pt prevents 
the X~ ·branch' <X6,= O~ ~7 = 1). ' 

4. r.tult.iplPxor channE!l allows both X6 and 
X7 brdnches (X6 ~ 1, X7 = 1). 

A(HHlme th,re is a multipl'exor ~l)annel· 
interrupt. 1''he ~icroproqrarn ;now reads out 

" thi;,.~.init addn-'ss from locill storage,· places 
it in t.htc! ~-.rec1ister', and sets the u

_rEl.'Jister-ro the address O'f the multiplexor/· 
channel.· After the S4 latch is turned on 
to iridlcifte an l/O interrupt, the ) 

•. microproqra.m ston?s' the cui:-rent PSW in the 
I-fO old Pnw location <main-stor'aqe location. 
i6, address_38).· 

-• 1 I 
~ 

3-28 • . 
' .. 

• ' .. 

..: 
•· The intert'Upt code is the first item 
~'tored in the·110· old ~w. Because this ·-is 
an l/O interrupt, the addresses of the . 
channel and I/O unit·, c'ausing the. inter-, 
rupt, are. stored as the inter.rupt code.· 
The ·mi_croprogriW!l next i;:eads • oµt:' the 
Storag(l..".protect key and system mask and 
stores th~ in their respective posd. tions 
·in 'the. I/O old·· P~W. 

Tpe Instruct.ion Length Code (!LC) condi
'ti on code <ct> , · anci"'P:rogram mask are not 
contained in one byte in the current PSW. 

"Therefore, the, microprogram must determine 
what the· ILC f.s by testing the two high
t>rd:er bits C O··anc-3" l) of the G-register 
which contains the op code ot the la~t 
executed instru~tion. The microprgiit"am · 
also ffecodes the fbur-position-conditicin 
register <local storage K27) into two bits. 

.After, t9is is accomplished, the 
microprograin assembles the program mask, . 
Condition co\}e, and instruction lengt;h code 
irlto one byte and stores this byte i'n the. 
IIO old PSW. The current PSW is now fully 

· stored in the 110 old .psvt location. The 
microprogram now stores the required infor
mation in t·he csw, located at main-storage 
1~ca'tion (14 <hex 110>. \ ~ 

FIGURE FRAME 
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CSW STORE 

• The csw stote micrepr~ram is part of the test I/O execute 
cycle. 

• The .G-3 latch being on identifies this routine as a part of 
an fnterrupt routine. 

.The "f ir~t microprogr'am word of this routine 
' t.urns on the G-register 3 land 7 latches. 

The G..'..register-7 latch makes the I/O int'er
rupt appear as a test I/O instruction. The 
mi·croprogram 'determines t.he difference 
between a true test I/O instruction and a 

whioh contl1ins the unit 'address.'. After 
setting the T-register and the XXH, XH, and 
XL latches, the microprogram reads out the 
units ucw op-anQ~flag byte and tests'it for 
the active· bit On. If the UCW active bit 
is on, the unit's first status is in the 
interrupt buffer. In all· probabi'lity, ~his I /O interrupt by branching on· t.he G3 lat ch 

which is·on for interrupts. 

The 'first objective of this routine is 
to determine if the ucw asso~iat._ed with th~ 
unit requesting• the interrupt is ·active:. 
The micropr~gram determines the add;ess of 
the units ucw by testing the V~register 

~ ,. . .... "\'"---

.--FA"KO, 1 
I 

.>. 

•· . ., 

I 

l - -

From PSW Store 
Routine. 

Sel G-Register to: 
00010001. (G3 and G7 
ON). 

Determine Units UCW 
Address . 

Figure 3-10. csw Store; UCw Active 

. 330 

"' st.;ttu.s wi ~l be chanr1el-end stat us eithef 
a!one or with othe.r status .• 

If the ucw active bit is off, the unit 
has presented status· a secorultiml!. In all 
probability, this status will be device-end 
status, either al<?rie· or with other status. 

Put High Order Four 
Bits of Q-Register lnt.o 
CSW ProteC.! Tag 
Location. · ___ __J 

Put U-Regisil-er Contents 
Into CSW Chonneli 
Status Lacation. I 

Put D-Rehi~ter Contents r 

r• 

'. 

Into CSW Unit Status : 
Location; ' · This Set~ UCW Not ·1 

~----j_ __ ·-~ f_;-~CTIV~_· ________ _j 

Set ~CW Op-and-Flag 1 --------- ---- =--j 
Byte to Zero. - - ; FB K 12 0 l : 

L--:-----i-----·----·--' •' ' _j 

~~; Multipl~~~~-1 :--·------- -~--

L~~'.!tl~~~~~ -~ -__ :- -
Load New PSW and\ 

· Retum'to I-Cycles. ) 
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ucw ACTIVE 
\ ~ 

When t.he uc:w is acti~\~, the csw store microprogram: • . ~ . 
Assembles a csw cha~el-statu~ byte. · 1. 
I:t>llds the CSW' locatio'ft:·.l(lith the req.iired information. 

. '. "\·.· ' . 2'. -~ 

Re.sets the multiple~or-interrupt. latch. 
. . . 3. ) ' 

• . The a~it status is obtai,ned from~~~e irt\:errupt '.buffer • 
. \--:·.~ 

• . Fi<Jure 3-10 •shows the csw store rout:"i.t)_e when the ucw is 
active.· · 

Bit Op-and-Flag Byte UCW-Status Byte 
j 

0 Chain Data Address (CDA) Count Zera ( 1050 Only) 

l Chain Com~and (CC) :'.Jo.. - Channel Control Check 

' 2 
':',..._-t.. " ., 

Suppress~~h Indication (Sll) Interface Control . ~ .. L 

3 SKIP ' First Status Re.ce ived 

"'· 
4 Prag!am Controlled ln!errupt (PCI) Bit Nat Named• 

5 Active Incorrect Length 
.. 

~ Output Program Check 

7 Decrement ·Data Address : Protection Check 
.. 

Figtire 3-11. UCW Status ·,, 

\ 

When .ttle interrupt m.icroprogram determines 
that the ucw is actiye, it reads out' the· 

··.unit status ·from· the interrupt buffer 
<local .stor~ge K3> and puts it in the o-

\ regist~r. rhe microprogram ~ext assembles 
1 · the CSW :Ci}annel." status byte in the u-
1\ register\ It-,does thi~ _by combining· parts 

·Of th~ bcw~p:an~-flag arid channel-status 
bytes. : Fil,Ju:i;: :l~ll shows the t•or~- of the 
UCW· op-ran!l"".~.1 g tiyt.Et, and the UC,!J c?tannel 
status byte~ .J. 

• 'fi ·• . . 
The csw store rol:litine tw loads the csw 

101&ation with its r~quire . information: 
! . ; ~ . 

1. The high- order of th~pxt ccw add.ress 
is set to zero anQ.--t 'two low.:order 
bytes set wit~~\ie UC next ccw 
address. • 

... 

-· 
3-30 '. 

.. 

.. 

34 
00-
01 -
10 -
11 -

Handling Data;"'fxpect data 
Device Tald ta Stap; Expect 

__,~·· .. ' 

Interrupt St,acked , 
lnt~truPt In IB · .,':::;::;:- . 

-~- .. ~ 

...... -~-----....!·....:......---:-----· 
. 2. - 'The resiaual count 'J?ositions set to the 

value_ of the ucw· count. 

3. The memory-protect-tag •position set$ to 
the'contents of the Q-register. 

11. The ... ch~nnel-status position sets to the 
contents of the u-register. 

:7. The unit-status position set~to the 
contents of the o-register. '. 

When this ~s accomplished, the microprogram 
sets the ucw op-and-flag byte to zero, 

,turns off the multiplexor-interrupt latch, 
and ptoceeds to load the I/O new PSW into , 
th4'!- current PSW. . . 
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ucw NOT ACTFVE 

• An I/O units ucw is not•active when the I/O unit initiate'\; a 
second interrupt for a ccw. 

'\; • The multiplexo~ channel executes 
the I/O unit td obtain,.the units 

~ a test -.I/O sequence with 
status. 

• \ 
'The csw store routine &'\ts thf entire C3W to zero and t~.n 
stores the unit's status in the unit st~tus position of ~he 
csw. ·.. ., • '\t 

•· 

When a contlltunit initiates two inter-
rupts durin execu· ·. n of a ccw, the· 
ucw will not .active~r the .second fl 
interrupt., This is because the'ucw op-and-
f lag byte is set to zero durin~the first 
interrupt. .ii;Qr example, suppose a control 
unit initia~·an interrupt by presentin~ 
channel-end status alone. Wben the CPU s 

. executes this interrupt, it 'fets the ~ to 
inactive. Therefore,· when tlfe CPU ex~tes 
an interrupt ipitiated by device-end status 
from the control unit, .the. UCW is inactive. 

Because the multiplexor channel alwa~s 
stacks the status from a c'ontrol unit whose 
ucw is not active and because it does not 
store the units status in the interrupt _,. 
buffer, the CSW·store routine selects the 
un~t to obtain its status~ {) 

Figure 3-f2 shows the gel'!eral sequence 
of evE111ts ·for the csw store routine when 
the ucw is not active •. 

., . After the 1microprogram captures polling 
~11. the multil}lexor channel by turning on 
the command-start latch, . it reads out the 
addr.e'S$:~c-Of t e unLt that, requested the 
intern!' " . the interrupt buffer. The• 
micrqprogra •. ~ts t·h .. e address on bus-out · 
and activate'! a~ess-out. Address-out 
activates sel:ect-o~ . The I/O unit decodes 
the ad?ress ~n bus-out"~d activates 
operational-~n. '~-. ..... 

\ 
\ 

... 

...... , 

Tjle multiplexor channel and the I/O unit 
continue the initial selecttion sequence· 
with the channel issuing a'-comman'd-out that 
is zero. The control unit decodes this as 
a test-I/Q. 

When the channel receives stat.us-in 
during this initial selection sequence, the 
cs'w store routine puts the status in the 
D-register and activates the multiplexor 
channel.s,ervice-out line. 

Wh~n the csw store routine determines 
that the r.to control unit has disconnected 
from the channel by deactivating 
oper~tional-in, it allows the channe1 to 
resume poll.ing. ·-' 

After setting t~e IJ-register to the 
address of the csw, the csw store .routine 
·sets the R-register to zer~ and stores the 
R-register at every posit~9n in the csw. 
This sets the entire csw tolzero. 

The csw store routine addresses the unit 
status position·of t~ csw a second time 
and stores the contents of the o-registE!r 
<unit status> in.this position. This com
pletes the csw store portion of the I/O 
interrupt execution. 

J 
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t.._ Turn Off Address-01.(t. 

Set R ta Zero. Turn On 
Command-Out and Bus
Out Latches 

' -- .) 

lntei'~9ce ~Control heck. 

FA•KlO,O 

/ 

Figure 3-12. csw Store: ucw Not Act1 ·.· 
'. 
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Wait 

Activate Service-Out 
(Accept Status). ·r 

Reset Command Start; 

Set IJ -Register 'to CSW 
Address. 

_Set R-Register to Zero. 

Set Entire CSW to Z~ro. 

Put Unit Status In CSW · 
From the D-Register, , 

I 

- _1 

, .• .#;-

Load VO N-·PSW and 
Return to I-Cycles. I 

. ,\ 
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NEW PS,W LOAD 

• Th: I/O new PSW loads into the currE!nt PSW ;J.ocal' stoi:age 
locations. 

• 
At the same time' th.e I/O -new P5W loads into 
local storage certai~ latches associat~d 
with the PSW turn on. -

1. The mask latches turn on when the 
system mask reads out of the I/O new 
PSW and into local storage (K2~>. 

2. The malfunction-suppress latch turns Ofl>' 

if the machine- check mask-bit is O 
(off).· 

3. The ASCII latch turns on if ASCII is 
designated by the I/O n·ew PSW. · 

4. The Q-register sets with the. informa
tion. in the PSW protect key area. 

CCW FLAG OPERATiONS· 

• Five' ccw flaHs modHy th,e ccw dperation. 

" 1 

The ccw contains five flag bits. _ These· 
bits and their locations in the cqw are: 

1. bit 32-CD ; chain data address. 
2. bit 33-CC; chain command. 
3. b~t 34--SLI; supp~"ess \en~th indic'a;.., 

ti on. " 
•. 4. bit 35-s KI~; skip (iata. 

5. bit ~~-PCI; prog;am contr9l interrupt. 

With the exception of the CC-bit and SLI 
i,ndependently cif each ,other. The cp-bit 
and SL{ bit do not take effect if tfi~ CD 
-bit is on .. 

. The time, in relation to the ccw execu
tio111, that ~ fla-g bit takes effect varies 
as fpllows: 

1. The CD -bit takes effect. when the c.Pilnt 
reduces to zero. 

···----:-·------·--

The instruction address enters the IJ
regi sters and doe's not enter the local 
storage. The two-bit new PSW cc decodes 
into four bits and enters the condition 
register <local storage K27l. If, dqring 
this load new PSW routine, the microprogram 
determines that the high order of the . 
instruction address. is not 0, it stores . 
thi~ byte at local storage Kl6. It also 
turns on the s-register two latch if the· 
low-order byte of the instruction address~ 
is· not an even nl\ffibered address (position 7 
of that J-register is on. 

' . 
- ' d -, 

WhenthisPsw is fully lbaded~,the. 
microprogram branches to !-'cycles',, ajid 
starts the execution of the· I/O program. 

2. 

3. 

The CC-bit taf.es effect when a control 
unit sends device-end status end no 
error conditions exists in the channel 
or device. 

... 

The SLI-bit takes effect to cause the 
channel to ignore any wrong length 
records. This allows command Chaining 
~o occur despite any mismatch of speci
fied record length vs actual record 
length. 

4. The SKIP-bit take$ effect during the 
execution of a ccw. 

' 5. The PCI-bit takes effect after its 
associated ccw is loaded into the CPU · 
registers and the ucw. 

,,:., . 
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CHAIN JlATA +DDRESS (CD) 

• Tiie CD bit t.akes effect .1o1hen the count reduces to zero. 

• It allows the channel to fetch th~ count, data address, and 
,, flag byt.e from the next, ccw. 

• CD allows the channel to gather.information from storage 
positions that are not a<jjacent or to place input informa
tion into _storage locat·ions~ that· are not adjacent. 

When the chain-data flag bit of the CCW 
'is on, it is an indication. to the channel 
to fetch the count, data address, and flag 
byte from the next ccw when the count in 
the ucw is reduced to zeto. This~permits 
the channel to use core storage locations 
that are not adjacent po~itions, i~ the 
exeqution of a ccw. This linking together 
of '<iata address is called data chaining. 

Dkta chaining is controlled by the 
. G-req'iste-r-0 latch. This latch turns on 

. whe11 ;the UGW loa~ into the CPU registers 
·itnd the ucw op-and-flag CD bit is on. . ... , 

.I ; \ 
.ouring·~Y data ioop cycle in which the 

workin<.( count has been reduced to zero, a 
test is·made by tpedata loep microprogram 
to' det,'ermine if the CD flag is on CGO=l>. 
If. tqls C:ondition exists, .the CCD routine 
iS· entered fbr the purpelile . . <:/. obtaining 
re'placements for the working count, ·data 
address and flags from the1 next. ccw. 

1. 

' 
2. 

Reads the ccw count into the LD
register.· 
Reads the ccw data address into the 
UV-registers. 

3. Reads the• ccw flag byte intd'the high 
positions !0-4) of the G~regi~ter~ · 

. . 
. i 

4. Determines the next CCW 'address and 
sto~es it in' tae ucw • 

Th~ CPU registers now contain ·new . ., 
multiple~or channel ope:cating infopnation. " 

.The· miq-oprogram returns to-th~ data loop I 
ent!'Y ST!, SVI branch. If operational-in is ' 
inactive, the microprogram begi.n·s to stto~.e,, 
the UCW and restore the ·CPU as i.t. doe.9 .. wmm 
operational-in. fal:ls at the end .of 'ii riornial· 

• multiplexor share cycle.o. • 

If. operational-in fs still. act·ive at the 
.. end ·of the CD routine, the microprogram 

e . 

I This microprogram routine reads out the 
next ... ccw-address from the ucw ana· places ·1t 
in ttie !J-registers. The CD microprogram 
u·ses the IJ;.registers .to read out.. portions 
of the ll)ext· ccw. The l!licrof)rogram' checks 
.the co111in4~d byte of the"next ccw •. If it. i's 
. a trans fer- in- ehannel command,. the mic,,
program adds eight to the transfe~-in
channel· command addtess and begins to· read 
out the next ccw. 

waits for operati~nal-in to. fall or. . 
service-in ·or status-in to rise. ·when one· · A 
of these ·ccmditions occurs, the micr-0pro-.· •... 
gram ·branc~es to' tl)e a·ssociated. r.outin~;. ,.. · • .: . . . 

A program ch~c!t od<;urs-.ttur~ng £~~· c~ . · · :A_ 
routine if the new-CCW: count is zero. the.- W 

-;::-

Assuilie the c.cw command is 
trans fer-in-' channel command• 
~he .mic~oprogram: 

data address _).s. invalid, t:he three .low:-.· · 
order bits of tpe flag ·byte are .not zero;~· 

not a . ."_.o~.;tbe· next ccw-a~ress is zero <memory 
ln thiS .ca.se, -_,.. ~apf.. ' 

.. 
. . 

i c'oMMAND CffA,INJ;NG 
. ·~ ' -·· 
·· 'e Command chaining allows the channel to ei~cute- several 

commands on an I/O deviee with one start I/O ~nstructi~n. 

• 

• • 

• 

' Command chaining is specif ie.d by· the CCil chain data address i 
flag bit off and the c,onunand chaining flag .bit on. . . · · 

When the channel successfully executes·a C~ ~ithout error\ 
and receives its associated·device-end status, t:he channel 
reads out the next ccw and ,begins its exec.,ution.""' ,.. 

The presence of status-modifier statds :along_;..~th d~yice-end 
s_tatu!? requires the chan.nel to ~ypass .t~e next, ccw in favor 
of the ccw.following it •. · · · · · · 
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... 
• :rhe channel suspends polling while conmand chaining • 

• The channel activates supp~e;,7 out while command chaining. 

The multiplexor channel may execute a chaining, ~t ignores the command chaining 
series of CCW's that apply to one particu- specif~catron. That is, it sets Up an 
lar control unit~and device. When; the interrupt if the multiplexor interrupt 
execution of one ccw is complete, the chan- latch is off CIB empty> or-stacks the·sta-
nel reads out the 1next CCW ~n ascending tus at the control unit if the IB is full. 
order and begins its execution. , This link- ,,, 1 • \ + 

ing to<jether of CCW'"s is ca1led'.commahd . 
chaining. 

Command chaining i~ 'controlled by the' 
ccw flag.Qyte. Co11111an4-chaining is speci
fied when ccw flag byte c~in-data- address 
bit (CO : bi't 0) is off and the chain com
mand bit ··(CC.; bit l> is on. This condition 
turn'l!I on the ucw command- chaining bit when 
'the channel generates the ucw a:ssociat~d 
~ith 9he-ccw. The ucw coinmand chainin9 bit 
is biS-1 of the ucw op-and-flag byte, arid 
is held- in Gl. \ ' 

"- . 
Figure 3-13 sho~g the format of the a 

-UCW. Notice that the' last two bytes .of a 
ucw contain the address of the next ccw. -

__ This information is.put ·into the· ucw by the 
channel microprogram at the start of every 
-ctw execution. -~ · 

-· _ -When· the channel spc:d!si:"f ull y executes a 
ccw· that has speci1'.ie4 command chaining, 

. the channel reads out the next ccw and. 
·begins its execution. ' 

-.. If the chaQnel does not -.. ucce~sfuUy 
execute a. ctw that _has spec;ifl,ed comman~ .. 

. f -

UNIT CONTROL.WOR~ 
ucw 

Another aiternative that may occur is , 
'the channel may be require<P to bypasi:i the I' 
nen ccw ana .execute the ccw foll9Wi~ it. 
This -conditic;>n occlll's when the· ·ch~nne ~ 

·receives status-modif~er status along\with 
dev.J.ce-end s'tatus and. command .chainin~ is 
seecified by the qcw. . . \ 

... \ , 

. ll'he channel does· not_' read out ·and begin 
·the execution of the next ccw until it , 
reeeives C!evic:e~end staJ:us from the uo . 
device. tf the channe~ receives channel-
end alone, it resp0nds to the I/O unit ,with 
service-ou~ along ~ith suppress-out. The ( .. 
channel waits for··tievice-end sta:tus before · 
beginning the command chaining ·routine. 

. '.\ . '. 

When the channel receives,device-end 
status and begins to read·out·the next ccw, 
?-.t acti va_tes• suppress~ut. _ This is the -
chalJnel ·.~ indication to an· I/O d~ice thcit 
it is c:Qmmand chaining. The channel also 
suspel)ds palling w.hile 'it is obtaining a 

-new ~ccw. · · · ' 
. ! . . ... ' 

. . - -
FfgUre 3-14'shows the general logic·flow· 

of the command- chainin~ §equence •. • 

,·uo. . - 111 . r 

''Nel'.lt ccw , I 
~Address ·'-' 

'-~_:__-,-JL_.:..:_::::'.:...._i_:.:.:fc:.:::::...:::c.c£....,....L.=.:.:._~~-"-1-.:.:'.!~L-.~~i.!:!?:~~~~~·~H~·~~h~~~·--1'~1.0w~·~-~~......J_\ 

Op-. and Flags Byte 

9 - Chain Data Address (CDA) 

Chonnel Status Byte 

.. --· 411:' ' ~ ·,~O - <;:oun~;erp (1050 Oniy; 

. ., ) - ' ·' ~ ·I - q.d':'ne I Contra I Cl)eck 

-

., • _ . -;_.. 2 ·- t7terface Contra I.Check ._. . _ 
·~ - _3- F1nt, StatuJ Received Cod!j~ ex-

li{ . - · planatil>rr ! 
) ·, ,., ' · . ~I~._ i· 

· · - ' - · .,A - jNo. Name) • -9',: -. -' .': -:· i>'t=tc'i:~tth - .\ 

• 0j: , . _ ': -~ Protection Check- '.,, 

I - Command Chaining (.Cq · 
2 - Suppress Length lndic'atian °CSLI)_ 

·3 ,:- Skip •.• 

4 ~ Program Contralted Interrupt (Pei) 
,S -·Active · 
6 - Output (Write) _ . 
7 -- Decrement Data 'Adclre11 

' . 'i . • .,- . . 3. 4. >9 ,,,._- .. '"t lS . lS. Handling DatarExpectirig Data. 

0 I Devic~1mtructed. · Stop; Expecti.,Q Status • 

-; . 

. . 
·I-, 
I 

0 ·,Status Stacked at antral Urjlt, 
I · , •Sta~us Is in h:rterfup Buffer NB) •. 

·Figure 3-13.~_ Unit 
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'.' 

No 

lgr-f re ~ommand and 
. a.dining. J:xecute 
· Norm JI I Stotps Rout in~ • 

Tum "on ~ress-COn
tral Lotch (FA051) 
(Activate Suppre1s
Out). . 

load Next CCW Ad-
• dress Fram lJcW Into IJ-

·,, 

1/0 Unit Present. 
1 Status. ucw Specifies 

I 
Cor:nmand !;haining 
IGl is ON). 

' · Registers. 

Na 

Put Unit Address Into 
V-Reglster Fram Local 
Storage (KB) . . 

· lgoo;e "Com;.,and-Charn
iflQ. Execute Ne1rinal 
!talus Routine. 

Add 8 to U-Regitter 
Cantenfs. 

~· 

;<- . Same Tim11. 

' ·t I 

This All•own~ Channet1 
to~ One Coziplete 

'"C'CW. ·.. • .. · . 

FA=kl,1 . 
The Command Start _ · ·
Latch ON Prevents ' 
Polling. 

Actfvai'e ServiC:.,...Out' 
and T u~n On Com'Mand 
Start LDtcfi {FAOl 1): . :;~·'---~-~--~~ 

.e" 

,,· 

·~ 

Y~s 1 Any Channe I Status Ex
·:· c~pt Bit 4. 

Yes 
i . Contro 1-Unit-E nd 
I (Bit 2l, Busy (Bit 3) 
I Unit Check (Bit 6) l)hit 

E><ception (Bit7). 

Attentio~ 

lgn<ire Command Chain
ing. ·execut.e Normal 
Status Rautirll'. 

Yes 

Set UCW Op'-and-Flag 
Byte 'to:. 01110100.· 

Turn On Suppress-Con,: 
·1ral Latch (F_AOSl).· 
(Acl'i.vate Suppress::'Out). 

Activat_e Seryice-O~t '. 

~ 

I. 

• 

. CC, SLI, SKIP, and 
• ACT. . . 

; , 

---· 
1 FA=Kl, 1 .· . · 
1 A Isa Turns On dmmand 

Sla!t Latch (FAOl 1). 
- ..: .. 1. __ ..,;_;. __ ~------
1 
I 

" 

' I 
I' 

I 'fB=li:lO, 1 
1 lndicpt.ion ta Control 
1 • Unit. That Channe I ls 
1 Choining. 

, \. . 

This Tur~; Off ucw 
Status Byte Bit 4. 

" 

.... 
I 

I. 

Store V-Register In - · 
UCW I.Status Byte. 

· : ·Figure 3-14. command c~aining sequence °CPart 1 Qf 2> 
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·1 
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.9·. 

/ 
', 

_.,e· 

·l No ~ 

• I 

No 

~Re·ad Out 1Ct2-c~--:-i 
LI mand Byte. Check fp.r_ , [ · ' 

_:~~- Jr _; ___ ____J 

F Chetk for ·Invalid 

~ • Comma~d B~t". 

,/,. 
1 Yes 

I ~ 
1· 

Read o .. ~ hiev> ccw~ . I • 
• ~~le. c. t. 1r.·.c ··fr:. Unit,_·. Exe,-, ~· -

.cute Nev.-f,CW:.!· ' 

. ; 

~ 

•-:J;,I 
, I 

/.; 

·•·Yes· ') 

Check for WRAP. 

_Same ·As for First CCW. 
·:;--'-~~~~~~~~~_J 

7 -· 

.. . 

Restore R-Register .'Turn 
Off H6. Restore.WX- · 
Registers • 

·1 CPU Returns to Ei<ecution ' 
. Of ()riginal Mic.:0- . 

" Program . · 't'" • 

.... :--
Figure 3-;'lt+'-. 

.i 
CG>IT\Illand Chainfo'g Sequ,ence,-.(Part 2 9f ~) 

~ . \ 

-- .~ 

.. 
. ' ,• 

I 
.. I 

. .. 
' ; 

.~ 

EJI .\ 
"i;- • 

.. 
Re"" t Suppress-Out 
Control Latch. 

Turn Off Command 
Start Latch. 

•. I Updaie UCW C-ount.and 
1 ·Data Address. 

:·~~~~'--'~~~~~ 

_Re~tore CPU Storage 
l'rotect T 119, 

[·-:- . j<Jm Off MPX Op
Latch. 

Ye:1 

., 

.. 
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.. 
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SUPPRESS LENGII'H INDICATION'. '<sLI) 

•. The SLI- bit allows the "Channel to 
conditions .that occur when a unit 
zerf act.iv ates st.at us-in'\ _ ' -

ignore incorrect 1:ength 
whose ucw count is.' Not 

. . 'l!.' 

• . . ' . ·' ~ 
The SLI bit is eff~ivi,only if the CD -bi-

i ?; ' 
i~ off. , 

• Figure 3-15 .shows h'Jp the SLI-bit functions . 

The. SLI-bit is bit-2 ·of. a ccw f.lag byte •. 
When the-~hannel gener~tes a ucw from the 
CCW information, oit-2 of -the.UCW op-and-
flag byte ~comes the SLI-bit. SLn is held 
in the G-register 2 latch .{G2) during 
subsequent channel operat~ons, . 

I , i/li ·- ' • 

The SLI-ble 'is· effectiv.e o..n,ly if. the ucw 
CD -bj.t. !bit;..0 of the o~and-:flag byte> is 
i:iif t.---- : . < - ' ' > 

~To unders:~nd the ~nct;o: ·~·~- the SLI- -
bit, first con.sider -t·h~ha'nnel 's operation 
when the $LI-bit is off •.. · In .this case, 
.when an I/O devi~ pres~ts status-i,n to · _ 

No 

3-38 

, .. •..r, 

-. ,. 
L 

; 

Tum OQ UCW Status-· 
l111c6trei:t-Length Bit. 

.(Bit 5) - . 

/· 

\ <t/O Unit PreMf.ts End
i111 Status. 

Tum On UCW Status . 
IP1carA1ct-len9th Bil--il 
(Bit' 5) · . 

• • Eicie;:;te Namiai Status 
~outine. ·' · 

·SLI-IHt. Functions 

I. 

·1 
', 

-
the ch¥tnel and the I/O u~lts' UCW count is 
Ndt zero, the incorrect length bit ~f the 
ucw c)la'nnel-.status bv,.te turns ,on. 11'his 
condition ia subsequently placed in the 
CSij, and. prevents command chaining from 
occurrin~ if ~c is specified • .,, · • 

' When a UCW has its· SLI-bit on, this 
"condition is suppresi?ed. The .channel 

. responds to the status in 1with·service-out 
and initiates an interrupt if not command-I 
chaining, '·or it begins th~ .coJunan_d-:..c::haining 

'sequence it the cc-bi~_ ·of the.Jpcw op-apd-
• flag b-it is on"'·. · ~ . ~ .. 

I 

l 
I 

E12 

No CDA a_nd <;:aunt Is 
~ero. 

-. ~ 

bbtain·a \New CCW
and ~gin.l_q·Execution. 

.·, v 
. - - ~ . 

'l 

,. 

··. 

.. 'I\ 

" . 

·., 

/ 
' 

._ .. 
"A _..,. 

--~--.,, .. 
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Sl<IP 

• Tne SKIP-bit is effective only on input oper~tions~ 

.~ The SKIP-bit does-not become a part of the ucw op-and-:.flag 
byte for output operations. 

•· ·~tis effective during the ccw-e~cution • 
"i1'1'> 

it suppr~sses the' transfer, of information to storag,. , !i·:r;; . 

The SKIP-bit allo~ 'the channel tQ store specific input 

• 

• 
records in CPU storage; . ' 

• Figure 3~16 shows how.the SKIP-bit modifies an input 
operation. "'-- .· 

The SKIP•bit, bit-j 9f the ccw flag byte 
and .ucw o'p-and-fl~g byte allows the channel. 
to receive data ·_form a unit but not store 
the data ~n CPU storage. 

When t'h~ channel receives service-in and· 
the. SKIP- bit is on CG-register 3 latch 
on>~· the .channel ..Qoes function normally 
except for the.,.data !pop. !nstead Of exe
<;Uting the~ data loop, the ch.annel updates 

.. the count and. responds with ser'{ice-out. 
· This continues until the count is exhausted 

at which time the normal status sequence 
.takes place-.' · 

.. 

. .. 

1/0 Unit. Presents Ser
v'ice-ln On an Input 

.?pcra.ti9n. · 

Skip Bit ON 

. •. ~--'---~~--~ 

/ 

. Norma I 'bai; Lo'op. Activate ~rvice-O'u!. 

'· 

, Norina I Channe (Opera
tion Resumes. 

' . 

Updaie tc;>unt. 

• i 

f-

< • '. 

I 
i 
J 
I .-, 
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• I 
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PR9GRAM CONTROLLED INTERRUPT (PCil" 

• The PCI-bif allows the program to initi:1t·e an interrupt. 

• 

• 

Tl}e PCI-:bit ·sets up an I/O interrupt when the interrupt 
latch ~.s off <IB empty). < · 

- ~ j;, ~' -< ~~ 
When the CPU executes .an interrupt ':iiifitia ted l;ly~ the 
bit, the PCI-bit becomes> part !of tQt;!' .channel-status 
that is stored in the c SW. : ·'' 

PCI
byte 

.. 

~ 

l'-- .' 

, ·:~se the ·pc~-bit' does not. ~~{t:.i~t.e ahy 

·e 
e 
e'. 
e 

The program-controlled interrupt bit is y 
bit.:.4 bf >-the CCW flag byte. It also 
become? bit- 4 ·in trw u1cr.• op-and-flag byte 
that is generated !rom1 the ccw. The PC! 
bit in a ccw. initiates an on-t,:he-fly inter.
rupt wi~hout, in·,any other .way, effecting 
the channel operation. It may be use? bY, 
the program to initiate an ':i,nterrupt at any 
poin.t in'" a chain of CCw' s ·t'o' determine how 
the operation is prOgressing. For example, 
the multiplexor ch.ann~l may be executing a 
chain of •ten ccw' s. Normally no interrupts 
will occur until after the tenth CCW is 
executed. By the use of .. the PC I-bit, the 

i, action bu,t becomes bit-0 of the 
channel-status byte.that is.stored in 
the csw. Remember the main pu.q~o~e of 
ah I/O interrupt is to generate th~. 
csw.. T}'le .csw is then interrogated .. b}r.:;,._ , • .. · 

··the I/O program .and action is taken ~"-- · •.. 
according, t:o the· conQ.itions found in '·~ . 

program can force an interrupt <1.t <1ny poin·t 
in the clilain to deterrnine.·the ·status of the 
operations up to ,t!1at poiqt., · ' 

2. 

J 

The PCI·''bit talce!!il effect two times:1 . '.i-~ 

It takes effe'Ct ?uring the exec.ution of 
the CCW in· whict} :'it occurs, .. (Figure 
3-17.). ,.., .. 

It takes ~ffect during the csw s,'.tofe 
routine pf an I-© il)l;errupt.· In this 

. ... 
• ··• J-40::. 

.e 

the csw. \ . • 

When the CPU executes an· interrupt 101.- W' 
tiatec:l by the multiplexor channel, it ·' ". •· 
resets the PCI-bit in the ucw associ~ted . 
with the .unit that initiated ,the in~errupt. / . 
This occurs wpe_ther or not the interru~ ' . 
wa·s ca~sed by i!the. PCI-bit. , . 

During the course of chaining <cc-. or 
en>', the,PCI-bit is propagat.fd to the new' 

,, ucw if it is present in the TJcw jO.st ·com- ., · 
. plet~d. This wi 11 be the cas·e when. the CPU . 
has no't executed the PCI-iriitiated inter
rupt, or the Pc;:I-:-bit has been un:able to 
initiat·e ·an interrupt. The latter condi
tiori occurs ·when a burst mode deY:ice is 
opera. ting on the multi pl ex or channel. I· 

•I 

-· 

--• 
\ ·' ~ . 
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/. 
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., 

•. 
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·Normal C9f'I Read-Oui, 

No 

No 
Does Service-In Rise ' . 
~~ 

. Yes .Do~s Status-I;; Ri"" / 
... .i,. .~; 

, ' . . 
r Exe~:--~atus Raut.G;J 

·, 

.. 
l"-ig ur e ~.., 1 ?~· 

• i 

.· 

'· 

1/0 Unit Select9i. 

Yes 

'\ 

PC! Bit ON 

18 Empty • 

Na 

.. 
FB=Kl2, 1 

Read Out Unit Address 
·.From Local Storage (KS). 

-

' Put Unit Address Into 18 
: ' ' (Lac"al Storage KOJ • 
l .. _' L ____ .:__-L__,.· I .. ';:...;'----L----, 

I Tum OryMultiplexor 
R~o Stare rn K3 CPU. 

L Update -\Jew, 

Normal Channel Opera-_ 
tion Resumes. ____ .._,/ 

•. 
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START I/O TRANSFER-IN- (TIC) COMMAND 

.. ·; ~wf 

' ~~ 
i 

! l . '" 
\ 

• involve any I/O device operatidn.? 

The channel obtclins the' ccw' referenced bY. the TIC-Cl:W d~ta 
. ,address. , ' 

• 

• ' A TIC ccw ,annot be the fir~ ccw in a· cha~n~: 
• 1 ~wo TIC cc1's i~. succession cause a progr.anrcheck. 

: - I . . . . . 
The itransf.er-i:-cha. ~nel ·cTic>. command is-~ 
a co1J1111and to t e c~nnel and does not 
involve any I/ detice operation. It is a 
command to the .cha~el to obtaip and exe-. 
cute the ccw whose high order byte location 
is referenced-by th' TIC c~ da11a address. 

1 ' 

The ~Ic.crurunand is use~ only in a .chain 
of commands an~ may! not be the first com
mand of the chfi,n•. Also twQ TIC co11111ands 
in succession ~au~e a program check. 

• • .i: ... ~ 

. ' "' 
The TIC command is used mainly. ~n cQrr 

junction·with thfi! ~earch -co.rnmand. . 
• . I ( 

. or example; ',l,oo~ at''·~he foliowing chain 
W's. , , 

. \. -

CCWl, Search, . ' 
·/ • I 

CCW2,TIC Cdata address.is ·address of CCWl> 

,,. 

... INITIAL ~ROGRAM LOAD (IPL> 

-.ccw3, Write 

CCWl is a search. !If the search is not 
successful; CCW2 _causes CCWl to be executed 
again. This loop will continue until the 
search is successful. When this happens, 
the I/9 device presents status-modifier 
status· along. with, channel.- end stat·us. This 
allows the channel to bypass the TIC ccw. 

· and execute the write ccw. , 

com~nd Chaining to a TIC command begins 
~-the same way as for an~ other _ccw command. 

When ttie TIC command is. J:ecognized ,during 
the ~cw check sequence its data addre.ss is 
placed in the I J registers. 'the channel 
now reads out the ccw·addressed. by the I J 
- registers a'lld executes ~ normal ccw 

·check, ccw loaa operation. 

,, 
,The 'purpose of IPL is to init;iate processing after power is 
turned on or when the contents of stora:J_e are unsuitable for 
·further ·processing. 

'IPL is started by selecting an 'input device and •pushing the' 
Load but.ton. 

•' . . ' , 
- The I PL proced-ure resembles a start-I/O es a· system re,set;._ turns· on the ·Load, light I 

instruction in which. the sellilcted -IYO . and initiates a read operation from the · 
device and a· zero-protection~key ·is; speci- selected input dev4:e. · 
fied. The CCW.for this instrµction· has a 
read command, zero· datil. · addr~s, a byte ·. . .The system res4:!t stops the CPU and sus-
count of 24, the command-chain flag on·, ·th~ pends all instruction processing, interr_up~ 
SLI f.lag on, and a comrilan.d ·-address of. zt;,ro~ tions, and .. timer updating. · It· also resets 

• ,, ·all channels a:nd on-line control. units and 
The IPL' routine re.a'ds new- information· I/O devices. '.Tlie cont@nts of the General 

. into the first three double wbrds of stok'- and Floating-Point registers. remain· 
age. The rem inder of the IPL program -can • unc_hanged. • !". . 
be plac;:ed: i:n nr de=fir'ed lo·catio~ of stor-
age. , Fo~lowin!JL ~he system reset, the s.elected 

input dev'tce•starts ~eading. The first 24 
,bytes read enter storage locabions o to 23. 
Storage-protection and possible incorrect
length errors are igno:r:ed. The double-word 
read into locat~oh ei,c;Jht is .. used as the ccw 

The IPL pr 
ing il channel 
input device 
es· and pushin .. 
3-42· 

cedure is started by selecb
wi th console switch G :.and an 
ith the HJ connecting sw.itch-
the Load button. T~is caus~ 
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e. 
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,L 

e 

fo:i t.he next input C01!1f11and. Wh,en. chaining 
is specified in th.is ccw, the operation 
pr9ceeds wit-0 the ccw in.location 16. The 
double'.word at locatioa,O becomes the,lPL 
PSW. \ 

After the input operation is .completed, 
.the channel and device address is storea in 
the. IPL PSW interrupt qode (bits 21 to 31 • 
of -the fir1;t double word in storage). Bits 
16 to 20 are zeros,· and bi ts 0 to 15 remain 
unchangetl. .The_ CPU. then· fetches th!'! IPL · 
PSW from location zero as ,the current PSWf 
and cnanges from the stopped to ~he 
op.era ting s.ta.te. Operation proceeds; llnde .. 
control of this new" PSW and the Load ligh 
turns .off. ·.rf the I/O operations and PSW· 
loading are not satisfactory, the CPU stop~ 

.and the Load light remains op. The MPX 
channel's execution of the IPL routine is 
the same as its ·execution of a 'start I/O 
routine with ~exception of the initial 
-~et~p and the ending procedure. 

When the load key is pressed, it caus.es 
a system reset. When the load key is 
released the load-;-_ke~ latch (KC 041) turns 
on. The. output_ of the load-key latch turns 
on the load-indicator latch <Kc O'Sll. The 
outp.tt of this· latch turns on the load
request stacking latch <KM 1>62). If no 

·higher priority stacking latches are on, 
the load-request staclting latch generates 
an IPL pulse which in turn forces the first 

'micro word addres's of the IPL routine (002) 
into the ROSAR,(WX-registers>. 

' . ,. . "": 
The IPL routine first 9enerates ii 'ccw 

and_places it in main storage locations 
·0-1~· A read command is placed in byte O, a 

c:;ount of 24 Chex_adeci,_mal 18.) en·ters byte 7, 
and the CC and SL! flags enter byte 4. 
~ls~· during this routine the channel ana 
unit address enter the u and v-register 
'from tlle .HJ switches respecdvely an·d all 
of the H-reC]islers latc_hes with the 

•. 

• 

" . 
. .,_ 

Form Y24.;.3362-2 
FES Y24-0510 ( 

· exception of the H6 latch <MPX holdl are 
, turned on to prevent any but MPX traps. 

. ' 

·The channel nL reads out tbis ccw from 
storage, locationL-7; and checks it ··for 
validity the same as .!-or a start I/O . 
instruction. When this is complete tfl"e 
channel microprogram loads the ccw into the 
CPU data flow reg.ister while selecting the 
unit specified by the HJ-switches. From 
thi~ point the channel and'I/O device oper
ate normally until the unit· deactivates 
operati-0nal-in. ' . ·• 

When op-in falls, the channel exits from 
the data loop and updates the ucw as for.a 
start I/O. When this is complete the chan
~l micro program doe~ not attempt to res.: ~ 
tore the CPU as for a start I/O but enters· 
the !,.PL wait lqop, microprogram word 682. 
IPL MPX share requests are handled by the 
chan\lel in the Sal!le. way as for start l/O , 
operations. When the selected device pre
sents status-in, the chvnel tests- the · 
status for device-end or channel-end st-a• 
tus~ Any other. st(ltus results in an IPL 
·stop, mici;_oprogrilm \!i'Ord 6FF. W{len the 
status is good (channel-end or 'device-·end> 
the channel resets the JPL latch and H
registets' latches .•. ' Whe'Fl ,op-in falls, the 
channel stores the.unit and channel address 

I into th., e. int~r.rupt, code location of the IE~L 
PSW <main storage byte loc.itions 2 ·and 3. . 
When this is complete. the charmel loads 

. 

the IPL PSW into the current PSW locations, 
afte:t .. which the CPU begin$ ·executing 
instpict~ons under control 9f the. IPL PSW. 

If for sQme reason, a device other than 
1;jle· device specifi-~d by the HJ S"1.Jtches 

. presents status, the,...channel is~s ~ 
co11111and-out. This response stacks the 
status at the control unit. ',l'he 2030 
enters the IPL wait loop until the next ·MPX 
share r~uest~ 

I· 

- .\l ('. 

·t) ~·jl" 
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• • The object of a test l/O instrc1ction is to storf! a··c.;w. 

•, It does not ·require a ccw. 

• The supervisor· program issues test l/O instructions t,o 
obtain status from I/O devices when the channel interrapts 
a re ~s-ked.'Off by the PSW systertt l'lld sit. 

T~e supervisor proqram issues the test 
I)o instruction to obtain the status of a 
particular I/O device. The main use ofl the 

~ t.est.. I/~ instr·uction is to obtain the sta
tus 'of I/O- devices )'ihen channel interrupts 

• are _masked off by the PSW system ~.ask. ' 

· The test l/o instructio!l,-haB the same 
for~t as a .st..art I/O instructipn an~ its 
ex'ecution is begun in the same manner as 

--the start I/O instruction. ~After the.CAW 
has been read out the channeJ. differenti.:.. 
ates between a start I/O and test l/O and 
begins the test I/O routine. 

. ·~ . .. ~ 

In order ta execute a test I/O•in5truc
tion, the channel first determines ii the 

,:Jew ACTIVE: "'hen the li'w 1s •rtiY• ·it 
m~ans one· of thre@ t·hin1'5! 
1. The 3Ubchannf!l cocw> i• buay eithH 

with t_he ·~~ecifi.tQ device o'tanottMtr 
deviC.. . 

2. The ·sllbchannel· ha an interf!.fpt oondi" 
tion waiting in- the interrgp~ buffer~ 
:'his. N)""·be an in~rrupt · (roa ttw spec
if ied uc:i .d@vice Olii,. .-notne't I ;o 4-•lC!J. 

· 3. Status is staclt4td at t'he l/v d.,..ice. 

UCWol associated with the spet:ifielt device is 
ACTIVE or AVAILABLE. lt does this by read~ ~
ing out th_e Ocw op-and-flag byte 'lnd te5t:- • 
ing its active bit 

When the t:CW is ACTIVE, #):le channel reads 
I.out the ::cw channel status· byte and test• 
·it to determine if Int J is on.or off. · 
'When bit 3 is off it indicates that the 
,specified devi9e hAs not presen~ed stat1a 
and is therefore workin9. In thu ca.se t.he 
channel sets PSW condi~ion.code 2 &nd 
returns the CPU to I-cycles. ' 

. .. ' 

If bit J is on, indic.t-iDCJ • d.,ice 
associated vith the ucw hil• preM•t.-4 au
tus, the channel' reads out th• U£"W hi-order 
data address .and CO.pAree this a~ ... with 
address in the' v-reqiater(I/O contrel-unit• 
~d device ·address>. An eqia•1. ecmp.ariaoea 
means that the device speclfiltd bf the ~st 
l/O inetruction has presented status. 

UCW AVAIIABL!;: ~lhen the UCW is not active, 
·it ineans that ·either the I/O device 
involved has status stacked or the I/O !\.~ 
devic~ is free to perform other operations_. 

Wheh the ,ucw i.s available CACTlvE bit 
o(f) the channel must execute an initial 
selecti.on sequehce with the I/O devi~e· 
involvea and issue zerb command. when the 
device responds to command-out with statas~ 
in,. i!he channel tests the -status for a z~ro . 
·condition. If the st'atus .is zero the. · ' 
channel sets PSW condition code O and 
returns to I-cycles. When the 's"talwr-Ts'-:---
no~ zero, the channel puts the status in 
the D-:register and activates service-out. 
After the :t...O device deactivates , 
operational-in, the channel sets the entire 
csw ~ zero, pddresses the. csw unit-status 
byte location a second time and plac~s the 
unit status, now in the D-register, into :. 
this byte location •. When this is complete 
t'he channel sets PSW condition code l and 
returns the CPU to I-cycles. 

When the channel receives status-in i,JI 
response to address-out c control uni't 
.busy> , it puts the status in the D-regist .er 
and. acti vat ea service out,• When. Sta tUS-irl' 
falls, the chifnnel sets tk---CSlf to zero and 

, then sets the csw unit status byte with the ' 
o-register content• fstatus-in>. When t'his 
is complete the charu ei sets' PSW condition 
code 1 and returns the CPU to I-cycl~a. 

. \ 
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., ' 
~: -Ourin' status-in MPX sh.are~-Cycle•• 

. the address of the unit present. inq •t•t us 
is plac.a in the u~ d•t• •&treas. _ 

4 

• 

This coiaparison is necf!!Bsa.ry bee.use • ocw t 

may be associated with .are· than one l/O 
device and the channel •i<Jht ba9e recei•ed 
status from .another device 4"ocbted with 
the sa• ucw as the I/O device •P*dfiltd t., · 
the test Il'-0 instruction. If ~i• l• so, 
the channel sets conditia.,- code l ill tbe 

.PSW <subchannel _workinq> .net re'twna it.he . 
_CPU to I-~ycles. , 

I. AssUme bit 3 oi ·ifil:<! t:'CW channel 'stat\ls 
byte is ~n, and <:he a~drH• i.n ~ ·UCW d4ta 
addr~s'1s the ~.ddr.,·s of. the f/<1"-deYicw 
specified b~ the ,_ .. ·. !/9 ~natcuctinn. lfl 
this case tP.e cha~l •ust f iM out in.re 

. tile status is •• 11le st.rtus my '- in ,.the 
interrupt buffer or ·it may be staek-4 •l 
t:he l/O cOntll(eJ. unit. · · 

El8 
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wh-n the status is in the IB, the 
channel puts the status in the O-register 
and generates .the csw from the ucw and the 
unit status tha' is now in the D-register. 
After storing the csw, the channel turns 
off the MPX interrupt latch Cin FB-reg>, 
sets the ucw op-and-flag byte to zero and 
returns the CPU to I-cycles. 

When the status is not in the IB, the 
channel executes an initial selection 
sequence with the I/O device specified by 
the test I/O instruction. When the I/O 
device presents status to th~ channel in 

HALT I/O 

response to command-out the channel exe
cutes the cs" store rout1ne, storing a full 

. CSW: 
1. protect key 
2. Next ccw address 
3. Unit status 
4. Channel status 

After storing the csw the channel sets the
PSW condition code to 1 and returns the CPU 
to I-cycles. 

• The halt I/O instruction discontinues operation between a 
particular I/O device and the channel. -

• The channel executes the halt I/O instruction before return
ing the CPU to I/cycles 

• The halt I/O instruction does not require a ccw • 

• The channel issues a halt I/O·Cstop> to an I/O device b¥ 
activating the address-out tag line while the device has its 
operational-in active, and select-out is down. 

The halt I/O,instruction is issued by the 
supervisor program to dj,_scontinue operation 
between a particular I/Q·device and the 
channel. Response of IiO .devices to a halt 
I/O instruction varies from one device to 
another and is covered in the Field Engi
neering manual of instruction-for that 
device. 

The channel begins the execution-of a 
halt I/O .instruction in the same manneJ' as 
the start I/O instruction. That_,,14/ -the 
PSW is checked to inslire that the CPU is in 
supervisory state, and part of the CAW is 

-d. out. This occurs before the -channel 
s the test to determine which I/O 
ruction is being issued to the channel. 

When the channel recognizes the halt I/O 
instruction, it discontinues reading out 
_the CAW and branches to its mi-croproqram 
routine that develops a ucw address from 
the I/O control unit and device address. 
The channel now reads out the ucw op-and-
!~1 v:~'i to determine if the UCW is 

UCW ACTIVE. When the ucw active--.1bit is on, 
,it indicates that the CPD.has ndt executed 
an interrupt Cato--.~- CSW> initiated by 
the I/O device ae~ft'ted with the ocw. 
Tberefore, the.channel mist read out the 
ocw atatwa byte and t.•t bits 3 and 4 to 
deter11ine if the I/O deVice bas an inter
rupt waiting in the interrupt buffer. Tb.is 
ia the caae men both bit• 3-and 4 of the 
DOI "tataa byte are on. 

!':When an I/O device- has an inteq·upt 
waiting in the inter~pt buffer, it is not 
operating with the channel. Therefore, the 
channel does not execute the halt I/O 
interface sequence, instead the channel 
sets the PSW condition code to zero and 
returns the CPU to I/cycles. 

~ 
When the I/O device 4oes not h~ve an 

interrupt waiting, the channel selects 
the device, and activates address-out 

afte~ the I/O device has activated 
operational-iii and addr~_ss-in. Address-out 
and operational-in both active at the same 
time while select-out is down at the I/O 
device means halt I/O {STOP>• 

The halt I/o' interface sequence is: 

1. channel activates address-out and bus-

2. ~~!~el activat~ l!~l~ an~, hold-
out. - - -- · --

3. The I/O devic~; act.ivates 'oper~~io~l-
in. , - , f' "' 

4. The channel ~ivates address-out. 
5. The channel deactivates select-out. 
6. The I/O device actiYates •address-in. 
7. The channel activa~ address-out. 
,_.. ThF i/O devt<te d~ctivates operational
. ~"'trn and address-in. 
.-,.:,.The channel deactivates address-out. 

When t.lie int:erface seq\l~e is ~complete, 
the channel turns off the iJcw op-and-flag 
byte cc and CJ> bit.8", and aeta t~ ocw 
stat'ua by~e to l"t~too <H>. -~' 
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'nle channel now aeta the oar op-and-flag 
byt:e to zero, •et• the PSW concUtion code 
to 1, anc! returna the CPU to I/cycl• 

' ucw 1'0'1' ACTIVE• The halt I/1> routine for 
an oaila~e oar i• the same aa for an 
ac~ive ucw 'fith this exceptibn: The channel 
does not ba•e to teat the oar atatua byte 
for bit• 3 and • On <interrupt waiting in 
IB). Thia ia becauae, for a oar to become 
availaltie, the I/O device must have had an 
interrupt executed by the CPD and, there
fore, cannot have .an interrupt waiting in 
the I.S. 

When the channel finds the' ucw availa
ble, it executes the halt I/O interface· 
sequence, aeta the oar atatU. to 10001010 
(88>, stores all zeros in the csw, aeta the 
PSW condition code to 1, and return• 'the 
CPU to I-qyclea. · 

( 
·,) 

The channel dOell not set the ucw op-and
flag byte to zero for an available ucw,' 
ltecauae it ia already zero. 

. .· ._ 
• Executed· to determine the status of a particular channel. 

· • Seta a condition-code in the PSW. 

-J 

• The condition-code set indicates the status of the addressed 
channel. 

11te teat-channel camaand determines .;tie 
status of a particular channel. It 18 

· e•cuted only With the CPU in the monitor 
state and baa no effect on the channel. 
The teat-Channel camaand set& a condition- · 
code in the PSW that indicates the current 
atau of the addreaaies\ channel. 

'!he teat-channel operation begins like a 
at.art-I/OJ however~ when the addressed 
channel;, ~· selected. a microprograa branch 

~··"-·' 

) 
I 

. :,. 

. ' 

occurs. to the t~~t-channel routine. In· 
this rout.ine the Channel .is checked for a 
busy status. or an·,interrlipt qondition, and 
a conditiori code i• set. · 

condition codes for the teat-channel 
instruction are: 

Code o - Channel available. 
code 1 - Interrupt condition in 

channel, 

.. 
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MPX ERRORS 

• The MPX channel c:ett-present four types of 
1. Channel-control check (CCC) 
2. Interface-control check (ICC) 
3. Memory-protection check (MPC) 

4. Program check (PC) 

• Error routine: 
and ICC errors. 

,.., 

frrors to the CPU: .... 

Form Y24-3362-2 
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ERROR HANDLING 

, .. ·:.,,,. 

The 
1. 
2. 
3. 

Logs the error for CCC 
Clears the interface 
Gets a csw stored with the error information 

When an error occurs that is chargeable to 
the MPX channel, the. channel makes every 
attempt' to disconnect the I/O ~evice from 
the interface and store either a partial 
csw or a full csw. In some cases an . error 
oc::curs before a unit becomes connected to 
the interface. In othis case, the•cha~ 
must merely store the csw. The time at 
which • csw is s~ored depends on when the 
error occurs. In some cases the csw is 
stored by the MPX error routine, but in 
other cases the MPX error rO\ltine creates a 
condition that makes the I/O device ini
tiate an interiupt, which is handled in a 
no~l aanner. · · 

. 2. 

in the L-register ·whenever a program, 
or interface control check occurs. It · 
indicates wher~ the error occurred Cat · 
.what microprogram wordl. · 

The MPX error routine must also 109 the 
error' when a channel-control or interface 
central check occurs. The MPX log area ,.s 
bytes• 129, 130, 1,31 of main storage 

. Cbexadecillil l addresses 81, 8 2, and 8 3 > .. 

Byte 130: Byte 130 is the indic4tor 
byte. The four high-order bits serve 
as a counter of the nwnbe~ of errors 
logged by the MPX error routine. It is 
updat,ed each time an err0r is 'logged. 
Bit 4 is turned on by the first error. 
It indicates that at,least one error 
has occurred. /When the MPX en;or rou
tine stores the catalog nuinber in byte 
129, it turns bit 5 on. When bit 5 is 
off the contents of the machine check' 
reg,ister is in byte 129. Bits 6 and 7 
together inform you of when op-in 
~comes inactive. When an erro.r occurs 
when op-in is down, the MPX error rou
tine sets both bits 6 a.rid 7 off. When 
op-in falls only after 'the MPX error• 
routines executes a halt I/O sequence, 
the error routine'sets bit 6 off and 7 
on. If op-in falls only after a 
selective reset by the MPX error 
routine, the error routine sets bit 6 
on bit 7 off •. When op-in-4oesn't fall 
after all efforts of the MPX.error~ 
routine to discopnect the I/O deyfce, 
the error routine sets both bit,8 6 aDd 
7 on. 

-, 

The MPX error· routine stores the following 
inforilation in the log ~ocations. 

1. Byte lqcation 129 :- The MPX 'trror rou
tine loads. byte 129 with either the . · 
contents of the 11Bchine.check register 
O~ the ~tents _of rhe L-register Which . 
iS·the catalog ntabfr. The.contents of 
the llliichine-chec!l· register e~er byte 
129 when the MPX error routine is 
entered fr~ the <ma.chine -check trap_ 
h:hannel-control checks>. The contents 
of the .L-register · h::atalog nUJntM!r> 
enler ~e 129 on ihterface control 
checks. -. The catalog number is formed 

. ' 

3. 

AIO 

-Byte 131: Whenever the MPX ~ror rou
tine 109~ an error it stores the 
•ddress of t\@< I/O control unit and 
device in byt!e location 131. 

! . 

c ..... 
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ERIORS WHICH AR£ NOi' PROGRAM CHECJ<S 

• These errors are: , 
1. Channel-control checks 
2. Interface-control checks 
3. Protection checks 

• Sor 
1.· 
2. 

these erroo the MPX' error routine: 
Logs the error (no logout on piotection checks). 
Clears .the -int~rface when possible a.nd. ci::~~~· an 
rupt. .;:1 

;.nter-

Channel-control checks, interface control 
checks and protection checks are all ·han
dled in a similar manner by the MPX error 
routine. The basic difference between 
these three checks is their cause. 

CflANNEL CONTROL CHECXS: When the MPX error 
r·outine is entered from the machine check 
trap a channel control check has. occurred. 
These are the same type of errprs detect::'t!d 
by the CPQ for CPU errqrs t>Qt when the H-6 
latch' is on, the'MC trap branches to the 
MP'x error routine. . A channel control-check 
cause& the contents of the machine check 
register and not the catalog QUIDber to be 
stored at byte 129 C81>. 

MPX E~O~ ROUTINE 

.. ~ .' 

i-
) L' 

t~ ~:' 

• .).I) 
Stores the unit address at byte 131<83) .. 

··, ·:· . ~ 

INTERFACE CONTROL CHECKS: These errors are 
detected by microprogramming only. An 
interface control check indicates an inval
id response, slow response or no response 
from an I/O device to a tag-out signal. A 
catalog number is stored at byte 129 C,81> 
fer interface control check. · 

PROTECTIPN CHECKS: These etrors indicate 
that an •ddres15 outside" of the .protect key 
area has entered, the MC-registtt:r. These 
errors are detected .by error cll_ecking cir
cuits only and cause a catalog number of 
1111 1111 to be stored at byte .129 <.,81>'. 

• Stores the L-register contents at byt~ 129<81>. This is 
either a catalog n!llllber or the· contents of the machine-check 
<MC> register •. 

• 
.. 

Updates the high-order of the indicator byte, byte 130<82> • 
e ! . r 

. ' . ' 
• Sets .. bit 14. of ~e indicator .qyte on.~/ 

• .t. . I i 1, : . 
Sets bit 5 of 'the indicator l:;lyte ,on f the catalog number is 
stored at byte 129 C81). ; ·• ·~ 

• 
.. l ,,.: •• :--i.. ,' ' "'l 

• • 
• 

Attempts to clear the i~erfacel r Ki 
Either' stores the csw channel and unit status or creates an 
interrupt.· 

Aft~ logqinq'bytes 131, and 129; ~ MPX 
error routine sets up th_e L and s register 
to log byte 130 (bit• o-s>.~ Before dojng 
so, hO!irever, the Error r~utine attempts to 
clear the interface. · 

; If .. op-~. is down t.o begin with. ~he MPx' 
error ~e sets both bit.a 6 and 1 of the 
izidicatqr.6yte OFF. otbe~ise the error 
routine.eitecutes the balt.'I/O interface 
'sequence hact.ivates address~out>. If op-in 
fall8fjls a r-.ult of this, the error ro~-·. 
tine 1Htt.s indicator byte bit 6,off and bit. 

a ~ . . 

3 .... 1- ;· 
·J, 

.. 

7 on. if op-in dt>es•not. fall, the. error 
routine acti<yates suppress-put and deacti
vates o~outi (sel-ective reset.>. .ff, Olt"in 
falls as ' result of this, the error t'8u
tine sets indicator byte bit .6 on and· bit 7 .• · 
Off. If op-in still doesn't fdl the eu\jr 
routµie sets indicator byte bit 6 and .bit ,7 

0 both on~ ' . •. . 

· ·, When the inte"rface is OK <op-in •r down· 
to begin ·vi th or fell as . a result of t.be • 
halt t/o sequence> and: the MPX operations 
lat.ch is on, t.be error .routine stpres t.)19. 

. . . . ~ 

1 .•f 
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error condition in the UCW status byte from 
the u-register, and sets the ucw op-and
flag byte skip, output arid active bits on. 
This causes the channeL to respond to the 
next service-in associated with the ucw, ; 
with command out: This means stop and 
causes the I/O device to present status, 
initiating an interrupt. After storing the 
utw op-and~tl...!9 b..}'1 te the error toutine 

· branches to tlie -normal CPU re21tore routine. 

The error routine is initiated when op
in does not fall in response to the Halt 
I/O interface sequence. This routine 
determines whether the error occurred 
·'during execution of the first ccw. If so, 

· 'unit status alone is stored in the csw. 

When op-in does not fall in response to 
the halt I/O interface sequence and the 
error occurs on the second or later CCW, 
the error routine tests the interrupt 
buffer. If the IB is full the error 
routine branches the CPU back to the 
machine check trap. rf •:~-e IB is .not 
full, the error routin- ;;;~ores the I/O 
~evice address in the IB, sets the IB 

.,. status byte to 00010000 (Busy), and turns 
on the MPX interrupt latch. When this is 
accomplished the error routine sets the 
tJCW status byte with the error code and 
sets t~e ucw op-and-flag byte skip, active 
and output bits on'. 

LOGOUT PROCEDURES: Information to the CE 
and programmer,'about,errors that occur 
withl:n the channel, is provided by a logout 

• of error orien~ed data. The logout area 
fJ;>i: the multiplexor channel is main storage 
bytes 12.8, 129, and 130 (hexadecimal Bl., 
82, 83). Interface and cllannel control 
<!hecks are the only errors that cause 
logout. 

In addition to error li><Jout, the 
controls of the system t&Jte steps necessary 
to set up information to be-stored in the 
.csw, through immediate or interrupt means. 
They also attempt to free the interface of 
an offendin9 unit (force op-in down). If 
the interface is not free, an interface 
clisco.q.nect is attempted to remove the unit. 
If this does not work, a' selective reset 
fs giv~n. When this fails .. no further 
~tiort: 'is taken and manual intervention 
i~ ne~s~ary. 

Folldliing logout and interface reset, an 
attempt is-- made to store a CSW immediately 
:j.f the error 'is during, .Cart I/O interrupt 
or a programmed test-I/O. If this is 
po,ssible, regular processing is resumed. 

Form Y24-3362-2 
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Some situations exist in handling 
interface and 9hannel control checks making 
it.impossible to guarantee notification of 

, the error through the CSW storage mechanism. 
I This unqueueabl«! interrupt situation forces 

a CPU machine·· check trap. · 

On an intermittent error, detecting a 
machine check causes a hardware forced 
microprogram trap to the machine check 
control program. This routine determines 
wpich ~ystem element was using t)ie data 
flow at the time .the error occurred. 
Control passes from this routine to the 
error microprogram for the system element 
indicated (CPU, multiplexor, or selector 
channel). Error traps are not allowed for 
the time necessary to clear error conditions 
a~d perform the logout. The machine check 
register is recorded as soon as possible 
irl the routine, and the}first-error latch I 

•is set on. Any errors detected from this 
~ime until the error routine is completed, 
a-top the system. At the end of the error 
routine, the first-error latch is reset. 
Microprogram recovery, with a reasonable 
amount of information supplied concerning 
the nature and extent of the malfunction, 
is possible if the time between errors· is ..f 
more than the length of time for t.he error 
routine. 

# 

For more information on machine checking 
and error logging, refer to Chapter 2·in 
the FE Maintenance Manual, form 225-3390. 

CHANNEL CONI'ROL CHECKS (FIGURE 3-18): Any 
nachine check trae. identified as a channel 
error is a channe!~control check. A chan
nel control check causes the contents of 
the nachine check r99ister to be stored at 
byte 129 (hexadecimal 81). _This is the only 
source of channel control check errors in the 
m'liltiplex channel~ These.errors use the Salle 
checking circuits· as the CPU hardware, but 
when the B-6 latch is on, the machine check 
trap branches to the multiplexor check rou
tine. This check routine takes the following 
action: 

1. An interlock latch aeta to prevent 
' further traps until the lli~roproqr .. 
progresses far enough to be useful. 

2. The'B-register inclicator latches are f 
inspected to det.erlline if the error 
occurred under CPO, selector channel, 
or, ault.iplexor ~nnel control. 

l. A branch is then ta~ to furtber ban
. dle these con~iona. 

\ 

.. 
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Multiplexor 

Store Apparent Unit 
Address And MC or Cat. 
No. In Logout Area 

MPX Channel Interface 
Disconnect If Required 

Store Logout Indicator 
Bits 

Machine Check Detected 
In Hardware 

CPU Routine 

Short CSW s'rare Set 
Condition Code To 1 

Re tum To I Cycles 

•Figure 3-18. Channel Control Check 

• 

Selector . 

Selector Channel Routine 

No Yes 

11'\terface Was Selecti119 
Reset With MPX Latch On 

Set UCW .Status To CCC 

Set UCW Status To CCC 
Set MPX lntertlipt latch 
On 

Set Up For Stap Of Unit 
On Next Interface ,, 
Response .. 

ROS Restore To 
Interrupted progr.;;;y. 

_Al3 

• 

No 

Interface Reset OK )I 
MPX Shore With ,,j>x 
Op Latch On 

Unque.-ble lnterrc-• 
Condition 

E;,ter CPU MochiN 
.Check Trap Routine 

·.·~ 

' 
! 
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If machine check traps are not allowed CPSW 
Bit 13 • O> no trap will occur even though 
one of the machine<'Check latches is set on, 
and operation will continue. 

IH'l'ERFACE COH'l'ROL .CHECKS (FIGURE 
3-19>: These errors are detected by micro
progralllllling only and are caused by an 
excessive time lapse in an expec1:ed·int:er-

MPX Channel Oetech 
ICC 

Store Apparent Unit 
Addr- And WC. or Cot. 
No • In Logout Area 

MPX Channel lnterfoce 
Disconnect If Required 

Store Logout Indicator Bih 

No 

Short CSW Store Set 
CondJtion Code to 1 

Return to I Cycles ., 

Yes 

Interface Was Selective 
Reset With MPX Latch On 

Set UCW Status to ICC' 

Form Y24-3362-2 
PES Y24-0S10 

face signalling sequence. These sequence 
timeouts are microprogram count loops, 
approximately 128 or 256 control cycles 

-nmg. The timeouts check for excessive 
delay in interface response. Each data 
sequence <service-in, service-out> is timed 
out to approximately 30 seconds. Thia long 
delay time allows for, tape gaps that can 
exist as a result of tape prograaning. 

Set UCW Status To ICC 

Set MPX Interrupt Latch 
On 

Set Up Far Stop al Unit 
On Next Interface 

~-

Unqueueable lntem.~t 
Condition 

Set "A• tt.gister Check 
In Machine Check Register 

Restore ROS From Backup 
RO SAR 

~'-, 

C0ntin1M. "J~terrupted 
Program 

Interface Reset OK In 
MPX Share With MPX 
Latch On 

., 

•Figure ·3-19. Interface Control Chet.ck 

; ..... 
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·Inte~ace control checks are stored in 
the csw fo'°nied at the end of a start I/O ~ ..•. 
execute cycle, or.as a result of an I/O 

· interrupt~ \A cataloq number is stored at 
f byte 129 (hexadecimal Bl) for interface 
con;z:ol checks., 

MPX Protection Check 

PRQTECTION CHECKS (FIGURE 3-20): A 
protection check occurs when the key 
assiqned to a subchannel does not match the 
protection key assicpled to a section of 
main storaqe into which data is to be 
stored. A protection check ends the 
operation on the subchannel, stores the CSW 
channel status, and sets the protection 
check.bit. If the error is detected before 
c~letion of the start I/O instruction, .; I. the cs~ is •short. stored• (status only) . and. 
condttion code l is set. If the error is 
detected after completion of the start I/O 
instruction, an I/O interrupt is taken and 
the CSW is stored. The csw unit status has 
no m~aninq in this instance. 

MPX Chonnel Interface 
Disconnect If Required 

Short CSW Store Set 
Condition Code To I 

Return To I Cycles 

St~ Type of Error in 
UCW.Sta!us 

Set Up for Stop of Unit 
On Next Interface · 
Respo..e 

Reator:e'ROs from Bockup 
RGSAR 

l 

. • Fi~ure 3-20. Protection 'Check • 

PROGRAM CHECKS 

• Program·checks are caused by: 
1. Invalid CAW 
2. Invalid' ccw 
3. Memory wrap 

Program checks are detected by micropro;rallllling an4 by error 
checki1,.19 circuits t · • 

• The MPX error routine does not log program check errors • 

Program checks (Figure 3-21> are not logged 
by the. MPX error routine and for the moat 
part the iiit.erface is already clear. Twd 
types of. program checks require the MPX · 

error ·routine stores the chilnnel atatua in· 
the csw,· sets condition code 1 and returna 
the CPO to I-cycles~ 

.e· 

-... • .e 

-

I 
e·.· 
" ,'•.-;; 

. error ..ro~tine tp clear the interface, 
inYitlid addre*8 or memory wrap during MPX 
chAnnel Operations. Zn these two causes 

, the error routine tries to clear the inter
:· face •• · for ,channel control, interface 

control and_~,rot~ct. checks,, and gets a csw 
stored in ta, same way. . . . 

If a prograa check occun.during .,,_and 
. chAining , the MPX eqor routine ezecu,t:ea a . . ~. · 
. teat.-1/0 sequence wi,t.b. tfie· I/O !1e9ice '-...... • 

involved and. issues a COlllMnd ·out when the --.....,. · 

When other progra• c~b occur during 
initial set-up of an ·I/O~instruction, the 

3-52 (6/69) • • 
• 

device -activa,tea ata\ua-in. -Thia all°"8 
the device to initiate an intUrupt. ' . 
Besides this the error r~tin• sets .tbe ucw 
status witb the progra• check bit, and aeta 
~e tX:W op and flag bi ta 3, 5, · and 6 on. 

AIS ,. 
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Oet~ted • 
Program Check 

'· 
.• Form YU-3362-2 

FES Y24-0S10 

Start 1/0 Doto Chain 

Stare CS# Chonne I 
Status (Program Check) 

Stare Catalog Na •. af 
Error Exit in CSW Unit 
Status 

Set Condition Code l 

'. -

Go ta Next. 
· CPU Instruction 

t_ 

Load 18 with 
Unit Address 

Place Catalog Number 
in 18 Status ( Nan-41tro) · 

~ Load UCW Statj,js ;Byte, -
· Prograri\ Check, and Set 

S3,S4,= 11 

57=1 

~ · Retum To 
ROS Reslore 

•Figure 3-21~ Program Chee~ 

, 

' 

;}' 

. t. 

Send Terminate 1/0 
Command ta -Unit 

When Unit Returns Stot115, 
Queue Status at Unit 

·. 
Load UCW Stat"' Byte 

Set UCW Adive Bi·t On. 
Stop Unit On Request For 
Data Service 

'Al6 .. 
} 

S7=G 

Store Program Ch!!ck 
Bit In UCW Status 

Set.UCW Op and Flag 
Bi it To Stop Unit On 
Next Service Request , 

Retum To Dato 
. Loop Branch 

Return to I Cydes 

Section 
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SECTION 4. SELECTOR CHANNELS 

ti 

COMPREHENSIVE INTRODUCTION 

• 
• 

IBM 2030 may-have a maximum of 2 selector channels • 

Selector 'channel~ take one memory cyJle Ci2. O microseconds 
M2, 1. 5 microse.conds M2-I> of cpp ti~e to ,handle each byte 
Of l/O data. 1" 

Ead1'selector channel has associatediregisters that conta,in . 
.I/O operating information, such as: 1 

: 

• 

L count 
2. Data Address ,...._ 
3. Command 
4. Flags 
5. Channel status 
6. Protect Key 

• '\.Pr.iority assignment, with all channel.s requesting service, 
"guarantees: 

L 
2. ' 
3. 

:telector channel 1, 501' of the time. 
Selector channel 2, 251' of the time. 
Multiplexor channel, 251' of the time. 

NOTE: Model M2 has a 2.0 microsecond memory cycle and Model 
M2-I has a 1.5 microsecond memory cycle. 

The IBM 2030 may have up to two selector 
Ghannels. A selector channel is a high
speed. channel that takes one memcry cycle 
of CPU time to hattfile each byt~ pf data and 
does not disturb the' contents of the CPU 
registers. It contain$ registers that hold 

·the Channel Cornman~ Word cccw> for the 
entire data tra6sfer portion'of an I/O -
operation. The:seiectot channel also 
contains. a c.le>ck to -prov;ide timing during a 
selector sha~e ~ycle. · 

Figure 4-1 sqows the general data flow 
of a selector chan11el. When the selector 
channel is.,addressed by a start I/O com
mand, its regist.,~rs are ·loaded with the 
operating inforn;Jtion of the ccw, under -
microprogram coiJtrol. A~tel a selector 

. channel has 'lnithlly se-'iected the correct 
I/O control unit, also under microprogram 
contro_l,, it waits fQ-.r a serviC'e-in from .. 
that cifhtrol unit ·whil~the:CPU is pU>cess-

. ing Other information. 'When the selector 
, channel receive~;a service-.,..t'tl from the 
. control unit• alj;ervice-:out is re~urn~d 
~ ill'.mediately if.: f · 

1. on an 6~tput operation i the GR reg.is't.er 
is f\liilcand a. data byte, can be sei,t. 

~ .- ~ 

On an''input operat_i.®'*-the GR register 
is empty and ready to re~eive data. 

If ,a service-in is received While GR is 
ell\pty for an output operation of'-full for 
an input. operation; the·selecto~ channel: 

. . 
/ 

- 1. Waits for the present stora11e cycle to 
be completed. .. 

2. Assumes control of core stora:'ge.' 
3. Handles the data. 
4. Updates the count and data address. 
5. Responds with a service· out. -
6.' Return~ storage control .to the CPU 

~rl9rity assign'ment for st~rage cycl~ . 
or ROS cycles <multiplexor chanqel> is such 

,that selector channel 1 has priority fifty 
percent of the time; selector channel 2 nas' 
priority twenty-five of the time: and. the ··Alli 
multiplexor channel has priority twenty- · · 
five· percent of 'the time. This r?riority 
takes effect ~ly when all three channels 
are requesting ~a~ cycles at the same 
time. An~±me- a channel dQeS not use a 
cycle, the cycle may be used by the other 
channels according to ~heir priori\:.ies. · 
Any cycles not .used b~ the I/O chaAnels are_ 
utilized by the CPU. · , '<!(. _ 

When' any channel requ~sts a-s~orage . 
'-.,,.cycle, it has prior.ity over tlte ~P. and • 
~ 11 be honored as soon as--ih~ -~~ finahes 
the cu·rrent cycle. , Selector share cycl.'es, ', 
.which a.r;e . .storage cysl es, can inte.rrupt a . 
multiplexor channel th~t<, _is_ using ROS _f 
cycles to· ~ndle data. .Once a, storage' 
cycle nas been star;ted) other request,s will 
not be honored untfl the storage cycle is .. · 
complete. · 

All regis.ters associated with selector 
channel 1 are identified bi a prefbf G. 

Section 4 -. 4-1 
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All rec;risters associated solely with selec
tor channel 2 are identified.bf a prefix H. 
For example, the GR rec;rister is the deta 

•, ·reqister of selector channel 1, and the HR 
rt:qtster is the data register !Or selector 
Channel 2. A single micro proqr!llm is use.d 
for;both selector channels. The micro 
program always uses the G prefix. The 
controls are qated to selector channel l if 

· SX-·l qat.e is on,. and to· selecto.~ channel 2 
· if sx-2 9itce is on•. ,. 
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Because Select'or 1ill!'h~111tl l and IU•l•("tOf 
channel 2 •re identlc•l in Op!!'t•t.ion,' 

'except for tht' regi•t•r u.•t!'d, u,_. fol l•JwitHJ 
description• •re for ••h•ct.or ch•ntt•l l. 
Appl)' t.he descriptibrw t<> ••lfl"C'\Of ctaan•l 
2 by mentally insertiri9 • (Jref I.a H. ""'••r• 
there is prefix G in the de-acrtptiOfl. 
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Tags In] 
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• 
• 
• 

• 

controls out-bound t~ lin·es • 

Controls the gating of information to out-bound bus lines • 

Sets under microprogram control during .tnit.ial· selection 
s·equence; a~1d under hardware control dur·inq_ data hand'ling 
sequence. 

Sets out-._l'-9\lhd ~~.1q response to iri-bound tag line.""'· 

The GA register is~ four-position register 
that conllrcbls ·t.ht' out-bound tdg 1-ines and 
the out-bound bqi;; linen. Tta.•se' latches 
turn on qnder microprogram control or in 

•response to an in-lJOUtl<ftaq line, or combi
nations of both. 

field. The C[> field must ne GA='I< (Gate CK 
field bjts to c;A register> wher,e the value 
of the CK field may be.from ·O to 15 with pr 
without the parity bit. 

"" ' 

The micr(\pnxiram turnn on the c;A req
inter latche~.l urkfer control of t.hP c:; 

F'i:Jlire 4-2 shows th:~ou~ GA register 
latches and the conditions tha~ turn them 
on. . . 

LATCH NAME AND PURPOSE 

8u1··out control; 901~ 1he GO 
~ \ l'eQi,ster1 lo Bui.-out. 

- . ......,. .. .__.,..1~·~--..-1·--···--- _, 

AiliJ;;,. Oul; 1ui1e the 
odd •. ,.. ... out ton l,i nft • 

i' 
,.-.t' Q .. 

' ---i»·· 

Service Out; raise the 
lfttvice-·out toy line. 

.__......,,-~--" __ ,,_ __ . _________ _ 
· Fiq1,1n1 4-2. GA _Regiut.er 

... 
4-4' 

TURN ON CONDITIONS 

l. Gote K to GA, and Pl, 
CK Sol 0 bit. 

2. Output opeia~ior, GR ful I, 
ond service"t-in opd not ser .. 
v ic". out. 

RESETS 

I. Not Htrvice-in, not, stotus
in, and not oddreu..:.out . 

2. Gate "K to GA, and Pl and 
CPU Tl . 

3. Machine reset. 
-- ......... ,. ___ .................. _. _______ .. ____ ---· -·-------·-----------i 

Gote K lo GA, and Pl, CK Sol 
bit, ond CPU T2 pul.e, 

l . Gate K to GA, and )>·1, CK 
Sol 2 bit nnd CPU T2 puloe. 

2. Servicf.1-in, status stop con
dition, and not check otop 

1. Gote K to GA, and Pl, CPU 
Tl, Md not halt 1/0. · 

2. f:-lot poll-control, not Op-in, 
and' not Holl 1/0. 

3, Op-in, 1elect-out, and not 
Holt 1/0. 

4. Machine reset,· 

1 • Gate K to G'A, · and Pl, and 
CPU Tl. 

2. Not oddr•u-in, not 1ervic9'
in, and not status-in. 

3. Machine reset. 
-·•"·"···-···--·--··-·-+-·--------------------1 

1. Gote K to GA, and Pl, CK 
Sol 3 bit, 

2. Channel-end olone and 
command cholnl~. 

3. Service 1ignal and Mt ,.t 
bu1·ln to GR • 

802 

1 • Gate K la GA, and Pl, ond 
CPU fl. 

2. Not addre11- In, .not .. r~ice
in, and not stotu$-in. 

3 • Moch lne reset • 

I 
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GB CONTROLS 

• 

• 

\ 
Turnei on under microprogram control • 

CS field is GB = K • 

" • 
The GB controls aFe _16 general-purpose· 
controls which pioviiae a variety of func
t,.i.ons \in the selector channel. 

\ 
The microprogram turns on the GB con

trols unqer control of the CS field. The 
CS field must be GB = I<, where K i's e·qui
valent ·to the value of the CK field. The 
value of the CK field IK) can be 0 to 15, 

with or without the parity. bit (p) ~. The 
P-2,it is used ·as an additional control bit. 
The CK field,· when used for. these controls, 
can be odd or even parity since this fieid 
is not individually parity checked. 

,. CK FIELD 
•s GB NAME DECODE* 

'-,. 

o. · Set Program Check KO 

I. SX2 Selection Kl*(O or 1) 

2. Operational-Out Reset K2 

3. Reset PC I K3 

4. Set Selector Interrupt K4 

5. Set Channel Control Check K5 

6. Set GR to Zero K6 

7. Not Used K7 •' 

-8. Count Ready-Not Zero KS 

9. Channe I Reset K9°(0 or 1) 

10. Suppress-Out K 10*40 or 1) 

11. " Poll Control Kl 1 

12. Reset Sel~ct-Ou..,,". K12 

13. 
, 

Set Chonnel Busy K13 

.14. Set Ha It 1/0 Latch , K14 

15. Set Interface Control K15 " Check 
;,' . ,, 

*(O or 1) Refers to the CK Field Parity Bit. 

·Figure 4- 3 shows the GB controls and the 
purpose of each. 

REASON 

Zero Count Except for T(C, Memory Wrap, Three low 
Order Flog Bits Not Zero, Firit CCW is o TIC, Two 
JIC's in Succession, CCW Not on Word Boundaries, 
or Invalid Command • 

.. 

0 = SXl, 1 = SX2 :- ~ ' 

A Machine Check Trap when H-Register 5 
Latch i~ On Indicates Hardware Failure 

• during selector channel c:haini,.;i or inte""' 
rupt routine. 

:~ 

{ 

: 
.. -_ 

0 =Reset Everything.Except Poll Control. 
1 = Reset Everything lncludrng Poll Control • 

0 =Reset, 1 =Set 

0 =Reset, 1 =Set 

Address Mismatch, No Reiponse, Time Out, 
Unit Busy on Chaini,.;i. 

...... 
' 

1Fiqure 4-3• f. GB Controls 
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GC AND GD ff!!GI~ 
I 

• Both are nine•position registers. 

• They keep a count of the data transf~rs. 

• They are initialy-. set to the value of the ·ccw count • 

• They are decremented every selector channel 1 share cycle. 
' 

• They al~s set from the GU and GV registers. 
)'._ 

These nine-position registers <See Figure 
4-1) maintain a count of data transfers •. 
during the I/O oper;:ation on selector chan
nel 1. The GC register maintains a high
order count, while the GD register 
maintains the le>W-order count. 

The Gt and GD registers set to the Value 
of the ccw count during the ccw loading 
sequence. They actually set from the value 
of the GU and GV registers,· through which 
the count must pass before entering the GC 
and GD registers. · 

GE REGISTER (CHANNEL STATUS) 

During selector share-read cycles 
<data-transfer cycles between main storage 
and Selector·· channel>, the GC and GD 
registers contents are gated into the modi
fLer, modified minus one. then set into the 
GU and GV registe,rs 

During Tl time of selector share write 
cycles, this modified count is transferred 
from the GUV registers to the GCD reg
isters. 

• Set by error conditions during channel operation. 

• Reads out under microprogram control. 

• Controls premature~ending of l/O operations when errors are 
detected. 

' The GE register contains six.latches which 
are set by error conditlons which occur 
when loading the channel with.the ccw, or 
by error conditions during a qhannel opera
tion. 

1. InCJirrect length 

2. Program check 

3. Protection check 

4. Channel data check 

5. Channel control check 

GF REGISTER_(FLAG REGISTER) 

• Five-position register • 

6. intetface control check. 

Program controlled interrupt CPCI> is 
inserted on the GE~ bus from the GF reg-' 
is.ter. 

The GE register and the PCI flag bit is 
read out on the GE bus to the GJ assembler 
when channel status is being stored in the 
csw. The latches in the GE register· detect 
errors associated with channel operation 
and provide premature ending of I/O opera..: 
tions as required, when errors are detect
ed. 

Set when the cs field of a microprogram instruction is GF = GR 
._ ... 

• 

• Set with ccw flag information • 

e. 

'"9 
·v.e 

I 
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This five-position register· <see Fiqure 
4-1> sets with the ccw flaq information 
durinq the c.cw loadinq sequence under 
micr~program control. Tpe five flag bits 
are: 

1. Chained data CCD), bit 0. 
2. Chained conunand CCC), bit 1. 

3. Suppress lenqth indication CSLI>; 
bit 2. 

GG (CQMMAND> REGISTER 

4. Skip, bit 3. 

5. Program control interruption CPCI>, 
bit 4. 

The flag byte of the CCW enters the GF 
register when the CS field of a micropro- y·· 

gram instruction is GF = GR. 

• Set under microprogram control, cs is GG = GR. 

• ·Four latches will set to the four low order bits· qf the ccw 
command code. 

• The four latches .are decoded into 9ontrol lines: 

1. Read backward. 
2. Input. 

3. Output. 

Tbis four-position register sets with the 
four low-order bits on the ccw conunand code 
which specified the conunands: · ,,,... 

It sets under microprogram control; the 
cs field of the microprogram instruction is 
GG = GR.· 

;'-._ l'. Read 
2. Write 

The output of the GG register latches is 
decoded to' furnish control signafs: 3. sense 

1'; Read backward. 
.2. Input. 4. Control 

5. Read 'backward 3. Output. 

GH CONTROLS 

• ,Turned on under microprogram control. 

•· cs field is GH=K. 

General purpose controls used for diagnostic microp~rams, 
and .for various channel micro-program controls. ; 

• 

GH=K provides 16 possible controls (GK 
field equals O throug}i ls> used for diag
nost.ic purposes and ;or micro program con
trol of the channel~ s e Fi<}Ure 4-4. The' 
GH controls are additional general-purpose 
controls similar to·the GB controls. 

FRAME 
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GH NAME 

0 SXl•SX2 Machine Reset 
' 

I• Set Diagnostic Made and 
Tag Control 

2 Reset Diagnostic Tag Control 

~ 
REASON 

Used by diagnostics only 

Used by diagnostics only 

U_ied by diagnostics only 

,.,. .. 

,.:··· 
l 

. " 

4 
. ~· 

Used to Switch Microprogrqm Control Channel ~h I { . to Other Channel 

7 Set Chain Detect Used During a PCI Interrupt ,,. 
II ~ Set Count ReOdy-Zero Uied by Diagnostics Only . 

, 
12 Set Select-Out 

_J_ 

13 ·.Chain Reset Used to Reset Various Latches and Set 
. 

Poll Control When Starting a Chain 
~at ion 

Note: 3,5,6,8, 9, 10, 14 and 15 Bits No.t U,:1ecf. 
·.1 

Figure 4-4. GB eontrol• 

GI BUS 

• . Nine bus lines. 

• connects bus-in to the GR register 

• ·connects bus-in to the channel.,qpn~i circuits. 
"'rft ~ . ... ~;; 

The GI bus is a set Of nine lines connec't
ing· bus-in to, the ~ register and the 
pa~~l;-~trol circuits, ~try to the GR 
register la unde~ ·miQropr.ogram control (CS_ 
field iii GR•GI>, ·or in the· case of data .. · • 
transfer, under ha:r:dware cont.rol. Entr~es 
to the channel control circuits are ANDed 

GJ BUS 

w1 th the statua-i\... line t.o prov id~ control · 
unit and.device status for the channel. 

A . p&ri ty check is mad.e. on bus-in to 
determintt. if address and status information 
from the \ti:ol ·unit Jlas valid parity. 

• A nine-position bus that provides accesa ~o the A-register .• , 
' • '1 • . ' . 

• Information ia put on the bus under microprogram control. 

' / · The GJ bus is a nin~poaltion bus ?Cei Ving 
infor•tion from both ..aelector-cb<nnel 1 
and selector-channel 2. It prov.idea an 
sdditional access to the A-register for 
information from the selector cbanne~a. 

4-8 
/ 

All information ia placed on. the GJ bus 
" under microprogram· control, as specified by• 

the CK field in the microword which n•• 
GJ as th4\1 ._reqiat~ source. 

i 

''\_. 
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• GJ ASSEMBLER (SELECTOR CHANNEL l) 

• A'nine-position a•sembler accepting inputs from the follow
ing sources under microprogram control: 

Ge.register 

GD t:e~ister 

>GE" bus 

GK register 

GO register <diagnostic) 

Channel tags <diagnostic> 

channel controls !diagnostic) 
\ 

• 'Provides an input to the GJ bus for information transferred 
b~tween selector channel l and the A-re;Jister. 

~b 

\ The GJ !lssembler is a nine-position gate to 
~fie G.it bus for the following information 

Cspee!i.fied by the CK field> when the micro
program names GJ as the A-register source: 

~ 

Kl is GJ - GC 

K2 'is GJ = GD 
'}·' 

' .,K3 is GJ GK 

. 

.. 
GK REGISTER (MEMORY PROTECT KEY) 

• Set by microprogram: CS is GK 

• Loaded ~rom CA~ (Loe 48 hex>. , 
GR • 

/" _____ 

K4 is GJ = GE 

K6 is GJ = Controls C diagnostic) 

K7 is GJ = Tags (diagnostic) 

KB is GJ = GO <diagnostic) 

The output Of the GJ assembler <the GJ bus) provides one of the inputs to the 
A-register 

"' 

• Output compared against the storage key read odt. when it is 
addressed by the data-address during a selector-share input 

' c:i:ycle. · 

The GK register is a five-position memory
protect register. It is set under 
microprogram control from the GR register, 
when the CS field of a microprogram . 
instruction is GK = GR. 

The memory-protect register (GK) is 
optional .on the IBM 2030. When the memory
prot~ct feature is installed on the 2030, 

. '-...... . 

. I. ' ' 

selector channel 1 will contain the GK 
register. The output of the GK register 
compares to the storage key of main storage 
that is addressed by the data address. · 
during a selector-share-input cycle. If 
the keys are not equal , · and the protect key 
IGK) is not zero, the l6cation in memory is 
not changed, and a protection-check is 
indicated in the subsequent I/O interrupt. 

Section 4 4-9 
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GO REGISTER \ 
• A nine-position r~gister used as a buffer register fo9 bus

out information. 

• Inpµt to GO register is from GR register • 

• Frees GR for other operations during information transfer on• 
bus-out. 

• S~ts during address-out, command-out, or service-out • 

The GO register is a nine-position register 
Used to supplement tne GR register during 
information transfers on bus-out. 
Normal'ly, any information in the GR reg
ister feeds through the GO register latches 
to the bus-out control gate, however, when 
the address~out, canmand-out, or service
out tag is ra~sed by the selector channel, 
the information contained in the GR 
register is latched up in the GO register. 
This releases the GR reg.yiter tor other 
selector-channel operations for the time 
period required to send a command, an 

GR REGISTER (DATA REGISTER) 

• Nine-position register. 

address, or a data byte to an I/O control: 
unit or device and receive a reply. ,During 
output data cycles, when service-out latch
es up the data byte in the GO register, a . 
share-request is generated to pre-fetch thEti. 
next data byte from storage and place it in' 
the GR register thus enabling'faster chan- : 
nel data rates. Similarly, during data ' 
chaining, while the last qata byte is'.held 
in the GO register, the GR register is_.Used 
to read out the chained CCW and load it · 
into the channel. 

. " 

•. Intermediate storage for inf-0rmation transferred between 
selector channel 1 and main storag·e. 

• May be Set by: 

1. Main storage output. 

2. Microprogram: 

3. Bus-in information. 

The GR register (See Figure 4-1> is a n,ine- ' 1; 
position register that is similar to the 
R-register. It is intermediate storage for: 
all information transferred between · 
seleptor channel 1 and main storage. 

2. 
Like the R-register, the GR-register 

latches may be turned on by several condi-
tions: 3. 

-
4-10 

Whenever main storage is addressed and 
GR is specified, or d~ing Selector 
Channel data cycles. 

~rom the I/O interf~e bus-in lines. 

By microprogram, set GR to zero. 

·\ 
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GR, G.lh,_AND GT BUSES 
• 

• Three buses for address, status, error, arid control informa
tion to the A-register.,· 

• GR bus: interface address and status • 

• GS bus·: . status and control condi tipns. , 
• GT bus: in-bound tags and control information • .., 

The GR, GS, and GI' buses provide a· function 
similar to the GJ bus, whereby the micro
program is used to test for information 
concerning the interface and-the selector 
channels. Figure 11-5 sh6ws. several ~es 

7-'entries to the A-register from 
bu re under micro~rogram control. 

I ~" 

and the functions provided. L'-J 
Direct Input to A Regiit,,,r _, • 

( 
Bit GS Bus GT Bus .. 
p None. None 

0 GR Full Select In . 
·-. 

I Choin Detect Service-in Not Service-Out 

2 Not L!~d Poll Control or Holt 1/0 Stop 

3 Interrupt Condition Channel Busy ~ 

4 CD Address In 

5 I =Chnl I, O=chnl 2 Stotus In 

6 Not Used 
' SX I Interrupt Lotch 

7 Chain Request Op-In 

Input to GJ Assembler 

-~ 
Bit GE Bus Diagnostic Controls Bus Diagnostic Togs Bus 
p None None None 

'· ·-b PCI I Count Ready, Not Zero Input ' . 
''c 

I Incorrect i::.ngth SLI Flag Suppress, Out 1r• 
ti··. .. 2 Program Check Output SX I ROS Req';'est 

3 Pr;otecti0n Check . Count Ready, Zero .Address Out _,, 
--4 -Chonne_I Dina Check Klot Used Command Out 

5 Channel Control Check 
·~ 

~;jf:C Flag Service Out i;;,-;, 
.:~'"t 6 Interface Control Check Read Bac.kword Bus-Out Control 

' . 
7 Not Used Skip Fl~g Operat-ional Out 

·~· 

(~ 

. 

' 

. I 

.t· 
I 

. . 

these 
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• 
• Both are nine-position registers • 

• They maintain the data address. 

These registers hold the address during 
selector channel 1 operations. GU contains 
'the high-order address and GV the low 
order. A count also enters these reg
i.s:ters, momentarily, during the initial 
loading of the ccw into th.e channel reg-· 
isters, and duririg selector- share cycles, 
after it is decreme.11ted by the modifier. 

The GU and ·<lV ·register latches are set 
from the output of the modifier. During 

GW, GX REGISTERS 

selector share cycle\i !data transfer 
between the selector ,.channel and main 
storage> the GU and V register contents 
enter: the MN· r ister to address main stor
age. During the write port,ion of the 
selector-share .cycle, the' contents of MN is 
modified and set into the GU and GV reg-
isters. · 

• Two registers combined to serve as a back-up ROAR to store 
contents of wx registers during a s e~kt or-channel ROS 
request. I 

• Stares location of last m~roprogram word addressed. 
~7 • c 

• Used during cc chaining, ·CD chaining, or selector- channel 
interrupts. · · 

The GW an~~ .. contain fifteen 
latches (combined) and are u~ed as tempora
ry storage for the ROS atldress in the WX 
:registers. when the selector channel makes 
a request for ROS .control and breaks into 
the CPU niiproprogram routine, the location 
of the las't microprogram word addressed is 
put into the GWX registers. When the 
selector-channel operation requiring ROS is 
completed, the contents of GWX are returned 
to the WX reg'i~ters Uflder microprog:ram . 
control !gate GWX to WX). The CPU prog.ram 
now starts at the location !address> where 
the interruption occurred. . · 

A. selector'channel R6s request is ini
tiated when: 

'· 

4-12 

1. 

i. 

The cc <command chaining> flag bit is 
on and the end of present operation ha.s · 
been reached with no errors .or unus,ual 
conditions. 

The CD !data chaining> flag bit is on 
and the count has gone to zero for the 
present operation,. and no errors have 
been detected in the ch~nnel. 

:/'~ .. . . ' r-· 3. A S'ei-eCtor:-cha. nnel interrupt 
'occurs. . .. • . · · 

: i These are the only times when· the GWX 
T registers ar.e used as the back-up ROAR. 

• 
BIO 
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MODIFIER. 

• 
1 Modifies tl, -1, or O. · 

• count .always modifies -1 during the read portion of a 
selector-share cycle •. 

• ·Modification is. always O on initial loading of the ccw 

• The modifier output parity is determined independently from 
the modifier data output providing a. check on modifier oper
ation. .. It may modify. the data address +1 or -1 during the write 
portion of a selector-share cycle (+1 for a read operation, 
.-1 for a read-backward operation>. 

Information' sent thro1,1gh t.he modifier is 
modified +1, -1, or O. The modifier is 
shared by J:x>th selector channels <see Fig
ure 4-1>. It receives information from.: 

1. The Ge and GD register~; selector chan-
. nel '.1 <count>. · · · 

2. The HC and HD registers; 
nel 2 <count> 

I 
I 

selector chan-
1 

! • 

3. Ttie MN register; both selector <::hannels 
<data address> • 

4. The GR register; selector channel 1 
. <loading of the CCW). 

5. The HR :>X"egister; selector channel 2 
<loading of the ccw. 

r.iuring initial loading of the ¢cw into 
selector.!.channel 1, the moc;lifieJ; accepts 
information from the G.R register and pro
vides an unmodified o~put to the GU and GV 
registers. · 

During selectorJ.sha1\e read cycles, the 
modif;[er receives the. c~unt and· modifies it· 
by ...:1. . This . output ihen • enters the GU and 
GV registers~ -

FIGIJRE 

order is the GHP input. ·The low-order 
output is GHZ, and the high-order is GHY. 

Note that the modifier output' parity 
9i ts are developed independent of the 
results of the data modification. Similar
ly, the high order carry-in is developed 
independent of the results of the low order 
modification. This provides a means of 
checking the modifier and also reduces the 
time required for results to' propagate 
through the modifier. 

Exclusive OR's ci>ntrol the modifiel • 
outputs (GHY and GHZ r. A GHY or GHZ bM111 
on when the exclusive-OR output is minus. 
This occurs when the input~ are both of the 
same level (bOth plus or both minus>. See 
Figure 4-6. 

The carry-in line of th~· low-order ~i-. 
f ier · ci.tcui t becomes pl us Whenever either 
+1 or -l•modification is required. The 
tiigh-order carry-in line becomes plus When 
there is a carry from the law order of the 
modifier'; t,he GHQ <low-order> input has all. 
8 bits on for a +1 modification and all 
bits off for a -1 .modification. 

Each bit has an AND-OR-Inverter <Aon 
associated with it. This AOI mat furnish a 
carry to the next succeeding position. A· 
carry is indicated ·by a minus from the 
AOI's for the·odd bits, and by a plus from 
the AOI's for the even bits. · 

An exclusive-OR'S output will be minus 
when its input is either: 

1. . ~HQ = 1 and no carry entry. ' 
'· 

..,2. GHQ = o. and a carry tltntry. 

'' 
" 
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Circuit O.bjectives 
ti 

Assume a read ~and and a 
cycle with. a count of seven 
registers. ' 

1. Turn on -1 :modification 
Se!ector Read cycle 

·,._:: 

selector.:; read 
in the.Ge - GD 

~A 
2. Activate reverse GHQ Parity 

Mod-1 
GHQ 7-6it 

1 .• 

8. 

Condition GHZ 6-bit. 
No car~y from bit 7 <GHQ 7-bit 

wi th-1 mod prevents a carry> 
·GHQ 6-bit . , 

Condition GHZ 5-bit. 
No carry from bit 6 
GHQ 5 bit 

GHZ bits 4, 3, 2, 1, and Q are not 
conditioned. 

No carry 
No GHQ 4, 3, 2, 1, or o'bits 

3. Generate GHZ Parity 
Reverse GffQ Parity 
Not GHQ P-bit e 4. "Generate GHQ carry-in. ... 

'· GHY bits 0 through 7 are not condi-

.e 
e 
e 

M6d-1 tioned 

5.. Decondition GHZ 7-bit. No 

~ 
GHQ ca:c:,ry-out 

"k Carry..,..J:n 
<:fHQ 7"'bit 

NO GHP .bits· o 
• 

CLOCK (SELECTOR CHANNEL) 

• 

• 

Four latches advanced in sequence by a 2 megacycle oscilla
te1r (M2) or a 2.667 megacycle oscillator (M2-I>. 

Latch outputs provide basic clock pulse3 Pl, P2, P3, and P4. 

• Basic pulses ANDed to ~urnish selector timings Tl, T2, T3, 
and T4. 

through 7 

< ·.-J • 

.~ 

I 
'9. 

.~ 

;~~ ;~;;~~:;~~:~:;;;;~~;~:;:~l;~~write c~~::~~~!s r:;~ t~:•=!~:~~:"t~~~es ~/ •. 
stage latch ring (Figure' 4-7. >. A 2 . shown in Figure 4-8. Note that an overlap· · 

e 

) 
\ 

megacycle oscillator (M2) or a 2.667 me.ijl- of the P-pulses is necessary to satisfy the 
cycle oscillator (M2-I> supplies the ini)'ut AND con.pitions whieh develop the T-pulses'" 
pulses to the ring. This is .the same ( F·igure 4- 7) • 
oscillator that drives the CPU clock. • The 
clock latch o~tputs· are ftl.tr 500 nanosecond 
(M2 >, or 375 nanosecond ( M2-n, ha.sic puls
es designated selector Pl, P2, P3, and P4. 
These four pulses are then ANDed together 
to provide the four 250 nanosecond (M2) or· 
187. 5 nanose·cond ( M2-I > timing pulses 
designated selector Tl, T2, T3, and T4. 
'.l'hese 'r~pulses are used to time all selec
tor channel read/write operations. 

The selector clock :tUns only dufing 
, selector read/write cycles. At this time 

the CPU clock is stopped long. ~nougp to 
complete the information transferi;dto or 
from the selector channels. A$ the comple
tion of selector read/Write cycles,} the CPU 
clock is restarted. 

· The selector clock is started noi;mally ·~ . The four latches comprisi~ the clock by an SXl-or SX2- share-request (Figyre 
----ring. are coupled so that clQ<:k-:1. on, gates 4-9). The share request, (not> allow-

on cl_ock-2 and gates off clkJ<-4 Csee Fig- write, and T~ pulse turn on the selector. 
ure 4-7>. Clock-2 on, gates on.clock 3 and share-cycle latch. With this latch on, the 
gates off clock L · When clock-4 comes-on,-.-+-cSeleetor-share-hold-J.a~ned on 
it gates clock•! on and,clock-3 off. Ea.ch stopping the CPU clock and starting the 
latch, in conjunction with the oscillator selector clock. The selector clock runs 
pulses,, turn~· on and off in sequence. · This for two cycles <r.ead and write> cand stops 
sequence is repeated until the cleck is if there are n<> other share-requests. The 
stopped. · ' •· _,. s.elector clock contin.ues to run if another 
· sttare-req\lest is r~ei v:ed' before the end of 

T3' time of th~ selector. write cycle. 
·.---~-: .. _-;-·: .':~ .·.-·',' ·-,~-~~i. ;.;or-~~\"-:.).~.'-.·.·:·._·,,-~ ··-.·~.;.. .. _._'_"_, _._.; -· ~.. . ~:·r;_., ~ 
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Selector Shore Hold Latch 
'A (No!l_ Se I P3 Lo'tch .___ 

dock I -·-L Sel P4 Latch ' ,,, -
(Not) O.layed Osc 

i.._:_ 

- - FL---

'oR Machine ~let 

,{Not) O.layed 01c 

'A r--
;,,:-·· 

C._ 
'"} 

~' '" 

O.layed 01c ~ Clock 2 
(Not) Sel P4 Latch . 

'-:- ~--FL---

~ 
Machine Reset ., 

01c ,-,---
A I':--·, ·-

c._ . 
.. 

' ' 
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1,, 

Clock 3 (l'IOt) Sel Pl Latch 

(Not), O.layed 01i: 

.._ 
---FL.:. __ 

'oR"" Machlrie Reset 

·(Not) O.lay'ild Osc ' 
'A ~ ... 
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, __ Osc 
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.. 

I .____ 

Piqure 4-7. Selector Clock 
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Sel Pl 
'A' 

. Sel P4 
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Sel Pl 
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Sel P3 
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Selector ReacV\Yrl19 Cycle 
...,_ ___ I Clock CyC. -"1-- I Clodc Cycle 1 

.. , .. -' '. 
' ~-. 

-·---.:_·. 
_1'. 

P3, P4 

Note 'l - 500 ns Mod 2, 375 ns· Mod 2 I 

e · Note,2 - 2So ns Mod 2, 187 .S ns Mod 2 I 

.Figure ·4-e: Selector Clock.Timings . . . 

.. , '1.' 

_CPU R-Cycle } cruw-c~cle I Sel R-Cycle l Sel W-Cycle ' l CPU R-Cycle . 

Tl ..1 T2_J_ T3.J 'ril Tl]n_t TJL 14} Tl J_ T2__t T3_l_ T4J Tl.J.12j_ T3_j_ TAJT(1 T2J. T3J T4 

• 0 

u;.. Name 

I CPU°Clock e . 
2 Allow Write• Latch (CPU) ] . l 1 J J 

e '3 SX I Shore Request I l l 
• 

• " SX I S.hore Cycle l,arch -
"r------.~----------fl S ; Se lec11>r Shore. Hold J.atch 

e ~-" I.. 
; 
\ e· . 7« · SXI Read Cycle Latch 

•· 8 SX I t/W Contro I Li.tch ., ' . 
T 

9 SXI Wrlfe Cycle ,Latch SI ·~I 
1 ". 

, .• _ 
Selector Clock Start. and Stop sequence· 

• 
t~· 

. ;.' 
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THEORY OF OPERATION 

START I/Oi COMMANDS TO CONTROL UNITS.:.. •' 

• A selector cl1annel star-t ~/O instruction has five phases: 

1. Read and load_ the channel address word <CAW) • 

2. Selects a channel.· 

3. Loads the ccw into channel registers and selects an I/O 
control unit and device. 

4. Executes the ccw command. 

5. End the operation. 

During I- CY'¢les oi a start I/O instriiction, 
the cbntrol) unit and device' address· enter 
the V..;.regifter. ;fhe channel address enters 
the a-register. , Becau~e this is a . 
description of S'&lec.tor chann.el 1 start I/O 
operation,' the contents of the a-register 
is 00000001. 

A selecto.r channel start I/O instruction 
is initialized under .iUc;;roprogram control. · 
When the 2030 ret;ogni"z'es .an instruction as ' 
a start !/O inst~ction during I-cycles, it· 
branche.s .the ~lcroprogram to the I/O rou
tine. This rout'infreads qpt the. CAW and 
then branches to th~ selec;tior channel . 
microprogram ~tj.utine, whi;dhrfreads the CCW 
out of core stdrage andlQads it· into sel-

1, ector. channel registera .• ·, This microprogram 
,·coutj.ne also controlJI th~, initia,l .select-ion 

· REAt<,AND WAO CHANNEL ADDRESS WORD (CAW) 
" 

sequence of a control. unit and devibe. 
After compl~ting the· initicil, se.lection 
sequence, the microprogram retu?"ns to !
cycles Bf the .n.ext inst?"Uction, :while the 
selector channel, the selected control 
unit, and de.vice execute the. ccw command 

·overlapp!!d with CPU processing. Whenever . 
the control unit requires service• from the 
channel,. it raises service-in. Thi! channel 
stops tne CPU clock, honors the r~est for 
service using its own clock and re~isters, 
and restarts the CPU clock. 1'1-

When the channel has transferred a 
complete record between the ~BM 2030 and an 
I/O.device, the control unit presents end
_ing status to the channel. This· generates 
an IIO' ~r;iterrupt un1eas the ccw specifies 
command c;:haining. 

The same microp:z;ogram routine reads out the CAW for multi
plexor and· se~ector channel operations. 

Chec'k for ~aj tor state. • 
• Check validity of ccw address. 

l 

• Place. ccw a!1dress in IJ .register • ( .. _store_ ~Aw memory proeect key in GK register • ..-.. 

The· CAW is one word located in ina'in 
sitorage at location 72 (48Hex>. It reads 
out of storage under microprogram control. 
This microprogram is co111111o'n to mltiplexor 
cpannel operatie?ns and selector-channel ' 

· ol;>erations. Besides ·reading out the CAW; . 
this routine also tests the ·current PSW to 
be sure the ~030 is in mon\tpr state. This 
is necessary because a start I/Q inst;ruC- . 
tion is P9-yileged and must be issued OJ\lY 
in monitor state. 

4-18 

The microprogram routine reads out the 
current Psw·monitor 6'it from' 1oca"l. .i;;,toraqe. 
If the 2030 ia ·not in monitor· state, the . · 
microprogram branches t() an error routine. : 

The microprogram now' stores the corit'~nts . 
of. the instruction i;ounter (IJ register>. in . 
local storage and places the address Of CAW 
byte 4 < "J;I Hex> in the -T-r~9ister. , When a 
start IIO instruction i:s being executed.t.l . 
the instruction counter has previouiH'y_Aeen 

~ ' . ' ,• . : ' /' 
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stored by tne Execute .hmtruction. When ; 
'metno~.Js addresse. d from the T:..register, i , 
the· row order of the ccw address r.eads 04-t 
o.f st·orage ·and into the .J-iegister and is · 
checkecj to·11ee that the ccw is on a doubJ\e 
word boundary (3 10w-order bits are 0). ·., 
The T•register decrements by orie each cyc'·1e 
and reads out. the remainder of the CAW. 
Byte 3 enters the· I-register. In the IBM 
2030, byte 2 is checked for all bits zero 
becaus.e.storage size does not permit 

... ' 

' ,CHANNEL SELECTION 

• Test for valid channel address. 

· • Turn on selector channel 1 gate. 

"'- • ·· Turn on poll control. 

• · Store unit addre.ss in local _storage. 

• Store next CCW addres.s in local storage. 

• set protect-key in .. GK register. 

This phase of the ~elector-channei 
microprogram determines which selector
channel regist~rs to.load by examining the 
channel address in the hree low order. bits 
of the u-iegister; If this address is not 
valid for the IBM..,203 , the microprogram 
sets the current ~SW ondition code to 
three and returns t I-cycles. If the 
channel address is alid, the microprogram 
turns on a select -channel gate. This is 
a description of elector-channel 1 start 
I/O operation: t erefore, ~ 
selector-channel-1 CSXl> gate· is turned on 
brthe statement GB=Kl,O ... With sx1 gate 

·on, any·.subsequent micro-word_s affecting 
selector cl\annels will be directed to. 
selector channel 1. This al-lows selector · 

. channel 1 registers- IG prefix> to be loaded 
PY; the· riiicroprogram. 

The microprogram now tests the GT .lines 
~ to determine if the addressed channel is 

busy. If it is busy, the microprog~m sets 
the current PS.W condition 'COde to· tw6 and 
returns to I-cycles. 

\ ' 

Assuming the· channel ·address is "valid 
and the addressed channel is not busy, the 

· microprogram attempts to capture polling, 
. that ·is; not to honor any request-in sig-
9als. If poiling is not captured w~thin 
768 microseconds (M2) .or 576 microseconds 
CM2-I), a time-out error occurs. Poll · 
control cannot be turned on 1f there is a 
select-out or an operati~nal-in. . After 

addresses great.er 
low order bi ts of 
byte> are checked 

than ~ytes.. . The . four 
byte;1 !memory "rotect 
for zero bits. ·' 

When the cAW read out is complete, the 
microprogram reads out the ccmunand byte. of 
the ccw and branches to eithe~·the 
selector-channel fetch-ccw microprogram 
routine or the multiplexor-channel fetch~ 
ccw microprogram routine. 

-

setting on poll control, the microprogram . 
stores the v-register <unit address> in 
local storage .forllat~r use in a CollUlland 
chaining and setting the interrupt code of 
I/O PSW. When selector-channel. 1 is the' 
addressed channel, this local storage pos.i
tion is addressed by the stateillent K5CPU. 
It is K21CPU for selector channel 2. ' 

The microprogram also stores the addres$ 
of the next ccw in local storag~ for later 
use in conunand or data chaining and csw 
store. The statements for storing this ' 
address in selector-channel 1, loc;:al storage 
is K6CPU and K7CPU. They ,are K22CPU 41nd 
K23CPU ~or selector-channel 2 • 

~. 

. If a. 20 30 has the memory-protect feature 
:the storage-protection, yy of the CA~ is •· 
stored in the· GK register•' When any ccw in 
t;he start I/O chain. is an input' ccw, the 
storage prottfction key (GK) is compared .. 
with the storage key that".is. read out with 
each data storage cycle. lf they are not 
equal and the ~protect ~ey is not 
zero, the location in storage\is not 
changed, and a protection-check is indicat
ed in the ~ubsequent I/O ~nt,errupt. 

NOTE: The !Ricroprogram aocuments specify 
lOcations KS, 'K6, and K7. ; If SX2 
gate is on, the cont::;~omat,-
icaUy address locat 1<21, 1<22, 
and K23. · 
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lNI~ SELE't:TION AND CCW LOAD 

• · Check for a valid TIC on ~·TIC connand I if the f ifs~ CCW is 
a TIC, a program check occurs>. 

• Check for a vaHd command (not zero> • 
'· .,._, ... ,.-·· '·----:. 

• Check for a valid count: <not zero> • 

• Load the ccw count into the GCD registerlJ • .. 
• 

Check for a valid flag byte !three low order bits' zero> • 

Place the flag byte into the GF register • 
\, 

• Select the I/0 1control unit and device. • 

•• 
• 

Pl.ace the c0111111and 1nto the GG register • 

send command-out • 

• Load the da~a address into ~he GUV registers • 
• , 

This phase of the microprogram routine Wh~n tbe control unit raises 
·performs two major functions: operational-in, 'the address-out latch 

. ~resets, dropping address-out. The control 
• unit- waits for address-out to fall at its· 

1. Itloa.ds the ccw information in the input:, raises address-in, and. place_s _its 
channel registers. address anct the address of the selected 

device on bus-in. "when .t:he channel 
. ,. . receives address-in, the~microprogra11 p,lac-

2. It selects an I/O control unit ·and es the 6us-in informatiQJI into the GR-
device. :·----. register. The microprogram then compares 

.The ccw reads out of main storage into 
the GR register. The flag byte reads into 
the,GR register and then into the GF reg
ister.· The count reads out, enters the GR 
register and then the GUV registe~ momen-
tarily~ The microprogram pow re.ads out the 
unit address from local storage and places 
'it into the GR register~- The count in the 
GUV ·regi$ters enters thtio. GCD registers. At 
Pl time of the next·cyCle, bus-ou~ control 
ls raised gating the content,& of the GR 
regfster to the bus-out interface lines •. 
DUr1nq:this same cycle, the unit address is 
placed irito the' R-register f.or comparing · 
wi.th, the address from .. the devis::,e. At T2 
time 'of this cycle",_the addtesa~out -latch 
is tu med on. This sets the GO register . 
latches with the contents of the ~re'q
-ister. At .T2 ·time of 'the next microword, 
the select-out latch is turne4 on, raising 
the hold-out tag line. 

the R-register contents to the GR-J;eqister 
contents. If they do not match, an 
incorrect control unit or d.,_,ice bas been 
seleCted and a mismatch error occurs 
<interface-check latch is turned.on 0 
GB=IU5). . . . •· 

If there were J10 ~~rors, the,. CCII cc:mmnd 
byte now reads Oil\ of" storage into rt he • 
register an4-k~ gated to bus-out. . Also at 

·this time, tbe loll order four b1tf of the 
co111Dan·d byte are placed ihto the G; • 
register. 'nle microprogram then turns Oft 
the GA ·register comaand-out latch, rai.sing 
co1111Bnd-out. When the control unit resets 
address-in, the channel collllllnd-out latch 
is reset. Whi1e this is- taking place, the' 
microprogram places the data addr•• into 

•the GUV registers and testlf for status-in 
from the cqntrol unit. 

'\. While doi.DCJ this, the. micropr~r~ test$, '· Next, the microprogram tests.for zero ~ 
'the count to' insure that it is not zero, status and turns on the service-Ollt latc:ti1 
even on operations that do not require a raising service-out. If ·the et.at.us is 
datil transfer. It also check& the validity . ~re, the micro.program sets the count.
of . the·. ccw address (high order byte muat· be."'· . teady-not-zero latch and. the current PSW 
00) and tests the flag byte to insure tha"t condition code to Zel"O, and returns to ·, 

• - thi-. .. three l'7JW order bi ts are zero. . If • I-cyeles of the proble111 proqrUl while ibie · 
either the command is invalid, the count is selector channel executes the ccw cOllllllnd. 
not zero, the data-address is invalid, or 
the t~ree low order bi ts of the flag byt t:. " 1' 
are ·not zero,. the nricropro~am branches·. to 
an.:error routine <set j>fOCJram check~. 
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SELEc;j,TOR SHARE CYCLE 

•· 'stops_ the CPU clock and takes one sto{age cYcle. 

·•. ' controll'ed only by selector-c~nn. el __ clock,.a. nd reqhters; it 
does not involve a:ny microprogram r_outines~, . . •'.· <· 

• . Does .not disturb the contents of any CPO registers. 

;; 

A selector;.share cycle is 2 microseconds: 
<·M2> ¥ 1.5 microseconds (M2-I> lon9. It 
cpnsi9ts of a 1. O microsecond (MZ> or a • 75 
microsecond (M2-I) read cycle and write 

•. cycle. Ai selector-. sha:r·e cycle is 
i;ierformed under control ef the selector 
channel clock 'and registers with no micro

. f>rogramming i•volved. · 

Input- selector-Share c;ycle ' 

• ; 
Read, l_Read sclckward and Sense COlllltlands • 

·{ 

For input, a sete~tor share cycle is 
initiated· by the rise of'service:in, which 
signals the ,rrivd of a byte of' data. For 
output, a byte of· .. ta. ls pre-fetched from 
.storage -and 9lace4 ;into the GR register . · .. 
providing th~ count· is· i:eady and not zero, 
and the GR register is free to accept the 
data. · · 

' . ,\ 

• Control unit places information ?n bt,\s-in and raises 
service-in. 

"- <, 

• 
. .: ·! I , 

The information enters the GR-,register if the GR-regi's\er l.1s 
-not in use. 

After the information has entered the GR r,egiste.r, thf{;! 'el'.-. 
ector channel raises service-out. -._, ' 

.. 
•• The selector. channel stops th,e CPU clock and· starts · ~~- ~; 

l:telector clock at the end of the current lmicroword or1· if :ii 
storage cycle .is in process, at the end. of that read/write· 
or read/compute/write cycle. 

\ 
\ 

• se1Lor channel stores the input information,,. and updates 
the ~~:t and data address. . . :' 1,,: 

• selector channel stops selectord.ock and starts CPU clock. 

Figure 4-io. shO'fS the timii\9 se'quence o~ 
ln ·input selector'-share cycle. To follow 
this timing chart.., assume that the GR-full 
latch is off when service-in rises. This 
indicates that the info~mation on bus-in 

-may en1_i.er the GR register immediately. 

·The· rise o( .the serviqe'"in ~and not 
servi·ce-out line activates 'the · · 

·SXl..;sbare-reque.st l~ the set l;lus-i. n 
to GR pulse. litter/a delaY\ of US 
nanoseconds, tlli GR-full ~a ch turns on~ 
and sez:vice out is~sent to the I~O. deV,j_ce ~ 
to indi~ate that a byte o data lias been · 
accepted. The SX1- are-~equest; line 
remains on until a selec~r-sh~re-cycle is 
initiated. It is an in cation that the 
channel will assume, con ol of core storage 
at the end of the pr.es. e~ readlwr~te d~ , 
read/compute/write sequ\ce. • 

l . 
FIGURE 

•, 

-~ . 
At TJ t~!!lf! of the CPU., write or unmaJk~ · 

cycle fhe selector-share'"cycle latch tui;ns""· 
on ,providing posit! ve indicaUon that :the 
channel will assume, bont~ol of. core storage 
at the end' of the writ.,e cycle. At T4 ti~· 
of the same cycle, the se1ec:tor-:share-ho}..d 
latch turns qn. This latch:i;Jtops the CPU· 
clock at the.end.of T4 time and starts the 
Hlector · cloCk. " 

' With the selector-share-cyclli' lat«l?h on,, 
I the GUV. regist~rs ca.ta-address}<are ga~ed 
1 to the MN registers and at select«»; Tl.· ·• '· ~ 
i-U.me, t~is address is set into the.,.Ml\,,.l'eg-
l. isters.e· Al. so. at selec.to~. Tl .. ti .• , t .. hh~ .-.l .. '. 

, ·
1
. sx1-rea -cycle latch t\lrns oni;ind!catin;g 11 
sele~o read c;ycle,. ani- a se ec_tor read-. 

~ I call. is i 91\!nerated and sent to main $torage. 
· The: SXl i read cycle:. 9ates the· GCD regiaters· 

, <count> , to tlie GHP and· GHQ blses CinQdif.ter 
1

1

eht.pr>': · · 
"\<~, ., . 
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SIGNAL NAME 
CPU R-Cycle J CPU W-Cycle I Sel. R-Cycle 1 · Sel. W-Cycle 

nj T2J T3J r4] n} r2j T3j r4j nj r2 I r31 T4 Jn] r2] T3] T4] • . 
r:-17 I I I 

I Service-In- I I 

fi J 
_l _l 16 I 

2 Gate Bus-In tO GR I I ] ..1 . 
I I t 

1_06 •· 3 Set Bus-In to GR . . I I I .. • 

-· ~ 

e 
I l I 

4 SX I Shore Request . 'f I _.... 1 • i 16 ,,/ ... .. e '.Ji; 

..1 ..±:!. I i 

s Al low Write Latch . _[ I. l I. r 1" l 
' - I _l ~ : I 

6 GR Full latch r I ":".' 
I 

.11s 

~'~ 

·e 
" ·n1 I I I . 

7 Service Out _. ., I I " 
I :: e ::' 

I I 

j,,~1 8 &te GUV Into MN .l 91 J: ]16 

·_l '" -.,_' 
4j I l" l 14 9 Shore Cycle Latch 

/ --: 

I ' ; .l 

10 $elector Shore Hold Latch 91 I -,r. 19 
4r 

.I I I 

11 CPU Clock A 

1 .1 .. 
' I 7..1: 

12 ·Selee!tor Clock l : T 
' ! I 

13 SXl R-Cycle Latch 9+ 116. 
,--

I I 

e 

I 
+ 13_[ 113 •. 

14 GHP & GHQ c GCD (Count) 

I I 
I I 13n 15 .auv c GHY & GHZ I 

9, 
I I ..1 

16 SXl R/W Control Latch I I 11 I 118 

~.f I J I 
: .17 Count .Ready and Not Zero Latch I I l· I 

I I I ' iO 
18 SX 1 W-Cycle Lotch I I 16 r l 

-e 
I I . I i8 I- l 

19 G~ &GHQ MN J_ I l8r _l ..,,. 
I I I ~f ~ 

16h 20 GCD • GL!v (Count). I 
I 

"'"· I "T ·I I 
21 GUV ~ GHY & GHZ (Doto Ad~ress) j ,. 

l· l 18_0 
' 

e 
·\ ·e 

' I I I 
22 ,;Count~eody <ind ~ero l l J T7_0 ,---· ~- ---~ ., 

~·-'"?~-'"' ,. 
' ·e 

f. igUrt} }l.;-:'1 () • 

. ~~~. 
f Input Selector Share Cycle e 

".-•.'' 
.. .,, \. .e 

• " e 
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During the read cycle, the moaif ier 
subtracts one from the count and places 

_this modified count on.the GHY and GHZ 
buses. At T4 time of the selector read 
cycle this modified count is placed into 
the GUV registers. At the same· time, the 
decremented count is tested for a zero 
value. If ·it is zero, the 
count-ready-and-not-zero liitch is reset. 

At T3 time of the read cycle, the SXl 
tead-write'control;latch turns on. The 
purpose of this latch is to eliminate 
timing conditions during the transition 
from a selector read cycle to a selector 
write cycle. The'latch is reset at T3 time 
of, the write cycle. 

The AND condition of SXl read-wrttte 
control latch iiUld Tl time provides ,t;jle 

.reset for the SXl-read-cycle latch and the 
·set for. the SXl-write-cycle latch. This· 
condition also sets the contents of the GUV 
registers <modified count> into the GCD 
registers. 

The SXl-write-cycle latch, when on, 
ga.tes the con):ents of MN <data-address> to 
the GHP and GHQ buses, The modifier then 
updates the data-address either +1 or -1 
(-1 for a read-backward operation). At T4 

·time of'. the write \cycle, the modified data
a:ddress is set int\o the GUV registers. J.f 
at this time. the n'~w count is zero, the 
count-ready-zero latch is turned on. 

If service-in rises before the end of T3 
time of the write ~cle;·the ~elector
share-hold latch remains •on ~nd' fhe 
selector channel proceeds with another 
spare cycle. If service-in aoes not rise 
before the end of '1'3 time, the sel.ector
share-hold latch t:urns off at T4 time and 
the CPU clock restarts at t,he end of 
selector T4 time. : 

• 
··• Ciicuit Object~· 

t 

~- Initiate a selector-phare cycle~ 
a. . A c(!)ntrol unit raises service-in to 

indicate a request for service. 

b. 
. ~ 

Store bus-in information in GR reg
ister. 

( 1) Gene.r:ate the gate: bus- in to GR / 
line. Input, count ready and n6t 
zero, not poll control, and SXl R/W 
control. ,· 

(2) Generate the set bus-in to GR line 

<a> Service-in not ~ervice-out del-
• . ayed t 

2. 

Cb) Not Selector Channel 1 write 
cyc_le 

(c) GR-full latch off 

Cd> Input i:.. 

(e) Count ready not zero. 

(3) Place Bus-in information into GR 
re9ister. 

(a) Bus-in information ,, 

Cb>' Gate bus-in- t:o~GR . ' 

Cc> Set bus-in to GR 

c. Raise service-out 

ilt' < 1> Generate service signal 

.Ca> Set bus-in to -GR delayed 125 
nanoseconds. 

(2) Turn on GR-full latch ,., 

(a) Input 

Cb> Service si~nal 

(3) Turn on service.-out lc:ltcb. 

1 <~> service ~ignal 

Cb) ·(Not) set bus-in to GR 

f 

d. Generate selector channel 1 CSX 1) 
'Share request 

a. 

I 
Cl> Service-in not service-out, not 

Halt-I/O, and co~nt ready not zeroJ· .. · 
(This_. generates SXl share-request 
until GR-full.comes on and servic 
out is 'given). 

( 2) l;nput operation, GR full, and count 
ready not zero <This holds SXl 
share-request on after service out 
is given>. 

( 3 ) output OE>erati6n, GR not full, 
count ready .not zero. This holds ' 
~X·l share-reg on after service out 
is given). 

Request a selector-share cycle 

Stop CPU clock at the end of a write 
or Ul"lplasked cycle and st~rt the 
sele~or-share ·cycle. 

Cl> Turn on selector-share-C¥cle latcH 

<a> · SXl share request 
• 

Cb) Not selector channel 2 CSX2> 
share request or not SXl write 

·section. 4 ,· 4-23" 
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' c_. ycle <this is part of the~ prior
. '._. ity citrol. Assume the ltnes 

·.are n active> • '-

"Dlow- rite' latch off (turned off 
at CPU write T2 time>. 

Id> Selector,..share count-3 latch off 
or not H6 (part .of priority 
control> 

le> CPU T~ Sel T3, or not oscillator 
pulse· lip case CPU clock is off> 

,_ • c 

12) Turn on selector-share-hold latch 

<a> SeleCtor-share-cycle latch on 

Cb>' CPU T4, Sel T4, or osbillat9r 
pulse (in case CPU clock is, off). 

13) Turn off CPU clock 

<a> Selector-share-cycle latch <on> 
pulls down the clock-start line. 

Cb) CPU clock continues to the end of 
CPU T4 time then stops 

(4) Turn on selector channel clock 

<a> Selector-share-hold latch and not 
osc. pulse turns on Sel-Pl latch 

3. Execute selector.,.sb4re read cycle. 

a. Turn.on read-cycle latch 

. q.> SXl-share-cy~le latch on 

(2) Sel Tl Time 

(3) SXl-read/write (R/il) control lat¢.h 
off 

b. Address core storage 

Cl) Generate gate GUV to MN 

<a> Sele~or-share-cycle latch on 

(3) SXl-read/write 

Cb> SXl R/W control latch off 

Ci> G·enerate Set GUV to MN 

<a> Sele~tor Tl time 

., Cb> SXl R/W control off 

c. Decrement count 

Cl) Gate GC and GD registers to the GHP 
and GHQ bµses · <i 

<a> GC, GD register output 

4-24 

d. 

(b) Selector-1 read ctcle ·1atch on. 

Generate selector· read,- call 

Cl> SX1 R/W control ,latch off 

(2) SX2 R/W control latch off_:•~ 
,)f' . . < 3> Sel Tl time 

e. Generate selector auxiliary "r.ead call 

•. 

<1> SXl R/W control latch off·· 

<2> sx2 R/W1control 11,ltcti'"off .. .... 

( 3 > Sel T2 t,ime '·. 
\ _. '· 

~· Turn .on SXl R/W control lat~h 
/ 

· · (1 > SXl r.ead •cycle- latch on 

c2> se1 T3 time 

g. P.lace decrement~d count into GUV 
registers 

( 1 > GHY and GHZ buses ·(lliOdifier. output> 

<2> Selector read cycle 

<3 > se1 T4 time 
h. If Count is .dec;remented tQ zero turn 

off count rea~y and not ze?lt latch 

<1> sxi re~cycle 

<2> GHY.Z zero <count equals zero> 

(3 > Sel T4 time 

_.-,_ 

i. Turn on channel control Qheck latch 
if modifier parity check or carry-out · 
check is detected during the selector 
read cycle. 

j. 

11> SX1 modifier check 

<a> Modifier parity even, or mismatch 
between CHQ carry-out and GHZ 
carry-out 

Cb) Sel read cycle 

·Cc> Sel T4 time 

(2) Turn on channel control latch if 
even parity in M or N register 

<a> MN register parity check 

lb) T3 time of selector read cycle 

If a channel control check was 
detected, reset count ready and not 
zero latch !This latch normally stays 
on f@r the complete data trallSfer>. 

Co4 
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·k. Status· stop condition 

c 1> Channel control checK 

C2> Interface control check 

C3> Channel data check 

, e CS> Program check 

\''. ".a. Ex:::• .:·::~:i::i:;c::c~:tch 
(4) Protection check 

; 
: ii 

, Cl> SXl R/W control latch on 

<2> Sel Tl time 

b.. Place count into GCD registers 

Cl> Generate GC and GD sets 

<a> Sel Tl time 

Cb) SXl R/W control 

(2) Place count into GCD registers 

\ ( b) GUV QUtputs 

\ c •. Update data-address 
11 

\\

1 

Ca> GC and co sets 

<1> Gate MN register"to the GHP and GHQ 
buses 

e J-

e· 
.9· 

e. 
e 
e 
e 

Ca> MN register outputs 

< b) SXl write cycle 

d. Generate .!'!elector write-call 

Cl> SXl R/W control latch on 

C2> Sel Tl time 

e.. Generate auxiliary write-call 

(1) SXl R/W control latch on 

C 2) eel' T2 time 

.. 
cos 

.. 
f. Reset GR-full latch 

(1) Input 

(2) SXl write cycle '' 
f. 

(3) Sel T2 time ~· 

g. ' Turn on co~t ready and zero latch 

Cl> Count ready and not zero latch off 

ii> SXl write cycle 

C3~ Sel T4 time 

C4> Not status stop condition 

h. Reset selector-share-cycle latch 

Cl> Not sx-1 share rj!quest 

C2) Sel T3 time 

C3> Allow write latch off. 

i. Reset selector-shar~hold i'atch 
f\I 

· ( i.> Sel T4 time 

(2) Selector 1 share cycle latch off 

C3> Selector 2 share cycle latch off 

j. Place. updated data-~ddress. in GUV 
registers 

Cl> GHY and GHZ bus information 
<modifier output> 

(2) 'GU and GV Sets 

~(a) SXl write .cycle 

~b> Sel T4 time 

k> Stop selector clock and sta~t CPU 
clock 

(1) Selector-share-hold 1atch off 

<2> Clocks-start line up. 
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Output Selector-Share Cyc\e. 

e Write and control commands. 

• A share-r~quest is init.i'.ated by the GR-full __ latch off; 
information in the GR-register has been transmitt'ed to an 
I/O control unit. 

Selector channel initiate$ a selector-snare 
pletion of· i·nitial ::ielection. 

. . cycle upon com-

• Whert service-in rises: 

• 

• 

1. The bus-out canttol la.tch turns on to gate the ~0-
register to' bus-out. 

2. Service-out rises <after a delay of 125 ns>. 

3. Service-out latches up the GO register and frees GR for 
anQther bfte of data. 

! 
I 

4. GR-full latch turns off. 

When the GR-full latch ~s off: ,, 
1.. A selector share-rl!qu.est is g~nerated and the CPU clock 

stops. The selector .clock starts When the present CPU 
R/W or R/C/W sequence is complete. · 

2. Data address e~ers the MN ~~9ister,. and selector read 
call is sent to memory. 

3. Data fr<'>m memory enters GR register, and if service-out· 
is reset, the da·ta feeds from GR into the GO register. 

4 •. Modifier updates the count and data address. 

5. The selector clock stops and CPU clock starts. 

Figure 4-11 shows output selector-sha.re cycle timing • 

For output operations, the selector 
channel attempt.a to have a byte waiting in 
the GR and GO register~ <same byte in both 
registers> before a:control unit raises 4 
service-in calling for that byte. Because 
of this requirement to look ahead, the 
selector channel· initiates a selector-share 
cycle immediately following the initial 
selection of a control unit. 

out control lat~h ·which. gates the GO- ·D 
register informat·ion to bus-out. After a 
delay of 125.nanoseconds, the channel 
resets the GR-full latch and raises 
service-out. This i<Jentifies the informa
tion on bus-out as data <either record data 

When the selected control unit raises 
service-in, requesting a byte of 
information, the channel turns on the bus-

4-26 

'Or control data). Service-out also allows 
the GO-register latches to latch, holding ., · 
the data on bus-out until service-out 
falls. This .. allows the channel: to reset 
the GR-register and lo.ad it with new data 
while maintaining data on bus-out. 

FRAME 
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) 

I 

Initial Selection Selector Shore Cycle CPU Cy,cles CPU Cycles Sotlector Share Cycle CPU Cycles 

« ~GNAl.~AME CPU Cycles R-Cycle W-Cycle W-Cycle , R-Cycle C-Cycle W-Cycle R-Cycle _ W-Cycle 

Tl T2 T3 T4 Tl T2 T3 T4 Tl T2 T3 T4 T2 T3 T4 Tl T2 T3 T4 Tl T2 T3 T4 Tl T2 TJ T4 Tl T2 T3 T4 Tl T2 T3 T4 

.. ,, 
I 9 Allow Writ .. Latch 

2 Count-Ready-~t-Zero Latch 

3 SX l Shore Request 2 1'7 16 

" SX l Shore 'c ye le Latch 3 

5 Se leclor Shore Hold Latch 4 41 I # 

6 Gate GUV to MN 4 

,:_f 

7 SX l R-Cycl.e Latch 
, 

8 GCD to GHPQ (Modifier) 

9 GHYZ (Modifier) to GUV 
ti ' j 

'10 SX I R;W Control Latch 12 ! 
l 

..Ii I 11 Gate Detectors to GR JO 10 

... .t-

:I 12 SX I W-Cycle latch 
. ~,. I' 

! 

j 13 MN to Modifier 
l:·I 

14 GUV to GCD 

IS Store GR Latch 

16 GR-foil Lot~h ,. 

17 Service In 19 I. 
+--

18 Bus-Out Control Latch i7 I 

17 
I 

19 Service Out (GO Lotc,he1) ' 

'\ " 

.. ,, 

Figure 4-11. output selector share cycle 
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When t¥ GR-' full latch is off. and the 

count ready and not zero latch is on. it 
initiates a selector-share request. A 
selector share-request may al~o be initiat
ed by service-in 1,not service.: out, count • 
ready and not zet'o, and not.halt I/O. The 
GR-full latch turns off at· the same time 
the channel raises service-ou1": If.the 
GR-full latch -turns off before the end of 
Tl time of either a CPU write cycle. an 
unmasked cycle, or a selector-share write 
cycle, the selector-share cycle begins at 
the end of T4 time. 

A selector-share cycle consists of a one 
microsecond read cycle CR-cycle> and a one 
microsecond write cycle cw-~ycle>. For 
M2-Iy the read and write cycles are • 75 
micrt>seconds long. 

During the R-cycle, the data address 
enters the MN register, addressing re 
storage. The information in the c r -
storage position addressed enters th GR
register Cdoes not become stable until 
w-cycle>. Also during the R-cycle, the 
count enters the modifier, ls decremented 
by one. and enters the data-address 
registers CGUV). 

During the W:;..cycle, the co~nt enters the 
count registers CGCD> from the data-address 
registers while the data address enters the 

., modifier from the MN register. The data 
address is modified by plufi one. Also, 
during a selector-sha4e w-cycle, the GR 
information regenera~s the addressed core
storac)e position. At the end of t.he w
cycle t_he updated data-address enters the 
data-address registers CGUV>, from the 
modifier.. The 2030 returns to CPU ll:ycles, 

,at the end pf a selector-wr~te cycle unless 
either selector-channd l or 2 ha~ a 
request for service Hy the end of selector 

·write cycle Tl time. 

Circuit Objectives 

1. Load GR-register with the first"output 
byte. 

a. Sto~ CPU clock al')d start selector 
clock 

4-28 

Cl> Generate SXl share-request 

Ca> output operation 

Cb> GR-full latch off 

Cc> count-ready-not zero latch on 
<turned on by GB=Ke.1 of start 
I/O microprogram routine>. 

12) Turn on selector-1 share-cycle 
latch 

C08 

Ca> Allow write latch off <turns off 
at T2 time of a write cycle>. 

Cb> Not sx2 share-request, or not SXl 
write cycle 

Cc> CPU Tl time 

-- ( d) SXl share-request. 

C3 > Turn on selector-share-hold latch 

Cal Selector 1 share-cycle latch on 

Cb) CPU T4 time. 

14 l Stop CPU Clock 

Cal Selector-share-cycle latch on 
prevents the CPU clock from 
starting another' cycle. 

15) Start Selector Clock 

Ca) Selector-share-hold latch on. 

<bl Oscillator pulse. 

b.. Place data-address in MN-register._ 

Cl l Generate Gate-~_µv-to-MN Register 

Cal selector 1 share cycle latch on 

Cbl SXl R/W control latch off 

C2l Generate MN register set pulse 
If 

Ca> Sel Tl time 

Cb) SX-1 R/W ~ontrol latch off 

c.> Ex.cute .selector share read cycle. 
'!'• . 

Cl> i"utn on sx-1 R-cycle latch 

Cal sx-1 share ~ycle latch on. 

Cb> SX-1 R/W control latch off. 

Cc> serector Tl time. 

C 2 l Modify count by minus one. 

Cal Generate - 1 MOD GHPQ 

SXl read cycle 

Cb> Place count CGGD register> on GHP 
-·· and GHQ buses <modifier input> • 

GCD register output 

SX~l R-cycle latch on 

CJ) Turn on sx-1 R/W control- latch 

(a) sx-1 a-'cycle latch on ' 

( 

,.e .. .J 

~es 



e. 

• 

I 

(b) Selector T3 time. 

(4) Place storage data in GR register 

(a) Generate «;fate detectors to GR 
line. 

Output operation 

SX-1 R/W control latch o~, 

( b) Place storage data in GR reg.,-
ister. 

Storage data out 

Gate detectors to GR 

<Memory> data ready 

<5> Place count in GOV-registers. 

(a) •Generate set-GV and set-GU lines 

S~lector T4 time 

SXl read cycle 
• d. Execute selector share write cycle. 

11> Turn on SX-1 w-cycle latch. 

(a> sx-1 . R/W cont;;rol latch on 

<b> Selector'> Tl' i;,ime 

<2> Turn off SX-1 ~-cycle latch 

<a> Selector Tl time 

<b> sx-1 R/W control latch on 

(3) Place count (GUV registers> in GCD 
registers. 

<a> Generate GC and GD set lines. 

SX-1 R/W control latch on 

Selector Tl time 

(b) Place GOV-register in GCO reg
ister 

GUV-register output 

GC and GD set lines 

(4) Modify data address plus one 
<assume a write ccw>. 

<a> Generate + 1 Mod GJIPp line 

sxt write eye le 

Not ~Xl read backward 

C09 

(b) Place MN register on GHP and G~ 
buses <modifier input buses>.· 

MN register outputs 

SXl wri~e cycle 

<S> Regenerate core etorage. 

(a) Turn on store-GR latch 

SXl R/W control 

Sel Tl· time 

16> Place modifier output in. GUV~ 
register. 

<a> GHY and GHZ buses <modifier 
output> 

(b) Selector T4 time 

<c> sx-1 write cycle 

<7> Turn off R/W control latch 

<a> sx-·1 w-cycle latch on 

<b> Selector T3.time 

(8 > Turn off W/cycle latch .• 

<a> SX-1 R/W control latch off 

Cb> Not selector P3 time 

e. Stop selector clock and start CPU 
clock 

<1> Reset selector-share-hold latch 

<a> selector T4 time 

(b) 

(C) 

Selector. 1 share-cycle latch off 
<turned off at selector w-cycle 
T3 time. 

Selecto!2 share-cycle latch ott 

<2> Selector clock stops and CPU clock 
starts at the end of selector w
cycle T4 time. 

2. Honor a request for service. 

a. Service-in rises. 

b. Generate SXl share request 

(1) service-in not service-out 

12> count-ready-not-zero latch on 

13> Not halt I/O instruC:tion 

c.. Place GO-register contents on .bua
out. 
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d. 

Cl> Turn on bus-out control latch 

Ca> Halt uo· stop latch off 

Cb> Output operation 

Cc> GR-ful~ latch on 

{d) Ser; ice- in not ·service out 

Ce> Not SXl status stop condition. 

12> Place GO-register on bus-out. 

Ca> GO-register output 

Cb> Bus-out control latch on 

Raise service out. 

Cl) Generate service signal 
~ 

Ca> Bua-out control latch 
nanoseconds 

delayed 125 

~ 
(2) Turn on•service-out latch 

Channel Sbare Priority 

~> Not Set bus-in to GR 

Cb) Service s~gnal 

(3) Turn off GR-full latch 

; Ca> ()utp,ut oper;a tion 

< b). Service ·signal 
I 

(4 > Hold, SXl a.hare request line. 

Ca> GR-full latch off 

Cb> output operation 

Cc> count-ready-not zero latch on 

(S> Set ~O-regis~r latches 

Ca> Service-Out 

Note: The GR-register contents may 
no~ changed with no effect on 
bus-out. ' 

• Determines which channel can originate s sh~re cycle • 

• With all channels requesting service, priori,ty circuits 
allow: . ·' 

Selector channel 1, SOI of the time. 

Selector channel 2, 251 of 'the time. 

The multiplexor channel 251 of the time. 

The priority assignment of'. the channels 
is fixed by circuit des.ign and cannot be 
changed. Selector-channel 1 has the 
highest priority followed by selector
channel 2, then the multiplexor channel. 

I The pricfrity circuits are effective only 
when more than one channel requests service. 
With a11 1channels requesting service, 
selector~haqnel 1 assumes control and 
turns on the SXl share-cycle cycle latch 
(Figure 4-12). Selector-channel l is 
prevented from taking two share cycles if 
the SX2 share-request line is active. 

The counting circuit in Figure 4-12 
determines multiplexor channel priority. 

Mith all channels reque•Ung service, three 
selector-channel cycles may be taken before 
the multiplexor channel obtains priority., 

"·.1 In the. following example, selector-channel• 
1 and multiplexor channel request service · 
simultaneously. Note that a write cycle 
for either selecto.t:,,,_channel steps the 
counting •latches~ ~er to Figure. 4-12. 

4-30 (6/69) 

2. 

Counting latches (CNT l, 2, 3.) were reset " 
by CPU Tl pulse. 

Selector-channel 1 assumes.> i ty 
because the third counti ,,latch not 
active. This condition ates the 
turn-on of\the selector-channel 1 sha · 
cycle latch'~ · 

I. 
3, After three selector-channel Write 

. cycles, the •ctive output of the third 
counting latch combines wi'th multiplex,or 
share r.eq9est to degate the turn-on of 

'either s'1.ector-ch,,in"el share cycle 
latch. Multiplexor channel now has 
P,riOrity, • (-...._~ 

In all inst~~bes w ~"1,.e channel 
.reque•ts a storage cle, it has priority 

1over the CPU and , i! request is honored at 
t&e end of the CP write or unmasked cycle. 

cro 
~ FIGURE· FRAME 
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ccw ENDING P~OCEDURE 
·, 

• The ending procedure is init~4ted J:iy ending status presented 
by ·a.control unit.· 

' , 

• 'Ending stat~s may initiate a request for a new CCW or a 
request foi9an interrupt Ca new ccw if. command chaining> • 

. , -A control unit may present ending status to 
the channel: 

. \ . 

' 1 • . ~' ~. '' .. 

' 2. 

auring initial selection. ~ ' 

when the number of bytes spec by 
the ccw count have been trans or 
w~en the device cannot send or aqcept 
more data Cc~nnel-end sta~us>. ' 

3. · when an Il'O device has completed the · 
execution of a ccw, ·and is ready to 

_'accept a new C01111pand (.device-end 
status>. 

'" 
During initial selection, a control unit 
may present channel-end and device-end 
•tatus to the channel to indicate a connand 
that requires no ·data transfer. · 

A control unit presents channel-end 
,etatus to the channel when the num~r of 
bytes specif iet! by the ccw count have been 

, transferred, er when it cannot send or 
• accept any more data·. A control unit may 
· ;:~· .. also present device-end status at this 

time. Thia ia the case when the•I/O device 
"' :h in a poaiti,on to accept a new conmand. · 

,, ·i. ,'1Tape unite and file-control units are.,ood 
· ·.examples of I/O devices ~hat keep P.tce with 

· the d~ trapferred on. the. interface. 

. ,., " .~:'control .unit may present device-end · 
, ''•tatus to the channel when a selected 

· dei~.,ce Jl6aipletea the execution of a ccw a~ 
sqne time after the contz:ol unit has pre- , 

... , sented cn.nnel-end •tatus .to the channel. 
·. " rot exal!'ple, a--bUffered device in an output;, 

opera~ion presents channel-end status when 
• t)le data ~r~a.nsfer ia ,complete, operat• on 

t.tJ.• dat''"ift the ~ffer, and presents 
. . d(!Y ice- end•~o the channel when the ccw 

axecutipn ia ~omplete • 
.' ~~ ,. . ' 

,, 

., oi'"". 

. , ' 

"' 

·~. 

'<:!·,, 

4-32 (6/69) 

The _channels respond to .-.tatuS-in i~ ~ : 
different ways, depending·on wheth~r the 
colllllllnd-cha;ininq, bi<t. of the. ccw is on or 
off. If the ccw .ap,cifies command ~hain
ing, the ch~nnel initiates a request for 
the ROS chaining micrq,,program routine. 
Thia routine loads th\ next ccw into the 
channel registers and goes through 1an ini
tial: selection ·sequence-after. which the 
interrupted microprogta111 +s restar.ted at 
the point .where it was djscontinued; 

. ' '' fl • ·• 
~..:-.'{'· 

When the channel receiV,."ending status, 
and the CCW doeq not' specJJ;~ COlllll1itnd chain-
ing, the channel. act:iv~tes ~ · . 
interrupt-RQS-z:equest. '\i'J'his. cau~s a tJ,'ap 
to a selector-.:hannel mi~t9pr09raill which· 
tums on the sx-i intetWapt latch in the 
channel. It a~epta ''the device st.at'- 'if 
jhe channel-busy ~atch ia on, or stacks the 
status back to the control unit-if the. 
channel busy latch is• off. 'Naw., if the 
current PSW baa the f/O interrupt mask-bit 
for this channel aet'to one, the channel 
calls for an l/O interrupt. When tW CPU 

· honors this request for an interrqpt,: i't · 
stores·the current PSW (presently in,local 
storage)' in t.be old-I/O•PSW lo.cation, loads 
the Channel St•tQIJ Word (CSW). with the · 
required information, and loads. th.l\l ,PSW 
from· the I/O-new-PSW location in.to ~be 
current PSW.location in ~ocal storage • 

: When the channel recei~ea ending atatua, 
and the ·ecw apec,.t.fiea command chaining, the 
chan,n&l proceeds with the chaining only if 
no etrors !)ave been detected to thia point 
in ~be operation. If any.check latChes are 
on, ~e cbanpel generates . 
inten:ui;>t-.Ros-requeat aa described earlier~ 

Refer to.ccw Flag operations for a 
·description of command cbalni!'9· .. .. 
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I/O INTERRUPT 

• The selector channel initiates an interrupt when it receives 
ending status, and command chaining is not specified by the. 
ccw. 

• To initiate a'n interrupt, tJle selector channel must first. 
turn on its interrupt latch under microprogram control. It 
breaks into <traps> the microprogram to do this. <A micto
program address is fo·rced by hardware into the wx registers> 

' • At the end, of the current PSW E-phase, the CPU honors the 
selector-channel interrupt. 

• The I/O interrupt microprogram routine: 

1. stores the current PSW in the I/O old PSW location. 

2. Generates the channel status word (2SW). 

3. Loads the I/O new P_SW into the current PSW locations in 
local storage 

• The CPU executes the I/O interrupt program under; control of 
the l/O new PSW. 

The selector channel initiates an I/O 
interrupt when it receives ending st~tus 
from a control unit, and the GF-register 
cc.., latch is off <n_ot command chaining>. 

A~ I/O interrupt is -a discontinuance of 
· the program <instruction sequence> con-
. trolled by the .clirr~nt PSW, and the execu

tiQn o~ a new' program seque!lce, which is 
under control of a new PSW. In this case, 
the new PSW is the ;I/O new PSW located at 
n\ain storage posit;on 120 <78 Hex>. The 
CPU cannot honor an interrupt request until 
i~ has c9mpleted the execution of the cur
rent instruction (G-req'ister>. Also, the 
current PSW system mask bit that corres-

,po.nds to the channel requesting the inter
rupt, must be on. 

To initiate an interrupt, the selector 
channel must turn on its interrupt latch. 
It does this under microprogram control. 
Therefore, it must obtain ROS control and'· 
break into <trap) the current microprogram. 
A break in the microprogram can occur at 
the end of any CPU cycle if no write cycles 
are pending <the allow-write latch off). 

When the selector-channel interrupt trap 
microprogram routine is complete <remember 

"' this routine onl)I'. turns on the selec;:tor.-'. 
channel interrupt latch and accepts or." 
stacks the devi~e status>, the microprogram 
restarts at the point it was discontinued 
by' the selector .-channels request for ~OS 
control. <The~contents of GW GX is gat~d 
to the wx registers> 

., 
When the CPU has completed the execute 

phase. of the current ins-truction 
(G-r~ister>, it honors the selector
channel''interrupt provided the system maQk 
bit for the channel is on. It does this by 
storing the current PSW (located in local 
storage.in the' I/O old PSW location <main 

' s·~orage position 56 or 38 Hex>, loading the 
c~n~el status word ccsw, main storage 
l~~ation 64. or qo·nex> with the required 
information, and loading the I/O new PSW 
into local storage as the current PSW. 
After this is acc<>111plished, the CPU returns 
to I-cycles and starts the execution Of the 
program controlled by the curreht PSW, 
which is in this case.the I/O new PSW. At 
some later time,. the program ·must load the 
I/O old PSW into local storage ~s the 
current PSW, to r~turn to the original 
program:· _ Figure 4-13 shows the general 
concept Qf an I/O interrupt~ 

I-
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Seleotor Channel Requesb ini.r...,t Rom Control 

Current Prog""" 

Current~ G 
1/0 New PSW Fas 1 

IA:> Old PSW- I cc I 
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Interrupt Trap (HS) 

+ 

lum On -~leotor 
Channel Interrupt Latch 
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'-c. 

E' 

., 
j 

P'911ram Tells for Interrupt 
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,Figure 4~13. 1/0 Interrupt, Concept 
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• The selector channel x:equessts ROS control when it receives 
ending-status and th~ ccw does not specify command chaining. 

• The CPU allows the selector channel to ta'ke ROS control 
following a cycle which has no write cycles pending and when 
the~e are no higher priority requests for ROS control. 

' . • . The selector channel stores the ROAR in its back-up ROAR 
(GWX-register> before it assumes ROS control. 

• The selector channel stores the X6 and X7 branch conditions 
in its X6 and X7 buffer latches. 

To initiate an I/O interrupt, the 
selector channel must first turn on the 
selector-channel-interrupt latch. This ,is 
accomplished by the 
selector-channel-interrupt microprogram 

·routine (interrupt trap>. 

When the channel receives ending status 
from a control unit, and the GF-register cc 
·1atch is off, it generates a request for 
ROS control. This request turns on the 
selector channel stacking latch at T3 time 
if the allow-write latch is off ,and there 
are no higher priority requests for ROS 
control. 

When the selector channel stacking latch 
turns on, it: 

1. Stores the read-only address register 
<ROAR) contents in the selector channel 
back-up ROAR CGWX-register>. 

2. 

3. 

4. 

Conditions the x-register t'o set to the 
address of the first ROS word of the 
selector-channel-interrupt microprogram 
routine. 

Stores the X6 and X7 branch conditions 
in their respective selector-channel 
bUffer latches on the next CPU cycle. 

Prevents the set of the control 
register on the next cycle (dead 
cycle>. 

FRAME 

Figure 4-14 .shows the ·timing sequence of 
the transition period from the current , 
microprogram routine to ~he selector chan• 
nel microprogram routine. Notice that the 
ROS address of the last microprogram word : 
addressed, not the riext microprogram worcil- '1 
address, is stored in GWX. Normally, a ROS 
word is executed ( contt;ol register set) on~ ,. · · 
CPO cycle after it is 1iddressed. WhE!Q the)
first selector-channel:-interrupt mic;ropro•' 
gram word is addressedj, the control reg• • 
iSter i,S prevented fro:m Setting by the.,: I 

a~y-pri1ority pulse. '11his creates an inao- I 
tive cycle as far as tihe execution of a : 
microprogram word. TQe WX-register is 
conditioned to set to 1the address of. the 
first ~os word of the 1selector channel 
interrupt microprogram routine. The w- l 
register is allowed to reset to zero at it$ 
normal 'set time <Tl> and the w-register \ 
parity latch is turned qn by the any- 1 

priority-pulse. The X-register four bit is\ 
conditioned to turn on. \ 

The ~6 and X7 branch condibd.ons are . \ 
stored in buffer latches because the branch 
conditions of the last major microprogram 
word may be dynamic conditions, such as the 
Z-bus-zero. These conditions would not be 
pres.ent when this microprogram is executed . 
which is upon the resumption of the major 
microprogram. Therefore,. the X6 and X7 
branch conditions are stored in the· 
select4'lr cbiJnnel X6 and X7 buffer I.itches 
and are gated to the X-bus when the major 
microprogram is resumed. 

'' 
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MOjorROM DeodCycle Set. ROM Sel. ROM 

NO. SIGNAL NAME 
ti .Tl T3 T4 Tl T2 T3 T4 Tl T2 T3 T4 Tl T2 T3 T4 

' e 
I I 

1 Status In '· l I I I 

' I I 
2 Status In °'!lay 11 I I I 

J~ I ' I I 
3 Device Interrupt C<>ndifion l ' 

.. ; I &.. I 

.e 
J 

e 
' L· I ~-.' 

.. 
·• 

4 SX 1 Interrupt ROS Request 2,31 I I .... I 
i I .. I I 

t:l 
! 

I s Allow Wr.ite l.otch I .. - I 
I ,·r.;. I l r . 41 . 

6 Selector ROS ReFJuest. I I I 

--
e 

: I ' I 

7 Selector S'toc~ l.otch 6[ I I J_ 
-.. ' 

' I ·. I "t " 

8 'Selector Chain Pul!9 1 I l , . 
.l . I I I , .... ' . 8I l I i ~--i .fAnf;J>~oritit.:~liii ,.... I I 

:~ .',-7· ,. '. ,·. .. .-:J. "' , . I '(. 

)O· .fc!r~e 4 on X· Register Bus ~- l I I 

~ckup.~~AR 
I ' I I 
~ 

.. 
11 I I 

,__/ 
e 
e 
e 

"' 
I I 

. I .. D I 
. 

I 12 Set X Register 
; I I ·d 

' ,. . ~ 

13. CROS Go Pulse ._o I D 1 l ·o .. 
I I I .. 

14 Backup Set X6 a.nd )(~·•' 8 I 

1· 
- ' I ...;.. j I 

IS Nonna! Entry· 
,. 

]9 I 91 .l ... .. 
£ I . 

I I 

16 SXl.Gate I I 17,22J 

I I I 
! I I 2~ I 17 HS Lotch 

.e 
/ 

e 
l ' 18 Priority Lotch I 21 l' I l 

i 

' I I ·e 
19 SAL11 Good L'J I _'-o, 1 l I l l .J l - .. _ ,, I ......_ I 
20 Control Register Goad, ) J._ 

.. 
1 

. I I I 
21 Any Priority Lotch 9 9 J 

I 1 ·1 : 

e 
T ·e 

22 Selector I Trap 4,Sj .1 
~ e 

Figure 4-.14. Selector Channel Interrup~ Tnp Timing 
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Circuit Objectives 

1. Con'trol unit presents ending status. 

a. ·Status- in 

b. Bus-in bit 4 <'channel-end) 

c. Bus-in bit 5 (device-end> 

2 •. Turn off count teady and not zero 
latch. 

a. Status-in, not service-out delayed 
375 ns · 

(1) Not. po1i control 

<2> Not set count re~dy 

(3) Not share-request 

(4) Not R/W control 

3. Generate selector channel ROS request 

a. Gener":te .. dev.i~..inter~t-:-con_d.it.i.?!1 

<1> status-in 
' 

-~ > channe+- end 

(3) Not CC 

~· Generate interrupt condition 

<ll Status-in 

<2> Device~interrupt condition 

C• Generate SXl interrupt ROS request 

<l> Status-in, not service-out delayed 
375 nanoseconds 

{2) SXl interrupt latch off. 

(3) Interrupt condition. 

(4) Halt I/O stop latch off. 

( 5) H6 off {MPX CHANNEL NOT WORKING) 

" d. Generate selector-ROS-request 

SXl interrupt ROS request. 

. 4. Assume R05i Control 

... 

a. Turn on selector-chain-request~latch 

(1) Selector ROS re~t 

<2> Not H-regi~ter-5 bit , 
<3> Not suppress A reg. checl\ latdt 

~ I 

'!{-

(Ii) Not allow wr1te latch 

<SJ 13 pulse . ' 

h. Generate selector chain pulsr, (l(M081 > 

llJ H-register-5 late~ off 

(.2) Selector chain request lat.ch on 

(3) ?r~ority latch off 

Clil No higher priority latch~ on 

c. Gener.ate any-priority p;;lse 

Cll Sele~~or-chain pulse · 

d. ?·lace address of first 
s·elector-chan nel- inte_rrupt nucroword 
on X-bus· a~d W-bus <Ros address 008). 

I 
I 

Cl) Condition X-bus 4 line 

Ca> Selector-chain pulse 

(bl Any-priority pulse 

12) Condit~on W-bus parity bit line 

Ca> Any-priority--pulse 

lb} Not gate-switches-to-wx latch 

!c) .Not 1401 modj 

e. ~ Place ROAR ~Back-up ROAR 

f. 

g. 

Cl7 

<l> Set x-register contents into GX 
reqister 

<a> x-register output 
-~ 

<bL Selector-chain pulse 

<c> T4 pu,lse 

C2> set w~register contents into Gw 
register 

<a> r.J-register output 0 

(b} Selector-chain pulse 

.(cl T4 pulse 
. .,..,. 

w-and-X-bUses $et into the wx 
re!iSter at Tl time. This addresaes 
the first selector-channel-interrupt 
ROS word which is ctn instruction to 
turn on the H-reqister-5 latch. 

Turn on the any-priority latch 

Cl> Jltny-priority pulse 

C2> Tl time 
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13> ~ot C'C fl'OS n·qun't. 

(Ii l CPU .T2 tia. 

Note: This latch will &ta)' H'l ;t. 11 .;.r .... 
sent st.ate utit~l U·•• IH•ltt 1u•l•<:·~c.,1 
ch.aMel ROS :e-quest. 

i. Set selector chan:r..l h ar'" X., rnH«1: 
latches 

( 1 l X'-data 

{ 2J X7 d&t& 

0) Selector-chain p-ulse 

( .. ) il· ti.me 

j. Tun on priority latch 
• 

Selector cn.nnel 1&rupt Ti-ap 1•9crop:roqua: 

l. 

; 
:; .. ,..,. } ..... ' • ...., - • ~ ( ~.- ,, 'I'• 

• tir , in '-t; • >" r11; , ., ., " 

t j i , f ~ C:-lf ~ 1 )" ; •1 "lt ~ O'I'. 

-;.,!., r>1' f trn' ~ l' )' "'' d. 

!\lr".•·! ·•: ~,f ll , t t wr;, ' t'll' .<")! < ,; ... ~ 41 •1 1 •••· 

tte.rrt. ;n'"'trt"·)••f'"'''t•• 
-~ •~'71'" """'•r>ffl'~ Jfi"f •f·f \.ij•~ If> r t <•>· 
~TO!it•n «'•;,Jl; th• If. , .. 'lll"~'"'t .. ., 

Iii. 

' tw 1 · bi.u' "'""' 1 Ht• t .l r ''' l 

,,.,. •·11 .. c:vi ~~"' <.1 t ~ .. -i .. , • ot ·· 
c~•• 1'•1'11> l...,,t,. •t tvf~ .-.~ t t'"-'flf "'l't fllill 
t .. -.w, . 

• This t.rap is executed u a result of • control ima.• f":r•-r•· 
tationof sut-..-in o:r &d4reaa-1n tnot 11!uUal ••l.-c-t~or:i. 

• 
• 

It turns on the interrupt latch for st.atua-~~ ,,d 

It checks t.he status during IPL • 

It stores tbe uriit ac!d:reas for adi:trHs-i I'). ~ 

Figure •-15.....tf° a flow chart of the 
selector-Cbannel- int.ern:apt microprognai 
<trap> routine. The selector channel 
requests tbe CPO t.o ezeeu.te t.hia microW"o
CJrui routine for one of two reasons : 

1. The channel bas received status-in h'OD 
a control unit Cnot initial at.at.wt>. 

2. '!'be channel has r:•ce1 Yed a f'1qv.est for 
select.ion f roa • ~ rol ~ t 
<rt1qU•t-in, select-out., a·dilreas-in>. 

In both cues, the alcr~rL'i~{.tJJrH ori-
tbe B-register-5 lat.di Whi.cb i fj..• t~ 
aicroprogru u one aa~iat.ed'' ~ 
selector cb.annel. nie &-regia~11:.:Atch 
_al.so prevents the other aelect:Ol''Uli.ftfte1 or 
the m.ltiplexor cba.nnel froa obt.aininq JtOS 
control Vhile it. i• Oii • The aicroprog.r.aa 
also resets the select-oat lat.ch 1ilfbeft it ii 
being executed for eJ.t.her reu:on. When the 
&-J'eg.ister-5 lat.ch turns on, it generates 
the ielectcr-cbannel gate for tbe aelect..or 

ci'•Cibl!l :r l'lqllMt 1r19 the • M>C'.·l>f: . .il ,,., uf It•~" 
mi c:r111pr·09r•111 rro:u !i•t• er ~-.>:;., 1il•' •'. 

*••n t..h• Ml•ct. or"llCWt-..l • ~ n'I .,,r"''" tr •t 
n.~ cropro9rq ii bt:i.n'I ••i::""'.•4 •• • t•• .,._, 
a! a C·Otl>\J'Ol '.l;l'".jt•a f>l'...,.,-\-lt\h:ir!'1 t;Jf 1<1; .. t-' 
it.. Ml a t h4I!- C'Oi ..... c:-11t in~ .... !•<lit • t••ll~ t 
at tnH1al' pro9t- lo•" 1 H 1:.i u..-
it.! C1:' Oipt o.q t "" : 

L 

). 

Ac:c•pt..t: t.h~ •iwtt m ft~ o·-. "'Clh'I r·~,J 
W>it H t,_ <::h.r11~•l h t-nay., at•~ 1>\A1<.•NI 
it if tl'l• -et.anr•l h ~ hD•f. 

ht"M on U·•.- lf.-l~Of"" 1 l'lt fl'nfl{ 1 _, .. OJ1 
•••ociat.,~ •H.b t.he ••l«"t"' tJt..__~ 
• ki hi t.t:.. l'CS t9qlll!!tlt.. 

II. AU.owe U• Cf'Y 'bit ,,....._, thl!- •ai< 111'1: l"Or# 
of t.M cr1r;S nal llli croprotrn. 

••q~t·iri cam!. tvn ati itMi ••l.m·~ 
latflb H lCW.I •• t.be 111\«t''t"upt l .. ndl 

08_ \ 
C C*..tHNUfO ON 

FU.ME DOI 

e 
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e 
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•remains on. The-refore, select-out remains 
inactive, ap·d status-in remains active 
until. the CPU stores· the csw at which time 
th~ interrupt latch .is turned off' by -~ , 
microprogram word ,speC.ifyirfg channel-reset • 

< f 
Wten the selector-interrupt trap micro

prqgram is being executed a~. a r_esul t 'bf 
sta'tus-in~ and the-'"CCW was executed as a./ 
result of IPL, the ~icroprogra~: 

TurnOo • 
Command-Out 
Later GA"*'.2 

-~ 

Tum On H Register 
Lakh Store R Register 

Turn On 1/0 
lnterr:upt Latc,h 

----- .. 
iestore R .._,r 
Re9'5ter 

Restore ROAR 

in 'GR Register 

GR" GI 

-· · _bf 

Figure 4-15. Selector Qhannel Interrupt Trap 

.. 
("""-

.t 
\ 

-~ -~··001 • . .. 

1. Places the unit s~at~s into the R
.re<;J~Ster. 

"i. "~eek channel statµs •. 

3. Turns of;f the H-~egister.:.5 lat'ch. 

4. Returns to the IPL oyeratton. 
·-· ~ 

.. 

• 
,! 

Flow Chad 

t Section 4 
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) 
Original Microproqtam Resµmption 

.. ' I 
\ 

I 
I 

• The backup ROAR ent-ers the ROAR ("rhe 
,transferr~d. to _the.;WX registers) . 

~wx 
I 

• The H-re~ister-5 latch turns ~ff. 

registers are 
Q .. 

.. 
t 

• The X-6 and X-7 buffer lat'ches condition the X-bus X-6 and 
X-7 lines (The interrupted mi-croprogram dynamic ·branching I. 

'.conditions>. , · 

To return the CPU to its original'.mictopro
gram after a seiector ROS traP', the. selec
~6:r; ROS trap microprogram has as its last 
instruction·~n instruction ·to transff!r the 
contents of the GWX register. to the ~X 
regi,ster. The last selector .trap ROS word 
also turns off ~he Q-reg~ster-5. latch. 

The.laet ROS word of the selector trap 
·lllicrc:iprogram speo:ifi.es WX=FWX. Because the 
H-reg'is'ter-5 latch is. on, the FWX portion 
of 'the instruction is deco~ed as GWX •. The 
SAL output for this,"instruction becomes · 
.good prior 'to Tl time of· the last word, and 
gates the GWx register contents to the w . 
and X buses. 

At Tl' time-of the last-word, thew-and 
X-:bus conditions set into their ri:spective 

reg:if>ters. This addresses the last _origi
nal fprogram ROS-word addressed before the 
execution of the selector interrupt ROS 
trap. Remember that although this ROS worq 
was addressed, its execution was prevented .. 
because the control.-register did not s~t. 
During the same CPU cycl'e the control-' 
register sets for the· last ROS word of the 
selector ROS trap thereby executing the• 
microprogram instruction. 

, At T4 of this cycle, the ROAR-re.store..: 
buffer latch turns on~ This latch gates 
the X-'.6 and X-7 buffer latches <holding 
bran~h condition> onto the X-bus 6 and 7 
lines. The execution. of the original 

. ~c¥op'rogram is now at the point at which 
the selector ROS trap discontinued it. 

I/O INTERRUPT EXEC~ON , 

,- Stpre current ~ fi},.I/O old PSW location. . " 
',. 

• Store required information in .csw location. 
-~ 

• . Load new I/O PSW into local storage,. making it the curren't 
PSW 

The last E-cycle ROS word of each instruc
tion branches the .microprogram to the 
interrupt micropfogram routine if• an inter-
rupt eJists. · 

0Tbe first. ROS word of the interrupt 
routine has the instruction: Test Interrupt 
with both X6 and X7 branch indicators set 
to· 1. This instruction is a test to deter
mine the source.of the interrupt: 

·Ext~·ina 1 or 
bOth .the X6 
X7=0). 

timer interrupts prevent 
and X7 branches <X4=9, 

2. Sele~tor-channel 1 interrupt prevents 
the >t.7 branch Ot'6 = 1, X7 = 0). 

3.. Selector-C:ha9nel 2 interrupt prevents 
tne X6 branch <x6 = o, X7 = H. 

4-40 

• 4. Multiplexor chanpel allows both x6 and 
X7 branches CX6 = 1, X7 = l>. 

AssWning a selector-channel l interrupt, 
the microprogram braricQes to ROS word 112. 
The microprogram turnB oi\i the associated 
gate <sx-1 or sx-2> and reads out tt1e. unit 
address from local storage, places it in 

.the- L-register. and sets the ti-register to 
the address of selector-channel L After 

. turning on the Sii latch to indicat, a 
selector-channel ... interrupt, and setting tbe 

. Q-register to zero· to deactivate memory 
protect, the microproqram .stores the cur-

. rent PSW in the I/O old PSW location 
Cmain-storage location 56, Hex address JB>. ,,,.... 

The interrupt code is the first item 
store~ in the I/O old PSw.· Because this is 
an I/O interrupt, the .addresses of the 
channel and I/O. unit causing the interrupt, 
are stored as the interrupt code. The 

-
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micr°'l?rogram next reads out the storage 
protecb., .. key and l;lystem mask and stores them 
in their"·:i;:espective positions in the I/O 
old PSW. The microprogram then takes the 
cux-rent 'instruction counter· and stores it' 
in the low order two bytes of the I/O old 
PSW. " 

The instruction length code ULC>, 
con.dition code (CC), arid p1:ogr_!llll miisk are 
not contained in o~ byte in the current 
PSW. The~efore, the microprogram must 
determine what the ILC is by testing ·the · 
tWC> high-order bits CO and 1> Of the. G- ·
register which contains the command code of 
the last executed instruction. Beth the · 
current condition register, and th_e program 

'\lllilSk are. loca·ted in local storage CI<27CPU>. 
The microprogram·. also reads these out and 

.decodes the four-position condition 
register into two bits. After this is 

. accomplished, the microprogram ass'embles 
the program mask, condition code, and 
instruction length code into one byte and 
stores this byte in the I/O old PSW. The 
current PSW is now fully stored in the I/O 
old PSW location. The microprogram now 
stores· b:he requir.ed information in the 
channel statWil word Ccsw>, located at main 
stora.<Je .location 64·, H~x. address 40. · 

. The GSW st:ore ·portion of the I/O inter- . 
rupt ·beg.ins on C::As page QG~ · The first· ROS · 
word Of .. t.:tlis phase, tur~ ·_on the. G-register 
G3 a_nd e;7 1atche!{. This "i'ilakes the I/O 
i1hterrupt appear as a test I/O instruction. · 
Tl')~ microprog.t"fni det~mines the difference,· 
between a.- true test I/O instr.uction and an 

, I/O i9te1ruptby the conditionof the S4 
lat cl'), :~ich is on for I/O interrupts• . 1 
After bhnching on the S4 latit;:h,. the micro-} 
program>determines which selebto'r channel f 
.has initia1:ed the interrup_t; .ao4.:turns on \ 
the associated gate· 'CSXl or SX2J. · When • 
this is· accbmplished, the mi~roprog.ram: 
stores the required information in the csw:. 

,;·· 
,,, ti ' 

l. coun't from the GCI> regist!rli. · ' · • • 
11. • .... , 

· ·2. Memory· protect key from the GI< reg
ister: 

\. 

CCW FLAG OPERATIONS"' ·\ 

• Five ccw flags modify_ the ccw operation • 

. 3. Unit· status from the GR-r·egister if the 
ch·annel la busy, or from the device if. 
the channel i~1 not busy. 

4. Channel .status from the Gt regist.er. ,.. 

) : . ) 

5. Next, ccw ad~~)from 10cal .storage. 

When the CCW is stored, the microprogram 
resets the channel that initiated the 
int.JIM:rupt.. The microp?9gram naw· starts · 
loadi~ .the I/O new PSW into local storage 
as the_ current PSW (CAS page 05). 

At the same time the I/O new PSW loads 
into loaal storage, certain latches asso
ciated with the PSW turn on: 

1. The mask latehes_.turn on When the sys
tem. mask reads out of the I/O new PSW 
and into local storage CK24). 

2. The malfunction-su~p~ess latch turns on 
if the machine-cheek mask-bit is O 
(Off)• ' 

3. The ASC~I latch ·turns on if ASCII is 
design~ted by th~ ~/O new:}>SW. 

4.·· The Q-reqister sets'~ith·the informa~ 
tion in the ·psw protect ket ·ar~a. •:. 

·The instruction .•ddres!f:-enters· th~ IJ..;. 
regis\:ers and does not enter locar storage. 
The two-bit new PSW cc decodes into four 
bits and enters th.~ condi1;ion register ·.c1<2~ 
CPU)_. If, during· this loa.d new PSW 
routine, '.the microprogram· determines that 
th• high order of the i_nstruction 4ddress. 

. is not o, it stores this byte at Kl,6· CPO. . . 
It als.o turns on the s-registe.r-.two latch • -
if the low-order byte of the ins.truction 

. address is not an even . numbered address · 
<position 7 of. the J register is ON>.· 

.r 

.. When .this PS5J is fully loades!, the 
microprogram branches to I-cycies.·an4 
starts the execution of the I/O interr\lpt 
program~ · - · 

. '· 

The ccw contains five flag bits. These 
bits and their locations in the ccw arie: 

'" 3. bit 311~-SLit a~pp~~-!_, ____ !_~~~- ind.ication 

. '";:...//· 

bit 32--CD; chain data address. 

bit 33--cc; chain command. . ..._ 

. 4. bit 35--SI<IP; skip data. 
't 

5: bit 36--PCI; program control iiiterrupt. 
~~ 

l. 
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.. 
The flag bits function independently of· 

'each other except tl\at the CC and SLI flags 
do not take effect if the CD flag is on. . . 

The time, in relation to the ccw execu
tion, that a fiag bit takes eff~ct,. -varies 
as .folloWs: · · · 

I 

1., The CD bit takes effect when the count 
reduces to zero. 

2. The CC-bit takes effect when a control 
unit sends ending sta~us and the CD bit 
is off. 

3. The SLI bit ta·kes effect any time dut-

CD FLAG BIT 

' 

ing the operation an· incorrect length 
situation arises: that is, the control 
unit senmil status-in and the count is 
not zero, or it sends an additional. 
service- in after the· count h~s reached 
zero. 

4 ~ The SKIP-bit takes effect during the 
execution of a ccw specifying input 

•<read, read backward, 'or l:iense>. · 

5. The PCI-bit takes effect after its/ 
associated ccw is loaded into the sel
ector channel registers, and the system 
mask allows I/O,interrupts. 

• The en-bit takes.effect when the count in the GCD registers 
reduces to zero. 

• It allows the. selector channel to fetch the,·count, data 
address, and flag ·byte fro,m the. nex;t CC<J. ', '.. 

• CD allows the selector channel to gather output .information· 
fro111 the storage PQllitions tha\are not adjacent o.r to place 
input information into storage, · ocations that' are not adja
cent. 

' Input Record . . 

--'----- CCW3 
CPU· ~forage • ·' 

"--'--""---'~ - - - - - - __._...__,__ __ _s~ ~r~ _ _ 300 301 302 303 304 

ccw l' 
CCW2 
CcW3' 

Recd.Operation 

Figure 4-16. Data Address Chaining· <c;D> 

When 1(1e chain~data flag bit of ~he ccw 
is ~. it is an instruction to the channel 
to fetch the count, data address, and flag 
byte from the next ccw when the count in 
the count register is reduced to zero. 
This permits tfle channel to'use core
storage locations that are not adjacent in 
the execution.of a·command <two or more 
chained ccw-s>. T.his linking togethei; of 
data addresse~ ca,lled chaining ,,data 
addresses. Figure 4'-16 illustrates the 
principles of chaining data addresses. 

4-42 
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Count = 3, Data Address l 00 
Count = ~, Data Address 200 
Count = 5, Data Address 300 

• 

Chaining data. addresses is .controlled by. 
the CD latch bf the GF-r~gister. This 
latch turns on whenever t\he ccw loads into 
the selector channel regi~ters and the 
CD-bit of the ccw is on· <in a logical one 
state>. - 1

1 . • 

During the selector sWtre cycle in which 
the count becomes zero, the count-ready
;&ero latch turns on. Th~s latch on, 
together with the CD latdh, generates a ' 
selector chain ROS request. This- is a 

<request for the CPU to trap into the cur-
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: 
rent microprogram routine and execute the 
selector chain microprogram routin·e. 

The selector chain microprogram routine 
stores the contents .of the R:-, S:-,·v-, and 
U-registers into local storage and reads 
out the next ccw address from local stor
age. It then reads out the next ccw from 
storage· and loads the count into the count 

·registers (GCD) , . the ccw flags into the 
selector-channel 1 flag register CGF), and 
loads the ccw data address into the selec
tor channel data address registers (GUV). 
Jt also determines the next ccw address and 
places it in local storage. After this new 
ccw information is loaded into the selector 
channel registers, the microprogram res
tores th.e R-, s-, v- and U-registers to 

' their original state, and the microprogram 
continues at the point where it was discon
tinued by the selector chain ROS request. 

. A program check occurs if any. part ·of 
the ccw ·<command code, data address, flag, 
or count> is invalid. 

. ' . ' .. 
··Circuit Objectives\ 

I 

Assume the CD-lfltch' in thl! GF-register 
turned on when the ccw was entered into 
selector channel registers. .This specifies 
that data chaining will take place when the 
ccw count. goes to zero, if no channel 
checks have been detected. 

1. Recogni~ a coun~ of zero. 

2. 

a. Count reduces to O on selector share 
read cycle. 

b. · Count~ready-not~zero latch re~ets 
\ 

Cl) Sel t4 \i8'! "' . 
. c2>.,. sn read cycle 

(3) GHY & GfiZ = Zero <~odifier output) 
I( 

c. count-ready-zero latch turns on 

il • 

<l> SXl write cycle 

<2> Selector T4 time 

(3) Count-ready-not-zero latch Offi 

(4) Not status-stop condition 

Request a selector ROS trap. 

Generate Selector ROS REQUEST 

/1> Generate CD chain request. 

<a> CD-latch on 

Cb} Count:-teady-not-zero late~ on 

.1 . 

3. 

.a. 

" (.c) GR-full latch off 

( 2.> Generate SXl. chain. ~s Request 

(a) CD chain reques~ 

(3) Generate selector -ROS request 

Ca> SXl chain ROS Request 

Exi;cute Selector·chain mic;oprogram. 
' 
Turn on H-register 5 latch. 

Store contents of ,CPU regist.ers R, s, 
u, and v. · 

b. 

k20 CPU 

Cl)?Store R-register in local storage 
. "' \ 

(2) Turn off latches that were on due 
to previous operations and turn on 

. poll c.ontrol 

<a> GH=K13 Cchairt'-tesetf' 
3 

(3 > Store~s-registf;}r in locd storage 

(a) 1<29 CPU 

(b) ,R=S 

(4) Store V-reqister in, local storage 

<a> 
/ 

1<3ld'.:PU 
"-, 

fb) R=V 
\ 

\ 

(5) Store u-register in local storage 

Ca) 1<30 CPU 

. ( b)_ R=U 

s;:. Upda\:e n~xt-ccw-addt~1fi's • 

(1 > Read oq\ low:order of 
addres~-

next· ccw-

(a) 1<7 CPU 
. ' . 

<2> Increment it by 8 and replace in 
1<7 of local storage. ·Load low 
orde~ addre.~s 4n V-register. . 

. ,. 
(a) RC=R+l<St ,..., . 

(3) Read ali~igh order of next CCW
, address 

Ca) 1<6 CPU 

(4) Update high order of next CCW 
address and replace. in K6 of lc:>cai 
storage. LOad high order address 
in u-register. 

<a> RC=R+C <this adds 1 if an address 
carry occurred when the low order 
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•' 

d. 

.•· ···.,'· 

,._ .... . ·.~ ... ~ 
· .. 

.of the next ccw, address was 
updated> · 

·/ 

•Fetch next CCW. . ~ . 

(1) 

. . ' . . : 

. .,. • ', . ' ' I 

,Read o~t op byte and check for. a ' : I 
transfer-in-cnannel <TIC>. .A$AUlile 
it is not ' ' 
. . 

<2> Re!id. out flag b:)ite 

CJ) Place flag byte i~ GF register 

. (a) GF=GR : 

(4) Read out low-order cdllnt 

(5) Place. low-order. count in GV
.regbter. 

{a). GV=GR. 

e. 

'. •. 

Cll)Turn on coilnt ready ~nd stQt zero 
latch 

Ca) G~KB, -1 

Restore.CPU registers. 

_(1 > . Restore o-z::egiste~ 

(a). XJ() CPU ·. ' \' 
. (b) u.~-.. :, ,· .. ( 

<2>· ·.R;estore. v ... regtsteJ 

(a) Ul C}>U 

. Cb> V-R 

•. 

..... 

· dr· Re~tore s-reg~ster 
. ..... 

. < 6 > · Re;1d .out .h·igh•order ~count; 

<a> X29CPO 

(b) S*R 

' 

4-44 

<7> Place higti-order count.in GU 
. register_. 1 • 

fa) GU•GR 

(8) Place ·t:ount in GCD. registers 

Ca) . GC[)SGUV . 

(9) Read out· low order of ccw data 
addrea• into the GV~register 

Ca> GV•GR 

(a) GU•GR 

.~:. 

I; 
I 

I/ 

•, 

<4 > Rest9re · R-{egis~er ; . 

Ca) X20 CPU .. 
R~start mi'.aroprogra~.· at the .p0int 
where it was d.iscont,inued. 

'-.I'~ ' 

H!l.) Restore ROAR 
·~· ·'*' ;· 

\.,.., ca) WX•!WX 

... 

'."' <2> Turn HS .off ~ ) '_ 

<a~il=H-K4Li . ·. · ~· . ., .. · . ·.·. · :-~ 
• . .. .. . ~1 .. The ·FWx~ pan ·of ~h~ ·. · ·'. · 
" in•truction i·s .. decoded as wx 

wh~ the.H-regi~~er-5.latch is 

006 

on·. ', . · · ~ 

( 

\""' 

.. 

·' 

.... 

"· 

·.m.: ....... ·· 
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COMMAND CHAINXNG (CHANNEL-$ND ANDL~ICE-l!N~-> ,· 
; The cc .flag bit allows· the selector ,cllanne1,' control unit, . 

and.IIO device to execute several ccw•e with one· start .I/O 
· · instruction. '!be ccw command byte may be ·differ~ than the 

.. 
.. 
• 

• 

.· one in· the firet ccw. · · · ·. . .· · ' . , . . : . 

When 'the control uni~ 'present& device-end status, ·.the· d1an-
. nel · requests· ROS . control. . -<·· . 

';l'he selector channel ROS request breaks\ i.nto. tlie current 
microprogra111 routine 'after any pending '(rite ·cycles. 

Af~er 
·reads ,,, 

' ' ( . ,. '. 

atori,nq .CPU register information,, the selector channel 
out. a; ne.w ccw, and execute.~ a unit selec_U,o~ sequence. 

~fter completion of the load ccw and unit selection ~ro-

.' 

'· 

\ 
. proq~am routine, the microprogram restores tlte .contents of·~-. 

.. the cPu-regi•ters arid restarts -the current·mieropt0qram . 
·· · where. it was diecontinued. · ' . . '. ·. '\ 

. " .. An I/O interrupt. il!I not taken until -the ·1ast. CcW has ,been . , 
· . completed, unless a channel. ~heck or device check ,is' detect- · 

ed .• ' .. I11~ this. case,-, chaining is suppressed anc! .an interrupt. 
is taken. • · · 

' J. ... 

When the t:c-bi't: Of a. ccw is on, and tble c;o 
bit is off, the channel eiceclites the ccw i 
and fetches the next,ccw. This is ~cc:Om:.., 
pU.shed under micropr09ram control.· 

The channel-req~su. ROS control after 

' ....• 

next ccw address in local storage. • The 
microprogram now starts a _pnit sei~t.ion~ 
then loads the .selector channel ;rtlglstera · 

.. wit}l the ,ccw in·formation and ·f,inishe!I ·the · 
unit se1ectiOll• The microprogram now , 
checks for another ·se~ector channel Chain
re~st. If ·a re~eat ;ls wai~_inCJ, th•· .·· · 
chain routi~e.ie ~~ef.ed·without·~esto'!-iiiq 
the·cPu·:~egisters: . , 

... 

it has received ch~nel-end and device-end 
'status from the.·'control unit and the device 
that executed the ccw.· This .request' for ._ 
ROS cq~tr~l e,r¢ers~ 't.he ,at.acking:·iat:ches 'at 

, TJ "titn-··cwhel\' the CPU cycles can be . 
ipterrupt9d>, that. is if no write cycles 
are pending._ The st~cking latches ~etet
mine the priori~Y of ROS requ~sts. 

. When this is c<>mplete,. the.fldcropr~ra111 ·1· . branches to a routine t,hat reatores· the U-,· ' .:v-, s-, and R.;.re tera to their or.iginail , 
stat;.. · It also estores the ~OAR with the"( .. 
address. in' the up R~R,· an!!: turns ofJ '
the H-regi.lite :> latch. . . · " .. . . 

._.,.' 

The microprog.taqi;ra~ cont;inuea at .. tlie. 
. point where it was discontinued by the 
selector channel ROS request. · 

If no ·hil)her priority stacking ,la'tches 
tur;n ~n when the s~l~tor ROS request 
stacking latch turns on, the CPU stores the 
read-oniy-address-register (R-OAR> in the , 
backup-ROAR al)d_ signals the channel tha't it 
will hon6r i-ts reqtiest for ROS cf>ntrol. .' ,·, r. 

, "hen tHe .channel ·rec:;ei~es thi.s si,gnal, it 
provide• a. signal to the. CPU. ~hat loads the 

.ROAR with the address of the fifSt word-of 
the :seleq_tor cha11nel chaining "1-croprogram 
routine. ' . . . · -I 

The first word of the selector-channel · 
chaining microprogram roµti'le,. ;turns on, ·the 
H-reg~r-5 latch•· This latch prevents· . 
tbe C~ from honoring a RO~cont,rol request 
from the other selector c;llannel ot: the . 
multiplexor channel until it tur'ils o.ff. It 
al•o ·~urns·· on the decode ga·te (SX·l or SX2>" 
for ttie channel that· J:equested ROS cqntrol 

elector-channel 1 or .. 2>. ·After a .chain-' 
. et, · the microprogram stores the contents 

of the -,.-·, s-, v-, '..Jtnd . u-registers in .local 
·storage,. It also ~eads out the. next CCW 
addre.~s ·from local storage, updates it by 
e.ig~t;. or siXteen, and places tl)e. _updat:ed 

,jj!:' 

Circuit Ob1ective11· •. 
,:f· 

a. 

a. 

( 

t' ·. 

control: u~i~· presents endin9-s~ 
the channel. 

Status-in 

Bus-in 4.-bit -<Channel-end> 

Bua-in· s-bit (Device.-e~d>. 

Request read only at:Qiage <Ros). 
control. · 

dene-rate cc gate 
'• 
(1> · c~ latch .of GF-register on 

I 
(°2) Status-in delayed 

oo7Y. 
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·. .. 
. ' 

' ,, 
CJ> No~ interrupt condition 

(4) Ci>~a~ch of GF-.reg.ist~r off 

C5> Halt .I/O stop latch off 

' b •. , Turn o~ suppress-out latch <raise 
.suppress out). 

C 1) cc cliain request 

This is the channel's indication 
to "the selected control. tini t · that 
it is chiiining. 

c. Generate cc-chain request ,, 

CH' .CC-:gate 

< 2 > Bu~'-_ in 5-: b\ t < deviee-erid) 

· · <'3>: Not service-out· . 

3. 

d. ~urn off select-out latch 

< 1) cc chain. request 

e. Turn o~ poll c0ntrQl latch 

Cl> Gij=K13 <chain-reset> 

G.eneril ;e · $Xl .-chain ROS reqUest. 

Cl> Chain ·request· 

Cl> SXl-chain~ROS-request 

Addre~s first word of ~elec~or chain 
microprogram routine · 

a, Turn on selector.chain.request stack 
latch . , , 

< 1> s.elector ROS request . 

.· c 2> H:.. register-5 latch off 

(j) Allow write latch off CNo w~ites 
·pending>. 

(4) CPU~T3 time 
~ 

b. Generate Selecto~ chain pulse CT3 
unie> 

Cl? Selec.tor-chain-J;equest stack ).at ch / 
on 

<2> No higher priority stack latch on 

CJ>H-register-5 latch off 
' . 

c. Generate any-priority pulse at T3 
time 

\ 
(1) Selector-chain-request stACk latch 

on 

··".··•·', 

' ' 

>· 

Cl> Selector chain plilse 

<2r Any-priority pulse .... ' 

·e.. WX-register <ROAR> contfM')tS in GW.X 
_. re'gister (Back up ROAR) and 'x6, x7 · 
· br<tnches enter buffer latches. 

Cl> .Selector; chain puls·e· ,. 
' . 

!2> CPU T4 time ,Jl' 

f. Turn on sele'ctor. cc ROS r~qu~~·t 
latch. · 

Cl) SX-1 .chain ROS requ'est, Not 't;x-:1 , 
interrupt .Ros request, and Not sx-2· 
interrupt ROS. request. . 

, (2) ,SX-1 cqain ROS. request, Selector 
chain pulse, anp CPU T4 time •. 

g. Force X-bus 6 and 7 lines 

';1 > Selector cc ROS request lat'dh on 

<2> Selector <·sx>-ch~itl .... Plllse 
•' ' 

.<'3 h· Aoy-(>"ri ority' pulse . . 
h: Generate x-register set. 

i. 

-(1) NOt inhibit R()AR set 

<2> CPU Tl time 

Set X-register with address of first 
word·of the selector chain micropro
gram routine. 

CH X-bus 

<2> X-r~gister set 

f j. Turn on selector 1 trap latch 

Cl> Selector chain pulse 

C2> Selector-~-ROS-reque~t latch on 

O> SXl chain Ros request 

( (4) CPU T2 time .. 
1:-. 

· 1\. Turn ·off Selector-cc ROS request 
latch 

1. 

<1> Not SX-1 ~hain ROS request 
'! 

Tllrn o~ priority latch 

Cl> Any-prio~ latch on <selector 
chain latcti is on>. 

<2"> T3 time 
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I' 

m. ·Decondition selector chain pulse. 

11) Priority latch on 

4. Execute selector chain .midroprogram 
ro~tine. 

a. The channel trap word OOB is now 
present in the ROS SALs and control 
re9istez:. This word issues arr) 
instruction to turn on the · . 
H-register-5 bit. H = H$1<4L 

Cl> Turn on H-register-5 bit 

.Cal z-.bus ~.bit • 

(b) Microprogram CO field combination 
in control register 0101 (Hex 5) 

(c) CPU T4 time 

b. Generate SXl gate 

« l> Sel,ector 1 trap latch on 

(2)H-re~ister 5 latch on 

c. Store CPU regis~ers R,$~U, and·V in 
local storage. 

<1> Store R-register 

1<20 CPU 

<2> Place':V'tatus in GR regis.ter 

GR=:GI 

(3) Store S-register 
1<29 CPU 

< 4 > Turn off latches which may .be on 
due to previous CCw 

KH=KlJ 

15> Turn on service-out latch 

GA.=Kl 

( 6) St.art~ v-register 

K31 CPIJ 

(7) Store ti-register 

KJO .CPU 

d. Update next ccw address 

11> Read out low order of next ccw 
address. 

1<7 CPU 

! 
( 

c 2 > Add s or . :t6 to low~rder. of next 
ccw address and repla~e in 1<7 CPU· 

C3 > Refid out high- order of next ccw 
address. 

c 4 >· Add 1 to high-order ;,} next c~w 
address if low-order forced a'fi 
address carry and replace in K6 CPU 

C5> Check that the control Unit dropped 
off the interface . . 

k. Fetch next ccw : select &nit. Some 
of this is the same routine that 
loaded the first ccw into the selec
tor. channel registers and initially 
selected a control unit and l/O 
d~vice. The unit selection is start
ed befor~ the next ccw is fetched.· 

. . .., .. 
Note: The sllppress-!.out''1at~h turns.off 

during this routine. 

f. Restore CPU. 

(1) Restore tJ-register. 

1<30 CPU 
u = R 

(2) Restore v-register. 

1<31 CPU 
v = R 

( 3) Restore s-register. 

K29 CPU 
s = R 

C4> Restore R-register. 

K20 CPU 
Write 

~ 

g. continue microprogram at the point it 
.was discontinued •. 

<1> Turn off H-register-? latch. 

H "' H - K4L 

(2) Place back-up ROAR (GWX) in ~OAR. 

WX = FWX 

Section 4 4-47 
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COMMAND .cBArNlNG (CHANNEL-END AND DEV1CE-EI«> SEfARATELY> 

• , Channell respon~1 ~ith supprese-out, then after a delay of 
. . 375 nanqaeconds,~ei;vice out. 

• When device-erid status. arrive11 at the channel, it inftiates. 
a selector-channel. ROS 'request. · 

• select-out remains .activ6 until- .rese~ by the selector-chain 
mlcrop~O$J~am. -· 

When the GF .. register command chaining/ latch 
is on and a control unit P,resents ch.,nnel
end to the channel, the channel.respbnds 
with suppreas-out and after a 375 · . 
nanoeecond delay, s.ervice-out. T!;le channe1ll 
does not request ROS control at this time 
and select-out rt!lll.tins active. The . 
suppress-out latch being on at this time 
indicates to the control unit that the 

.channel is chaining co1N11ands. · 

.SLI (SUPPRESS LENGTH iNb:tcATION) FLAG BlT 

.Whe"n the I/O device ~compl.etes ,the eltecu
tion of the ccw, the control unit pres~hts 
device-end status to the channel. Wh~ the 
channel receives the device-end sta~us tt 

'generates cc chain-request. From t~is 
point~ th• .opera~ion is the same as fo~ 
Selector Chai'lftef Chaining I when the ' ,'. · 
channel-end and device-end are presented 
togeth-r to the channel: · 

•~ Pre'1ents indication of an incorrect lerqth condition. .. Effective only wh~ CD flag is \ff .. 

. The SLI flag bit !bit-34 of the CCW), 
l.rhen on, prevents the tur~1on of the 
incorrect-length late)(. This qit is effec
tive- only if the .co tliag bit. is off in tile· 
same ccw. The SLI bit is used in all ccws 
except those in.which the count agrees 
exactly with the number of service-in sig
nals expected from the control unit for 
t.hat operation. 

SKIP FLAG Bl\ 
R 

. . 
Length check must always be suppress~ · 

for,deVicelJ in which block length is.not 
defined. For example, whe~ writing on 
magnetic tape, t:he amount of data written , 
is controUed only by the count in the ccw. 
Every operation terminated .under c0unt 
control causes an incorrect length indica
tion, "unless suppressed by the SLI flag. 

• suppresses transfer of information to storage. 

• Takes effect during execution of the CCN. ~ 

• Used for Read, Read l!lackward, or Sense Operations: 

The SKIP flag bit is turned on.to suppress 
the transfer of information to CPU storage 
during read, ·react backward, or sense opera
tions. This flag bit is effective only for 
the ccw. having the bit on. ln this way, ' 
data can be selectively stored in the CPU. 

'11:1e SKIP. flag affects only' the handling 
of infonnation by the channel. The opera
tion of the control unit and device pro~ 
ceeds normally and all data is transmitted . 
to the channel. The ah•nnel updates the . 
count but doea not place the ctatil. 'into aein 
etorage. 

In the casr of c·ommand· chaining or data"" 
address chaini. ,·, normal operation resumes 
if the skip-flag in the new ccw is not on. 

No checking for invalid or protected 
data addresses ta.kes place during .skipping, 
excep~, th&t the initial.data address in the 
c::cwcannot exceed· the largest address of 
the system. 

,:• 

" 
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. "°L .~OLLED INTERRUPT' (Pel) . . . 

• The 'pc1-bit in a ccw °'u~es an l~O t./t~rru'(>t durin9 the·_.., 

./ 
... / .. 

executien. of an I/o. operation. . .1\" . .. The PCI-.bit can be in t:he first, or any other CCW in a 
chainJH!. routine. 

I ' . . ' The program-controlled interrupt s•s ·chcinnel-~tatus bits in ~ *!'i. . 
the csw. · 

·The PCI flag b~t:, when on, causes. an l/O . 
interrupt at so• time during the exec;:ution 
of an l/O op,ll'ation <if the I/O ,int.errupt 
is· not masked Off> • 'l't)J:1ri.lag . bit can be 
in· .the first o.r any otWer ccw in a chain of 
.ccw•·a: When the PCl-bit is detected, the 
chAMel . attempts . an interrupt as soon as . 
poaaib.le efter fetching the .ccw by bringing 
up the ael'ector channel. interrupt line to 
the cPu.· This indicates the ·normal interrupt procedUre .as descrlbE!d Under I/0 . . 
Interrupts, · 

... '3 

.. When the inte:trapt occurs, a new csw is 
stored, jlnd the. P,c1:..wt (GE bit O> and any 
other existing channel-stat;ua bits are set 
in the CSW• · .The presence of. the PCI-bit. ·in. 
the c,sw reflec~•· the progress of the opefa
tion ·at the 'time ··.the· csw is , stored.· In 
this way; the ·atatua. of the. channel can be' 
determined while a chained operation is 
being executed. The· PCI-bit has no effect 
on tbe ac::tllal, eXH\ltion of the operation. 

When the' Pel:.. bit is presentt\d by .an 
interrupt before.the operation ~s complet
ed, tbe channel-end and device-end bits in 
the csw will be off. If the channel. 
detects &lta errors in the ol>eratlon, the' 
channel-data-check 'bit is on and ia set 

• 

'into channel atatus'when the csw la stored. 
The conl!i t ion is not reae~, 1 however; ancl ls: 
indica.ted again at the end of the· opera-
tion. · 

. . ~ . ·, . - . . ' - . 
Presence of th• channel-end ll"nd device

end bits with the PCI-bi.t indicates that , 
\ the operatiol\ is ended. '1'.h• csw in th~•: · 
·case haa its regular ·format Vith the .. PCI-· 
bit' added. · · · · 

· ·If cha'iniilg occurs .,.fore. the PCI • 
interrupt ·takes place., t.he PCI · i~dic_,(lon:' ''< 
is ca,1:'ried over to the new tcw. Thia .···; ""' .. 
occurs. on botb data-ads!resa and cO...na . 
chaining, lnd in -eithe'r'.case the conclt:tit;>n .. :'. 
is propagated through a ttanafer-tn-:·cttanntil . 
co~arad.. · ·.· , .. 

': PCI conditions are not accumulated. If 
a ccw cont•lning the PCI-flag.is fetched. 
before the interrupt. becausie o(, a prtiV'ious 
PCI-flag takes place, only or\e :interrupt; itt;, 
taken. \; .. 
. . , { . . . ·. . •... 

. The atatus Of U• PCI flag-bit is,. . . . · .... 
inapec~d .i,n. au c¢W's except t .. ose ~pee'i
fying a :·tranafer"-1-.-channel. In a ccw ·. . 
specifying transfeJ>in-chaqriel, th• setting 
o~ the /!»Cl flag . is ignored~~ . ·. . · ·· · ·· 

.>:' }~~~ 4· .. 
~ ·' .' -: -
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Forin Y24.,;3362-2 
FES Y24-..0STO 

TRAHsFER IN. CHANNEl( (TIC) 

• causes the channel to' fetch the next ccw ·from· the location 
specified by the data,..addre88 field of the c~. 

• Provides chai-Oing between nonadjacent CCW's. 

• · Can occur in .both data-chaining and command chaining. 

J.. The conunand code for a TIC-commarwt is 08 (hex). 

'I 
When a ccw containing the TIC read$ 
out, and the 'TICtcmnmand- is recognized 
fFi9ure 4-17> it causes the channel to 
read out a new ccw from the loca~ion 
speci(ied by the·data-addresi field and 
perform the operation in the. new ccw. t6 TIC-command does not initiate an I/O 

ope tion at 'the chann. el o.r the I/O devi.·c e. 
The ranafer-in-channel command provides 

rcha ing between ncnadjacent ccw•s. . 
; . ' 

Fetch C CW Routine 

the first ccw in a chain of ccw• s cannot 
specify transfer-in-channel. When this 
condition is detected during the execution 
of the atart.,.,l/O instruction, no I/O opera
tion is initiated and a csw is stored with 
a. program-check .iniUcation. Similarly; ·a 
CCW specifying a TIC cannot be fetched from 
a location specified by a preceding . 
tran•fer-in-channel. When two successive 
transfer-in ... channel c6mmands are detected, 

Read Out Flag Byte \ 

a program-check is. again.indicated. - If 
thiS condition is det'ected during data
chain-ing, the u.o device is signalled to 

- end the operation-, . :§; 
.. To address a ccw on integral daries 

for double words, a ccw spe~ifyin 
transfer-in-channel must contain zer in 
bit poaitic>n•- 29;, 30, and 31. . When. t is 

· restrlction is violated, or if an invalid 
address is ·encountered, a program check; is 
indicated. Either of these errors, detecte- during data-chaining, end the operation 
at the device. .During command chaining, 
they caus'e an I/O interrupt. 

In a ccw' Containing a TIC; bit positions 
0 to 3 and 32 through 63 are ignored. 
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Figure 4-11· TIC Routine 
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TEST I/O 

• A progranmed request for channel and control unit status. 

• Requires an 'initial selection sequence only. 

• coqtrol unit status is checked and a condition code is set 
in the PSW. In some cases the csw is also stored. 

During I-cycles, the CPU recognizes the 
in.11truction as. a test I/O and performs 
three functions:· 

1. Stores the control unit address in the 
v--register.·' 

' 2. Stores the c6annel address in the u
register. 

3. Branches to th'e I/O mici;-oprogram 
routine. 

The address. in the u-register determines 
to wh'ich selector-channel the test-I/O 
command is directed. Assume selector
channel 1 is specified. SXl gate i$ turned 
on by the statement GB=Kl,O. The 
microprogram also tests the GT line~ to 
deterinine if the addr.el;lsed chaJ'lnel · i!J busy 

c THt 1/0 I-Cycles. ) 

T Ht Chonne I StotU., 

Ralt• Addrea"'O~t 
ond S.l•ct-Out 

-~-------- ·-~ 

Sot Condition Code 2, 
R•tuNJ- to I-Cycles 

Addren-ln 

[ --·-···-.. --·-~-
Rohe Command 
Out 

---;:----~·· ' 

A 

Stotu1-ln 

c [lndlc;ot•a Conttol 
Unit llY1y 
ReMt S.lect-Out 

0 

,. 

<Figure 4-18>. If th~hilnnel, is bµsy a.id 
the ·interrupt latch is 1 bff, the program. · 

~~· ·. . sets the current PS. condition code to two 
and returns to I-cy les. 

With the.interrupt latch ont however, 
the control-unit address is read out and 
compared to the ilddress of the functioning. 
control unit. An addr~ss mis-mar,.c~ causes 
condition code two to .set in th~' current 
PSW, and the program returns to I-cycles. 
This indicates that the channel is' busy 
~ith another control unit.· Therefore, the 
device associated with the test I/O cannot 
be selected on the, interface 

If the addresses match, the microp~ogram 
branches to' the csw store routine and sets 
condition code one. 

v •• 

II.ad Out Unit Adci..11 
Chock far Adchn 
Match. 

Sot Condition Code I, 

Return to 
I Cycles 

~igure 4~18. Test I/O <Part 1 of 2> 

r' 
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1 · .. 

) 

. I 

Reset Select-011t Reset Sllect-Out 

Raise ·Service-Out "Rai1e Service:-Out 

.. 
Set Condition Code O 

. . 
J. 

·· rigu~e lt-U. ·Teat I/O CPar't 2 of 2> 

~ , . . . ' .. 
If . the·"~hanpel ia not. busy wh.n ttfe GT 

lin8* .. are tes.ted, t~e. •J,croprogradi • .,., the 
poll-control latch to capture poll1ng. The 
microprogram ~hen stores the aon~rQ~·unit 
address in loeal storage p<>aition XS and 
does a chan~e~ reset excluding p0ll con
trol. It then rea4a out .t.fle .addreH to the 

1GR-regilite,r, raises, the· addrees-out and 
·select..:out ou~ ·tag i.triea, and· wait.a for a 
reply from t}le control .un~t. · If the reply . 
'from the con-.ral ·unit is ·status-in · 1 

Undicating control unit . bluey>, the 1111,cro
program. branch• 'to a store-statue routlnfJ. 

v With the addrea•·in in reQly Ca~dresses 
match>, the channH rai!es the co•nd-out 
lipe and seneta the teat..:I/O CQllfmand to the 
control unit (no .bitei on bus-out>. 

.. I ~:· .,.. .. ',,~J 

T~e control unit ~epliea to command-out 
With the Statqlf-in .\ag line and place&; any 
existing statde bits on the bus-in· lines. 
The channel resets select-out, responds t~ 
aervice-out, and checks the incoming status 
for the pr'ea•ce of status bi ta .• · . 

4-52 

. .. 

\ 

• I' 

\ 

' 
Store < 

Unit Statu• 

,,-;if . ,,. 

~}~ 

.• 

... 

l.··'l 

r ,. ' 

'Store Channel Status 
Res t Chahnel ' 

Set Condition Cade 1 

··' 

Rerum .. to l ·Cycles . 

. ' .. .,..:_" .. '"• . 

• 

.. . ,: . 

.. 
If the status byte on.bus-in contained 

no bits, the channel1 

1 •. Sets' condi:'ion zero in the PS~~ 
2. Returns to I-cycles. 

If the status t>yte .contained a~· statu~ 
bits, the channel: 

. 1. ~tores the control unit stat,us ·i.n the 
csw. 

2.. zeros the csw. ·. . · · 
3. st.ores the channel. atatu8 i'n the ~sw. 
4 •. Resets the channel. · · · 
5. sets co.ndition code 1 -i.n the .Psw. 
6. Return• to I-cycles. 

·' 
For. more detailed information, and cir

cuit objectives, refer to Start I/O sec-·~ 
tions.' · . 
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HALT ·I/o' 

\ . . 
• Exeeutea whe~,address-out· is up, select-out i$ doWI\, and 

operationa 1-in ul>.~ 

• 

• 

. . . 
causes the I/O device operating. W!i•th the cha~el ·to stop 

- data transfers .. and drop operational-in• 

causes an addressed 110' ~ ... i~e to s~op' processfn.g ·data and · 
1 :r;eset. · •. · · ' 

,,.. . 

-~· 
·.~· 

The halt I/.O instruction is issued by t;h~ 
. channel to cause: ~· 

1. ·The control unit cur;entiy on the chan
nel to dis·connect from the interface.· 

·~\ii: . 
iri line., disconnect frollJ;:'the• interf.a<!e and · 
reset. With the faU Of the op-in line, l 
the microprogram the~'. tu.rn$ on .the sx1 
interrupt latch reque511:icp9 an interrupt, 

.. . 
2. A control ·un~t that is not. connected to 

.t,Jle interfac to stop. 
~ . . ' 

, .. ~ecution of the halt-110 instruction, 
bll'the channel, is through a sequence of 
signals rather than a Command sent to the 
I/O device. The microprogram routine used 
depends on'the channel-busy status, there
fore, each is discussed separately •. 

on entering the halt-I/O microprogram 
routine, the channel is tested for busy . 
status <Figure 4-19). If~the channel is 
busy (an l/O device is on the· interface 
with op-in up> the halt Ilb latch is turned 
on. Following this, the select-out line is 
reset, and address-out is raised. . 
.. The ~ating I/O device receiving this 
$ignal ~equence must drop it~ operational-

., 

\ 

sets condition code. two .in t,he PS'f, ,a nc;i ·. :, .. 
returns to I-cycles·. . " · · ·~ · · 

" .... 
if the channel 'was not busy' when tested, 

the halt-I/O instr1t1ction follows a P, .·· 
different routine. In this' case, the Iro 
device in question is not on the interface. 
and.does not have its opera~ional-in line 
up. However, the•device must be reset. 
The microprogram roq.tine followed is the'~,.. 
same as for the stait-I/O routine and a :: · 
no~ initial-sel~ction sequence takes · "" · 
place. Once.the device is selected, the 
halt-I/O latch turns on and the same signal 
sequence is used .~ausing the selected • · · ... , 
device to drop op- in, disconnect, and ' . 
reset. Condition code one is rJet ,, and the'.· · 
csw status bytes are set to zero •. 

Refer to the. Start-I/O section .for JllOre 
detailed information and circuit object
ives.' 

., 
I 

J 
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; .: ·TEST ·CHANNEL ,.j 

• . Ex;eci1ted. t~ deterinine .the status of a 

• .sets a.condition-code in the P,SW. 

.'. .·-; · ....... \ .... f'' 

.. 
), 

'I;. ' ' 

partic;ul«'lr chann~l. 
- ',:.; -:,,7;~.:"' 

ti The ·coriditi:ori-cOde· set indicates the status of the addressed 
'channel. ' 

r•. 
\ 

, 

" The test-,channel command ci'etermines the 
stat1:1s of a particular' channel.. It is 
executed only when the CPU is in the mon!.-. 
tor state and has ·no. effect on the channel. 

an interrupt condition and a.condition' qE>de 
is set. 

, The tes:t-charinel command sets a condition
· code in the Psw that indicates the -current 
. s'tate· of the addressed cb.annel. 

. The test..:. channel operation begins as a · 
normal start'-I/O: however, When the 
addressed· channel is selected, a micropro-· 
gram branch oecurs to, the test-channel . 

• routine. In this routine (Figure 4-20),, 
k • tjl:ie channel i.s checked fot a busy statps or 

·Test Chanl!E!l Operation 

I 
No 

\ ' 

•'' 

Yes 

'condition ;;ode~ for the test-chanpel 
instructi,on are·:· 
.. 

Code 0 - Ch.~nnel available. 

• 
Code 1 - :Interrupt condition in chan

nel. 

Code 2 - Channel working . 

Code 3 

Set C(!ndition Code 3. 
'Channel Not Ope'ro
tional. · 

Chanpel not operational. 

/· 

Set Condition Code 1. 
Interrupt Condition in 
Channel. ' .. 

Figil.re 

t 
· •• '4 

·• 
.·--ti 

I 

" '\-
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:tNITIAL ?ROGRA.M LO.-.Z: (IPL> 

<::::::::.__ 
• Initiates processinq after pDW(>r is t. ~unt1 o.n M ,, 

gram is desired in storagP. 

• Started by selecting, an input ,1e-vice .in'.'.l 
button. 

r 
The IPL procedure is provid~ed to initiate 
proc~ssing after·a pciwer-on con:lition" or 
When the contents of storage is not· suita
ble for further processing. 

The. IPL prof;edure resemblf?S a start-I 1: 
instruction in which the select.ej I/C 
device and a :Zero-protec;tion.,,key is .speci
fied •. _The ccw for this instruct.ion has a ' 
read command, zero data address, a byte 
count· of 24, the cOl!ll'!land-chain flag on, the 
SL! flag on, •nd a .command address of zero. 
This CC# is fbr~ed by microprogral!'l. 

~e IPL ..ceads new information int~ the 
~·~irst si'x words of storage. The remainder 

"' of tb.e IPL program can .be placed irf anr 
. deSi.l:'etl locati,r·Of Storage. 

Tl1e IPL procedure is started oy select
ing an input device With the load-unit 
switches and pusqing the Load button .• T~is 
causes a system reset. turns on the Load 4 

light, and initiates a read operation from 
the selected input device. When conrnand 
chaining is completed, the CPU starts oper
ating and the Load light turns off. 

The system reset stops the CPU and sus
pends all instruction processing, interrup
tions, and timer updating. It also resets. 
all channels and on-line control units and 
I/O devices. The content·s of the general 
and floating-point reg±sters normally 
remain unchanged. • 

.. 

FRAME 

- Aft 1~r s;~:-:~t en; t •t·.~t. 1 :-1'"' ~ ... f~ ~ .. -ct,.,..·; "ttJ •Jt 

if''.Uce c:t4tt:; r-••rhnq .. -:r;r !ir:1 .,..11 ·1,ftr-·•· 

~t>ad •;e-.fl'ac~~. i~'.:t:;iu~~·. l<>':::"':~i;.,;i '. •'·· 
.t3 "'- r~, .aT.6-. \..';..lilW ,.J. 1 ·~i-- l),.111\' ~··· -... 

7t or.t.g~·· f rot f'Ct .Wr1 . <1n'1 f"i~•·· l 1, l r l t>f f';f r•• r:t .... .._. 
lf-.~ th Pr r or f,. -a i!l ":. 'J tH) r<""-.!. ;··hf"." ,,c, 1.;.t-1l , .... wr}r ~;. 
!"f>ad ..i,~tp lc:-ca.t lOD ..,lr;ht ~:" ;:;~·~ ,.._~, t f-,f· ~-~r ... 
fer th~ rtPxt l ~1f 1~ c("m.it1-ln<). . "'1h~ .. : rt-,,i, ~ ~; ~·y.;-.-1 
is 5fiecit:i~'i J.r,~:-. f'Cwt ~ h•~ (_,pt··t~-~ ,,.,~. 
FracPe1s w:it:-: tnec:·..: lr. J*!'Jo<c4t,1<m :C .. 

After the- l r.put or.J("r~H iO"r~ f'J:. c"w!; 1~~ , .... 1, 

t·:-.e· ct~a:-;nf?l and 1~V:£Cf!' ~c:1t'~3' ; · ·,f t;t•'"·"l Jr. 
t::.ts .d tc 3~ o~ the f;rc;1 Wl\'..>tl ir• ·.tr.-r.t•••· 
~it.s 16 to i~:·.:2rf"' Z£"?D_S d:t~·) t.l't~; .r· 1'f· 1; 
rerll1ai n :.lnChd.n~i;-d. :--he cT:; 1 ;..,,·, !.-.1 ··h..,.r .. 1 ~ .. 
dcn'ble-word 'u1 l;:>c.tt :ion -;.v:o .,., ,, r""' ; · i.. 

a:;d cr.anges !rorr, th,..·~tripJ,"'•1 to tti·. 

ci:erat :n:.i suite. cper<11'1on rroc.,.eJ:, .i.t.'!!f't 
cc.nt:rol o! tt1'e nP., t~~• .. Jf t.hf" 11·· r,pt .. r;, ... 
t1ons anj ?::" lOd'ilric ..,r, ... r,•. !}at i~14et •·ryf 
the 2'?"J st0ps .-l:"td tt."" L£";,41 ll-;t-it rir;:-n-tfJJr.~ 
er:. 

. ,. .. , 
_The mi'ctorro,;rarn fer tr.f' lrL rc.:cJt ;r,,. ls 

shOW"n in figure u- ;;1. 7rie st.t'ft cf tr, .. l >1 L 
routine-. is s i 11u l.i r ·to t t1(~ r1ort11<Jl c.t an·' l /v 
routine and is :-i~ d'lf,l1cate'.Z i:m th<:,~ · 
chart. :Juring toe endin1 ;:roCfi'"d>.n;e, u·,.,_ 
ROS interr..ipt u:ap tnit:roprograir, tiranchesc 
o·ut in.to th._, I?L prograir: t c che-011; the ;1nn 
an'.3 channel SUt.~us prior.to the e-xecvt;;or. 
of tne Load-PS;.: routine-, 

·t:y 
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Put Unir Status Into GR 
Registel. · "' 

·Cancel Select-Out. 
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'Addre,s-ln. 

. Store Unit A'd&'n .• 
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Figure .4-21. --
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ERR~R QETE£'!~ " 

• 9uring channel operation, the interface, the,..channel, and 
tne CPU are checked for error~. 

• 
• 

Detec;_ed errors set cha:r;mel status bits in the csw. \ 

The operation is 'either ·suppressed, halted, or completed 
depending on the type and location of the e~ror. 

Form. Y24-3362-2 
FES Y24-0510 

During normal selector-channel operation, 
the cQ<lnnel is connected on one side to the 
.processo·r and on the other to an I/O con
trol unit or·device. It i;nus~ then be able 
to dete~ errors that occur in the channel 
itself, on the interface, or in the CPU •. 

set channel-status bits in the csw when ~he 
csw i~ stored. The action taken by the 
channel when an error is detected depends 
on the operation being performed and the 
t,¥pe of error,...encountered. 

All errors detected by. t~channel dur
ing operation with the interface or the CPU 

The chart in Figure 4-22 lists the 
errors. that are detectable by the channel 
and their causes. . 

Error Indication Cause of Error Reason Action Token 

I focrect Length I. Long· record on ln'put or Output. SU flag_off and CCW count reduced t,p_zero and service-•n is Sets channel status bit l . 
received. Ends operation on detection·. 

2. Short record on Input or Output. SLI Ha'g off and 1/0 device end_s the operation before CCW 
count reaches ze·ro or o halt 1/0 is signaled by the channel. 

P'rogram Check I. Memory Wrap (lnv,alid data address) Overflow from medifier, or M register contains address greof_er Ends operatio·n on detection 
than memorY s.ize durtn9 a share. cycle: and sets bit 2 in.channel 

2. Invalid Count. Not a TIC and CCW covnl is zero. status. 
3. Invalid Memory Prot~ct Key Key bit positions not zero .in unprotected mo-es. 
4. Invalid Fo.rmot. T.hree low order flog bits in CCW not zero. · 
.5. iiivolid Command . Command not acceptable, to 1/0 device or channel. 
6. Invalid CCW Addre'ss. CCW address not on valid boundaries. 

Protection Check I. Protect key .mismatch·. Memory protect. k~ys do not .mo.tch and protect key- is not zero. Ends 9peration on detection; 
(An attempt tO place data into a protected location) . ._ Sets chOnn·el status bit 3. 

" . . . 
Chonne I Doto 1. GR podty check on do to (SX I Parity error on data byte in GR register fro~ interface or storage. Sets channel status bit'4, 
Check suppresses chaining and ends 

<j operation when currtint11CCw 
is finished . 

. .._ 
i 

·chormc!t Co6tr01. I. MN register parity (during share Parity errors on CCW or data addresses, ·or contents of CCW. Ends oper-otion on detec ti6n 
Check cycle). Parity errors detected at modifier output. an~ sets bit 5 in c·ha nne-1 

2. GHYZ Parity (During share cycle for ,, status. 

- other than do to). 
3., GR register parity. (CPU Hore cycle Parity errors detected at GR register output when handling 

or Bl.JS IN to GR). CCW, CSW, chaining, etc. 
4. A-register parity (GR or valid GJ Parity errors. detected at A register ZUnder ROS control). 

bytes to A reg). 
5. Any machi.ne check (during SEL ROS CPU hardware checks (usually detected as a parity error), while 

Request Mode) .. Selector Channel is. usinQ ROS (HS on). 
6 .. Storage key parity {during input Memory Protect stock parity check (Q.-Lo Register) du.ring selec- ' 

shore cycle). tion input shore·oycles when protection key is not zero. 

Interface Control I. Bus-in parity check (Addr;~s or 
Pc:irity error detected on unit .address or statu.s byte transfer from 

Sets bit 6 in chanrlel stj]tus bus-in to GR. " 
Check Status) Address from deviCe and address sent on bus-out do not match. and ends the operation on 

2. Address mismatch ? 
Response to an outbound tag riot received within time limit. de:tection. 

3. Time out Select-in is r·eceived in response to address-out and ·select-out 
4. No response during chaining. 
5. Unit busy on chaining. Control Unit responds with the blJ1y bit during.sta.tus-in. 

7 

•Figure 4- 2.2. Selector Channel Errors 
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SPECIAL FEATURES . 

MEMolrY PROTEc'i' 
,, 

• Provide&. protection 'for the contents of specified·areas 'of 
s~~rage. 

'" • Achie.v,ttd by identifying· blocks of. stbrage with a storage 
key, alld 4'0mpari~g this key against the prot~~t key • 

. • Detection of a mismatch results in a p.rotectibn interrup
tion. 

' '· 
. '. 

rte:memo~-protect feature is proviaed to 
protect the · coi,ltents of certitiri area& of 

, · storage .from destr~tiop ·due to. th~ storing 
of .errotieou~ ;inforllllltion while ex-=uting. a 
program. To achieve protection~ blocks of 
stc;>rage are assigned a storage key which is 
c9~pared against the pz;-otect key. .. . For I/O 

. operati9n, 'the pro~ect !tey supplied in the 
· .~ CAW is used. .Other operations affecting 

. memory use the protect key. supplied in the . 
PSW. If the keys do not match. during an · 
input share cycle, a protection-check is 
set and the operation is ~er~n~ted. ' 

In. the· selec.tor channels,. th_e memo-ry · 
' protect key is obtained from bits O to 3 in 
~·ttie CAW, and is ·carried ·in ~he GK-register 

I 

./ 

.. 

4-60 

·', 
I 

-. 

... . 

,. 

... 
~n the I)o operation is starttod~ , It is 
sto'red in b.i.ts· O t:o 3 of the Csw when an 
I/O interrupt occurs •. 

A prot'ectlon mismatch d14k"ing chan.nel 
operation termiriate,s the operation id such 
a way- as to leave the protected storage 
location unchanged •• The mismatch is indi
cated in'the csw which is stored as a 
result of.the operation. This.c•n only 
~cur on an. i,nput o~ra.tion. 

·. When ·the· memory-proiect fe~ture iS nOt. . 
installed on the system, the -protection key·. 
in the CAW and in therPsw must be zeros or 
a program check error'is generated. 

. ' 
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.e 
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SECTIQN ·5~ --,- CONSOI;E· CHl\,NNEL . 

I.• 

.. COMPREHENSIVE INTRODUCTION 

The:l050 console attiichment will pr~vidl a basic ·key'boa·rd 
'and p.rint~r for the operator-to-program communicat.io_ns. 

• The s~~tem. <Figure 5-i> ·consists of:· 

1. - . . '. 10.51 .. co'ns9le At!tai:;hment !located in. 203.0L J· 
2. 

.. ' ..... 
2030' .to.1051 Interface <connecting ::;ab:j.el. 

3. CPU Atta.chment iin 1051). 

4. 1050 system < 1051 and associ~ted I/) equipment>. .. . ' 

-2030 

"' 

. , 1052 
Keyboard 

l 050 Micro Programs 
I 051 1052 

P.rinter. 

1-051. 
Atiachment 

r 

Figure 5-1·. 

OPERATION 

Re~der - l 

CPU 
Attachment 

Punch - l 

20-30-lO;iO Con.so-~-stem Units 

..--

An impJ;~rtant_.link in anyr;ty{)e of 'com{>u
ter oper.atihn is communications 'betwee'h the 
program and the~ operqtor:' The 1.p50 wl.th'- .• 
the:"'-o:w pr6vides ·this lj.nk. "'9ome uses .of· 
thiif""communlcations · liHk ai::e:. 

1. Error me~,age printout •. 

2. Instructions tel.the operator. 

3.;. Program-con.td>lled changes to data or 
program. 

4. Job lofging. 

Input 't""o the )0,30 can be from a k'eyl;>Qard· 
· .< 1052>· and output at the. 1-050 C'fl'\ be a . 
rrinter !1Q52l. Thus,· wi(h a 1051 and a 
1052, the' operator-has· a device that pro
iride~ the" ~ipment needed. to coinmunicate. 
with the 2030 . 

' . .. 

• · Operat i'on Of the 1050 is. similar to a device on the multi-
plexor (MPX) cha,nneI. 

I • Oper.iltio_n· to the iOJO is.through the ~i~ interface. _ _.....,.. ____ 
• The 1050 home loop is •used .to send or receive data to or 

f rom the 2 O 3 O. 
/' 

The 1050. i~ programmed a~d operates: 
sfmilar to an equivalent rievice on the 
multiplexor channel. Some C:ontroJ.s used in 
the MPX channel are used when ope.rating the 
1050. These controls interlock the·M~X 
channel and alter the CPU to channel op~ra
tion. The microprogram for the 1050 is· 
simil~r to the MPX channel program ;~ theo~ 
ry. However, becatis.e the .dctual _hardware 
used in the attachment differs from the 

. \ 

channel'., .a unique microprogram is\used to 
handle data flow. 

The attachment .of the 1050 to th~ CPU is 
on the native interface. This term means· 
that all-the~ controlS-ah~ cono.ec;ting lilies 
to adapt the 1050 ~re located in the 2030, 
or are ·D~!iY~ to _it..· ' ' 

·.When. the 1050 system is .attached_to the 
2030 as a c.onsole; the 1050 must 'have ·the 

section s· 5-1 
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. . ~ ~ ' . '. . . . 
. CP~ Attaehinent special· feature~ This 

attachmept 'allows control·-~~ tne 1050 home
l0<>p for.data handling to and.from.the · · 
1()50. i:t also makes· use of th~ reader~l· 
and puric~1- interfaces in the 10.51;. - ' . 

. ,, 'Reade.r-1 is ·used to -receive data. from the· · 
cPU and ·puticb-1· is used to. send .. cia.t.a to .the 1.1 
'CPU. . . • ' . ' ./: 

·". 
•. I .. '.· 

·' 
~· : 

.... 

,tfrr coov8. <P~Rf'o~ATEi:>. TAPE Am) TRANsMissr6N> 
. 'le. . . . \ . ' . . ' . . . ·. . . 

{ 
i!' "' 

. • · Data. sent ·t~ .and fr~m th& 1050 Jiill be "in the 'PTT. CC>d,e/8 .• 

. I. • 

·riff' .. 

Th,e 1.0SO· system operates with the~PT,T/8 · 
,eode. . Tran~lati.on to and from t·his cod.;t . 
i~ ~a~ale4 in th~ 2030-1051_ attilcbment.. ·. 
'J:he PT&T/8 code :i,s made up:of the standard. 
eco· bits:,. B, A, 8, .IJ, 21· .and 1~ : The C-bit 
~$ used to m<lintain .odd. parity• . 'Thts: . .i :·· . . . . . 

..... : 
. A .. . 8 v 

~Sp0ce @ 

BA . ' 
& 

' '" 

Spac.e · 

.--- ...... 
,, . i I i a .= 

-, ' 

2 2 

. 2 3' 

4 4 u 
·,' 

-v 

4 2 . ~ w 
~-

4 2 I 7 >c 

. k b· 

c 

I 

r • 

.9 

) -< 

. " . ·~ . 

; . 

·% 

.. 

s.t;:andard. pode,i.s ~hif~edCu~p\~ ;case or 
·1ower . easel to give mo~e- ,possible code _ .. 

: combinations. Figure. 5-2 ·shows both 'the 
upper..:cas• and J.ow~r•cas' d8c:I ignatlons. o.( : . ··· 
the P'M'l'IB chaxiac1;#rs used !or .console '. 

.. o~rati_on .to th~ 2030. · · · · ~ .· · 
'I'. 

:··· 

. ~ .. ~-. 

._· 
:B 

'\ .. 

¢ + 

?. .. J A 
_,, 

s .K B 

T l. · c 
i• .• :'··. 

~ ;' 

V. . N E 

.w· o· F •·o I 

x . ~ ·. . 
~· - . ~ 

' y Q H . 

. :l . 

~-• i·. : ~· . 
····~ 

•••• -',· .. ,. .-;-, 
·1: ' ....... , 
:·. . 

' 9 .. · 
....... 

...a.··.-••• 
·,",.): 

·'. ' 

·' .:· ;. 
.. ' 

e· 

--
',. . 8 
~~~~--11--~ ...... 1--~~++-~~-t-.....,,...~~ 

R 
. ... '._ 

z .1 '. "I 
\• .. ·· .. :_a __ ._ ..... ___ ._. ~-'a_ ........ _· _r._. ~++-cr_.... __ h...,.· ..,..· ~ 

t: · · 9 · .'i r . • i .. ~· 

8 

• 8, 

8 4 . 
~ . 

8 4 

2 

"8 4 2 

'8 4 2 

o: ,'~ 
,. ·.~ .. . I 

' 
.PUNCH BY.PASS RE PUNC,H PUNCH VBYPAss' RESioRE PUNCA 
ON . . STORE. 'OFF ON·.;. ' . OFF. 

!!£.ADER LINE: NEW 
STOP FEED· . l!-INE 

-UPPER· EOB · · BKSP' 
CASE 
SHIFT 

EOT. PREFIX IDLE 

HORIZ 
TAB 

LOWER , UPPER . EOB · . BKSP LOWER 
CASE CASE CASE 

, SHIFT --!-r Sl;ll_FT ..... i ·SHIFT · 
t-....._-+--'--+--...,... ...... --,--1 . r~ 

DELETE EO'T PREFIX · IDLE DELEtE 

... 
Fi')'lire 572• ·'PT'l' Code J'B. 

. \ 
'· 

. ~ . 

./ 

. . 
I. . ! 

.· i· 

•' 
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. ' 

c •• .. · .. ·r~ 
•' 

..... 
: ,., '.-
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.... e·.-. ' 
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EXTJ:NDED BINARY-CODED DECIMAL INTERCHANGE <.BBCDI) 
. . '· ·~ 

•· --.Data'froin t;.he.io~o will he stored i·n the 2030 us_ing t~e 
EBCDi Code. · : 

·~ ·' 

e • . . The EBCDI code is used to store data. or with the s.2bit code used .by· the CPU. Fig."' 
ure 5-3· §.hows the EBC.DI code and the 'bit .. 
·struc;t·u~ of· the PTTC/B --~haracters ·as they 
wouJ_d. be stored, in the i;Pv.as.a byte. 

,. 

·,·9· 

e· 
~-: .. 

e·.,. 
· .. \ 

-··· ·•·· •.'··· 
.·1· ' .. · .. 

•• 
.. ·e··;: 

··. ·. . ! 

' 

·: 
. ·-·· ... 
.-.-. 
.~-

:'• :···, '·· ·\ 

· · .send ~ta· to the 1050 •.. Translation is·· 
necessary to con\ti!;t the P'f'!'C/8 to EBCDI • · , 
and EBCDI tQ P'J'TC/S. The. EBCDI cod'e in the 
2Q30 makes toe PT'l'C/S. c~aracters compatib_le'. 

· Bit Positions Withl~ ·Byte ·' 
'o· 

. ~ . 

. . } 
. . . ····~u f.¥ "--''] 00--~---- ......... --01~: 

. ' 
~.10~ 

~ 00 .. 01 . 10· ·n 00 01 10 ''U:'· :oo· 01 10 11 · 

0000 NUL BLK II< . -

0001 '\, .. . /. a .i: 

0010 . 

ooii c. 

()100 PCH RE- . BYPASS PCH 
OFF STORE ON d 

0101 
HORIZ NEW UNE RDR 
TAB LINE FEED STOP 

• '''! 

LOWER UPPER 
OlJO .CASE 81<'59 EOB · CASE 

SHIFT SHIFT 

0111 DELETE IDLE PREFIX ~6'.f 9 p X" 

1000 .. .. .h . :q· .Y .. 
1---+-.,+-......... +'---t ; . 

1001 
\o ' 

.. 
" i '1 it 

1010 
w 

¢. f' I·.· "lllrj :· 
. ~ " '1---1---'-'~--"' 

': .. $ ' .. ' . 1011 , . 

11QO 
. , 

< • \% @ . • ;;.· 

llOI- ·; ( ,), I 

1\10 
. -,,-

' . .. " + . >· 

1111 ' 
: ·' 

~ -, ? 

• 
Figure 5-3 •. ·EBCDI Code. ,; 
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R. z 
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CODE TRANSLATION 

. • 9~ code conibiriatOions are translat.ed on input to 203,0. 

• 105. c~e qombinations are translat.ed on output to 1050 • 

' 
Input T±:anslation Pl'TC/B to EBCDI' · 

. 
The· PTTc/a· code Char.acters that w.ill be 
trans.lated on input, ·are: 

.. 
26 . apper case· Alp.ha; J\..;z 

26 Lower case Alpha: a-z 

lei Numerics: 0-:9 

. ,. 

( 

sco ens A i B BA 

26 Special Charac.ters 

1 .space or blank 

4 ·Control. codes: .New Line, Tab, Li~e Feed, . 
and ea:ckspace 

·Figure ·5-4 -shows the ·character code and 
the characters that ·are ~ntered· into thf! 
2030 stora:~e. · 

>/· 
A B BA 

tJ 

Space ((1 
\, - & Space. ¢ + 

f I ·a I A . ? 

2 •2 ~· b < . s .K 8 . <: ,. 
2 · 1 . 3 c 

4 41 m d U M' . ri 
4 .. 5 n e ·v. N ·E 

4 2 p .W , 0 ·w· o F 

4., 2 l·. 7 x p ·g > x p G 

8 .'-<--'-; B Y. q h .y. Q H· 

B 9 r 

B 2 

8 

B 4 

~ ·. 

,. 

'· 
LO~ER CASE · UPPER .CASE 

. ' 1 
Figurlf 5-4. PTT· Code/8 to EBDIC Code TRANSLATION 

'• 

E08 
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·"e 

-e 
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-,_ 

.. ~ ' .. ·:- - ' - .. · 

.. --
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' 9 .. 
·2; ·:e, .. 
... ..... 
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e 
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e· 

-e 
-e·· 

···,·· e 
e 
e· 

"• 

I ·.;_· .;~ 

. ··~. 

e .. 
'e 
e 

-
-~ 

" Output Translftion-EBCDI to PTTC/8 

·:I'he 'EBCDI ·code cti.arapters Used wit!') the 
10SO are: 

26 · Upper case Alpha: A-z" ... 
2~ Lower- Case ·'Alpl')a: a-z . . . 
10 Numerics: 9- 9. 

.I. 

8-it Positions .Witbin Byte 

· .. &\~-. ----, 
4567 00 01 . 10 . 11 

NEW. LINE 
;LINE FEED 
. ~ ' 

EOB 

,---,- 01·-------. 

00 01 10 11 

. ) 

>··'· 

I ,., 7 

26 s~eciat· Characters 

· 1 Space or blank 

16 1050 Control _Codes 

Fig~re :>-5 shows all t.he code characters ' 
that· will transl'ate to PTTC/8 dUring output 
to the 1050. -

r-- 1 o------, 
00 01 10 11 

r---' 11 ----, 

00 01 10 11 

.T . 3 

M: ·U 4 

N v '5 

0 w 6' 

p x 7 

Q Y, 8 

-, 

... 

Figure · 5-5 • EBcb1 code to PTT Code·/B Translat.ion 
.. , 

. \ 

Secu·on 5 · -:S"'s 
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IBM 1051 .. MOQEL Nl 

• A 1050 system with 'home-loop only operation. 

• Rf;!ader-land punch-1 attachments combine to provide a data 
' interface with tne 2030... . ' . . 

~-'--Model Nl_ can. operate on-. line· to ·the CPU ·or off-line with 
standar$i 1050 I/O equi'pment. 

• Home Error Correction .is the on],.y home-loop optional feature 
that wi 11 not work with the 20 30. 

/ 

The 1050 Model 'Nl is a stand-alone 
device using the 10.50 home- loop. operation 
on).y. I,t has no line.;;;loop capabilities 

'1: <sel')dinq! 9J: recei Jing data to or from 

ratio~ shown and with t,he 
,,;J.lome-component-recogni tion feature, the 

2030 p~ogram can: 

".' ~ote 1050 term·inals>. . R$,ader-1 and 
· punch-1 a.t:tachrnents are reserved for use by 

the 2030~' ~ Figure 5".'.6 shows the maximum 
SfSteiti q"<:m!iguration• With the configu-

·"':r-

.. 

. ' 

' 

~Model 
2030 

1051 .,-· 
Attochment 

'~ 

....,._._ __ "'i Reoder - 1 

----~. Punch - l 

' 1054 
Or 
.1056 

Printer~ l 

··~ Select ~nd read from a 1,054 or 1056 
reader.· 

./ 1055 
Or 
1057/58 

Printer-2 

1053 

K 
E 

Y. Keybdard 
B 14----~on 
0 1052 
A ~--~ 

R 
[)' 

® Mar\Vql Swiich 

Figure 5-6. Maximum lOSO·Nl $ystem Confi91.1ration :~.L 
5-6 '* 
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9.., 
....... 
. ~ ~ ' 

"", 11"'\. 

' 

•••• .. 

I 
:e· 
·e·· 

• 

2. _Accept an operator initiated input f:ccxn 
the keyboard, 1054, or l 056 reader. ' 

3. Accept an operator in.itiated .split. 
input alternately from keyboard and 
from a 1054 or 1056 reader' during a 
single read co11111and. · 

4. 

5. 

Selec~ ... any one, or' a combination of, 
~hr,ee ®tputs. · 

change,output device$ when desired by 
control characters in the data stream. 

... 

'. 

6. Chanqe ribbon color by control 
characters in the data strea111. 

7. Chanqe' line-feed spacing by ~ntr-01 
characters in the data stream. 

): 

All optiona1_ilfeatures av.ailable to. the 
1050 home loop ~ill work ~ith• the 2030 
except ho"me r r correction. See Figure 
5-7 fQr the features avai ble and on-line 
or oft-line functions. · J 

:..:;.. I 
' ~ FUNCTIONAL , 

~ ;.! 

1051 1051 
1050 HOME LOOP FEATURE! Model Model 

--

,;.:. NI 1 

2nd P~ter Attachment yes yes 

1 s; · R~dtfr\Attachment yes yes 
., 

2nd Reader Attachment 
.·· 

yes yes 
. c 

1st Punch Attachment ..... . yes " yes 

2nd Punch Attachment ,• yes yes 
·''· 

CPU Attachment yes yes 

.Home Component Recognition yes yes 

Auto Fill CharClc:ter Generatiqri yes .. >'fs 

Auto Ribix;n Shi ft ~ 
i:_es y<U .. 

Seieetive Une Feed yes j yes 

. - . 
Home Error Correction Y'i'S ye! 

I 
. 

Swit;:h Unit' yes yes 

<. i; 
7 

Extended Graphics - yes yes·1' 

t 

Y· 
~ ,,. .. 

F.ig~e· 5-7. 

f 
1050. Home ~OOJ? Features· 

) 

• 

• . 
'"'"'l' .. BASIC PREREQUISITES 

ON LINE 
OfF.'tf~Ef FOR 20Jf ATTATCHMENT 

TO 2030 ' . 
')', 

yes yes 

' yes_ ·no yes ' 

yes yes 

yes · no yes 

yes yes 

yes no yes 

yes . yes 
·• 

,· 
yes yes 

.. 
yes yes 

yes yes 
-.c .. 

·no i yes . 
yes yes Needed only if a 105? 

-
is not port of system 

yes yes Yes '-only if card ... .. 
equipm(!nt is_ attached. 

" 

Section 5 S-7. 
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Keys. Lights, and Switches 
\ 

~· 

• 

! \ 
I 

Punch-1 switch becomes CPU connect switch. < 

Request K;y and Proceed Ligt\: used for operator initiated 
input to CPU. Figures 5-BA and 5-BB show the 1050 Nl key
board and swit!'ch panel. The switches, keys and ligh~s th.at 
pertain to CPU operation are circled. · 

I 1.11 il111.i l111.il1111i1111I1111I111il1111l111d 11(1f1111l1111l1111l1111l1111l1111I1111I1111 l1111 l1111l11<1l111il1111l1111I111il1111 I 

IWR STOJ' 

ON s~o~ 

@ '@ 

0 3 '0 '~ ;o ;>3 30 ~3 •0 ~3 5-0 '.5 60 6) 70,. 75 60 B~ ...0 :,~ 100 '(!~' l'O ·1·~ • '10 '25 1?0 ~~ • [ 

j 
I 
I 
I 

Figure 5\8. 

I \ 
.I 

.. 
Keyboard and Switch Panel for 1052 Nl (Part 1 of 2) 

•' . 
... 

\ 

. ,-: 

'CPU SWITCH:'. 'with t.he CPU. attilChment' fea-, 
ture, the punch-1 switch ;becomes the CPU 
connect switch. 'In the <;:PU on ?OSition, 
the 1050 is on-line to the 2030. In the 
CPU,qff position, the 1050 is off-line to 

PROCEED LIGHT: When on, this light,cs±g ni -
fie.s that d request has been gr.anted and 
data can be sent• 

the 2030. · 

'·"" REQUES.T KEY''?·: The oper.ator presses this key 
wben data is to be s·ent to the .2030. 

j 

5-8 

All other keys, lights dnd switCll)es 
retain their same function as described in 
the 1050 SRL Manual, rarm A24-)020. 

·, : .. 
;r\ ;••, 

.~ 

e ... 

••• 
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I 
• • \ 

( 

~ 
bci 

1111d1111I1111111; I 1111111111I11111111il1111l111II111il1111l111d1111l1111l1111l1111I111ii1111l1111l111il11111111111111/.111111111( 
·s 10 ;;~ :io ]3 ,Q '" ~(· ~~ 60 ~' (0 H so a$. 90 ~.5 :oC TC.5 !JO 11,5 IW 12.5 \)0 

B[ipDDDDDDDDDDD :.:~·. 
L'...J.oo,oo.' DDDDDD.D D 

•· c:JJDDDDDDDDODDLJ 
[EIJODDDDDDDDDI ,,_,..11 

\ 

Figure 5-8. Keyboard anp Switch ?anel for 1052 Nl '!Part 2 of 2> 

IBM 1050, MODEL 1 
..... . 

• A 1050 s .. ystem with both home-and line-loop operation. · .. 
• 

• Rea<ier-1 and punch-'1 attachments combine tp ~rovide a. data 
interface~"Witn the 2030. · 

• Model 1 can operate on-line to 'the CPU with .the home. loop, 
"nd with other 1050 terminals ·using the line loop. 

• 
,. ! ' 

Home-er.roe~ correction ·is the only home-loop ~onal featui~, 
that will not oper..ate wi~h the 2030. 

The ~050 ·Model 1, having both tlome and 
line loops, can operate: 

1. Honie loop to 2.0 only. 

2. 

3. 

Home loop off-line only. JI. 
Home loop ot'f-1 ine and 1 ine loop to 
other terminals provi"ded the same I/O 
device is not needed for both loops. 

' ') 

4. Home loo'p on-line and line loop to 
other termihals if the same I/O devices 
are not ne.eded for both loops. 

This flexibility of operation provides a 
unique console function. The infoJlllation 
fr()m the line loop can be assembled in · 
punched cards or ·paper tape and then sent 
to the 2.03.0 on the home loop. 

As in the Nl, the reader-1 and punch-1 
attachments are reserved. for CPU use. Fig-' 
ute 5-5 shows the home-loop•optionsand 
their functions for the Model 1. 

'\ 

'Figure 5,..9 sho;; the ma.icimum system 
·configuration for the Model 1. 

, 

Sectic>n 5 5-9 
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2030 

"·--·-

.,, 
\ 

1051 
Attatchment 

CPU 
Att 
Feat. 

i-----i Punch- I 

1054 
Or 
1056. 

Reader-2 

j 
1053 

,,.,,. 
I, 

1055 
Or 
1057/SB 

' 
., ... 

',, 

Punch-2 

1052 

Figure 5•9. Maximum.1050 Model 2 Systems c·onfigurati.on 

.. 

• .. 

··---...,~--· 

! 
I 

Punch-1 Switch becomes CPU Connect Switch • 

Attend..:una ttend switch must be in the Attend posli.tion • 
~ 

'Keyboard 
On 
1052 

• Request key and proceed light are ~s eJ\ for operator ·ini.tia.t
~d input. 

Figure 5-10 shows the switches that 
pertain to CPU operation with the 1050 
Model 1. 

s-10 · . 

\ E14 

.. 

\ -

L----To Remote 
i-----1050 Terminals 
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1050 Model 1 switch Panel 
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CPO ~WITeH: The punch-1 switch becomes the 
CPU connect switch with the CPU attach~el\t 
feature. In the. on position the 1051',. is 
on-line to the 2030. In,,the Off polfition, 
the 1050 is off-line to the 2030. · 

.. The request key and proceed light serve 
the same function as· in the Model Nl. All. 
other keys, lights. and switches maintain 
their function as described in the 1050 SRL 
Manual. 

ATTEND- UN ATTEND SWITCH: . must be in the 
Attend position, because tii'ere is no way·to 
turn on motor.cont~o~ in the 1050 using the 
home loop. 

' ;_ ' 
C!m ATTACHMENT IN 1051 CMl+Nl> 

!J.'he • reader.,.1 switch is· i;emoved with the 
CPU attachment featUre because' the CPU has 
the reader-1 interface connected, and no 
other I/O device can operate on it. 

i~ ' ' 
!~ 

• contains the controls needed to all~w' CPU operation of the 
home loop •. './ ' 

severai basic controls are needed to hav.t! 
the·.1050 function on-line and have the 
operat;ion·under ·control ,of 0 the CPU. The· 
circuitry necessary is contained on.two 

"double SMS cards in the 1051. These cir
cuits will allow: 

1. 

2. 

3. 

EIS 

CPU reset of the; ho$1f:• .~oop. 
' I 'i" 

contrt>l of keyboard restore •. 

control of the . ,. . . 
home-component-r~ognit ion· rat ch es for :1 
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4. 

s. 
6. 

' !'._t 
I ·' • f, . " 4 

puncb-1, r~~r-1, re~de:r..:2, arid 
printer-1 ~ t;flout .a prefix operation. 

The turn-on a~d turn-off .of the ·h~e-
reader, start· .latch. . · 

control of tl\~ reader•2 hold 1Hne. 

·oownshift and carrier~return operations 
-when needed at the beginning or end 1of 
a print operation. 

IBM 2030 TO 1051 Ufl'ERFACE 

• 

' ,, i r 
, ~ ' .. , 

~· • 
"'i·~ ~{ 

.; 

7. Preventing home-error-correction 'i11 
eircuits from ·fUn~tioning wh~n on- li1*·?·,···· 

'; ' ' ' . . f th 
Besides controlling the 1051, the cir-:-\ /'. : 

C:uitry in the attachment feature -,ctivat~ ;Ji 
many , control lines tO the CPU •. An expl-~J 
tion of these and other connecting linelt""£~ 
the CPU is covered ln Functional Uriits. · 

• Tfie cable connecting the 2030~to the ~051 is called the 
interface. 

• contains four basic sections:. 

1. Read (Punch-1 Attachment> 

.2. Write (Reader-1 Attachment> 
,'~ 

3. Controls to and from the 105~. 
I 

4. Voltage lines and EPO · (Emerge.ncy Power Off). 

Read '(Punch-1 Attachment> 

The read bus between the 203~ and the 1051 
is used to· send data from the 1050 to the 
2030. The punch-1 attachment in the lO:;il 
is used for this purpose. It contains the 
1 bit lines and controls necessary to send 
data to the CPU. 

WRI,TE (READER-1 A'l'TACHMENT> 

The write bus portion of the interface is 
used to send data from the 2030 to the 
1050. one means of input to the 1050 is 
'the reader-1 attachment. The CPU will use 
this attachment when sending data to the. 
1050. In,fact; the 2030 looks like a read
er to the 105i controls. 

I 
.. / 

f.QfilRO!_.§_ 

Many iines are necessary on the iJterface 
to send controls to and from the 1051. 
Basically, in write mode, these controls · 
are used to prevent the 2030 from running 
faster than the 1051. Also, during read 
mode, th~: 1051 is interlocked to preven~ it 
from runni)g faster tban the 2030 program. 

VOLTAGES A~D EPO 

Voltages are'exchanged between the two 
units on the interface. The EPO lines 
prevent the 1051 from powering up if the 
2030 is-in an EPO condition'. A switch in 
the 1051 allows operation of the 1050 off
li ne when. the CPU is in E.Po. 

.,; ' " 
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IBM 1051 ATTACHMENT IN 2030' <FIGURE 5-11) 

•. The attachment is located ~n the 2030 and contains: ... 
~ 

1. R/W Clock 
• 

2. R/W Register 

3. controls out-TA 

4. Controls !n~TT 
·• 

s. R/W Translators 

6. tvw controls 

. 7. Share-Request Controls 

R/W CLOCK 

The clock runs~· both lad and write 
operations. D .. ·. g the ead operation, the 
clock 'basically s es · time just when 
the, CPU will accept t from the 1050. · 
Also, the clock cycles nee for each read 
cycle. · 

During the write operation, the clock 
starts at the beginning and runs until the 
write command is completed. The clock also 
serves as a timer, limiting the CPU to the 
spee_d of the 1050 I/O equipment. 

~ 

R/W REGISTER 
,., 

A set of latches that store characters '• 
temporarily during 'input or output opera-

:~::~:: :"::::. that cont~ol o .. r•~ ons 
from the micropr6gram. rhe mpemonl~~Si<J
nation of th!'!se control out lines is TA. 

I . 

" 

Controls In-TT 

A set qf 8 lines the microprogram or hard
war,e can use to test or know the status of 
the 105D and/or·the attachment. Such 
things as intervention required will be 
sampled fr6m t~ cdntrol area; 

R/W TR~NSLATORS 

This is a•series of circuits that will 
translate from EBCDI to PT&T/8 and from 
PT&T/8 to EBCOI. 

R/W COtj;I'ROLS 

A set of controls that analy~e the contents 
of the TA register and a,.>tabl~sh. read, read 
inquiry, write, etc. TAey ar~ used to 
control the clock speed and data flow. 

fl 

~~~REQUEST CONTROLS 

These controls are. 'activated when any con
diti•on in the attachment signifies that a 
microprogrammed shar~:'"request should. take 
place~ 

,\ 

' . 
\ 

. '. 
\ . 

,• 
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I/C ccw Conund Byte can initiate • I nterroqati on of Start 
thNt" basic co,-.ands: 

l. R..-ad 

" 2. Read r nqui ry 

3. Writt" 

i:i. Se n.s e 

s. ~-rc.1 

A read operati:m is de!in~ as a macropro
.;r•= initiated read instr;,ction··to tl".e 
i;c:>l. >the •iC1:oprogrU1 checks for ..,., 
reader-2 anj vill select the reader, •et :ip 
CO!"lt.rols, al"--d start the attach.thent clccli:.. 

A read in~ui ry command is nonr.ally i&au'f' 
in response to a request-in .o~ration frc•n 
the 1051. It can ~ ar:' o;::..rator- initated 
c~nd, and the tti_croprograie Will allow an 
inp'Jt fro'a u,e :C,52 keylx>ar:t, or reader-2 
if t !".e op.er at :ir so desires, provided t h.e 
sele-cted d·e\•ice· a set to the home posi-
t ion. 

\ 
,,,.-..,,. 

A WTit.e c:::mmoand is initiated D;,· the macro
proqra.i:t start!!'.:.. ':be m~croprogra:m eor:-

"""\ 

A08 

• 

trols the data !low and checlus for any 
outp;t df!"Vice at the lOSO beinq •elect~ 
and ready. .. 

A CDl!mand issued to the attachment to teat 
the condition of the attachanent. and the 
lOSL A byte ~11 aaseaible-d and stored in 
~~x storage, address Qij before i••uing the 
o:::>•s.a.od. The ae1H1e operatio~ at.ore• t.hh 
byte ln ma:.n storaqe for further inte~roga
t lOn. 

':~.is is comma.n d- i%hlllediate opera t1 on U1at 
can be uaed aa a control function. one 
exa~le i• the alan operation. Ttii.a com
mand rin,. an alani "for 2 secc:mde to alert 
t!'le C•perator. 
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DATA FLOW 

" • CPU Read _Operation is defined as receiving data at the 2030 
from the 1050. 

• CPU ;.Jrite pperation is defined as·sending data from the 2030 
\to the 1050. 

Figure s~12 shows the basic data flow path 
for a CPU write qperation. Data from the 
Z-bus in the CPU enters the 1051 through 
the reader-1 attachment and prints on' 
printer-1 (1052). This data could have 
been printed'on printer-2 or punched dn 
punch-2 if the 1050 had these options and 
they were selected to the home loop.\_ · 

\ 

Figure 5-12. Write Data Flow 

5-16 

'1 

,.. 
' Figure 5-13 shows t~e basic data flow 

path for a CPU read op~rati6n. The input 
at the 1051 is reader-2. Input could also 
be originated at the keyboard. Note that 
the punch-1 attachment is used to send 
information to the 2030 and on the A-bus to 
storage. 
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FUNCTIONAL UNITS 

\ 
IBM 1051 ATT4CHMENT CLOCK 

I ~ 

• Read and~write operations are controlle:i in the attachment by 
clock timings. 

• The clock is oscillator driven • 

• The oscillator is clamped off when the clock is stopped • 

• one clock cycle results in fou~ timed outputs: w, x, y, and z • 

I, Oscillator and 
Start - Stop Controls 

2, Drive Triggers and Read or 

Write Drive Controls 
3. Output Section, Four 

Timed Outputs -W,X, Y,Z 

Clock osc 
Sta.rt TR-I 

- Fl- - FF -

•Note Off 

* Set over Rides 
Reset. 

A 

Figure S-14. Attachment Clock 

The attachment clock is oscillator driven 
and consists of thr~e ba&ic sections 
(Figure 5-14): 

l. oscillator and start-stop con~ols. 

2. D~e triqgers and read-write controls. 

3. ·output section of fou~ timed pu1ses. 

s~1s 

\ 

On 
TR-2 

- FF - C2 

Write 

TR-1 Off 

Read C3 

I' Reset On 

W Time 

Cl 

- FL 

x im 

C2 

- Fl -

ime 

C3 

-Fl -

Time 

C4 

-Fl 

The oscillator in the clock.is always 
clamped off when the clock is stopped. 
When the clamp i$ removed, the output 
shifts. When the clamp is applied again 
during a normal operat~on, it is always 
applied when £he osci\lator lin~ is •aown~ 
where it remains until unclamped, when the 
cycle 'starts all over again. 

• ·' 

:}\11 1f 

--
" 

·e 
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CLOCK OPERATION DURING WRITE MODE 

• The clock is started at the beginning of a write operation 
and turned off after al~ data transfers are complete. v . • The cycle speed of the clock is limited to the speed of the 
1050 output device (67.5 ms>. 

Clock 
Start 

- FL-

•Note 

* Set over Rides 
Reset. 

osc 

Fjgure 5-15. Attachment Clock-Write Mode 

During a CPitJU write. operation to the 1050, 
the characte repetition rate must be con
trolled. T output devices at the 1050 
operate at· speed' of 14.8 characters per 
second or appioxitn. a···~ly 67. 5 milliseconds 
per character. The ttachment clock pro-
vides the control 'to give a character repe-· 
tition rate of 68 mi liseconds during write 
mode. • •. , 

Circuit Objectiv~ 

Figure' 5'-15 sho11Q> write controls. The 
cQntrols shoi•f start the osei ll;ttor. The 
oscillator drives TR-1 which infturn, 

' f·t 
FRAME 

l' 

On 
TR-2 

- FF - C2 

Cl 

Fl 

X Tim 

C2 

- Fl -

im 

C3 

-Fl -

Time 

C4 

- Fl 

drives TR-2. In write mode, TR-2 pulses 
are used to step the control l•tches (Cl, 
C2, C3, and C4) and aiso proviue,the w, x, 
y, and z clock times. The flipping of TR-2 
is timed by the oscillator and TR-1 so that 
each complete clock cycle results in 68 ms 
Cl 7 ms per .stage>. 

When TR-2 is on, it supplies a drive 
pul.se to C2 and C4. When TR-2 is off, a 
drive p~se is available to Cl and C3. The 
actual stepping and timing controls to the 
clocit are shown. in the timing chart (Figure 
5-16). \. 
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Circuit Description 

1. The idle conditions of the clock are: 

a. Oscillator clamped at the off level 

2. 

b. TR-1 off 

c. TR-2 on 

d. C4 On 

e. Clock Start Off 

Reader-1 clutch line is made active by 
the write command· if the 1050 is on
line and ready •. 

3. Clock start turns on with: 
.;" 

a. Write 

b. Reader-1. clutch 

4 ., Cl 'turn!•1"' with Clock Start. 

5. w-time is available with clock Start, 
not TR-2, not C3, and C4 on. 

· RDR-1 Clutch 

Clock Start 

6. Each shift of the TR-2 line will 
advance the control latches one step 
and provide a clock-output pulse. 

7. Once started, the clock runs continu
ously unless the reader-1 clutch line 
drops. Reader-1 clutch can drop under 
two conditions: 

' 8. 

a. 

b. 

End of the write operat~pn. 

A carrier return, line feed, oi 
tabulate operation in the 1050. 

The clock will stop with the idle con
ditions: 

a. Clock Start Off 

b. Oscillator 
4'!,, 

clamped off 

c. TR-:1 off 

d. TR-2 on 

e. C4 on 

2·3·8·0 

2 Osc.i I lo tor 0 0 0 0 0 [10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 01 
1 . .. 

3 TR·l o o n ti o .o o n o n o o 
4 TR-2 DD DD D· 

5 Cl Cl I 

6 C2 C2 

7 C3 C3 

8 C4 

lwlxlvlzl.wlxlvlzlwlxlv z 

L .... ~ .. -_J_ .... _j 
Fiqure 5-16. Attachment Clock-Write Mode Timing Chart 
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CLOCX OPERATION DURING READ MODE 

• Data originating at the 1050 contro~s the cycle speed of the 
attachment. 

• Clock is used to set data into the R/W.register and initiate 
a read-share request. 

• Cl9ck .runs at a cycle rate of J4 ms • 

• Each· character sent from.the 1050 allow3 the clock to run 
one cycle and stop. 

During a CPU read or read-inquiry opera
tion, data is sent from the 1050, and the 
character-repetition rate is controlled by 
the 1050. The clock is used to set the 
charatter into the R/W register and ini
tiate a read share request to the CPU. The 
clock runs at a repetition rate of J4 mil
liseconds and runs one cycle for each char
acter sent. 

b. · TR-1 OFF 

c. TR-2 on 

d. · C4 on 

e. Clock start off. 

Circuit Objectives 
2. Punch-1 clutch is activated from the 

1050 at the time a character is ready 
to be sent. 

' . 
The basic read controls are shown in Fi~ J. 

. 5-17. The oscillator starts under read 
control and punch-1 clutch from the 1050. 
The oscillator drives TR-1 and supplies the 

"drive pulses to the control latches (Cl, 4: 
C2, CJ, and C4). It also provides the 
timed w, x, y, and z clock times. TR-1 5. 
flips every 8.5 milliseconds resulting in a 
clock cycle of J4 milliseconds. When TR-1 
is on, a drive pulse is available to the Cl 6. 
and CJ controi latches. When TR-1 is off, 
a drive pulse is available at the C2 and C4 
control latches. Figu+e 5-18 shows the 
actual timing and stepping controls. 

Circuit Description 7. 

1. The idle conditions of the clock are: 

Clock start turned on by punch-1 clutch 
and read or read-inquiry operation and 
not read clock interlock. 

c{ turns on with oscillator start. 

The clock steps one stage· with each 
flip Of TR-lL ___ -

At Y time, the read-clock-interlock 
latch is turned on to allow stopping 
the clock at the end of Z-time. Read
clock ihterlock falls with punch-1 
clutch. ! 

r 
Clock· start.--drops with not oscillator, 
not TR-1, and C4 on. 

•., oscillator clamped at the off 
' level. 

8. The clock is now stopped .until the ri'Se 
of punch-1 clutch £rom the lOSO for the 
next character. 

.. 

Al4 
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Clock 
Start 

- FL-

•Note 

• Set over Rides 
Reset. 

A 

osc I 
I 
I: 

I 
I 
I 
I 
I 
I 

Fi_qure 5-17. Attachmer:it Clock-Read< 
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.S-22 

Read 

Al5 

C2 

Reset On 

..... ' 

'l 

Cl 

-: FL -

X Time 

c2·, 

- FL -

Time 

C3. , 
-FL.:._ 

Z Ti,;,e 

d 
-FL -
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Figure 5-18. Att.r~ent clock-Read Mode Timing Chart 
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.CONTRJLS_!B:..II'" 

• A set of eight lines used in the microprogram to test the 
' status qf the attachment•and the 1050. 

I 
... 

• Assembled as'a byte on the A-bus with the ROS order, Gate 
105Q_Tu.9i_In.:. 

' . 
Proceed A 

B Bit 

Not Hon1e Reader Start 
Cancel 

Decode 

C Bit 

·. 

Reader 2 Not Read 

1 050 Not Oper. 

Nat Read Share 
Request eod 

Not Read Shore Reques 

Read Inquiry 

1 050 Not Oper 

.:..N:..:o:.:.t..:W.:.:'r:.:.il:.::e:.:S:.:.h:.::o~re;..:;,Reci::..::.::u:.::e.:.;st ___ 'Al 
Not Restore 

.;.l.;;.05;.;0;....;N.;.o;.;t_O=pe;.;r __ i OR H . i 
Output Not Select j I ·--
,na Ready L__j 

~ 

Band C 

'6: B'._!/ 

Read Shore Request IA: 
~--

EOT ,----, i 
_EO_B __ _., OR ~. 

__ i L__j 

Reade; - 1 Home 

CPU Connect~ 

FL -j 

Request Key 

I 
r 

,~ I 
I 

Attention 

Lorch 

Parity 

Check 

Circuits 

Figure 5-19. Controls In-TT 

To operate properly, ~he microprogram must 
be able to test conditions within ~he 
adapt er and •in the 1050. Eight lines 
design&ted mnemonically as TT provide this 
control. At any time the program needs the 
status of these lines, a ROS order, Gate 
·1050 Tags In, will assemble a byte on the 
A-bus with a destination specified in~ the 
program. Further interrogation of this 
byte will follow in ·the microprogram. 

The eight lines have been designated 
!Figure 5-19>: 

\ 

Note: TT is not a register, 
but a set of 8 I ines that 
ca;., be gated to the A - Bus. 

Cancel 
TT 

[From 1050\ Reader - 2 Ready 
0 --· 

.__ ________ _:E.:..nd:_~'. 2 
l 050 Operoti0 nal 

. I From I 050) Home Start 
3 

4 
-· ' .. 

'> A Bus 
lnterve.,tion Requin¥i 5 ;....-..-

~~------.:..A:.:tt..:e.:..nt:.:io:.:n__.7,__ 
Doto Check 

i p ,____,) 
Gate I 050 Togs In ,_____.., 

1 Gote) 

I 
., 

TTO· = cancel: rhis line is active o.n a 
read-inquiry operation if the' character 

'decode is a-bit and c-bit, <cancel ch,clr-
acter from 1050>. · 

TTl Reader 2 Ready: This line comes from 
the lOSif 'on the interface and signi
fies the reader is on the home loop 
and the paper contacts are satisfied. 

TT2 = En<i: This line is activated on a read 
operation if. the character decode is 
EOB or EO'l',from the 1050. The ready-
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share in~rrupt also sets this li~ 
to indicate device end. 

TT3 1030 Ope~ationAl: This line il the 
AND condition of re..'"aer-1 home aad 
CPU connected inter fac;e lines f rorr 
the 1030. · · · 

TT4 = Home Start: This line is activated 
·_ r when the home-reader.:.start latch is 
.....,.. <Jn in the 1050. ' · 

TTS-= InterVefttien R~ed: Tbree 
condijtons. can activate this line: 

<. 1.. Read ·q~ration-rea4er-2 not ready 
or 1050 not operatio~al. 

CONTROLS OUT-I'A • 

D. 

,Rf'.td Inq1J1 ry Op .. r•t 1on· H>SO Pot 
Of'"f·H inn.-J. 

"'rnt Of>P!.tttcm-l0·1t:J r.ot p,.r•· 
u ,,nll l or c.u~ J•\JI IK>t ~ .. ,. h•cr• • r.4 
l<P..tdy. 

j i ., 
A•tention: 'illia lit •C:isv•t•d 
i(, ;ue-s t. i ro:. t. h• lU '>O~ 

by • 

~~1!_£~~£~' Thia 1a •c,1-..i·l'd on• 
r ea 1 opera ti on f ran; .th• ...,.,. Uy- Cbflell 
circ·;as in tif-~ •tt•chMttt .. . . 

• 4 
A set of eight 'lines is used to control the 1051 attachll!Pnt 
during l(O cycles. 

Byte is·as•elllbled·, i·e" i~~t on the %-bus and Sl!"t into TA t>y· 
the ROS order Gate 1030 Taqs Out. 

'4)uring any operation with the 1050 or the 
1051 attachment, controls must be available 
·ti? peJfo~ the operat,ion; the unit must be 
to'Ief' What to jo. The TA register performs 
this .. f.urlction. It consists of eight lines, 
each represe}'l'ting a control or co111111and to 
the 1051 at~chment. 

Each bit-line of t~e Z-bus is gated to 
the 1051 attachment with the ROS 
order: ~!~lose_!~~· Figure s-20 
shows the TA register and the-Z-bus input. 

~~t~ec=~~~b{~;i~a~~ :t:;~: i~h:e;:.:a.e 
of the z.-bus lines set latches or ~ition 
lines with the presence of bits on the 
Z-bus lines. 

Let•s briefly discuss each line and its 
purpose. 

TAO-HOftle Reader Start tarns on the home-
reader- start: latch in the 1051 if the 
1050 reader 1 home line is a,1tive and 
the TA procee~ latch is off.7 

rAl-Reader 2·on drops the Reader-2 hol~ 
line if no other condition is 
attemptin:J to hold it up. 

-fAl-Micro Shar~uest causes a share- . 
request cy in the CPO arid allows th.e 
1050 att~chment program to talta a shitre 
cycle. ) ' 

Al8 

~-"-4""4 .j-&.1! 
U. 'IC: I~ TU .• 

--------~ ........ 1~ .. ~ -

z-auu .. ,,, 

Z ;:lvu ?;lrf ..._ ... ....., ______ • ""'·r ;· :_._,,.., h~ ........ 

Z;fuu J=li• 

z-a.... 4-f,• 
--------""9 A,,,_ :z ~ ~! 
.. z .. -.. a..,_.,_ .... H_...·_• --- '"'" -...~ - ·. ':"' ,....., -

9C- '4 

z--.... 7-f,1 --------10.sv ,,_. t---

Figure !t-20. Controh 0¥t...,A 

--

TAJ-Pr~ unlocks the 10;2 -..,am.rd aad 
u9hti-the procHd ll9bt: if ti. 
atU•ch-nt" i'!t not in • r...ct-s...,..,. 
recp»t1t cycle. · t 

-111: 

TA1t-Ri9g tf.u• a 2; .. sin9l•-•~ pall.. t411 
rintJ alara if the- sysu• b, 
equipped •ith tbe ·fe.atute. 

T.A5-Cu:r11.t @nun t!!f J.u!e fftd ..... • 
80 • pul... to t.tw I OS2 pdn~n to 

. .. • tpNTINUED ON 
FRAME IOI· 



.. 

return the carrier fnd cause a· line 
feed. 

TA7-1050 Reset allows a reset fO ·be sent to 
the 1051 to reset the home loop if the 
1!150 is •selected to the· CPU. 

TA6-Att~ntion Reset resebs the att;ention 
Iatch~--~----- ' 

• A s~t ·~f elg~t latches~ 9 bit:...p<?sitions each r.epresent'.i.ng. a 
bit when on tmd no- bit when O.ff. 

us.ed both in receiving Pl'&T/8 .code or ~ending <EJIC!'1 code 
before tqinslathm. . ·. · '-

• 

Each position of the R/W CReacf or write> Position 
; R/¥>' REGISTER 

\ register r4*presents a specific bit, depend_., 
i11g on the· pperation being perform~d. 'Data 

' can be handled either duri'ng a read opera
tion or a write operation. Figure 5-21 
$hows the register positions and their use 

'during each mode of operation. 

~ t- READ I~RITt 

· .T_llllllll.la~ches.us.~d in the R/w register are 
not lf!';et by a common reset line. Any time 
the.R/w register set line is made active, 

'the l_atch for ea·ch bit position assumes the 
logic on t"he bit line input.. For example,' 
if the bi.t o~ane has a bi f when the set 
line is .. made active,. the lckch fissumes the 
st.ate of c.ontaining a 0-bit. · If the bit 
0-line does not contain a bit the next time 
U1e set line is active, the latch assumes 
the status of containing no 0-bit. This 
register, tberefore, will always have some
thing ·in it, and wi.11 be allowed to change 
state orrly when .the 'set line ·is made 
~ctive. 

0 

l 
~ 

2 

3 

.. 4 

5 

6 

7· 
Read or Read I ."9.. 

Punch - 1 Clutch 

w Time 

Gate, 1050 Buss Out 

-.!f. 3 Time ' 

Not used l. 0 Bit 

$Bit I l Bl1 
I 

B Bit 
I 
I 2 Bit 

A Bit : .I 
3 Bit 

8 Bit l 4 Bit 

I 
.5 Bit 4 Bit I 

2 Bit I 6 Bit I 

1 Bit ~ 7 Bit 

~" ~. READ GATE . ·. 

, ' 

·~ '•' 

WRITE GATE 

Figure 5- 21. Read/Write Register 
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SHARE-REQU~~!_CONTROLS-POLL CONTROL 

• 

• 
Will capture polling if the 1050 has requested seivice • 

Uses MPX channel SEL-0 and SEL-I pulses to capture polling 
when necessary. 

• . i 
Will lorce CPU to channel mode and ~revent the MPX channel 
from running until r'equest c'ycle is over. 

The share-request controls are used only 
when the at~ch~nt circuits call for a MPX 
channel shar"'l! cycle. The controls will be 
active when ariy one of t-hese conditions is 
sat'isfied: 

1. TA micro share-request latch is o~. 

2. ·Request key operation, not run mode, 
and n~t TA micro share-request latch 
on. 

~' ~ 
3. R_ead share-request • 

4. ,·Write share;;;request. 

5. I~te~vention required. 

6. R~ady Share-request 

The control circuits are used to inter
lock 'the MPX channel polling circuits. 
Because the attachment is physically in t.he 
CPU, install -it first or last. on the chan-; 

nel poll lines select out (Sel-0) or' select 
in CSel-I>.. If the 1050 attachment is 
installed first, Sel-O is sent through it 
before ~oing to :the MPX channel. If the 
1050 is installed last, the Sel-I line is 
sent through it~before returning to the MPX 
channel poll controls. 

Let's consider polling .with start I/O 
and request cycles. 

- ' 
The 1050 is not polled during a start 

~;o'operation. The microprogram recognizes 
the address ~s the address of th~ 1050~ 
This causes an exit from nonqal )Start I"/O 
into th~ 1050 microprogram • During the 

..1050 start I/O, controls will be set up to 
cause sha·re-request cycles; the start· I/O 
routine is ended.· Even though the 1050 
does not.. require the Sel-0 and Sel-I lines 
dur,ing .4,,_start I/O, it must be able to 
handle "§iem the same as any unit on the 

. multipl_exor channel during a start I/O to 
any unit actually on the MPX channel. 

POLL CONTROL--START l/0-'--1050 INSTALLED FIRST 

• Sel-O is geilerated by the start-select-out latch through 
microprog.rammi fig. 

• Polling pulse bypasses 1051 attachment :::ontrols .. 
'*' 

The start r-o instructiop t-utns on the· 
start~select-out latch in the multiplexor· 
or channel poll circ.uit~ .<Figui::e 5-22>. 
The .Sel"-0 pulse is sent-.:o the ch~nnel, 
delayed by each unit, an\ even'tually_ sent 

··, .. ). 

"'· 

902 

back to ·the CP·U as Sel""'.I. Here, it is 
determined that the l,0_50 is first on the 
channel and the Sel-I pulse will funct,iQp 
as in a. multiplexor channel operation • 
turn off the start-select-out latch. · 

Section 5 5-27 
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POLL CONTRC1L--START I/O 1050 INSTALLED LAsr . 
• Sel-o is generated by the start-select-out latch throu9h 

microprogramming. 

• Sel-I is direct~ throu"gh the 1051 attachment circuits and 
then to turn off the start-select-out l'ltch .. 

The start-select-out latch is again turned 
on by the microprogram (Figure 5-23). The 
Sel-O .pulse is sent to the channel and is 
delayed by each control unit as a test is 
made to see if that unit can capture the 
Sel-o p0ulse. If no unit captures the Sel-0 
line, the pulse returns tQ the MPX channel 
circuits as Sel-I. 

An attempt to turn of~ start-select-out 
is made, but qecause the 1050 is installed 

POLL CONTROL--1050 REQUE~;T KEY .OPERATION 

• Request ke~ causes a share-request. 

last, the Sel-1 is routed through the 1051 
attachment share-request controls. Here 
the Sel-0 detect latch is turned on, and, 
after ~ short delay, the Sel-0 delay latch 
is'turned on. The original Sel-I line is 
now called 1050 Sel-I and will now enter 

·the multi~lexor contr~ls and turn off the 
start-select-out latch. 

• c;e1-o is qeneratecl to the 1051 attachment by 'the select
reqnest latch. I 

• 1051 attachment captures polling by stopping the Sel-o 
pulse. 

ii 
Attachment circuits brin<J up 10SO operational-in and T
request. 

When !--he operdtor presses the rc~qu.est keY, 
on the 1050, the attention latch is set in 
the 1051 attachment <Figure 5-24),. If the 
channel is not polling at this time, the 
pr~p;ire-to-:;hare latch is turned ·on. The 
same iTne activates 1050 reg-1n. The ;>el
req latch is turned on in the MPX channel 
control'l if the MPX chaiinel is not busy 
wit.ti dnothf;r~clevice. The sel-out pulse to 
the 1051 attactunent is qenerated when the 
select-request la'tch turns on. This pulse 
turns on the sel-out detect latch in the 
1051 attachment, and at the same time the 
lO:iO op-in l,atch is able to turn -on because· 
the f'repare-to-,c>hare latch is on t rorn the' 
oriqi11al request. 

The 10:i0 Up- in late~ does thfee thing.s: 

' 

1. Prevents the turn-on of the :Oel-(f· de,lay 
latch which captures the polling 
sequence .. 

2. Sends 1050 Op-intto the MPX control,;', 
clamps the.select-request ldtch off, 
and drops Se l-0. · Tl1"is p·revents turning 
on \ht> sE•le•;t-rer1u.er;t latctT until thP 
1050 Dp-in line falls. 

3. 0ends T-request in to be used in the 
microprogr,'lm. At. this time thP mic'ro
program will branch tco the 1050 routine 
'ind further co·ntrol will be by the ' 
microprogram• The shdre- reque,;t cc)n
trols simply al1owe,d a share cycle to 
be initiated and the 1050 to capture 
the p6llin~ sequence. 

.... 
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IBM 1051 TO 2030 INTERFACE 
~~-~~-~--~~---~~~ 

• 
• Padd:le connector C03 CPunc:f-ll is used for the input to the 

CPU., 

• 

• 

• 

• 

Paddle connector A03 (Reader-1) is used for the CPU output 
operat;j,~n. .,. 

~addle 'connector D06 is used to route the control lines to 
and from the CPU. 

EPO (Emergency Power Off) controls the 1050 
sequence. 

Cable will enter the 2030 at OlFAl . 

2030 'los1 

power-on 
I 
"'--~ 

( 

The cable connecting the 1051 to the CPU 
will be referred to as the interface. 

V' 
~ 

0 Volt• Bit Punch-! (6 bits+ P) Punch 1 

This cable can be broken down into 4 basic 
sections !Figure 5-25): 

-12V Punch-! Paper Contact 

OV Punch Clutch 

- 3 Volh 

-L CPU Home Reader-2 Hold 
I 

-L CPU Proceed 

-L CPU Re•et 

"'" -L CPU Shift Restore 

-L CPU Printer CR - LF (16 ms) 

-12 Punch I Home Switch 

-L CPU Home Reader Start 

-12 CPU Home Reader Stop 

Sign9I Ground 

-t 12 Reader l Home Switch 

1050 -12 Home Reader Start Latch 
Comole 

-L Output Select & Ready 
Attotchment 

-L Home Reader-2 Ready· 

'12 CPU Connected 

+ 12 Request 

-) ' E Bit Reader (6 bitT I P) 

• E Reader Strobe (16 ms) 

0 Volts Reader Clutch 

-3 Volts 

+.Y4 Volts 

Retui;_,,n 

1J 2 Volts 

-12 Volts . 

Interface 
Paddle 
Con nee to; 

C03 

CPU 
Attotchment 
Feature 

Paddle 
Connector 
D06 

Reader. 1 
Interface 

Paddle 
'Connector 

A03 

Emergency 
Power o·rr · 
Circuit 

Voltage 
Bus 
Connector 

Data to the CPU (Punch-1) 

2. Data from the CPU (Re~der-1> 

3. ~ntrols from 1051 to CPU, controls 
from CPU to 1051, 

4. Voltage interchange and EPO. 

Let's take each of 
and e~...t.Q.e lines 

,,,,,/--
the basic sections 
and their purpose. 

·1 -

,.-

Figure 5-25. 2030 To 1050 Interface 
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~EAD (PUNCH 1l INTERtACE, FIGURE 5-26 

"'{: 

This section of the interface controls the 
data from the 1051 to the CPU. Input ip 
the 1051 can be either a keyboard or a 
reader. 

Figure 5-26. Read CPCH-1) Interface 

Q_Volts Bit Punch-1 (6 bit~us_f~ 

These lines are reed-relay controlled in 
the 1051. •If th~ ctra,.racter being sent has 
an A bit, the reed-relay controlli·ng the 
A-bit line will transfer,....J,ndicating an 

808 

A-bit on the intefface. The common af all 
the bit relays is fed by -3 volts from the 
2030 to the 1051 (Figure. 5-27>. The actual 
level of the interface signal is -3 volts 
for a bit and +6 volts for a no-bit condi
tion. 

' 
10,51 

RR 

RR 

T 

Interface 

I . 

I 

I 

I 
I 
I 

-JV A Bit Punch I (OVA Bit Punch-I) 

-JV From .CPU 

I -JV I Bit Punch I (OV 1 Bit Punch-1) 

Fi<}llhe 5-27. Read R~lay ... ,Control 
of PCH Bit Lines 

-12V Punch-1 Paper Contact 

.. 

This line. !s m~rely ~·return of -12 v to 
the 1051 through the' interface.. It satis-. 
fies the punch-clut.ch cir~uits and also ~-
indicates that the cable at· ttte 1051 is 
properly ins;~apec;t: ,-; . . .. 

o Volts Punc~·i'~c·lut.~h ;l ~ , 
. ~ 

This line is reed-rela~ in the 
same manner as the dat ines. It 

·serves as a strobe si the CPU that a 
character is on he 1nter ace. The voltage 
levels on the i terface are -3v on and +6 v 
of 

"1RITE C READER 1) INTERFACE, F_IGURE S- 28 

Data sent from the CPU g~ring.a write oper
ation will enter •the 10lJif'home loop on this 
section of the interface. ·Once the data is 
on tti~ home loop, any output qevice select
ed and ready will Print or· punch the infor
matidl'\". -

section 5 5-33 
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Fonn Y24-3362-2 

• FES Y24'-0510, 
r 

• 

-1 E Bit Reader (6 bi to-"• P) 1 

"t E Reode'r Strobe ( 16 rm) 

0 Volts Reade< Clutch 

-3 Volts 

Figure 5-28. Write CRDR$1) Interface 

j 

O Volts Reader Clutch I ... 
Tf'iis line is a signal to the CPU that the 
reader-control circuits ii\, the 105f are 
satisfied. If the l~l home loop is per
forming a function, sbch as CR-LF, reader 
clutch will be blocked, and the CPU will 
wait until the 1051 activates the read
clutch line again. The level of this line 
is -3v on and +6v off. and is controlled by 
a reed-relay t~e same as punch clu~ch. 

The CPU act.ivates this line when it has a 
character to send to the 1051. The home 

timer in the 1051 °is started by this timed 
pulse to initiate a cycle in the 1051. A 
reed-relay in the CPU switches +12v from 
the 1051 back.to the 1051 as a '+E for on 
and -E for ~off. Notice that the line write 
strobe in the CPU becomes reader strobe in 
the 1051. 1• V 

Allow Strobe 

Z - Time 

Write latch 

A 

' 

2030 

Write Strobe RR 

Figure 5-'29. Reader Strobe 

+E Bit Reader (,6 bits + Pl 

1051 

Reader Strobe 

These lines are reed-relay controlled in 
the CPU the same as reader strobe. The 
duration of the pulse on the interface is 
longer than for reader st.robe., _Once the 
1051 home timer is started,,,K~e character 
is handled as a normal _1050 r1ader cycle. 

' J 

CONTROLS FROM THE 2030 TO THE 1051 (FIGURE 
5-30) 

This section of the interface is used to 
send control lines to the 1051'. The 
~~-ration of the home loop on-line depends 

\ these lines functioning properly. 

-L·.CPU Home Reader-2 Hold (figure 5-31) 

' ' When' on (-"' 1 this line preVeTJtS reader- 2 
from readiig. It can be gated to the 1050 
if the 1051 is operational and the reader-1 
home line is active'" Reader-2 hold will be 

__ on whenever the 1010 adapter in the CPU j,s 
in write mode. With the adapter in read 
mO'll!le, the line will be off until read -
share-request turns on. At this time the 
adapter has the character stored in the R/W 
register, waiting until the CPU can acc~pt 
the data, and the reader-2 hold line will 
turn on to stop the reader at the 1050. 

At the time the CPU writes the charac~~r 
in storage, reader-2 hold is turned off Tand 
the reader is allowed to send the next · 
character to the CPP. (Figure 5-32) Using 
the reader-2 hold in this manner prevents 
the 1050 from running ahead of the CPU 
<somet~mes referred to as overrun>. 
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-L CPU Home Reade,-2 Hold 
-L CPU Proceed 

-L CPU Reset 

-L CPU Sh;ft Resto'e 

-L CPU p,;nte' CR - LF (16 ms) 

\ 
\ 

Figure 5-30. Contr;~_from CPU to 1051 
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2030 

[ 

Write Latch ,-----

Reader - I Home r--, 
OR·· 

1050 Operational 
-

A 

Read Share ReqJ;est or Not Reader 2 On 

'-----

\ .--
(TA-I) Reader - 2 On A 

f--
TT-2 End 

"• '---' 

Fig~re 5- 31. Reader 2 H6ld 

/ 
Y'' 

Reader Cycles 

Punch Clutch. 

Character on Interface 

Reader - 2 Hold 

Character in Read Register. 

Read Share Request 

CPU 

Reader - 2 Hold 

1 

• 

1?5L. · 

I 

.--
Connected A 

'---

_ _. 
. \Ji-

Reader - 2 

• 

' 

Hold 

I 
f. 

~ > ., ' 

·~.,; 

,fr,.· .. 

Writ1' Character in CPU 1.__J,O__;_ ______ ·',.;.~'_:-: _____ _ 

Note: This delay can vary, depending on thB CPU program. RDR-2 hold will~ 
- stop the mechanical reading until the CPU Ii lows the character to be acceptedc 

Figure 5-32. Reader-2 Hold Timing Chart 

When off, thi!? line· causes the keyboard orl ·· 
tne los2 t~ become locked if it is select~d 
on the home loop, if the 1050 rs on-line 
and the home:loop is selected. The 1052 

(TA-3) Proceed Latch 

Not Read Share Request 

.. 

2030 

A 

_F~gure 5-33. ·cpu Prol'.:eed 

.~ 
5 ... 36 

CPU ProceeCI 

·keyboard unlocks.an9 the proceed light . 
. comes on when the proceed line is on <- L) . 
The CPU "Proceed line is controlled during 
read-inquiry mode by read share-request to 
provide data overrun PFOtection.when enter
ing f:ro'l1t-the keyboard, 

1051 

Proceed light 

I 

Bii 

e· 

e· 

I 
-• 
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2030 
1051 

\ 
r----..,.---.----1 OR Home Select Printer - l ExJ. 

Run SS 
°'r 

Restore 
Printer- I Downshift Ext. 

Printer - l Home Switch 
.• - "i 

Printer - 2 Do;nshift Ext. 
Printer - 2 Home Switch 

.. 
Figure 5-J4. 1050 Reset 

·~hen on, this line resets the home loop on 
the Nl: 

1. At Z-time of a qlock cycle in write 
mod~. 

2. At not-[>unch clutch time and read-clock 
interlock during read·mode. 

. . . ; .f 
The preceding con di t;ions force up the ~ 

home-reset line in the 1051. 

Print.er-2, home- component-;recogni ti on 
.t, latches.-

2. Does Not Reset fj/!ader 1, Punch 1, and 
Reader 2. The, 
home-component~recognltion latches are 
always force selected by the 1051 for 
on-line operation. 

If the home-component recognition ea . . . .f~ 
ture is installed in the 1051 and the 1050 

~en on, this line forces all 1050 printers 
to shift to lower case if the printer<s> 
are switched to the home loop. Another home loop is on line to the 2030, c~ 

reset: £' 

1. Resets Punch-2, Printer-:·~, and 

\ 

f~nction of this llne is to force the 
~Jpt:-'inter-1 home-aomponent:-:t:eco<jni tion latch 

on if the 1051 has the • 
home-component-recoq,nition feature. - '\ ! 

f J 2030 

TA-7 1050 Reset Latch A . 

1051 

I 050 Reset OR Home Reset Ext. 

z- Time 

Write 

Read 

Read lntlk'. 

Punch Clutch 

. 

A 

Figure 5-35. 

,, 

·-
Restore 

• 
i, 

I 
I 

I 
• 
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2030 

'Tag Out 5 Set CR &· L; [ss 
"<I' • 

80 ms 

·--· 

) 

.. e Printei _, l Home Switch 

CR and LF Pulse (8,0 m.sl · 

Printer - 2 Home Switch 

Figure 5-3~. Carrier Return and Line Feed 

\J 
'I• 

-L CR 'a'ti~ LF C80 ms Pulse> Figure 5-36 ----_.,.,....------
" " 

When on, this line forces a printer 
carrier-return and line-feed function to 
all 1050 printers if the printer<s> are 
switched xo the jlorne loop. Internal 1051 
circuitry wi 11 drqp th,e,'. reader-clutch line 
no the CPU while perforining a CR-LF func-

\\. ti on. 

-12 'Punch 1 Horne sw (Figure 5-37). 

-12 volts from the 1051 i·s switched in the 
Mod 30 adapter via a rf!ed-relay point. The 

-2030 I 051 

Read Inquiry 

Figure 5-37. PCH-1 Horne Switch 

I 

5-38 

• 

1051 

A OR Printer - I CR.and LF Ext. 

A • 'OR Printer - 2 CR and LF Ext. 

reed-relay will be picked when the adapter 
~sin.a read operation. With,the punch-1 
switch utilized for CPU operation, this . 
line 'a1::tivates the punch-1 home switch line 
to allow home-loop opera.tion of punch,-1 
circuits. · t · 

-L CPU Home Reader Start (Figure 5-38) 

When on, this line holds tbe home-reader
start latch in the 1051 in the ·On status·; 
When the CPU is in write mode to the 1050, 
this line turns on thf home-reader-start 
l~tch automatically.; 

) 

.( 
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c 

.. 

Reode'r - 1 Home 

(Not) Proceed Latch 

.. 
' 

2030 

. 
r--

Home ~oder Start ,. A 

(TA-0) H.ome Reader Start I '------

Figure 5-lS, Home Reader start 

-12 CPU Home 'Reader- Stop <Figure 5-39) 
... ....... . 

-12 volts from the 10.51 is switched via a 
reed-relay in the cCPU. This line ·turns the 
1051 home-reader'-start latch off if the 
reader-1 switch is set to the Home position 
and any time the attachment is not in run 
mode. 

Reader- I H()me 

(Not) Run 

2030 

A 

~ 
1 

OSl Home Reode1 

-~- r:;;:,~----
~-H_o_m_e_R_eo_d_e_· ~S-10_p~~~~ L,_FL 

I I Off 

figure 5-39. Home Reader Stop 

CONTROLS FROM THE 1051 TO THE 2030 (F~GDRE 
5-40) 

These \ines are used to send cG'!ltrols to 
the CPU an~ are ~enerated by the 1051. 

The reader-1 switqh is removed from the 
1050 when the CPU attachment is installed. 
Therefore,". tile' cpu' connect switch activates 
this line.wnen on line to the CPU. 

This line is contr,olled by a reed-relay ,at. 
the 1051. When on, this line indicates: 

1. The CP,U. connect switch is in the on 
P.~sit~on. · 

-;:i.:,, . 

The.':-+1\-~, -'12, and +48 voltages are 
available .i:n the 1051. 

814 

3. 

1051 

~ l 

\ 
,,; 

Reeder 
Start 

. Latch . 

•.,:.' 

; 
'" 

Home Reader Start 

-: 

The attend-unattend switch is 4n1 the 
~ttend position (1050 Mod 1 on.i:y>. 

Figure 5-4.0. Controls from 1051 to CPU 

".'.U 
·' . Section 5 5-39 
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I 051 2030 

"RR 

A Reader 1 Home •Pperational 
CPU Connect Switch 

+ 48 v 
,U Connected 

"'Attend Switch 

Mod 1 Only 

+ 12 

,. Figure. S- 41. CPU Cs,mnected 

With·these conditions, the attachment 
•1'i"'·uses· rea·der-1 home line with this line to 

indicate the 1050 is· operational. 

-L Home Reader Start ·Latch <Figure S-42) 

<. When on, this line indicates the home
~;~'.reader-start latch is on in the 1051. It 

- all°'1s the CPU to identify a keyboard or 
.'re9der-2 entry during a read inquiry 
operation.by testing TT-4 position. 

Home Reader 
Start 

FL 

'1051 ' 

Home Reader Start Latch 

2030 

TT -4 Home St<'rl 

Figure 5- 42. Home Reader Start 

:::E:::J!Q~S~~g~r~l_sea~y_!_Figure 5-43> 
l ' 

Whe~ on, this line indicates that reader-2 
has been switched to the home loop and its 
paper interlock has been satisfied. The 
TT-1 .line is actJivatE,!d by this' line •• 

1051 

~--- Reader 2 
Reeder - 2 Home A Ready 

Reader - 2 Paper Contact 

L_ ___ . 

Figure 5-43. Reader-2°Ready 

5-40 

2030 

TT-1 \ 

Read~~'2 
Readl 

-L_9!!!~t ~elect and Ready (Figure 5-44) 

This line will be active under these condi
tions: 

' 
1. ~i!h2~!_Ho~_com,EQnent Recoqnition 

Feature. The li~e will be active-if 
one or more output devices are switched 
to the home loop and their paper inter-
locks are satisfi-ed.. f 

2. ~!th !!Orne cgmpon~nt Rec~~ni.tion. The 
· prOglram-dup syitch is in the dup posi-: 
tion as in 1. The program-d,up switch 
is in the ~ogram position. The line 
will be active if one or more output 
devices are li..Witched to the home loop, 
paper interlocks are satisfied, and 
their home-component-recognition latch 
is on. 

• 
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Progrom S'!'itch To Dup 1051 

Home Printer-. l Control 

Printer - l Paper Contact 

Pr'inter - l Home Switch, 
OR 

Program Switch To Dup OR · 

Home Printer - 2 Control 
A 

Home Output Device Ready (output S&R) 
Printer - 2 Paper Co~tact · 

Printer - 2 Horne Switch 

Program Switch To L>up 
""Ho_m;;...e_P_u_n-ch---2.,..C-o-nt""ro-1--1 OR 

Punc~ ~ 2 Paper Contpct 

Punch - 2 Home Switch 

, \'. 

A 

,F-igure 5-44. output Sele~and Read)'-
. \ 

... 
. ··. +12 Regu•t 

' 
When on, this line indicates that the oper
ator has pressed the request key and wishes 
to send data to the CPU via the 1151. The 
attention latch will be set by thjs opera-
tion. ·. ~ 

Figure 5-45 shows controls that inter-» 
lock ·within the 1,051 CPU attach111ent only. 

EPO (EMERGENCY PGfER OFF) AND DC VOLTAGE. 
EXCHANGE 

The EPO interlock pr~ides (Figur~ 5-46): 

t. Normal .a.t5t off-line operation with 
.normal ~PU power-off condition. 

.. 

r 

FRAME 

"' Bl~ 

2. controls to prevent the 1150-operation ~ 
when the CPU is in EPO condition~ 

3., Op.eration of the 1050 off line when 
CPU is in EPO if a CE is present to 

' make thewnecessary change (flip th~ 
1050 awit~h to off-line>. 

the 

lbe 24 volts de, +12, and -_j2 volts 
enter the intert'lce .via separa~ connectors 
and ca~le. . 

lbe EPO cable pl1:1<Ja into t~ 1051 end 
panel <Figure 5-47) ~ Also .JllQUnted ,on this 
panel is the power control switch for 
on-line.toff-line iiiode, and the BD-1 relay 
used for EPO. · · · 

.. 

.. 
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• 

,, CPU Selected (PCH - l) 

+ 48 
A 

• 

These interlocks are all in the l 051 and o7e 
not port •. of the CP-U Interface. '! 

l 

(igure 5-4,.5. CPU Attachment 

f, 

2030 

This Circuit opened 
duri~g EPO condition. 

Inte~ 

CPU 
A 

HD l 

B 
CPU" 

HD 1 

~\. 

,24 V EPO L<ne 

1051 

24 Volts • 

, ·Fi'1ure 5-46. EPO Circuit 

. . .. 
'5-42 

• 

Home Selecr Punch - l Ext. 

_;· .. 

Reader - l Paper Confact 

(Not)Feeq Key 

(~ot)Delete Key 

~top~ 
Home Error 
Correction 
Feature 
When 
On Line 

(Not)Correct Key to 2030. 

Home Select Reader - l Ext. 

Home Select Reoder-2 Ext. 

.I 

* 

1051 
Power 

Soppl les 

~ 

' 
HD - l 
Relay 

I 

,.., 

L 

··'4 

. * .. 

.. 

~ ~ 
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. . Fl F2· 

·00 
.. 

INTER-MACHINE POWER 

'~- -
i. 2 1 Po,ition 

...-----"°-, 
I ~HD! I 

I I 
I B A I 

'· I . 'SJDE SIDE I 
I I 
L·. ' J 

._ .,.- - ~ - _J 

Figure 5-47. 1051 ... Fuse 

' 
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./' ) v 
PARITY CHECl<ING 

LINE 
CON"'rROL 

Qs·112 
OFF 

\ 
\.., 

• 

.. Data "'iS. parity-checked during read oper!lt_i:.~il!~only . 
./ ····.·:· 

P'IT<;/8 bits are checked f/ odd pari.tY·-t? ''-•, . • . . 
• ·Parity checking is blocked during: 

1 • . Cancel decode 

2. ~rite latch on \ 
3. Not run.condition. 

-
The P'ITC/8 bits are always parity-checked. 
withiri the data paiity-check circuits.' In 
orcler for the par,fty-check. cir~ui ts to 
activate TT~7 (data check> the bit-count ,... 

.. has to be l!ven and the attachment has to be 
in.run mode, not '1T-o <cancel decode>, and 

not write latch on. There is not .ay l•tdl 
to reraember the data check: therefore it i• 
up •o the microprogram to t•t tbe TT lU.. 
and sample the dat.a- check line e.cb data--'.: 

~- tra~sfer cycle. · 

CONTINUED ON 

FRAME COi 
.... 



PARITY BIT GENERATORS 

• The PTiT(B. clbit is generated t.o mai~~~n odd ?eount. 
. "\ ·. t 

The EBCDI P-bit is generated to maintain odd count • • 
v· 
~ ;< ... 

It would be rather difficult. and very · , 
1!Xpensive te maintain\ the PT&T/8 c-bit and ' 
the~EBCDI P-bit through normal tral'l'Slation. 
Therefore~he odd-bit parity needed for 

.both codes is generated by exclusive OR 
-circuits that count the bits~in the R/~-reg 
-and insert a par'ity bit when needed. 
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. , MICROPROGRAM.§ .... 

START I/O MICROPROGRAM 

• The 1050 has a fixed multiplexor channel. ucw address· of 31. 

• 

• 

• 

The 1050 unit status byte is stored in the lcx:al'storage 
location I<-9 <hexadecimal address 99 > .·• 

conunaqds that can be execut·ed via ,the Start I/O are: 
~ 

•. 
Read ii-tquiry 

Read Reader-2· 
·J' 

p 
'• 

Write ,. 
" 

... 
·:. ,; 

Write with Auto New Line - ~ 

Control No-op 

.. ~sense i. 

.. 
Control Alarm 

I ~--- .. 
The 105ll start I/O shares much of t'be nul t'iplexor channel microprogramming. )· . : 

'"'....,;:.,~ 

Consider the s~art I/O ope.ration and.its 
ap.plication with the 1050 attachment; , 

\' .. 
1050 ·ucw Format 

THEORY OF OPE8ATION 

' \ 

\ 

·Because the 1050 console application is an 'j · 
I/O operation, the CPU. should function ·as a~ · 
channel when sending to or receiving fr'om~ ·. 

··· the 1050. Although not actually part of:. 
t.he multiplexor phannel, the attachment.. : , . , 
circuits simµlate a multiplexor t:hannet •. !' · 
Enough controls are .actj,vat.ed to-iforce ·t:ne 
CPU to .channel mode. ·· The multiplexor c.han
nt;!l sta.rt I/O microprogram is shai:.:ed ".ith 
the 1050. This microprogram .is used until 
it is determined that•the unit to be 
selected is th~ 1050. The program knows 
this .by the unit address. The 1050 has a 
fixed address of 31, and once this is det
ermined, the start l/O :r.>0µtine breaks out 

0 into the 1050 routine. 

of the 1050 ucw is the same 
channel. Hbwever, the 
o~·the channel status 

er op.s byte are differ-

r~------,.---- --,.------..._T--~---~~, 
!Channel I Op. I .count .1 

' I Status I and , r . I 
I ,f' Flags !Hi ,. I Low ·. 1 · 
'--------L--------L--~-----.1.--------J 
r--::..----r-------T ___ ..; ____ T ___ ..; ____ , 
I Data ·. I Next ccw · I 
I · Add.ress · I . Address I 

:• I High I Low. I High !Low ' I 
L--------L----.----.1.-:_..; _____ J._-~----J 

When• the 1050 routine is finished, the Bit i><?Sition of 'ucw status 
restore CPU and other · steps will again be , 
shared wit)) the multiplexor channel pro- . .0 · - Zero count 
g~ams. One significant fact. tbf11;: sho_uld be - 1 Channel control checJc 
covered: The 1050 microprogram' i:!uring start 2·- .:.. Not used 

. I/O does not make use of .tQe polling cir- 3• - X . 
cuit$ to cause selection: · ·..-othe fact that -4• Y ,. 
the UCW address• is ji cause as· 'a 1050 S Wrong le~gth record ··• 
break-out. Then the ··comman~-start latch I. ·6 Program chec.k __ .1: , 

· ~perated by the mul tiplexo channel. 
com_ing on prevents any reqilfst cycles beipg ,7 .- Protect check 

bits 3 and 4 are· :useli t;,ogether ... ~ ..... •, 

. \ 

•• ..... 
·' 
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l 0 
1 1 

Interrupt in ~nit 
Interrupt in buffer 

Bi ts 3< and i; of t:-:e UCw status byte are 
used differently than in a standard start 
I/C. If bit-3 is set, an interrupt is in 
the unit. If both are set, an interrupt is 
in the buffer. 

UCW CPS AND FLAGS 

Bit Position 

0 Chain data 
1 Command chaining 
2 SLI 
3 Stdre ACR (~rice), Skip (Read> 

5 
6 

7 

?CI 
Active 

{ 
Bits 6 and 7 
of the cc~ 
co!l'.mand byte 

:'he Bit-3 position of the O?S and flag 
byte is us~d to store an automatic carriage 
return at the end of a write operation, as 
well as skip flag during read. The CCw 
corrurand byte bits 6 and 7 will be stored in 
bits 6 and 7 of th~-<'9'Ps and flags oyte to 
indicate what the ooeration was when the 
UCW is used during ~hare cycles. 

Unit Status 

The unit status byte is stored in the K 
addressable portion of local storage. Its 
~~emon\c designation is K9, and the actual 
hexadecimal address is 99. Listed are the 
bit position, its name, and the pUrpose of 
the bit when set to a •1.• ., 
0 = Atlention. This bit represents a 

request •issued to the C?U from the 
1050, and that the read-inquirt opera
tion should be started. 

1 

2 

3 

4 

5 

5-46 

i::evice End Search, This bit is on wher 
the CPU has reached a zero-count durin~ 
a read operation~ and the 1050 still -
has not sent an E.'03 or EOT. This 
allows the 1050 to keep running until 
the ~8 or EOT is sensed. No data 
t~fers are take~ during this time. 

Interruot Stacked. This bit is set 
when any interrupt condition (device 
end, channel end, etc.) is sensed and 
the IB is full. 

Busy. Unit is busy. 

Channel End. The end conditions caused 
by the CPU or microprograrr.ming set this 
bit (zero-count). 

Device End. These end conditions by 
th.8 1050 set this bit: EOB, EO\ or 

cancel. A ready-" cycle "'ill also set 
device e11d. 

7 - ~~i! E~£gE!ion~ Cancel character 
sensed durin~ a read inquiry operation 

·sets this bit. 

~lOTE: Bits 1 and 2 are for 1050 micropro
~~gram usage only. They "'ill never be 

presented to the CSw as such. 

1050 Commands 

The 1050 .commands are ;:e~esented t-y a 
single byte. The bit utilization for each 
co:ronand is shown in Figure 5-48. The 
microprogram branches on these corn1nand bits 
anj assembles a byte on the A-bus with the 
micro order: Gate 1050 tags out. This 
instruction sets the correct TA register 
latches to·perform the operations dictated 
by t~e co!!'mand. 

' 5'.'""f!' 

'• 21 

s L 

·' 
~ c 

0 c v 

Figure 5-48. 1050 Command Byte Configu
ration 

0 

READ INQUIRY: This operation is normally 
st91tted at the 1050 by the operator press
ing thet::request key which,:in turn, ini- ' 
tiates an attention interrupt. A read
inquiry command, Via a start I/O, initiates 
a series of events that eventually unlock 
the keyooard and. light the proceed light. 
Input can be split between the keyooard and 
reader-2. 

READ REAJER-2: This command attempts to 
read from reader -2 through programming. 
No request key operation is necessary. ~ 

;.JRITE: This command can be used to send 
information to the 1050. 
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I 

~RITE WITH ACR/LF (AUTOMATIC CARRIER 
RETURN/LINE FEED) : This command is the 
same as write, ex~ept that at the end of 
the ·operation an automatic carrier return 
is sent to all printers selected. The ACR 
~ stored in bit 3 of the ucw OFf3 and flags 

'--byte. 

S'ENSE: A command that forces a share
request cycle and tests the status of the 
sense byte. The sense byte is stored in 
LOCAL STORAGE at 04. 

CONTROL ALARM: A command that sets TA-4 to 
cause an alarm to sound. This command can 

Read Star!_:!_/0-Example 

• Bra.nch to 1050 routin,on ucw address 31. 

• Test for: 

Busy 
Valid command 
1050 Operational 
Feader-2 Select and Ready 
6et TA Register 0 and 1 Positions 
Return to I cycles. 

Refer to Figure 5-49. Let us take a 
read-start I/O operation through the flow 
chart to get _familiar with its use. 

The multiplexor channel start I/O will 
perform all the steps listed in the first 
large box on the chart. A check is made 
during these step\ to find out if the UCW 
<subchanriel) is a&t.ive or not. If it is, 
the 1050 routine ~11 not be entered, and 
condition code 2 will be set.in the PSW. 
If the ucw is not active, the program will 
turn on command start and branch on so =·O 
for a start I/O. The 1050 routine is now 
entered at 1 on the flow chart. 

The. following sequence will be used for 
-no errors and 1050 units ready (assume no 
command chaining>: 

• Unit status Not Busy 

• Command high Order Zeros 

• Command Va lid ., 

FRAME 

' 

/ 

follow a write command to alert the 
operator that a message is waiting for him 

lj to read. It could also alert the operiltor 
· that 'some device at the 1050 is not ready. 

The alarm feature can also be used by.any 
other program to alert the operator for any. 
reason. 

CONTROL NO-OP: This corrunand performs no 
usable function with the 1050 but is recog
nized as a legitimate command. by its bit 
structure. 

Read or.write command 

• 1050 Is operational 

Read operation 

Reader-2 operation .. 
• Reader-2 select 3na ready 

Set TA 0 and TAl. 

Turn on busy in unit status 

Not from cc 

Return to I-cycles. 

The branch stefS indicated by an aster
isk would all result in setting jOme status 
and then re-entering the multiplexor chan
nel routine at 2 had there been an error. 
This would result in setting condition code 
1 in the program status word and then 
return to I-cycles. 

/.• 
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MPX Chonnorl 510,1 I 0 'I.._ 

Tt,,r E,:.ecute 

Mo.,;!or Made 
(AW Fo•mat 

(C'.N T ( 

CC'-"' Covn• Flog• 
CMD 7ero 
Do•o Add"''" 

Act,,., SOl!t (o,,d•l,on 

'"de2 

CMD Sta'' O" 
T 'l'AJd'"" "r U(''· 

OPS o<ld flog1 
Cond;!1·1n cc>de 0 

1J Add• d (MD By1" 

)e• tA-l 
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cc 
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' 5-4 8 

·. 
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~-----T- ·---- No 

·.~·--

Tv'" on MPX He>ld 
fl._.ad OL·' Un;• Srat.,1 

S"'' I"'~'" Req 
., )'"'"·' ~l'q 

cc 

Tu"' "!I MP)( tfol' 
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SHARE-REQUEST MicaoPROGRAM. 
; ., 

control data tr~nsfer and •- A microprogram routine used to 
. status updating. 

I 
• The share-request microprogram 

the following: 
wiU be entered by any one of 

1. ~icro share-request 

2. Intervention recruired 

3. Read share-request 

4. Write share-request I 
5. Ready share-request 

6. •Attention 

Af~er the routines of a microprogram ini
tiating a start I/O operation, the shlre 
routine will control all data transfers and 
check and build status bytes as conditions 
change during the operation. 

..... , .. 
Th~ six ways to interrupt the micropro

gram and activate the share routines fol
low: Each is used for a different purpose. ' 

Micro Share-Reguest - TA-2. This interrupt 
is caused by the previous micro program 
routine setting TA-2 on. This will 
force a micro share-re<J11est cycle. 
This operation is used ·~lowing a 
sense opeEation start I/O to get the 

.\sense byte on the A-channel and to keep 
~he share-cycles going when a device 
end is stacked. ·· 

Int!!!:~!Qn_B~g~!!!d. This interrupt ~ 
causes & share-request cycle to update. 
the status bytes and return to !
cycles. 

HALT I/O MICROPROG~AM 

/ 
Read_~hare-Request. This interrupt is used 

to send data from the 1051 to the 2030. 
I 

~2bare-Request. This interrupt. is 
used to enter the share routine t~ send 
data 'to the 1051. 

~~-Share-Reguest. This interrupt causes 
a share~cycle when the 1051 is made 
ready after an intervention required or 
a power off situation. It forces an 
end operation and clears out the status 
to enable the program to start again. 

Attention. This interrupt causes a share
cycle to form a csw with. the attention 
bi-t on. The.attention bit can be 
in~errupted and if the macroprogram 
wishes, a read inquiry can be initiated 

,though a start IIO. 

\ 

• Microprogram routine used to stop an I/O device • 

• 

• 

Halt, active, and interrupt-stacked or halt and available 
will result in condition code O being set. 

Halt and active result in condition Code 1 being set, CD and 
cc in the ucw flag ops being turned off and zero count in 
the ucw status turned on. 

If for some reason the program wishes to 
stop an I/O device, the halt I/O instruc
tion can be used. During the microprogram 
routine, the ucw is read out and the status 
of the IIO device is determined. The flow 
ch~t <figure S-50) shows the halt I/O 

•. 
routine. The unit c~ be in one of three 

•conditions at the ti¥ the halt I/O was 
issueq: 

1. Available or not active / 

Section 5 5-49 

C06 • 

,, 
I 



r 

2. Active and interrupt-stacked 

·3iive 

he l/O device being available or ac-r:ve 
a d interrupt-stacked results in a condi
tion code O being set and a return to !
cycles. Condition code O can be set 
be:::,1use the 1050 is either doing nothing or 
has finished and has attempt~-a-..to interrupt 
but the interrupt was stacked. A halt I/O 
under these conditions does nothing because 
data transfer to the unit '!fits sjopped any
how. 

The lOSO's being active when the halt 
I/O was is.sued results in stopping or halt
ing the I/O operation. The lJCW ops and 
flags byte CD and CC bits are reset, and 
zero count in the ucw status is turned on. 
Condition code 1 in the PSw i·s also set to 
alert the~ ;>yste!T\ that something went wrong 
with the last command. 

Form UCW Status MEM Protect 
UCW OPS & Flogs in D. 

Halt 
& Active 

CMD Start On 

Holt 
& Active 

rffolt & Acti~~
ltntrp ).fKD 01 

IHalt • Available 
!Set Cond .Code '{J ' 
1Return to 

11 Cy<:les 

S!ore Modified OPS and FlogL 

Turn on Zera C NT in UCW Status. 
Reset A 11 Qt her UCW Status 

Set Cond Code I 

Form CSW Status Al I Zeros. 

Re1·urn to I - Cycles 

Figure ~-50.~ Halt I/O 
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TEST I/O MICROPROGRAM 

• A microprogram routine used to 'test the status of an I/O 
device. 

• Unit status O results in conditiqn code 0 being set • 

• 

• 

Unit status non zero results it' condi ti~·n 

condition codes stored means: 

O Available· 
1 csw stored 
2 Channel or subchannel busy. 

'-' 
\_._,,,_ 

A test I/O command serves two functions: 
.to test the unit status of any device and 
to be able to clear an interrupt in the 
buffer if a device is still active. 

Figure 5-51 .shows a logic flow of the 
test I/O ~o the 1050 attachment. If the 
attachment is active and no"interrupt con
ditions are present, condition code 2 is 
set which indicates the unit is busy. Any 
interrupt condition can be acted upon and 

1condition code 1 set, which indicates that 
a csw has been stored. 

\ 
.-,/ 

code 1 being set. 
( 

) 

i 
/ 

I 
·~ 

If/f:he unit is not activ~, the unit 
status is checked for a zedo condition. If 
it is zero, a test is made for any pending 
interrupts, and if there are none, condi
tion code 0 is set and the unit is availa
ble. Had the unit status been other than 
zero or a pending interrupt waiting, condi
tion code 1 would be set indicating that 
the csw had been stored. 
' 

..... 
. .. 

Section 5 5-51 

COB 



.. 

Set Cond. i;:ode 0 

, , 

Figure 5-51.» Test I/O 

; 

--
5-52 

Test 1/0 

No 

,, 

Yes 

Ch_annel End Qued. 

Present Cond. To CSW and 
Set Cond: Code l 

Return to I Cycles 

( 

I 
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Yes 

No 

. ' 

Yes 

No 

Set Co~d. Code 2 

Clear the Interrupt 
Set Condition Code J. 
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l/O INTERRUPT MIC~O~PROGRAM 

• ;Interr~pt condit_ions ;ire checked at the end of E-phase of 
any instru,,ct;.ion. , · 

V .. • Routine is used to update the csw, tq..stolle the current PSW 
in the old I/O PSW location, and load new I/O PSW into cur
rent PSW. 

( 

• 

The I/O interrupt microprogram reads out 
the .unit status byte, updates the csw, and 
stores· the PSW for that operation as the 
old PSW. .l\S soon as these operations are 
performe,d, a return to I-cycles is taken. 
See Figure 5-52 for a flow chart. 

• 

WRiTE'OPERATION 

WRITE, MICROPROGR~ 

Tbe I/O interrupt routine is/entered at 
the end ef any E-phase if t.he .. interrupt ' 
la.tch ,is on. The 1050 turns .the interrupt 
latch on' as a result of ending th:~ previous 
operation or an attention ,!lir ready opera-
tion. • / 

I' 
/ 

• Conditlons checked during a wrife-start r)o are: I . 
• 

l • Unit Not Busy 
2. Valid Command 
3. 10·50 Operation~l 
4. Write with ACR/i.F Operatii:>n 

-~ 

Conditions chedked during write .. share-request cycles are: 

l. 
2. 
3. 
4. 
5. 

Unit Busy 
Intervention Required 
PCI 
Write operation 
Zero Count 

' ' 

.. 
Status routine i·s entered °dy\.one of the follow~n<J. to end ·the 
operation: "... 

• 

l. 
2. 

Any Error Sensed .. 
Zero Count ' ' 

Write Start_!~ 

The primary objective of the write-start 
I/O is to set the attachment circuits to 
write mode and :oin condition. Once this is 
accomplished, th~start I/O routine can be 
considered finisht!d. 

. . 

The flowchart in Figure 5-53 shows th~ 
path that a normal start I/O follows to 
initiate a write operation. Once it has. 
been determined that a write operation is 
to be s~arted, TA-0 is set, which is HM RDR 
start. This sets the attachment to write 
mode and starts the clock. The attachmeqt 
operation is covered in ~rite operation To 
1051.. 

The next microprogram now handles the 
data transfer and ··1s called the Share
Reguest Microprogram. 

' .. 
CIO 

~ 

f 

.. 

• 
.. 
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• Write Sha.re-Request J 
• Started by attachment sending i~ 1050_B~g~~§!_!~ . 

• Each data cycle increases the data-address and decrease the 
data-count. 

• Norma 1 end. operation started by the data- count reaching 
zero. I 

The 1050 request-in line is recogrl1zed by 
the multipl~xor channel controls.· When the 
trap is allowed, the 1030 share-request 
routine wil! be entered. Refer to Figure 
5-54 fcfr the following sequence of" events. 

Let's assume that t~e following data is 
sent to the. 1051: 

ABc• 
de 

•indicates CR character. 

When entering the share-request routine, 
the following conditions are set: 

Count in ·LD will be 8 
Data address in UV. 

FIRST SHA.RE-REQUEST CYCLE: 

L 
.- ,. 

2. 

l!!!i!_§!atus~ <A.rrow 1l, this bit 
in the unit status indicates that the 
operation is a read, write, or sense. 
Intervention required (A.rrow 2>. This 
test is made early in the program to 
determine if the 1050· and the 
attachment are still operational. The 
test is made on TT-5. 

•will be taken, because it is a test on 
the data count. 

5. The character is now WJitten OUt to the 
attachment with a micro order: gate 
1050 bus out. This is When the charac
ter is gated to the attachment read-
wr ite· register. 

6. The next two blocks will update the 
data address and decrease the count by 
1. The count will now be 7 in LD: 

SECOND THROUGH EIGHTH SHARE-REQUEST CYCLES: 
These will be the same as the first. A.t 
the end of the eight cycle, however, the 
zero-count bit in the ucw status is set 
<Bit 0). 

NINTH SHA.RE-REQUEST CYCLE: This is the 
same until the branch at arrow 4 is 
reached. Here, the zero~count bit is found 
on,. and the yes path is taken. ·We know 
that all Of out data has been transferred, 
so our next objective is to stop the · 
attachment clock and go out of write mode. 

.The ROS .. order: gate 1050 tags out and the 
bus containing 0000 0001 turn off Hom~ 
reader, start latch and reset the .1050 •. 

Device end search !Arrow 3). If for 
somezeason this -bit is on in the unit Also, '>a. CR/LF operation would be ini-
sta tus, the read share-request routine tiated if bit 3 of ucw ops and flags is on. 

4. 

5-56 

will be entered. Normally, this bit ..... ~ . .,,,"'this w·~ 11 stop the attachment and reset tae 
should not come on for a write op~~- , write latch. The microprogram now enters 
tion. · · the status routine or end operation. The ' 
~~ro_£Q~!!! <Arrow 4). This test will / conditions set going into the status rou-
be made each time the share-request tine a~e device end <DE> and channel end 
ro.utine is executed .dur!ng a write <CH E> which are set as a result of the 
operation. Tfds cycle, the !!.Q-path zero-count branch. 
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Write Status Check and Restore (End Opera~i2~l 

•. Entered from the write routine by zero-count conditions. 

• Will update all status and set-interrupt conditions and 
return to CPU m~croprogram. 

~ 

The unit status byte has the de~ice-end and 
chann£1-end bits set (bits 4 and SJ when 
exiting from the last write share-re'91t'st 
cycle. See Figure S-SS for the f1ow chart 
of this operation. 

Let's go through with the end operation 
and then discuss other ways of ending. 
Follow thi~equence: 

1. Not chained data 
2. Not command chaining 
3. Devic'e-end was set upon entering rou-

tine. 
4. Interrupt latch is off 
S. Channel-end was set 
6. Update status 
7. Branch to MPX routine 
8. Test for another share-requ~st waiting 

At arrow 1 ~he CC branch"is tested. Had 
the cc~bit in the ucw ops and flags been 
sQ,'t <bit 1), this branch would be taken. 
Tests would be made for not-error, not
attention, and device-end. This would put 
the microprogram in a CC-loop to start the 
next operation without waiting for the .., 

5-58 - ' 

auto-interrupt routine and the normal I
cycle start I/D. The CC-operation simply 
reads out the next cc~ and enters the start 
I-0 routine from CC. 

~ 
The branch at arrow 2 is testing to see 

if the status routine was entered as the . 
result of a channel-end by itself by 
testing for device-end, unit check, or 
attention. If none of these conditions 
e~lst,, assume the eptry was from a channel
end o~i!tion. 

'At arrow 3 the interrupt latch is 
tested. If it is on, the next test is for 
channel-end only. Again, the write opera
tion sets device-end and channel-end so the 
TA register will be set~with TA-2 (micro 
force) on. The interrupt conditions set up 
in the UCW status bits 3 and 4 will be 10. 
Recall that this signifies the interr~pt is 
in the unit, and because device-end is 
active, keeps forcing share-requests until 
it is found that the interrupt latch is 
Off. Now the program can' perform a normal 
end. 
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T Set to ADOt 
., 1.o .. ..rccw 
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·:'ht_~ :C-:)C ~,LL:1t ::0v~· t::~·:;f• (_~or.iLitions P:;t-tLlis:.t~1: 

l. 
?r1nt p:: 
?ro--~:-3;.· s· ... ·itc·~l t,,) 1i1: .:..~ ~:.r-' ; .. r 
insta.ll."-?'J (fDr .. ::1~; PXJ:..!,l_~:' ::--.ly 

4 : 10· .... ·pr o:;. 

• ~·rit~ ccn.:::.ti~)~, dr.:i ::.P::1.jer-: cl:Jtcr: stJrts ~tif.'.:;1 .. .._dc:-,:;,ent 
cluck. 

• 

.. 

Clock rr1:.s :lt 08 
'4i> 

""r it ten . 

• TE latch en -3l..io· ... ;s g~r )be to : )5l. 

• cparacter :..~~ accefJted anj printei at th1c._:l lJ':>O. 

A ~rite 0~1erat10~ tc the 18SO is a t~dr;sfer 

of data frorr the 203U to the lOSL e<ecall 
that the 2030 uses the reaier-~ anj µunch-1 
-i._nterfaces at the lQSl. In this case, t:--1p 
o6jective of t:;i· ·,..,rite DFeration ·.;ill ce·;.o 
simu!at to the 1051 circuits that a r-ea'..l 

,_-:j:· operat n shcYJlj be ;;erfi;Jrme-1 on ·reader-:, 
~;:~and th n allow .t::-,e 1•:151 horr-c_P loop to trar:3-
,,. fer t e ::lata to an out;:iut ::tevice, in tni,:;;

_case, printer l. :-he dtta.chmer:t circ',Ji ts 
'in ,e 2030 must activatP lines on t~;e 
int rfa~e that ~1~l cause this o~erat!on of 
re ,jpr-1, ... ~nJ alsc :-.ol 1 t:~e c~arr=Jct~r rPr.:~ 
t, ion rate to t.~,e sr-eed of the lCISl'(l:...g 
characters/secon::ll. 

Let's consi )er the set ·1! of t:-te 1C50 
systf!m first. The followin0 swi'tch set
tings and con.:fitions ~ust t>e :)resent in t ~le 
1051 an1 on the :intertdce ta ~erfcr~ a 
·..,,-rite operdtion. ::o.e;; !TO'iel::-; of t~P 10s:; 
are considered. 

<' 
1. rcH-1 Switct-~ (,.=?U-connPct ~ 1.J1: ~f:i:s 

swi tch-2ust De in the ~?~-~ii,: po_liit i C!1. 

It ac'tivates tne interface line~C?'J 
~onnec_!..~9 in b_oth the ~od I and ~ anj 

•' 
s--t, c 

dl "'' ,..;.:-:-nf1 ratP~; .._~ 

re-j :er-1 !"-x1:-:1e '!-;·.-vitc 
·:J[f;·~at ionril CT':"-3) 

ntPrf-3c.r: 11n.., 
Tfl~ lirH_' 10..:-J: 

~; .jev.,,lor:;Pi F~thP 
.l.IJ5·}_ ~~ac~i.Llent (fig'Jre :i-41). 

2 l ?:iriter-1 ~~witch. ~'~St be SPt tc tf;e 
;;;;;-1;;'F-;;nd-rea'..ly (pdrer i'1. the f om~; 
:eej, f:-d.f.'er-contr:.ql r::c:!P) ~ ihis acti
vates the interfacP~ line ilo:r·e-outr;·~t 

... ' ' ie;.rice rea,-'f'y. ----~--

3 :·~ •. .,~2¥a:r·-::::;_!:tcl_i rwi th pro::irarr cent rel 
-nn;!:y). For thi:·J ,exarr._t--le, spt to t~.e 

~~~i.l}p"·posi~i()n, ~ecause tt'Jere ·_,,·111'· ~Ot be 
any ~efix c!' .. -'<rilct•,rs use!. ~ 

.. . .6.!;.f.Q-92~!:!2~!.~Dj_:i!!i!._C:-. { MO'J l cnl y) • 
'\Ust be in the atten-i ~,osit..~1on. 

\ ' . 
,{.;hen.-:-~ee :nicropro·ira;:-,; ·.Jere 
exp.tainej, it becaf!\e aptdren~ t:1at any 

cor>er.ation can tie.broken i:'lt04.t:lree ji_stinct 
opei-ations: startir-1,=J, data trtln:-:>fers, and 
ewih"lJ. The start I/Ci rnicroproir;;r_ set'; :Jf
con.~-'ioLs to 3t.Jrt; t:--if· share--re~;;JE_·:.:t 

f'~.i cr~1riJ.~ :r a:-n ccn tr2 ls t!leo ...... .Qa t.~ tr;; n3f E: r :_>, 
a~j th~ status microproqraM centrals tte 
er.1:~1 8~erat1on. 

FRAME 
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. >. '"-figure 5-56 shows the r~lati'onship of 
· these·.t'hree microprograms, the attachment 

·· circuits, ,.and 1051 operation~ Let's go . 
-... through,.t:'he figure once to see hO!ot the 

logio~'6f the yrite opera~}on works. The 
cir_cled n~s on the figur:e refer to the 
f~llowing nuajpered steps~ / . 
1.· -Start th'"i I/O microprogra.f"• The oniy 

----·. 

" .,,. 

real tie· here between the' program and 
t.he attachment hardware is. the micro 

· oi;-der: gate 1050~ tags' out.. \The r~st o'f 
the·-.mLc_roprog.ram routine is ,explained. 
in the wrlt'e--start-- +/o microprogram. 
For the' writ«!'\.oper~on, tht! -TA reg-' 
i.ster 0 positi~n if'set with the com
mand: ~te- 1050 t~ ~· This, in '# 
turn, turns on the write latch. , 

2.. The home.:.reader iitart latch activates 
the reader-i. clutch line in .tbe 1051 
and returns thilJ signal ·to the attach• 

3.· The reader-1 c utch 'line and write 
ment. ~ ·. -

t latcrr starts ~ttachment clock' in 
·write mode. lt -time a write share

request is ini at·ed.1 'Tne attachment 
sbare-r~quest ntrols, and select-out 
pulse, activate 050 op-in and 
captures po~ling. 

4. Share-requ st microprogram agatn tests. 
the lO!YQ a d attachment f'or status tnd 
end co~i lions. If status is good and 

. , not-e• c ndition, a mic~o order: gate 
•105 bus out i~itiaties the actual data 

t'ransfer.' cycle. The ·character is set ~ 
in th~/W register, the TE latch is 
turned n, !lnd ··write share-reqflest ··is ' 
turned off. 

5. The c aracter is first analyzed to see .. 
if a hift cycle is necessary·, and, if·., 
so, he R/W register ·is ~ot gated to · '· 
the 051, bµt instead, tl).e shift char
act r is sent. At clock z-time; the 

· re der-1 strobe line is activated, and 
th shift character is .·translated and 
s nt to the ·1051 home register. The 
1;050 operation of shiftfog the printer 
f9llows. The turn-on of write share
request at W•tirne is blocked by TE 

/latch still on. -· 
6. ·The next Z-tim'-the R/W .register is 

\ ;; 

\; 
'-

li·, 

D. 

~ 

\ • 
. , 

/ 0 
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gated to the 1051, reader-1. strobe sets 
the c;harac,:J.er ,to be print~ in the 1051 
home register, and the normal 1051 
pril}t' cycle. to t~e 1052 follows. 

7. ~,,.attempt is made to turn off clock 
''Mart at z-time. However, if the set 
conditions are still available, the 
ciock continues to run. 

8. If the home-reader start latch had been 
turned off, this block would branch to 
a $top Which means that tJle attachment 
clock has stopped, and all ·oplrations 
end until the clock is instructed t·o 
start again. ' 

~. If, during the ·share-request 
0 microproqram~·the status of the 1050 
. was found to be bad, or zeroJ'count had 

been reache~ on the previous transfer, 
this status routine wovld have·been 
entered anq,. besides updating status 
byte 1, the micro order: gate 1050 tags 
out would have re&et home-reader start 
and stopped the attachment •. 

.• ;: • ~ c 

For a more reiativ~ timing selationship, 
Figure 5-57 is a representative timing 
chart of the attachment. hardware ~nd clock 
cycles. The line names foll,owed by an 

·asterisk are microprogram-controlled. , ' 

one.more consideration to the wri~e 
• operation: interlocking the CPU while the 
printer is perf~rming a carrier ~turn, 
line feed, or tabulate operation. ~hese 
t.hree flinctions can take longer than one 
c~dck.cycle in the attachment, so tpe read
er 1 clutch.line will be coptrolled by 
interlocks from the printer. 

. r ,, ' ;"> • , 

Fdr example, using Figure ~-56, assume 
~he,last character sent to the 1051 wa~ a, 
carrier return. Th.,e Hlock at reference 7 
resets the clock-start latch and goes to 
reference -8. The reader start latch is 
still·on, but at reference 2, the reader 
clutch line will·be down until the function 
is complete: therefore, the attachment 
cloc~.stOP.S until thi~ line becomes active 
again and turns on the clock start latch. 

•, 
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-SIGN.AL NAME 

1 Gate 1Q50 Tags Out* 

t· 
Home Rd• Star\, Leh 

3 Write latch 

t 
4 Rdr 1 Clulch 

5" Clock Start ~ch 

-6 Cloe&!: Pulses 

'! Write Sttare Re~ Latch 

8 Gate 1050 Bus Out"' 

t 9 TE Latch 

10 Allow St..,.,_ Latch ' 

I 11 Write Strobe 

i 
(R"' I St..,.,_) 

12 Read/W•lte Req 

I 3 UC Charoc:ter 

14 Printer in UC Latc'h 

t 15 Shift Latch 

16 I 0..52 Printer Cycles 

• 
t Figure 

•• • 

• 
• 
t 

•• 
• ' 

LOGIC 

PF 091 

PF 041 

PF.151 

PF 052 

PF 021 

PF 171 

·PF 091 

· PF .171 

PF 171 

PF 151 

PF 111 + 121 

PF 1•1 

PF 201 

• 

rl .... d• Act;ve by Sta<t I/,\ 
Micro Program -\ 

2· 

wD 0 
JI' 

0 D 

Decimal (01001 

1(11110001) "" 

12 

• 1n I 

0 0 D 0 
D D· D 0 

8(11000010) c(l 0000011) CR (00010101) 

l 

>.1 

Made Ac:tive by End 

n/_ Conditions and Share 
_ Reqvest Micro Program 

0 

V d(l0000100) Qe(IOOOOIOt) 

~ During This X Time 

Jll ·~ ;~~ ~~F•R;:;~ 1;.,~:;:1pu•---~r=J....,.,--~-----------ir--------------------
, Will Follow the Set Pulses, 

11 Print 1 Shin to UC Print • Print A Print B Shift to LC Print c Print e 
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PREFIX OPERATION TO 1051 

• Pref ix character blocks sending Uc shift or LC shift ~harac
ters as the component-select character. 

With the home-component-recognition fea~ure 
installed in the 1051, the prefix ch~acter 
could be used in the data stream to acti- · 
vate component-selection circuits in the 
1051. An. example of this would be: · 

~ 

• = Prefix character 

This message started in ~per case. 
When the first prefix chara~ter is sent, 
the printer is still in upper case. The 
prefix cha{acter is sent, and then the 
component select numeral (2). The 2 is a 
lower-case character and would normally try 

/ 

READ READER-2 MICROPROGRA.'1.S 

• Sequence of .microprogram are: 

1. Start I/O (Read reader-2) 
2. Read share-requests 
3. Status check and restore 

to force a shift character. first, before 
sending the 2. Recall that when the 1D50 
recognires a prefix operation by receiving 
the· prefix character, the next character is 
the component-select. 

.~ 

Had the forced-shift character been sent 
before sen:Jing the 2, the comp:ment-select 
circuits would not fun ct i qr; properly. · 
Therefore, anytime the j)E{:,fix character i'" 
sent to the 1050, the next character will 
always be s·ent, regardless-. ..of uc or u.:, and 
any automatic-gPneration shift cr.aracter~~ 
will be blocked. 

• Conditions checked for during read start I/O are: 

• 

• 

1. Unit not busy 
2. Valid Corr!nand 
3. 1050 operational 
4 •. Read operation <RDR-2) 
5. RDR-2 select and ready 

Conditions checked for during read sh.are-request cycles are: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
B. 
9. 

10. 

Unj.t busy 
I~~ention required 
Device-end search 
PC! 
Read opera ti on 
End 
Zero count 
cancel 
Data check 
Skip 

• 

Status check and restore cycle will be entered by: 

1. Intervention required 
2. EOB or EOT charac·ter <End) 
3. Zero-Count conditions 

008 
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Star\_I/O 

The slart I/O microprogram makes the 
sta~Jard checks of unit busy, valid com
mand, 1050 operational, read read.er-2 and 
reader 2 select and ready. The start I/O 
sets the reader-2 On latch and home-reader 
start latch in the TA-register CTA-1 and 
TA-0) This activates the run controls in 
the attachment and signals to the 1051 to 
start the re<der., The attachment clock is 
set up to run i. ead mode, ,or 34 ms per w, 
x, y, and z-cycle. See Figure 5-58 for the 
flow chart of this operation. 

Read Share-Request 

h ' h I. d h d Eac time a c aracter is rea at t e rea -
er, a read share-request cycle is needed to 
transfer the data from the 1051 to the 2()30 

DESCRIPTION 

Initiated by start I/O micropr-0gram. 

storage unit. Each data transfer, the 
microprogram is checking for status and 
conditions as shown .in Figures 5-59 and 
5-60. The decode of EOB or EOT characters 
initiates the end operat.ion and forces a 
branch to the status check and-restore 
microprogram. t 

Status Check and Restore 

This microprogram is entered any tim~ the 
operation is to be terminated. This entry 
can be from many of the decis{on .. ·blocks on 
the flow charts. Many variations are pos
sible. The best way to follow any _combina
tio~ is to use the flow charts, keeaing 
track of status and other conditions as 
decision blocks are reached. The represen
tative flow chart is shown in Figures 5-61 
and 5-62. 

• Reader 2 at 1050 sends the ~ata to the :;u . 

• 

• 

Operation normally ended by the reader sending EOB or EOT 
characters. 

1050 switch settings to perfqrm a read reader-2 are: 

1. 
2. 
3. 

... 
CPU connect On 
Reader-2 switch to Home. 
Program-dup switch is set to dup if the program-control 
feature is installed. 

4. Attend-umattend switch to attend CM::>d 1 only}.· • 
with the proper switch settings at the 
1051, the microprogram can start the opera
tion with a start I/O. During this micro
program, the command is .sent to 'the attach
ment with the order: gate 1050 tags out. 

To initiate the read reader-2 co~d, the 
TA register Rd'sitions 0 and 1 are set. The 
sequence of events that follow is shown in 
Figure 5-63. 

• 

/ 
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1. 

2. 

3. 

5. 

J • . ~ 

TA register reader-2 on and home 
reader-start latches are turned on. 
This activates the interface l"ines to 
start reader-2 at the 1050. 
Reader strobe starts the 1051 home 
timer, which develops the interface 
line punch-1 clutch, and gates the 
punch-1 bus to the 2030. ~ 
The attachment clock will star~. At 
W-time the R/W register is set with the 
PT&T/8 character and be tested to see 
if the character should be stored. If 
not, a further check is made to see if 
it is a UC or LC shift character.. ·If 
it is,.,the t:anslate Uc latch is~ or 
reset accordingly. ' 
At Y clock time, the read clock-
inter lock latch is' turned on to stop 
the clock. Also, if the character 
decode is such that a store cycle is 
needed, the read share-request latch is 
turned on, and reader-2 hold made 
active. 
At not-Y clock time, the 1050 request
in line is made active. When the 
channel controls can allow the trap, 
Sel-0 is sent out. The attachment 
share-request controls ca;.ture the 
poll, send operational-in·, and T
request in. The 1050 share 
microprogram routine "1is now entered. 

.. ,. 
FIRST CYCLE 

The share microprogram checks ~tatus and 
.end conditions, and with no end conditions 
causes the character to be stored. When 
the exit from this program is perform~d, 
the read share-reqi,iest latch is reset, 
allowin .the reader-2 hold' line to drop· and 
keep~ reader running. The reader senses· 
the n character, starts the 1051 home 
timer, t equence is repeated. Even-
tually, tll,f! data-count reaches zero, and ·· 
the next ~ycl_e s~ould be thfi! EOB or EOT 
character from 'the ·reader. This causes a 
norma1 end. 

Figure 5-64 shows a timing chart of the 
reader-1 operation giving relative timi~. 

En.Q_Q2eration (Zero-Count and EOB or EOT) 

' ' With zero-count bit in the· UCW status byte· 
and a character decode cauSJ,ng END <TT-2) 
condition, the status checkland restore 
microprogram is entered to .;end the opera
tion. The TA-register is reset, and the 
attachment drops run mode., The micr-0pro
gram uses ROBAR and retiurns to the program 
that was running when the share-request 
trap{ was taken. · ' 

*1d Operation (Zero-count Only> 

'When reading from the reader, each block of 
data is separated by the EOB or EOT charac-. ~ 

I 
S~(':)"-JQ CYCLE ,l". ~-- Tt-i!RD CYCLE 

SIGNAL fiA!vl.f LOGIC 

Press Shift Key - Send UC 

Character to 2030 - dc:i 
not Store - Set UC Lotch 

Pre5> lette• A f'ey. 'iold ~eyboord 
restored '...'nt"i •he CPU SICHes tl..e 

Press ~OB l<ey- ~end fi)e 
:horo•ter-end the 
::ioE"ro1ion. chcrcc•er 

l ~.:-,01e i 050 Triw Out PF :).! I--~:-"~'----- n 
Pead RDR~2 lotch one 

rlo,.,P RDR Start Latch 

3 !<DP.:2 Hold l•ne 

8 Ckc" Star! lotch 

9 (Incl.. Timing 

10 RD Clo,ck lndk Lotch 

11 RD Shore Req lcl-i 

12 ~D Share Re-q 

t 
13 Gote 1050 Bus in 10 A Bu,1 

14 Tramlote UC Latcf., 

! 5 Read Wr;te Reg 

PF .}41 -----'----

Pf C,41 __i-~-------2_~-· ------- --'-=-'-~-----'---]::..i ___ 1_2L, 2. ______ ..c_ ____ _ 

1QS1 

PFCllit·------
0 

I J jv.ix! vfzf . i 

7 r:-=J r----1c r 
·---~ -~---~· ,, bf' 

fv.fv[y!z! 

PF O?l _....___ __ _ 

PFD21 ---~~ 

PF 701 

aecode during""-"" 

PF751 _____ •h_"_'_"_1' __ -_~~-----'-'·-Y~--------'---'3 ___ __,___,__-l-----------
Micro Micro 

Pf341 -------------+------------P_w::..gr_o~_::o......L,J._ __ P_'~::..'_om=rJ......L_L__~---------

PF 111 • 1\ I UC Sliifl Char. Letter A EOS (horocter 

Figure 5-64~ Read RDR-2 Timing Chart 
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~ 
ters. Paper-tape transmissio~ be of 
any number of characters, dictated only by 
when the operator punches in the EOB or EOT 
characters. · 

Suppose th~ record we are transmitting 

~s fif.ty chacacters long and the 51st char
crter is EOB. The data-count set up by the 
CW is 45 characters. Therefore, thfj zero

count 'condition will be sensed afteq. 
storing the lf5th character, becaus~·the 
count is reduced by one each time~ charac
ter is stored. It would not work too well 
if we stopped the reader now, because 5 
characters are. left until the EOB is read.· 
This wouid make the next record very .short 

READ INQUIRY OPERATION 

READ INQUIRY MICRQPROGRAMS 
'\ 

• Sequence of microprograms is: 

hare-request <attention> 
art I/O (Read Inquiry> 

Readfshare-requests <data transfers> 
4. Status restore (end operation> 

< 5 characters>; ihen End ·'.would be sensed 
and the .. reader stopped. fhis is incorrect 
operation. 

Some means must be provided to keep the 
reader running until EOB ot EOT is read. 
When zer~count and not-End is sensed, 
channel-fend and device-end search are set 
in the unit status. Channel-end indicates 
the CPU should not store any more charac
ters, and device-end search keeps the read
er running looking for EOB or EOT. When 
the EOB or EOT character is read, End along 
with zer9-count, ends the operation in the 
no:rrnai ~nner. 

• Conditions checked for during read inquiry start I/O are ' ) i.: Unit not pusy 
2. Valid command 
3. 1050 operational 
4. ·Read Inquiry operation 

• Conditions checked for during read-inquiry share-request 

• 

cycles are: 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

H. 

• 
Unit busy 
Intervention required 
Device end search 
PCI 
Read operation 

. End 
Zero count 

·cancel 
Data Check 
Skip 

Status restore routine is entered by 

1. Intervention required 
2. EOB ·or EOT character <End> 
3. cancel character 
4. zero-count conditions 

Att;-ention Share-Request 

The primary objective of the attention 
share-request cycle is to alert the 2030 
programs that a request has been init;.6eed 

, f:om the keyboa:d. '!he csw will be. -Updat;,ed/ 
with the attention bit set on. Also, dur- ' 

\, 
\ .. --~ 

/ 
I 

-

ing the status restore, the I/O interrupt 
condition will be set on, which will nor
mally cause a check of the csw and initiate 
the start I/O that is associated with ,the 
read inquiry. Figures 5-65 and 5-66 show 
the share-request and status-restore flow 
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charts and the path this operation will 
take. 

Read In~i!:i:'._§!~!:Ll/O 

.... 

The 'start.~/O microprogram mak~s the stand
ard che·cks.)of unit busy, valid command, 
1050 operational, and the actual command 
checking--in this case, a read inquiry. 
Again, the start I-0 sets a latch in the 
TA-register. The latch "or latches set 
activate the attachment circuits. 

During read inquiry, the pri_mary object
ive at this time is to.signal the operator 
at the 1050 that the request has been 
honored. This is done by setting TA-3 
<Proceed> and TA-1 CRDR-2 on>. This lights 
the proceed li~t in the 1050 and sets the 
attachment to read-inquiry mode'. This ends 
the start l/O as far as the attachment 
circuits are concerned. .See Figure 5-67 
for the flow path of the read-i~quiry start 
I-0. 

Read Inquiry.Share Requests 

Each time a character is sent from the 
1050, a read-inquiry share-request is need
ed to transfer the data· to the 2030. For 
each character transferred, the program is 
checking the status and conditions as shown 
in Figures 5-68 and 5-69. The decode of 
EOB, EOT, or cancel-characters can initiate 
the status-restore or end operation.~ 
course, if the 1050 should lose its o ra
tional status, the operation ends al o. 

Read Inquiry Status Check and Restore 
~ 

This microprogram is entered any .time time 
the operation is to be terminated. This 
.can be from many of the decision blocks on 
the flow charts. The possible variation of 
conditions are many. The best way to fol
low any combinations is to keep track of 
the conditions and~use the flow charts for 
decisions. The re resentative flow chart · 
is shown in Figure 5-62 and 5-70. · 

{ 
\ 

013 

·e 
·e 

~, 

·e 



e 
9, 

-~ 

e 
e --
-, 
e 
"' 

e 

Figure 5-_65. Attention Share-Request 

014 

\ 

\ 
Section 5'"--5-75 



·' 

.. 

Figure 5-66. .. 

],,,, 

I ,1.1 

',.J 

Add••.· 

If\ I(,' 

<1-·.I 
II 

l 

l•d•'' rupt 

i ,1t - f, (Jti,. 

' 

~)~\~Jr~, tot u\~--- ---] 

Lip Do1e LJCW 

Rt•s!ulf' -r-

Attention Status Check and Re3tore 

...,..,, 

• 
ii 

• 
f 

015 

, e 
e 
e 
1t 
e 
e 
e 
e 
.e 

_, 
. t: 

e: 
.f:; ;"9 

e 
e 
e 
·e 
e 

~" e 
e 
ee 



e 
e 

( 

CA',\ ~ """" 

((Yi TC 
((\.~ ( f I '1!' 

(Mf' ."•·• 

fl,,,fdil(l,",'\d"'"'' 

-r 

-Figure 5-67. Read Inquiry Start· I/O ,, . . ., 

,. 
c ,....,,~ 1••<'!" 

\ 

016 

' 

'.,: 

Section 5 5-77 



Figure 5-68. Read Inquiry Share-Request 
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• Initiated by pressing· the request key at the 1050 • 

• Acknow~edge when the proceed light turru on at the 1050. ·-
• Data entered by nbrmal keyboard operation at the. 1050 • 

. • operahon,nornally ended by sending EOB, EDT, or cancel 
------·--,--character fro.nr 1050. 

Ini t:iating the Operatifn 

• 1050 ·switch settings .)o perform a read inquiry are: 

CPU .connect-on . ,1. 
2. 
3. 

Keyboard switch to Home. ~ 
Program-dup switch to dup if program-.control feature is 
installe~. ' 

4. Power on. · 

5. ·~~;nd/u~~~tend switch to attend !Mqd 1 only>. 

With the propei:; switch settings at the •· the translate upper case latch at x-
1051, the operator can press the request clock time. This laliich is used in the 
key. This starts a series of events as read translator for proper EBCDI 
shown i.n Figure 5-71. The sequ-ence is:· translation. .,, 

1. 
2. 
3 • 
4. 

, 4. At Y-clock time, the read-clock-
s.et attention latch. interlock latch is turned t>n. This 
Send 1050 shar.e request to channel. stops the cl_pck after OJle cycle. Als.o 
Request granted-reset attention at Y-time, if the character· is to be / 
Start I/O with, test status and send stored,. the read share-request latch is 
l 050 tags out: .TA- 3 and TA-6. turned on. 

5. Proceed line to 1050 is active. 5. Read share-request drops the proceed 
6. Proceed light on indicates to the line to the 1051, and when Y-time4 

operator that the request.has been fails, it sends in the line 1Q50 
grafll.ed. · reguest-in. 

Data Transfer <Figure 5-71) 

When the proceed light indicates the 
request has been granted, the operator can 
start sending·data via the .keyboard on the 
1052. Each time a key is pressed, a char
acter is sent to the-- attachnient v±a the 
interface. This data tran!'f[er uses the 
punch-1 ,interface and the o\>eration looks 
like a keyboard to punch oper~tion at the 
1050. The punch-1 clutch lir}e to the 
attachment signals that a character is 
available on the interf~pe and starts the 
clock. The sequence Of e~e operation once 
the clock starts is: '\ 

1. At W-c-~ock tim~, set th~·read-write .. . . . 
register. -

2. Test to ·see if the character is one 
,that....will be stored .or ignored. 

3. If .the character is not to be stored, a 
check for LC or uc shift character is 
made. A shift.character sets or resets 

FRAME 

6. when the 10~0 request is granted, the 
MPX share-request trap. is taken in the 
microp.rogram. Sel-0 is sent to the 
1050 attachment and operational-in is 
sent back from the attachment. During 
the &hare routine, status and end con
ditions !EOB, EDT, or Cancel> 'are test
ed. The next test is for zero-count, 
if zero-count has been reached, the 
character is not stored . 

7. 'Read share-request is reset in the 
attachment by microprogramming !FB = 
KXX,0) and proc~ed is ._allowed to be 
active to the 1051 again. If punch-1 
clutch has ended, the clock is able to 
run as read-clock-interlock is reset. 
The next character can now be sent. 

Fi3ure 5-72 shows a timing chart of 
read-inquiry data cycles. Thk!est of the 
data cycles are a repetition the 
sequence just explained. Lets on and · 
see how the operator can end the read
.inquiry operation. 
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MICIO PROGRAMS 
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Tron1lator for Proper 
EBCDI Code 
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SIGNAL NAME 
: l Go_te 1050 T~gs Out 

I 2 Proceed Latch 

! 3 Proceed Line 

I 4 KBD Strobe 

! / ! 15 I 050 Home Timer 

I I 6 i'o5o Data Lines !!'ch - 1) 

! 
' 7 Punch Clutch 

I 
If .Clock Start Ultch 

9 Clock Timing 

10 RD Clock lntlk Latch 

11 RD Share Req Latch 

12 RD Share Req 

\ . 
. 13 Got., 1050 Bus in to A Bus 

14 Translate UC Latch 

15 Read/Write Reg 

LOGIC 

~, ,(. 

i 
First Cyclfi~. --t-o---,1'1'""'.:t~.',-. --'Second Cycle------+--Third Cycle 

e"I,. "!. 
Press shift key -.~ UC 
character to 203-0-~·il\, 
not store - set UC latch. 

--;.s letter A key. Hold keyboard 
"·restored unti I the CPU stores the 

character. 

Press EOB key - send eoii 
character - end the 
operation. 

-..,.,,, 

PF 041_-__,._.__-;---------...-+,---------~-~,--_;, _ __,u_-1-j ________ _ 

PF 041__:-'--;------:--f-:,.-+1----,-------------'.,./ _____ L---!.j ________ _ 
""!/: I I I 

PF 041 2 • 12 I · I I I 
Mechanical -:.,.._ I I I 
Contact Cl~uteQ I 0 I 0 I 1051 ... :·I I I I 

1051 , I 4 I I I 
I .....---.__, l I I 
I 5 UC Shift (842) 5 A (BAI) • 1. EOB (A 842) I \ 1051 
I I I I 

PF Oll ___ ~/ __ 5__._ ____ ,__~1-_,__ ___ _._ _____ __:_1_...L. _ __;_ __ L..-~/-' ________ _ 
I I ·· I I 

Pf Oll __ -;j-~7__,_ __ __.._-;-1-.,-..--'---L---------'.,.j_;;_J.-__ -L._-!.i ________ _ 
I I I I 
I lwlxlvl zl I lwlxlvlzl I lwlxlvl zl ~ 

f.F 281 
I Decode During I ________ ... ! I 
I This Cycle ?;.I II·" I 13. n I PF 281 

PF 341 
I j Micro Program ~ Micro Progr:;.O ·: 

I I I I 
PF 291 I 6·x I I I 

I I I 
PFlll ____ 1~6-·~W'--'-__ u_c_Sh_i_h_C_h_ar_. --LL-----~~~t~te~r~A-'-----'-1--J.J'-------"-~E~O~B~C=h~a~ra~c~te~r-----

Figure 5-72. ~ead Inquiry Timing Chart 
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End conditions 

The operator can pres~ the alternate coding 
key and the 5 (EOB>, 6\ (EOT> or O (Cancel> 
keys, and the charact:.er sent to the 
attachmeht causes an end operation. 

1. EOB or EOT. These characters cause a 
normal end and activate the TT-2 line 
<End>. The microprogram now branches 
to the end· routine or status check and 

.,,1 re8tore. see Figure 5-63 for the 
beginning of the uoutine. The proper, 
operation would result in EOB or EOT 
being, sent with zero-count in the UCW _., 
s,tatus byte. The status restore fl.ow 
~Hart, Figure 5-62, sets the end condi
tion_s in status bytes and returns to 
.~he 'back-up ROAR fo~·ret11rn to the 
prev.lous· microprogram. 

Bi~Y_fil!~fil;:.~Q!!!:;2T OPEfA,TI;p§l 

·,{: .. 
,,, I • 

,,,i 
2. CANCEL. .:This char'acter causes an end 

operation with the TT-0 position 
a·ctive. The result of this end opera
ti.•fi is to cause;: device- end, channel
en-a, and unit-exception to be set in 
the unit-fi1tatus byte and an I/O "-\ 

·interrupt_ condition established. \._. 

Spl~! Entry r 

It is possibl; to splil<_ ~~~ entry on ~ read 
inquiry between the ~~rd and reader-2 
at the 1050.' Once the entry from keyboard 
is fiAished, "the opera~or can switch the 
reader-2 tq home loop. Press the reader
start key, and the rest of the inquiry 
simulates a norm:ll read reader-2 operation 
until reader stoe code i~ sensed or the 
reader-stop key i~• press~d. At this time 
the C9ntr~l returnp to the keyboard • 

~ .. 

• An/· time the 1050 i; ma~e o~~ational, ~ share-request is 
initiated. · 

• .Channel-end and device-end conditions are set _during the 
share routine. 

\ 

' • The CPU is alerted to the fact the 1050 is now opera~ional. 
! 

The 1050 operational line is testing for two t~ings: , 
1. 
2. 

The CPU Connect switcb is on and the 1051 power is on. 
RDR-1 home line is active. 

With these conditions, the 1050 is 
considered t.o beroperational and the TT-3 
line will so indicate this. If, for some 
reason, the 1050 were to become not opera
tional for a ,period of time, it would be 
very nice if we could somehow alert. t~ CPU 
that. the 1050 were ·operational, again. ·This 
is the purpose for the ready share-request 
operation. 

Figure 5~73 is a flow chart of the ready 
share cycle. , As..J,9ng as the 1050 is opera
tional, the sequence is never enter~d and 
no action occurs. However_, if the TT-3. 
line were to~,.indicate not operational, the 
latch calle not operational is ·turned on. 
Next, a tes~ ,is made. Was the attachment 

' 1· 

l ,. 

•• :~ ·,: -i'; 
~ 

5-8,4 
..; 

~ ..,..... 

" 

in read or write mode?. If it were in read 
or write mode the intervention~required 
routine would __ be satisfied before the ready: 
share-request routine is entered. 

~ 

. Finally, the 105'0 is ~de operational 
agai·n, and this turns. on the readx share 
latch. If the Intervention required indi
cator were on, it ~ould be reset, and dur
ing the share-requ,st routine, end condi
tions TT-2 will be!activated. This causes 
this share routine .to appear as a norm:ll
end operation. Status is set to cause 
channel-end, device-end, and I/O interrupt 
conditions. This, in turri1 allow~ checking 
and updating of . tie csw. ' · · 

i' 
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Wait 

No 

---,'! 

Yes 

Turn On the Intervention 
Re.quired Latch 

Force a Share Reque>t _ 

Turn On Console 

Intervention Required 

Latch Set Sense Rey 

Yes 

.,Reset the 

,, 
Turn On the Not 
Operati?nal lotch 

No 

Console Indicator 
Stays On Unti I 
Reset by Hardware 

:-1 

Intervention· Required 
Latch 

.:!--

" ,jj 
figure .=>-n. 

' ' 
-Ready Share-Reqµeat 

\ . ' 

No 

Waft 

No 

, ' 

' ' 

~06 

No Action 

Turns Off 
Console Indicator 

Reset the Not .• 
o1perat,iona I Latch 

I 

Re19t Ready Share latch 
Sel CH.E arad D.E. 

JI 

Yes 

Yes 

Turn On th'; Ready 
Share I.Pich 

Turn Off Console 
Intervention 
Required Latch 

Force Share 
Request - Foree 
End Conditions 
TT - 2 
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SENSE OPERATION 

• Start I/O forces a micro, ~hare-request. 

• Share-request cycle reads out the ·sense-register,,.conditions 
and stores in.the area designated by data a~dress. 

• Attachment circuits are not activated. 

• Operation is terminated with channel-en1, device-end ~nd 
interrupt conditions. 

A sense .. operation is generally used . 
following a command that could not be exe- t 
cuted or following 'some unuSO'al conditions~ 
that occurred. Most I/O devices will · 
assemble sense information on the bus-in 
lines like. ·a~ta cycles. Th.e 1050 ~ttach
ment does not have the facility to·'.assemble 
data bytes as sense information. Tne cycle 
is used to int'E!rrogate the sense byte 
stored in the :cPU local storage position 04 
<hexadecimal>. The sense byt~ ·is ~ead out 
of local storage and stored in the location 
of. main storag.e specified ,:by the data 
address of the ccw. This byte of informa
tion is now available in main storage: so 
further macroprogr<,Qn interrogation can be 
performed. (/ 

. 'I /' 

The sense byte bit positiaps and th~ir 
uses are: \ . 

Bit 0 Command Reject: An invalid. command 
was directed to 'the 1050 cons·ole during 
the previous start I/O~command or 
attempt to command chain. ' 

Bit 1 - Interven!J,2!! Required: The last 
operation could not be executed or 
completed because of a conditi.on . 
requirjng some type of intervention at~ 
the 1050. These conditions are: · , . 
1. 1050 power off. 

., 2. CPU connect switch off. 

3: Reader 1 Switch off. 1105l Mod. 1 
only> 

4. Attachment in CE mode. 

5. Output not Select and Ready <write 
command>. 

6. Reader 2 not Select and Ready <read 
reader-2 command> 

J 

-~""'\'*' ~ 

7. Attend/unattend switch· in Unattend 
position (1051 r-Ddel 1 only>. 

Bit 2 Bus out check: Device or control 
unit.has sensed invalid parity charac
ter. This· position does not apply to 
1.050 because bus-out checking is· not 
done· in the attac~ment or 1050 home 
loop.I · ~ · . , 

Bit 3 - Equipment Check:. Detection of 
equipment malfunction during last oper
ation •. Again, this does not apply to 
the 1050, because all the equipment 
malfunctions are recognized by inter
.v1\fntion required. 

Bit 4 - Data Check: Data: error_#tected 
during a...r-ead operation exll!lusive q,f 
bus-out check errors. The 1O50 sets 
thi.s position· with a r~d operation and 
TT-7 position.active which 'is. data
check. 

Bit 5 - overrun:. i;>oE!s not apply to the 1050 
because the\i.nterface functions .with 

.. .~ei;run prott)ction'. 
Bits 6-7"; Not used. 

• 
J 

_,..,.-/ 

I 

• Allows transfer of units of data from or to different areas 
of storage. 

• 

5-86 

Ops and flags in pew CCW are ignored except for transfer in 
channel. 
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The chained data operation with the 1050 is 
the same as any other I/O device. It '· 
allows the utilization of different areas 
of main storage for the data transfers 
using different ccw•s for each area of main 
storage to be used. The ops and flags for 
each new ccw are ignored unless trans·fer in 
channel is set. Figure.5-74 shows-an exam
ple of a chained data-write operation. 
Note thal: the output record was assembled 
from many differe'ht locations in main stor
age. 

ccw # 1 

This Is 

ain Storage 

713 

' This is • 

An Example 

I 
ccw #2 

An Example 

942 

CC'jV #3 
-,
Of Data 

Output Message ', 

Chaining 

' Figure .5-74 •. Data Chaining 

. I 

·The chained data routine is entered. 
during the sha~e routines and only whe!i 
zero-count is reached. If the chained 
data-bit is set ~n the current CCW, tQe 
chained data routine is entered, Ca new CCW 
fetched w~th a new data address and count 
number>. This.is repeated until the 
chai iied data flag is a be ent in the ccw. · " 

·Now a normal end occurs along with the I/O 
interrupt conditions. 

., 

/ I 

• \ 

~ I .... 

'I "• l'• 
-·~.'" .... ., . I .. 

I ,. 
/ • 

I 

• . J 
Command can be chained without waiting for I/O intefrupt. 

I 
I 

-
Allows command chaining of operations such as .reac}~ writ~, 
and sense without an I/O Interrupt. / 

• 

Command chaining ~ith the 1050 is tl'ie 
s4m~ as any other I/O device. It allows 
the changing of the actual command without 
ending and going through the I/O interrupt 

'routine. 1'he loading of the new ccw is . 
treated much in the same manner as a'shar~ 
routine, and the seque.nce of specific-com
mands continues •. --

The sequence of command chaining ~an be 
bi;;oken by conditions s.uch as• unit check,, 

~ ,/ 
I l 

· unit/lexception, or incorrect iength.:. In 
.this'case, the operation will be terminated 

by 1/0 interrupt conditions, and the next 
ccw will not be fetched. An example of the 
use of cQmmand chaining could be: 

Read data from reader 2. 
Write new~~a tp ptinter 2. 

These two commands can be exec,utea from .. 
one start I/O operatiqn. 

EQ8 '. 
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1'.,.,;: 

.. 
. • Used to' i;nitiate ·subsequent•commands without wait.ing for an 

interrupt stat4s aryd macro programming. 

Yes 

To CPU 
Restorl'' 
~outine 

MACHINE START.1/0 
From .I-Cycles 

' 
' Program 

No 

.I 

To !~Cycles 

·. 

• 

Yes · 

Yes 'No 

.. -~ 

r"ig:ure 5-75. command Chaini.ng--commani,l Immediate 

Share Request 
Trap 

Share 
Program 

To Ci"\J 
Restore 
Rqutine 

) 

t· 
·.No· 

... 

. .. 

) 

' ,t 
' ' t ~·' i:;>· 

~~ls function, as it applies to the 1050 
.'microproqra.m:;, is-rather unique. The· 

"!, 1problem is w'it;:.h the command-immediate 'type 
~· 'opeli'a t · ori!\. Refer to F'igure 5-49 •. -All 

I,, der.:is iO b)ocks mar.ked With an asterisk 
refer t~> coinmand-chain operation. Figure 
5-7'> i? c1 flow chart of the start I/0 and . 
_sha.r~'-requept. microprograms. · .. 

' ( ~ ~ . 
. Three _,r~6rnii tions to consid~!r when 

'command:.chaining are: 

1. . - \' Control Alarm (command•'' immediate) 
Read/Write (normal com~and) 

i. R.e.~d/Wr i te 
Control Alarm 

3 •. Read/Write 
control Alarm 
Read/Write 

The. problem' ~i th a command- operation 
;and command-immediate· operations is that 

5-88 
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the ·microprogram must know wttere to return 
to; I-cycles· or' CPU restore routine 
(ROBAR). 

'ExampJ.e 1: 

Control Alarm 
Read Operation 

The control alarm is a command-immediate 
.operation, and to perform it, the share
request routine is i{ot entere.d. Upon 
exiting from start I/O, the read operation 
is cha,ined. Therefore, the start I/O is 
re-entered, and the read operation set ·up. 
This entry bo start I/O is treated like a 
shar~request,. ,:tnd, when exiting from the 
·start I/O this! time, a return to I-cycles 
·is performed. 

Example 2: 

.• Read Ope~ation 
Control ·Alarm 

E09 

<I 

I 

e 
e 
·e 
e 

.. ·e· 
·e 
e 
e 

-
~1· 

~ 
e 
e 
e 
. ' 

e 
e 
·e· 
e 
e 
e 
e 



e 
e 
e 
e 
e 
-· • 
e ..... 

e 
e 
e 

I 
e 
e 
e 

·,e 
l,' 

e 

In this example, tti\e command immedi'll_te 
follows the . read operati-0n. ~hen the read 
operation start IA>. is exited; the ~urn 
wi"ll be to r-cycles~r ouriJ)_g .the· data 
transfer.a the share-request Operation is 
performed, with T-request being set each 
time. Finally device-end and channel-end 
are sensed, and the scatus restore is 

\\ 
y· j i. . \ ,. "' 

~ 
.:\ 

( 

/ 
~ 

~ 

r 

' 
0 

I 
\ . 

.. 
I 

;-, '. 

) 
, 

I 

'e..f&~e.,\;d. Because the command-immediate ls; 
ch;:l;d, tlla. restore routin~ a.p 
entry to 1')50..- start l/O ·With +-request. seL 
The commanCi-immed.iat• is executed. Now ,the 
retY/'n should be to ROBAR microprogram 
instead of to I-cycles ,bec.,.use the T-
request is active. ( 
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POWER SUPPLY AND INTERLOCKS 

J 
l 

'f 
l 

. 
. r 
,I:~, 

• .. With normal CPU power off, /the 105_0 .12,o~r-on con.di ti on is 
under control of the 1050 :mainline switch. 

• With,the C?U in EPO condition, the 1050 can power up only if 
·the on-line/off-line pow.er switch is in the off-line 
position <Figure 5- 4 6) . ' 

• 

Because the 1050 can operate off-line 
without the CPU, a normal power-off condi
-~ion at the CPU does not affect the 1050. 
'Power can be turned off or on, independent 
~of the CPU, by the mainline· switch~at the 
~1050. The. sequencing of the 1050 i~ not 
under control of th",.CPQ. 

, If somethir:ig causes tne· CPU to activate 
an EPO (Emergency Power Off) condition, 
power drops a~ the 1050. The EPO line 
drops the EPO r.elay (HDl> in the 1051, and 

.. 

5-90 

now manual intervention is required to 
bring power up at th~ 1050. The 
on-line/off-lihe power swltch in the 1051 
must be turned to the off-lfne position. 
However if the EPO condition at the CPU is 
corrected, and the EPO relay again picks, 
power drops at the.1051, and the switch 
must be returned tQ the on-line gpsition. 

These are the onl~ power-supply 
sequencing ,interlock, between the 1050 
the 2030. ~ ? • • 
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CONTROL ArM OP~Al' ION 

• A. normal star : I/o co~nd that sets TA- 4 causing an, ~larm 
signal. '·. 

• 

• 

- . i. _, .... ·· 
Channel-end and-device-end OQnditions are'set along with 
conditior?' code 1. and _retu·rn directl¥ to I-cycles. 

Au~ible'-alarm ¥'the 2030 rfngs for 2 Si!conds for each exe-
cution of' this command. 1 

. ' 
\ 
\ 

.. 

This special feature ,gives the system\ a 
method of alerting the operator. that s·ome
thing is wrong somewhere in the. system.\ 
Its· purpose is primarily to give -an a'ucH~le 
alarm to alert the operator. No other · 

action occurs, and_, th:~ S~ft I/O is termi
nated with channel"''.end' ·device-end, and 
condition code 1 set ~J.th a' return to .t
cycles. 
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• The shared portable. CE Panel is used for CE mr<>de of 
operation. '- . 

• 1050 comma- and functions can be initiated by setting TA 
RegisteJ;.iil' . 

'conditi4A of 1;bso and attac~ent is indi~ated by displaying 
TT. . f f • 

• 
./ . ,,, / .. 

~rite data an4 control characters can be set and are dis
played both.~fore and after translation. 

Fl.ead data ana :1.control character·s are displayed bo\h bef~re 
and after trari~lation. ' 

• 

' • In run mode·, tle CE panel provides dyntic display of con
trols and data'J. 

I> 

l ·,,..See Figure 5-76 
with the shared 

overlay mask used 

SWITCHES "· 

DATA ENTRY: . 
control Tags· 

for 1050 usage. 

rota~y switch to 
Out. 

DATA ENTER: Used with ta entry to·gate 
Taqs Out and act as a sin le cycle bus out 
1~ write mode. In read-m de, it simulates 
single cycle nandling of a share request 
for th~~character that is ~· 

•• 
LAMP TEST: Test that all indleators 

• uperat ional. 

I 

CE RESET: OR'ed with machine reset to 
become Reset Attachment. Resets Clock 
Start latch and sets ~he cloc~ triggers so 

~ they are conditioned for a start. Also 
resets, other la~ches in the attachment 
circuitry. 

' START ANO STOP: Have no function when 
shared CE panel is used with 1050 attach-
nient. 

ROTARY SwirCH: Must be off when connectiGi_ 
or discor.necting the shared CE panel. The· 

. three active positions ~re:' 

-1. Gate Tags ·out. Simulates microprogram 
control of outlx>und tags. Used in 
conjunction with .the Data Entry and 
Data Enter switches to set up a read or 
write run condition and perform other 
Tag functions. 

5-v 

2 • ..Gate Bus Out. In this position during 
,write share requests. Used with data
entry and either data enter for single 
cycle, or run for contimious operation. 

3. Gate Bus-In. In this 
read share-requests. 
data-enter for single 
continuous· oPEtration. 

positionJduring 
Used wit~ either 
cycle, or run for 

CE SELECT OUT SWITCH: With any pending 
attachment share request will Qring up 105Q 
Op In. 

CE EXIT MPX SHARE: Simulates the 
microprogram exit from a share routine and 
drops 1,Q50 Op In. q. 

Da~L~!!~Mod,!LSWitchef;; 

CE SWITCH: With the CE switch on, the 
microprogram control-of the 1050 can be 
simulated independent of CPU. CPU can be 
operating and the attachment will propagate 
select-out and ignore polling. With the CE 
switch off, the panel monitors 1050 console 
operctti,on under CPU control in run or 
.single-'cyc.l,e mode~ Also, by setting up run 
and micro share-request, the multiplexor 
channel polls the atta.chment. · 

~· 

LINE SWITCH: Has no function with basic 
\home loop 1050 console't 

RUN SiolITCH:" Simulates continuous share
for· read or write modes. This switch must 
be off when the rotary switch is in gate
tags-out position. 

El3 
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Shared CE Panel Mask and Swit~hes . 
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INDICATORS 

TA Outbound T.i1ft-

Set' up witn rotary at the gate-tags-out, 
data-entry switches, and the data-enter 
switch. 

' Pos O :Home reader start pulls on .the 1050 "' 
start latch. , 

Pos 1: Allow .reader-2 drops the hold on, the 
~nd reader. ·~-

Posl' 2 :Micro share-request simulates a . 
stacked share-request at unit. 

"" . \ Pos 3: Proceed unlocks typewriter_ keyboard'\ 
for a read- inquiry. 

Pos 4:Alarm (feature> if present alarm 
sounds 

Pos 5:Carriage return line feed causes 
CRLF ,, independent of the EOL contact. 

PO~ 6:Attention-reset simulates taking 
attention share-request and resetting 
of the latch. 

Pos 7:1050 reset simulates the end of a 
read or write"operation and de~elects 
any 1050 components that are selectep. 
When startin~ an I/O operation from the 
processqr, an automatic restore selects 
printer 1. 

TT_!nbound Tags 
. / 

Sample pertinent conditions from 1050 sta
tically. 

Pos 0: Cancel indicates the cancel key on 
keyboard was pressed. 

Pos l:Reader-2 select and-ready lndica~es 
the unit is ready to receive a rea'd..__ 
command. "'\ 

* Pos 2:End can be obtained in several ways: 

./ 

1. On,the keyboar~~ut, pressing the 
EDT or EOB key:1, 

. 2. ""' o~ the card input, an EOB or EOT 

3. 

character punched in·a column or 
the trailing edge of the card. 

On the paper-tape input, an EOB or 
EDT punched in the paper tape. 

• 
Pos 3 (1050 Opera1Uonal>: - 1050 voltages 

present and c.PU switch on. 

Pos 4CHome Reader Sta~t>: Indicates the 
1050 start latch is on. ' ' 

Pos 5: Intervention-required: .Operator 

5-94 

intervention is required to operate the 
system. 

Pos 6CAttention>: Results from the request 
key on the 1052 .being pressed. 

Pos 7 (Data Check>:.PTTC data from 1050 was 
received as even parity. 

Data Register 

Data register is common for both read and 
write. 

1. Read. Data entering the data register 
is P.TTC data coming from the 1050. 
This data is translated to EBCDIC t 

before being gated to the CPU. · ., 
Cindicator91..,.Pirectly below the 'data " · 
register display this translati~n.) 

2. Write. Data entering the register is 
EBCDIC data coming from CPO. This data 
i~ translated to PTTC•before being 
gated to thed-050. 'tlndicators direct
ly to the left of the data register 
display this transl.ation. > 

Punch 1 Clutch 

This indicates that a character has been d, 
read by the 1050 and is waiting in its home 
register. The attachment clQck must be 
started at 34 ms cycle rate, the character. 
must be set in the data reg;i.ster, and tran
·slated to EBCDIC. The attac"hment must now 
attempt to secure polling, cause a share
requeijt, and store the character in the 
data fie~d of storage. If this is not 
accomplished, a hold is put on the reader 
to prevent it from taki~g another cycle 
until a ·share-request has handled the 
character in the data register. 

\ 
Tra~late UC 

~ 
This indicates that the PTTC to EBCDIC 
translator should be translating the char
acter in the data register as an upper case 
character. No share-request is taken when 
shifting from one case to anqther. 

Read 1 Clutc;h 

This is brought. up from 1050 on write oper
ation to start attachment-clock at 67.5 ms 
cycle rate. Attachment-clock runs continu
ously during write operation, A share
request is attempfed during the cycle. If 
it is not honored, no strobe w!ll be sent 
to the 1050, its home timer wirl not run, 
and no clutch will be released. 

Write Up Case 
... 

This -indicates the EBCDIC character in the 
data register is a PTTC upper case 
character. When the characters change.from 
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one case to.another, the shift character is 
strobed to the 1050 during one cycle, and 
the PTTC character is strobed to the 1050 
during the second cycl,e. No share is 
requested until the PTTC· character is 
strobed to the 1050. 

Output Select and Ready. 

This indicates an output device on the 1050 
is ready to _receive data from the 1050. 

Reader ·1 Home 
./ 

On a 1050 Nl and Ml, CPU-connect should 
pull orl reader-1 home. 

I 

) ,_ 

I 

T I 

• 

1050 OP IN 

This indicates the 1050 op-in line is 
active as a result of being polled with a 
share-request waiting. 

1o;o R~ 

This indicates that the 1050 reCt-in 
line is active in the attachmenru~~rcuits. 

.. 
. .. ..-

r-

........ 
'!" 

Section 5 5-95 
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REVIE~UES~ONS 

2. 

'·coMPREHENSIVE INTRODUCTION 

1. The 1050 console system will consist 
of four major units: 

2. 

3. 

4. 

5. 

6. 

a. 
b. 
c. 
d. 

The 105p console system operates-.with 
the 2030•on the interface. 

The code transmitted to and from the 
1051 is Perforated rape and Transmis
~fj.on CPT&Tl. • It is translated- to and 
trom in the 2030 a_ttachment. 

The Pr&T character composed of the ~ 
842 bits Cwill/will not> be transl~ 
and stored in the CPU. 

The EBCDI character represented by the 
byte 00110101 <will/will not) be tran
slated and sent to the 1051. 

• orawo'a data flow of a write operation 
tof"the 1052 printer. Start from R
register in the CPU to the printer in 
the 1050. 

7.' ,Draw a data flow of a read operation 
from the keyboard to the R-register. 

8. 'nle 1050 Nl differs from the 1050 Mod 
l'in that • 

9. The only 1050 home loop feature that 
will nbt function on line td the 2030 
is ____ _ 

1 O. The ff or cable connecting the 
CPU and the 1050 can be broken into 
four parts: 
a. 
b. 
c. 
d. 

11. Commands to the 1050 can be listed in 
'-H-ve---.eategories: 

a. 

c. 

- d. 

e. -

5-96 

• REVIEW QUESTIONS- 1~1 .\TTACHMENT CLOCI< 

2. 

3. 

a. 
b. 
c. 
d. 
-e. 
f. 

4" 

5. 

rhe attachment clocR.iS driven by an 
oscillator and one ~ock cyGle results 
in the timed outputs of 

___ ._, and ___ • 

When in write moae, the clock will run 
<continuously/intermittently> and each 
complete cycle is ms long. 

List the On or Off condition' of the 
following clock controls when the 
clock is StQ,pped: · 
Oscillator s\art 
'l'R-l . 
TR-2 
oscillator 
C2 . 
C4 

When in read mode, the clock w~ll run 
<continuously/intermittently> and·each 
complete cycle i.S ms long. 

i0he81 in write mode, the_ clock can be 
stopped when the 1052 printer is 
performing a carrier ~eturn by the 
line \ ' 

REVIEW QUESTIONS--CON'l'ROL IN-TT 

1. 

2. 

The TT lines <controls in> are used in 
the microprogram to 

1; " • A Ros word contain~ the statement, TT 
l!:Ir>Z. {K = 2>. This is checking for 

~ 
3~ The TT-5 line is active. This will 

indicate to the microprogram that 

4. The fact that end conditions have been 
sensepliuring a read operat~on is 
signiffed by TT _ • 

5. TTO c~;~ set only if read inquiry is 
active and the character decc:ide is 

-._,__/' 

bits. 4 

REVIEiO QUESTIONS-~CONTROLS OUT-TA 
• 

1. The TA lines <controls oµit> are used 
in the microprogram t~ 

·• 
2. A ROS word contains the statement, O + 

El7 
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~ 
~-->TA. (JI: • l;l. 
bdnq inithte-d u 

':hf.> att actwent i• .in wr Hr 111C>11!' CTA· C 
on>. Thf! 91icroproqt.t8> q.tt- TA ma 
,11tith this bytJ' on thf' 1 bus-OOOOC•JOl. 
WNit three act.ion• "'ill rt'a:Jlt 7 • a: 

b. 

c. 

4. TA-6, if on, 11ll i perfor.111 +t 
function? __ 

5. could the coa.bination of bits, 
11010000, be a l1!'9itimate C01111Mn1 to 
the ltlS-CN' itry? 

l. 

2. 

3. 

The 1050 attachment C1oes/does not l
need polling circuits during a start 
I/O. iolhy? 

The 1050 is installed firbt' on tne 
channel poll lines. A st.art 1/0 is 
performed to the MPX chanDel. The 
iEL- l pulse must be handled by the 
1050 attachment circU,it.s. Truelf'alse. 

Refer to Figurt 23. The prtopare to 
share· latch vill nc:it reset. will t~ 
MPX channel poll lines function pro
perly-du.ring a stan· IIC? "hy? 

-------- --- "" 
4. When 1050 request-in is sent to the 

channe 1 cQntrols, the requett is 
granted innediat.el'y. !True/False> 
Why? 

s. 

/ 
Why does the 1050 have to be, installed 
firs,t or last in the channel po.!J.
lines? 

· -.~I£W QUESTIONS--1051-2030 INTERFACE 

--
1. The ca15le connecting the CPU and the 

1051 is called the .. 

2. Th~ write portion of the interface 
will attach to the circuits 
in the 1051. . 

3. The read portion oft- tbe interface will 
attach to the circuits 1n tbe 
1051. 

4. Refer to Figure 5-53. When and for 
how long ¥ill trhe restore line be 
active? --~---·~~~~...,..~~-

s. What-• jor function does the reader-2 

' .. 

... ,.\, .. • ..,_ 4• l•• • , ..... , "°"' '•- '1<1w• 'i· u .,.,. .:. u•' 

. -____ , ___ ,.,,,_ --·-·-·~ ., . .,....,, 

illlt1y U U•• f'Ukb· l ~·••Ot ("b U .. , 
n•<"••&•tr 111 u ... u1t,•rfac:.1 

L fb• 1ilnH ••ctr•• of uw l cr.c ._.11i 
tfuu..., • •t,•rt 1,,.,, 1• . ----- -··-- ;....._ 

J; ~. n.ud•c).al •IWr• .. of ,._ tkw 
atatw byt• tor t • l 0\0 1 • __ ' 
il''> ll(h 11tor•9•. . 

· J, Thf' l O'IC ._nH •t•t \alt U at ottid 111 
l addr••••bl• byte 111 10<'•1 U•C. .. 

,'•' ..:Sft~1;r;a-t.-d ., -~---~". 

". ::.1;1n !'IQ •n t• a:ld•. bU • u ..... of 
u cw o..,. ., .. d t1. 9 byt. i. Ml"t Ofl 
c•t ~.n.9 ,.,, ... _,,,.._ ... __ , ..... _ ,, ___ _.,._..,,._,. ...... _. __ ~ · 

'!>. 

7. 

I!. 

9. 

1 o. 

lf. 

12. 

13. 

-' rHd inquiry C'0-...4 bl! to .., l 
ti•t•d by• t9q~•t ~r•tioei. ,t 
( Tr~/TalM> Whr•----

T'h!t ~---- mcroproqr- •ill •t.e 
any oP'!'r•tion. 

t:l•t• U•n9f•r• er• Mndl...S by tw 
• 1eropro91' ... 

End oondit1°"1• and •t•t•• 
h•ndl.-d dariJtg tb• 
anj! ___ , 

• The _ 9li cropr09r• ,i.a •ed ur. 
Stop a dey1C9 bJ NCtOfl*'~H· l•t 
ti cm. . 
The Tetrt uo aicrC11pt"09raa ca11 • 

to test the •t.•t• of· t.• ....... ,. 
· •t.•tua pet.h or to 

The I'o Int•rrqpt •i~r~r-
the • •tore u. 
1oa15 tr'----

Durff.g • sun: VO, t IW 11alt 
to m buay. wt. t at.tt • cw oo.as u 
w111 0. ••t , ... ,,.,u ... , 1 

~ c:. 

u. 
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15. .During.a start I/O, the COJlll1land byte 
was 00100010. This will result in 
<correct operation/error termination>. 
Whyl • 

16. • A ·italt I/O command i); issued to t:'.he · 
105 o. The unit is found to be .active . 
with interrupt stacked. What· 'condition 

,\ codevs set?. .., 

REVIEW QUESTIONS--WRITE OPERATION ' ( 

1. ·The start I)o for a write operation 
sets TA · positionCs> and the 
attachment-.Assuiiies write mode~ 

" 2. Eac{ time th~1ri te- share ~equ'est · . 
wnictoprograni ·s executed, the data 
~ddress will · . and the count 
~i 11 be ____ _ :--:-.-, -.- . 

·,f 
- 3. 

.. 
A write operation is normally ended 
when the · .• · reaches '• 

'•. . , . 

Durt~g \Wrire inode. the attacf,ment 
cl1'cll\ will be started wflen __ . __ _ 
and · \' are ktive. · · . ,, 

• . 4. 

5. Will the a't.tachment clock stop during 
a write opei:a:tion·? Exp~n. 

~---,,,-~~- ... 
' 

6.. During ,il""'write o-p~ation, the fpllow- · 
· ing ~sage-was sen't.: 

LOAD TAPE D~IVE 2 ~ ~H-TAPE ~~ 
B . 

~he data count was'29 when tn o't:ieration 
~ started. What printed? -~"'--

7 •. The following message is sent to the1 
1052 printer: This is a.t~st. The • 
total cha~acters sent to the printe~ }! 
are 

8. 

9. 

. ' . OUrini a write operation, the PT&T/8 
BA 21 bits gateQ.Jt~he 1052 and will 
caus.e a data ch.eek. _,. (.·True/False) 

. { . . 
The ' ·latch ·i dicates that a · 
share=request_h~s bee_ grap~ed aryl the 
chara~er is in· the Rlw re~i~ter. 

10.' The U~ta~us byte is 10000000. This 
will cau e .I .,. and to be 
set in'th unit=Btatus byte. 

. , 

. ' " 

RJNIE; QUFSUONS _Rf!AD ...\oER-; ~ERATION '· •• 

1. The start I/O for a read reader-2 
......_ operation sets"T'A position Cs> 

and the' attachment assumes read ·mode. 

5-98 
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2. 

3. 

4 • 

5. 

A read operation is·normally ei-tded by 
----- conditions or count.· 

During read mode~ the attachment 'clock 
·. wi 11 be .. stacted when· . and 

are active and.will run one 
cycle; -

'I'he latch that stops the clock after 
one cycle for. each character in read 
mod·e is ·the ----- latch. 

During read operations, the 1Q50 home 
timer is started by 

.,__'! ... 

6. D.uring· a read operation, .the message 
read ·was·: ~ . 

E ...._ 
ABCD•EFGH o •=Pfmch on chara~ter 

B f,;;. ~ 

The messaae store~ in the CPU woAld be 

1. During ~ read reader-2, the message in 
'the paper tape is: 

•. E 
ABCDEFGHIJKLM O ~ 

T 
'The data count when startlng is 6. 

a. Wha~ is read intQ core? 
· b. what is read from the readerr 

~ ' ' ' r• • 

8. The1 ;eco~BCDEF. -~ ';.,a~ read from · . 
reader-2. T 

;.#-

The parity wat bad on the character c Cthe· 
c-bit waf/ dropped>. What was r"ead 
into _storage duriqg ~he o~ration? 

'REVIEW~~~~TIONS--READ INQUIR: OP~f.;DN 

1.. During tlie i;;tart I/O microprogra·m for 
read inquiry, the TA ~~-
PQSition(s) wi.11 be .set and the 

·.attachment is set··f read-inquiry 
mode. . · ' · 

. . ' . 
2·~ what indication does the 'operator 

receive that 'indicates a read-inquiry 
operation has been started? 

3 • Does the proceed light turn o£f during 
a keyboard operation? • 

' . 

-·~ •• 
·--

I 
-i ,. 
9, 

.e 

·e 
4. What fUQ.t;tion Other than lightlng the-\ e a_ 

proceed light does the proceep line · -f. 
serve? 

s • 

, , 

'0 ----

The cancel character··<sc bits~ 
will/will not set data check, 

! ' ; 

.. 
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\ 
What conditions and status will be set 
with cancel decode? 

can ·a ;read-inquiry entry be split 
bet11ft!en keyboard and reader- 2 and back 

. to keyboard? 

~ 8. Refer to question 7. , What would be 
punched in the tape for reader-2 to 
allow reading from keyboard again? 

\ 

9. 

10. 

~ . ~ 

Will the-.operation end if zero-count 
is sensed during a keyboard read, or 
will the program keep'looking for end 
conditiOns? 

H~'does .the program know that read
=riq, iry data is comi~g fr~~ :reader-2? 

\ . 

REV~EW QUESTIONS-~READY-SHARE~REQUEST 
OPERATION. 

r. ..,, ready-share cycle will be taken any 
time the 1050 

//}.. 

3. 

During the ready-share cycle. the TT
line is force~on to set 
apd 

The purpose of the ready-share 
operat_ion is to 

REVIEW QUESTIONS--SENSE,OPERATION 

1. The only function of the· start t·r/o 
during a sense command' is to · 

3. 

.5. 

euring a sense operation.share-request 
cycle, the sense byte will IJe read 
from in 

The sense byte will 'be stored in a 
location spec'ified by the of 
the uc.w. 

Bit-0 ~of. the sense byte would be set 
to a 1 if 

- > . • 
Bit-4 of the- sense byte is data check. 
It' will be. set oru by a.: data· ~rror· 
during -~ • and . not by 

errors. -:::;r-----

REVIEW QUEST IONS-... COMMAND CHAINlNG ~ITH 
c.1. ~ 

1. When comtnan~ chaining a reoad .command 
with a writ;~mmand, the return to · 
programming af.ter. eltecution. of U~e 
write coim!land will be t6 • 

2. 

3. 

. ' \ 
A command-immediate is executed via · \ 
start !/~and is command chained~with 
a :r;ead ·command. •The return after 
execution of -the read sta"rt I/O will 
be to · 

A read-start l/O is executed. The 
read.command is chained with a C.I. 
The turn after execution of the C.I. 
start I/O will be .t.o ' 

REVIEW QUESTIONS--I/O TESTER 

~· 

2. 

The· I/O tester <can/cannot> be used · 
for both ~E.tmode and on-line opera
tion. 

Describe the function 
enter switch for: 

a. Read mode 
b. Write mode 

of the data-, . 

'" 3 .;>',~The start and stop switches on the I/O 
' \!tester will control cycling of the 

c·j<050. (True/False) 

4. 

5. 

' \ 
The rotary switch must be ortAoff when 
connecting\ or dis connecting the IYO 
tester. 

The CE select-out switc~ when 
activated, will activate'-4.050 op•in if 

6. With the I/O tester in CE mode, the 
cf\annel pc1'l.ling is, stopped. 
Tr~e/False ' . _ . 

\ .,. 
Iy:ViEW QUESTION ,ANSWER~ 

COMPREH~NSIVE INTRODUCTION 

1. 

2. 

3. 

4 .•. 

5. 

6 •.. 

7. 

8. 

a. 1050 s,ystem b. 1050 to 2030 
interface c. 1050 attachment in 
2010 d. CPU attachment in 1051. 

native 
\..._ 

EBCDI 
f~-

will not' 
?-:;,, 

Will 

r 
... ' 

The 1050 NI is a· home-lo&'p only device 
and has no li~e-loop capabilities., .• 

Section 5· 5-99 
1( 
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9. Home error correction . 
, .. 

10. Interface' a. read b• write 
control d. EPO 

11. a. read 
write · d. 

b.read inquiry c. 
sense e. control. 

" 
, 

1051 ATTACHMENT CLOCK 

1. w .. x, Y, Z. 

2. Continuously, 68 

3. a.off b. off c. ·OD d: off 
off f. on 

,. .. 314 

s:. Reader/clutch 

CONTROLS. ·IN-TT 

c. 

-e. 

1. Test the status c;>f•the 1050 or 1051 
attachmen~ througl(programming 

·. 2. Attention 
'(. 

3. Intervention is required at the 1050 

"· 2 

5. BC 

CONTROLS OUT-TA, 

1. Set ~n. conditions or initiate opera
tions to the 105.o system. 

2. Read reader-2. 

3. a. Reset of ·write mode in the attach-
ment. 

b. carrier return and line feed of all 
printers selected. ~-
c·. Reset of the 1050 home loop. l 

"· · ReS-et ·u~e attention latch. 

. 5. No. 4 '·read and read inquiry is ,being' 
attetilpted at the salllE! time. 

SHARE-REQUEST'CONTROLS 
·~ 

1. Does not. The unit address is fixed 
at:lF (31) and the mieroprogram 
branches on this fact. . 1 

.. 

3. No. The ~el-I pulse turns on the 1050· 
op-in latch, preventing the Sel;_I from 

" . returning to the channel circuits. 
/. r· False. If any MPX channel unit. has 

op-,in status, the 1050 m\lst wait for 
the rt;1quest. 

5 • It is physically loqated in the CPY 
. and has to be polled first or last due 
to cable limit~tions. 11 · 

1051~2030 INTERFACE 

1. Interface. 

2. 'Reader 1. 

3. Punch 1 .• 
t 

14 • Any time run mode ~Iii made act\ye. - For 
25 ms. 

. 5,. 

; 

Prevents th~ 1050 from running faster 
.than the CPU can handle data 
<,C?verrun > • 

Activates the punch- home-switch lines id 
· the-1051 to activat• .tbe punch-i home
loop~circuits. The. CP. o connect switch 
used to· be punch-1 and now serves a:.. ,,,_ 
diff !"~nt function. . · ' "-: ,,. 

MICROPROGRAM 

1. 
2. 

3 .-

". 
s. 
6. 

1. 

e. 

9. 

10. 

lF (Hexadecimal> or 31. 

FB 
i~ 

~} 

K9· . , "' 
., f.' ·. ;.. .:. ;·, .. . 

Au~O' h4iJ' line (JkR) 
write operatlbf • 

0 an!! /4 , '""' 
I' 

at the end of the 

' 
False. Thef' r~ues~ key merely alerts 
the CPU that attention status is set. 
~The read inquiry is: still •croprogram 
controlled and can be issuea any t\fDe. 
Start I/O •. • . . ' 

Share-request. 

Status, chec~, restore. 

Halt I/O. 

2. · False. , ~th the 1050 lnstalled first, 11. clear an interrupt wh«tn in supervi'sor 
the sei,-o pulse .generated ..by the • . . state. . ~ . 
start-select~out latch ~will'- go direct-
ly to tbe cha'tmel and, if Sel-1 . ~w. current I/O PSW,. new IAO PSW. 
retums, it·goes to ·the start-select-=--- -.""'" . · .;, L · 

::t ~nd resets it... · 13. 7ion code 1: 

5-100-.- , / 

/ 110 

of... 
·~ 

\' \ .•. ,«, 

\e 
\ • • ~•l 

·~· 
·e 

-I ... 

'{. e .. 
1' ··-



... •• 
••• !.·· 
9' .... 
• 

-·e 

.e~ 

_.-:~ 

: ; l, 

--· 

14. a. Micr·o share-request 
b. . Read share-request 
c. Write share-request 
d. Ready share-request 
e. Attention 
f. Int'ervent~on required. 

is. Hi~h order not:"'\'11 zeros., Will set 
·. command reject,• .unit ch·eck condition 
···code 1./--- · . 

16. Condition code zero. 

i ¥ , 

WRITE OPE~IOrt· ~-
~ -

F Zero <~ ·. 
,•, .'l 

' Incremented; deckemented.; 

3. Count·, zero., 

4) Reader/clutch, write latch. 
•. l 

... 
5. 'rYes, any time reader/clutch line 

' 1 drops. rhis can be from a carrier-
,'[: return, tabulate, or line-feea 
•l 'f~tion • 

I 
I 

I 
sensed and stored in ihe unit status 
as unit check ~nd th~ sense byte was · 
set with equipment eheck. 

READ INQUIRY OPERATIQN' 

1. 

2. 

3. 

' 4." 

1, 3 I . ~ . • d '' 
Proceed light turns Qn .ff the keyboaxl iJ 
switch is Sft at home po!;$ition. Y 

'•I "':+- • • i J/ 
res, any t;ime the read-share r~quest / ! 
or p1,\J\ch clutch line is active and,.ttte I 
keyboard /select, switch is set 'at .the . 
home po~l.tion • . 1 · "· 

/ 

·anlockfa the keyboard when acti v~ if 
tt\_e keyboard select switch is set at 
the hQme ()9Sition. 

s;· · wi.11 not Decode blocks dat~ .check. 

6. Devic 
·e1tc 

End, Channel End and Un;i.t 
ion. .s --·. ·(} 

~ •.. LOAD TAPE DRIVE 2 WITH TAPE. The EOB / 
· ! will riot print nor end the operation / Reader stop char.P~ter • 

during write.. / ' 9. It will end t~e 9peration. 

Reader-start lat.ch' interface' lin~· to 
7. ••T•his is a test. 

shift character. 
•=Lower case 

••=Upper case'_St:\ift character. 

4. 

5. 

6. 

1: 

. ' ' 

read inquir}r. 

Read interlock. · 

Mechanicai aftion a~fthe 1050, by the 
reader runnidg. 

ABCDEFGH 
!f . 

r-~ 

~ 
. _, 

• a. ABCDEF· 

b. ABCDEFGHIJKLM ~ (: :: • 
T, . • 

10. 
the CPU.' (TT-4) . 

READY SHARE-REQUEST'OPERATION 

1. 

2. 

3. 

Is ma~ operational after sqch trouble 1 

is power off, intervention required; "' 
.·~tc. .. ~~-

2, "•DE; Ch.E 

Set conditions to alert t~e CPU the 
1050 is now ready; then set I/O inter:
rupt • 

SENSE OPERATION 

1. Initiate a micr9 share-request opera
tion. 

2. :04,local storage. 
I • 

A conunand had been rejected previoWJ-
ly. " 

4. 

·3 • . Data address. 
A: 
::> • Read operation, but out <write>. 

. 9' 
COMMAND CfflltINING "WI9H c. I{. 

.... .. . 

., .. 8, ABCDEF. ·:T¥ data-ch~k conditio~ waa ""'1. ~- . • ' . 
1. -Because the write 1'coq1111and ~s shared .-."· 

. - ·, ~. 11 

.. SectiOn 5 5-101 
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·""~ 
-~ 

~ 

2. 

3. 

. ·• 

with ~ share-request cycle, the retur~ 
would be to FWX (ROBAR). 

I-cycles. TQe atta~ent was never 
activated ,in the.c.r:. start .I/O, and 
the start I/D routine is never left. 

FWX-(ROBAR>. The conunand·immediate 
was entered from share-requesti there
fore the return is to microprogram
ming• nol I:~ cycles. 

1/0 TESTER 
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' 2. 

3. .. 

4. 

a. single-c~le handling of a share
request 
b. single-cycle bus: out. 

I 

False. They serve fl'O function with 
the 1050 •• 

Off. 

5. The attacQment has a share-request 
'•pending. ' 
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SECTION 6. DIRECT CONTROL FEATURE 

INTROOUCT ION. . .... ' 

• The direct control feature al,lows one byte of information to 
be transmitted to or read· from a direct control int_erface. 

• The d~rect control featur~ attaches a CPU to a CPU or a CPU 
to an I/O qevice. 

• The write direct instruction ('84). immediately places the 
data ip storage on the bu~out lines. 

• The read dir~t,instruction (85) causes tbs computer to wait 
until the data;· on tlf~ bus-in lines is v:1lid before it is · 
entered intostt>rage. · 

Both inst·ructipns use the SI fo~~t • 

' 
• 

1 feature in System/360 
provid1!s a'. bf communicating between 
two cputs~l!''or tween a CPU and external 
de~ices (8 max.> It is intended primarily' 
for transm~sion of control information. A: 
CPU communicates by using the 

.external-interruptiorr mechanism and the 
·instruction Write Direct or Rea~ Direct.· 
Information and control signals are 
exchanged over the direct~control interface 
lines <Figure 6-1 and 6-2>. • ,, 

The op-code 84 is a direct control write 
command, and the op-code 85 is a direct 
control read command. Both op--codes use 
the sr format, and are priveleged instruc
tions. 

WRITE DIRECT 

The Write Direct instruction is used to 
place information on the Dir-out (Direct / 
control Bus-out> lines, and Read Direct is i 

used tp take information from tti'e Dir-In 
<Direct control Bus-In> lines. The Write 
Direct instruction causes a byte of infor
mation <8 bits> to be placed as static 
signals on the Dir-out lines. These sig
nals may be changed by repeating Write 

. Direct instructions or t~ey may be a+lowed 
to remain an indefinite period. No parity 
is presented with these 8 bits of control 
information. The instruction r.lrite Direct 
also causes the eight bits', contained in 
bit positions 8-15 of the instruction, to 
be ~ent out as eight timing pulses on tbe 
Timing Signal Bus-out lines <sig-out>. At 
the same time, a ninth and similar pulse is 
sent out on the Write-out line. The leaj
ing edge afLthese timing pulses coincides, 

The 'timing signals and the i-lrite-Out 
signal are normally used to alert equipment 
to which data is fb be sent. When communi
cating with another CPU, the timing pulses 
are' used to cause an external-signal inter
ruption at the receiving CPU and the Write
out pulse is used'to insure 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 eigh~ bits in 
storag~, provided the H9ld.fin signal is 
absent. Information o~ thp Dir-In lines 
may not b6 valid while th~ Hold-In signal 
is jlctive. No parity is, tivailable with the 
control information, but •a parity bit is 
generated as the data is.placed in storage. 

,-----, ,---
Direct-Control Bus-Out 0 j_ Dirict...Control Bus-In 0 • I 8 lines 1 

Direct-Control' Bus-Out 7 l!.!rect-Contr!!!.Bus-ln 7 
~ 

! 

Write-Out Hold-In 
. 

11 • Read-Out Reod-lnj_ 

" 
Timing·Si11nol 8 ... -0ut 0 l_ Exterool-Sigtial Bus-In 0~ 

CPU,I 
1 s Lines · • 

Tim~Signol Bus-Out 7 "' External-Signal Bus n 7 CPU2 . 
Oirec~Ontrof~ln 0 l_ 'Direc!:£.ontrol Bos-Out 0 

~- i 8 lines 
Oirect-ContrOI Bus-In 7 Direct-Control Bus-Out 7 ., 
Hold-In Write-Out -- -+-.,,.. 
Reod•!!{ Read~Ovt 

Ext.ernal-Signol Bus-In 0. i 
• • Tii-ning-..Signol Bus-Out 0 

[ , 8 lines · . 
htemal-~nal Bus-In 7 J_ Timi~g-Signal Bus-Out 7 

. with the leading. edge . of the Write-out / · 
pulse, and the write-Out pulse·overla~'the Figure-6-1. 
change of, the signal on the Dir-out lines. 

~ ;,, ). . •.h 
Direct Control Interface, CPU 
to CPU 

.... 

·Section 6 6-1 
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·Prior to accepting the control informa
tion, the instruction Read Direct 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 lines' 
CSig-Out>. Ati...~)le s.ame time, a ninth and 
similar pulse !ltf. sent out on the Read-out 
line. The leading edges of the timing 
pulses and the, R~ad-Out pulse must c0in
cide. 

j ·' ' ,, 
' ' . 

The functiJn of' the Hold-In signa~ is to 
prevent <or hold np> the Read op,eration 
while information on the Dir-In lines is 
changing-and therefsire invalid. When com
municating between CPU's, the Write-Out 
pulse of the sending CPU is received as the 
Hold-In signal at the receiving CPU and 
thereby prevents the reading of in~alid 
information by the receiving CPU. 

-,.__j 
! I',. 

I'\ !'._ 

~ ,::... 
. flit. Ext. 

Dev. _;I 
:::'Sl D v. 

0 

CU-0 

.~ 

r--

Direct- ~ontrol 

~ -Direct Control 

Write-Out 
j• 1 

Reod·O~ 
-';-< . --Timing ,. " Signol 

' 
Timing ~· ·s1gnol I'- -~ ,_, 

CPU Direct Control 

Direct Control 

H~ln'.i • 
-1 :'<'·; 

Reod-ln ·' 

Externol. Si9nol 
' 

External - Slgnol 

.....____ 

Figure 6-'2. CPU to External Device 
I. 

,6-2 

• 

. 

• 
Devices connected to the CPU respond to 

the.CPU's Read Out si9nal by droppinq the 
Hold-In line. Since Hold-In overlaps the 
period when inforllit~ion is chlnging on the r. r-In lines, .. time. ,is allowed t.o co. mplete. a 

ta sending opercition should the external ' 
evice have one in progress. . ... ,.,_ . 

The e~ernal interruption -provides a 
means by~which the CPU responds to signals 
from another CPU or-.from external equip-
ment. Th.ese signal pulses api)ear _on six 
External-Signal Bus-In lines--Sig-In-2 
through Sig-In-7. When they occur they -ate 
stored until honored by the CP.U. The 
source of the signal is identified by. the 
interruption code in bit positions 26-31 of 
the old PSW (Program Status Wo~d). 

.. 
' 

I 

r-· 
,-

' 
-~ Ext. Ixt . 

"' Dev. Dev. 
0 x 

..1: 

'\ 

CU-7 
I 

( 

Bus l ~ 
' .Out-0 )J!l: 

rs·u~s -
Bus '~- ,But-7 '- r ; 

lf~J 
I 

' . If 
Bus l Out-0 fr1 

Jll Lines . r= 
e.ls . Out .. 7 T 

l 
., 

E1 Bus t ln-0 

Bus 
18 Lines 

ln-7 .0 
' .0 

fil 
Bus J_ ln-0 m 
8us~8 Lines 
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·~CT CQHTROL_BUS-OU~ 

The Direct Control Bus-out is a ~et .of • 
eight lines from a CPO to the external . '· 
equipment. The externa~ equipment1 could be 
another CPU, in which'case Direct control 
Bus-out is connected to Direct Control 
Bus-In of. the other CPD. 

' . Data on the Direct Cont_rol Bus-out are 
placed ·only during the-execution of the 
instruction Write Dh:1ect •.. The data on the 
lines represent the t>yte at the location , 

-designated by the operand address of the 
last Write Qi,J:ect instruction. The data 
placed on the---Direct_Co~rol Bus-out _rema1n 

· valid until intentionally changed, as for 
· example, at: the executi.on 9f the· next Write 
Direct. Tne write--out, pul•s ·overlap··chan.::· 
ges on the Direct control Bus-out by 100 
nsec, i.e., data are c0n9iaered valid --f·or · 
at least 100 nsec befo~e .the fall of the 
Write-Out pulse ·belo~ itft up-level and · 
·until at least 100 nsec" after· the z;ise of 
the Wri te-O~t pulse to ·us _uP..l:evel. 

WRITE OU'l' 

· wr1 te -Out is a line from the CPO to exter.
nal equipment.. The ~xternal equipment 
could be another. CPU,: in which case the -
write-out line is conn,ct~d to the Hold-In 
line of tne oth~r CPU. - 1 - • · ~ • • 

The function of t~e~ Write-o·ut line is to 
signal the external q\lipment ~hen the CPU 
is placing data on th Dir-.;aut l'.ines, and 

· to indicate ·the data .therefore pr.esently 
invalid. rhe down-lev l of write-out indi~ 
cates the data on "the Dir-out.(lines in 
valid. · · -

" 
'READ OUT 

· Read Out is a lirie tl)at· c;:onnec1;s the CPU to 
the external equipment. - The external 

· .equipment could be another CPU, in which 
'_case the ~ea.d-Out line is tertni.nate"d, but 

serves no funct~on. · 
. . - • .i:.t.. • 

The- purpose Of the Rea ... Ou\; :l_ine is to - · 
'provide a me4ns of sign4~,ing_ t§be· external 
equipment -~hat a ·Read. ·Direct is being ·ex,e-: 
cuted and· that the e_xternal equipment llJlSt 
provide valid data on the Direct control 
Bus-In, as :·indicat:ed._ by the down level '-of 
the Hold-In signal. -

- .: ' 
The leading edge of the 1'e"ad-Olit 'sig?l'11 

· mllst coincide with the leading edlje of 'f<he 
,', pulses on ttie Timing•Signal Bus-out. -

'' \ 
DEFINITIONS or;1'rERFACE LINES 

•· 
TIMING- SIGNAL BUS-OuT 

Timing-Signal Bus-out is a set Qf eight 
lines f'f:om the CPU to the external equip
ment.; The external equipment could be 
another CPU, in which case the Timing
Signal Bus-out is connected to the 
Exter~l-Signal Bus-In of. _the other CPU. 
~he Sig~out- o and Sig-Out-1 lines are 
-terminated.·ana serve no purpose. 

. I' 

During a Read Direct or a write Direct 
the eight_ bits contained in t;he instruc
.tion, positions 8-15, are sent •out as eight 
timing· puls's on. these· bus lin•. . The ,. 
Timing Pul'ses have a dui;ation Of 500nsec-"to 
lOOOnsec. The leading edge of the timing· 
pul~.J!S ·'o:>incides with· the leading edge of 
.the Write-:o.µt or the Read-Out sig~l. 

When the Timing-Signal Bus-Out is con- .. 
nected- to External-Signal Bus:-In of another 
CPU, the timing pulses on position'2 to. 
position 7 cause an externa1-;signal inter
rtiption at the receiving CPU.· 

D.I ~.CT::.£ONTROL eo.s:._ IN 

The Direct control Qlis•In is .-a set C>f eight 
lines from the external. equipment, ~o the . > 
CPU. The external equipment could -be 

; anoth,er CPU: in .this ·case the Direct con
_:" troi Bus-In connects to tHe Direct con~'rel 

'Bus-qut of the oth~r CPU,. · .~ ,.. 

' The data ~ppearing on the Di~ec~;..to~trol. 
Bus:-In. are read by the C-PU onl·Y during the~ 
executibn of Read Direct: The data':.re 
s~ored in the location designated by the 

. ppera_nd address of Read Ditect fostruetion. 
. T}ie readin9 of the Direct control ~us.-In by 
the CPU is perforrae4 .onfy when the Qirect
cqntrol Bus~ln is valid flllld after t~- Read
out pU'l.se,occurs. The.data is-valid on the 
bus'_\ln.til Hold-In is 'active." 

HOW-IN- .. 
.. . ~ . ' 

Hold-In is a 1i~i from- the exterri.ai 
equipment· to the CPU~ The external equip
ment could be another c;2u;' in which cas.~. 
the Hqld-In line is connected t~ the Wrlte
Out· line of _the other·· CPU. The pqrp'ose of 
the_.Ho~d:-In siqnal is .to prevent tile' CPU 

'frtlm reading the ~data from. the Direct-
.~ C,entrc;>l Bus-In-until a-uch data is valid. 

~ • ,, ' J ., ,, .... ~ ' ' 

· nie Hold signal is 119tive for at least 
100 nsec on ~ither·-side o~any -signal 
change on Diregtr'c6ntrol eus-.In. 

• • \ • i "!. ~ ~ 
. ' ..... , ~ ~..... . .. ' -' . . .. ~ ... :~ '~ . 
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~...;.~-- 'After the Read-Out puS,le j.s gener?ed: . 
~during the• execution of the Read Dir:~, \ . 
. ~bf CPU tests for ·not Hold- In condition to • 
1• read the Direct Control Bus-In. . . . . \ 

Since the CPU will "h~ng-up" waiting. for 
· not Hold-In condition, _the external equip
m~nt maintains the'Hold-In inactive for at 
least-500 ·nsec after the termination of 
every ~d-Out pulse: 

The" Hold- In signal can occur at any 
., time: it ·daes ·not have to be synchronized 
with the Read-Out pulse. 

READ-IN 

,,. . Read In provii!es no function except as a 
~·termination for the Read ·out line. 

. ·EXTERNAL-SIGNAL BUS- IN 
., 

External-Signal 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 External- . 
Signal Bus-In connects to the Timing-Signal 
Bus-Out of the other C.PU. The Sig-Out-0 
and Sig-Out-1 provide terminat.ion anci' serve 
no other fUriction. 

'' ;. ;; : . The External-S,ignal pulses have a 
~. 'minimum active du.ration of 500 nsec and a 

maximum active puration of 100'0 nsec. The 
External-Signal has a minimwn inactive 
duration of at least 500 nsec. 

APPLICATION 

The External-Signal puls-e may.occur at 
any time and has no relation to the til\'in;g 
of· other signals on the·oi~ect control 
interface. 

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, 
when system mask bit 7 is a one and aft;er-· 
the current instruction is completed. The 
interruption ca1:1ses the 6lld/PSW ·to be . . 
stored at location Z4 and a new PSW to be 
~hed f. ' location 88. 

f six· signal lines comprise the 
al Bus-In. CSig-In-2.through 

·sig-In-7). ~ a result.of an external 
interruption t e external signals are · 
placed in oit ocat\ons 26 to 31 of the old 
PSW . 

'An ~xternal signal request may occur at 
any· ti ni'e~ The requests are pending until 
~onored by the CPU. ,All pending requests 
are presented simultaneously when an exter
nal interruption occurs. ·Each· request is 
presented only once. When several requests 
from one source are made before the inter
rupt!.i-0n is taken, only one Jnterruption 
occurs. 

The Sig-In-0 and Sig-In-1 provide no 
function except as a termination of the 
Sig~Out-0 and Sig-Out-1 lines from another 
CPU. 

• The CPU can initiate a read or write command over the dir.., 
control interface. 

I. 

• one byte'bf information is transferred for each read or 
write command. 

"Two situations below are used to illustrate. 
the sequence.of operation for the direct 
control feature. For illustration purpos
es, two CPU's ~re assumed to be attached by 
the direct control interface. It should be' 
noted at this time that the second CPU 
·could also be a controlf unit for any 
machine <i'flM or Non-IBM> the customer 
desires t6 attach to .the direct control 
inter'face. • · 

Situation A: 

CPU #l desires to send a byte df 
' information to CPU #2. :r 

i.. "-CPU #1 executes a ··wr_ite direct (84) 
i~truction. The 12 field of the 

,• instr,uction is placed on timing'.'."s'ignal 

6-4 •• 

2. 

"'· 

Bus-Out 0- 7.. ''the character in the 
storage locatj.on designated by the Bl 
and 01 field of the instruction is read 
out ~nd placed on direct-control B~s
out out o-7 JE-reg>. 

CPU #2 receives the·timing signals on 
External-Signal Bu,s-In 0-7. Receiving. 
the. timing signal~ caus-es CPU ,#1 to 
take an interrupt•· CPU #2 te~ts the 
interJ:uption code,_in..the old ]'SW and 
determines t-he caP,se' of the. interrupt. 
CPU #2 now execu~s a read dirrct CB5> 
instruction ard .reads into ston,age the 
character pres~nt on· direct control 
Bus-In. The storage adqress is \ 
determined by th,e Bl+Dl address in the 
Read Dir.ect 'l85) instruct:i,on. CPU #2. 
also fransmd.ts the 12 field of the ~ead 
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r 1 _ direct" instruction back to .CPU #1 on · 
timing signal. Bus:-Out 0-7. 

·, . . . ' . -' -. . . 
l.. C'PIJ #l receives 1;he signal o-...External-

· Signal Bu~- In and .-an in.terrupt occu,rs. • 
CPU .•1 tests the, interrupt and 
deti~rmines •hat CPU #2 received the 

... , ·character CPU #1 transmitted. CPU #1 
. is npw able .t;.o exedftte another· write 
direct instructiOJl if necessary. 

Si·tua ti on B 

CPU #1 is interrupted ,by the direct _ 
eontrol because CPU #2 desires to send 
CPU·#l a byte of information. 

1. CPU '#l r·ecei ves a signal on 'externa 1-
signa l Bus-In 0-7. This signal causes 
CPU 1 to take an interrupt •. 
In rrogation of the old PSW de~ermines 

''.._ 

DATA 

• 
• 

REG handles timing-""s.ignal Bus-out • 

The JE register ·hancU __ es data • 

Bofb--.-read direct and write direct use the 
SI format. Du:r:i0ng I-cycles, the opez::at:ion 
of these op- q>des is the same. That is, 
the op-code 8~ <write direct> or 85 <Read ~ 
Oirect> is placed int~ G-register, the_I2 
field ~s placed in the L-register, and'the 
base· and displacement addresses select the 
main storage position to be used~ 

The mi~~o program executes both 
instructions• The first step, for ~-itheL 
operation, reads out the storage pqsition 
selected by the instruction. I:f the 
instruct~on is a write direct, the next 
step places t,\le d~i:'a in the D-register and 
retµrns it t:o' storage. T.he following step 
gates the D-r~sttfr ;to tpe JE-7eg:is~er, 
gates the L-regiister~ to the timing signal 
out lines, and turns' on the write out
signal. At th~s point, i7 signal lines are 
controlled to.~he interface, i.e. 

i Iii 

8 direct eontrol bus 'out lines, 
representing the data byte in main 
storage. 

8 timing signal bus out lines, rep- __ 
resenting the data i·n the I2 portion 
of the instruction, and . 

., 
1 write out line. 

The data byte :is a static signal that 
remains on the bus out lines until' another 

... 
that a ch~ractpr·•s ,being sent tb-1cPu 
#1 on the dirett control interface-. -- I - - -

2~_ . CPU #1 executes a read ec~ C85 > 
instruction stores the c racter pr~ 
sent on direct:-control B ··---_in .i'nto 
~torage. The ·lotation storage for 
that character is 'deter ned by the Bl 
and Dl tllieJA of the'i ction •. CPU 
#1 also "'lrati~its the 2 lilitld of the 
in_ st.ruction out _on tim ng~a,l Bus- · 
qut to CPU #2. These imi~g~gnals 
notify: CPU #2 that CPU #1 received the 
characte! on Direct-control Bus-in. 

Multiple devices can b,e attached to the 
d.irect control inteffaceJ When multiple 
devic~s _are attached to the dire,ct control ., 
interface, the timing-signal Bi.w-out bit 
copfigurations will norma1iy- be ttsed to 
select the I/O dev-ice desired. 

.-
,. ~ . 

write instruction is executed• The others 
are pu.lses ~ith 500-1000 usec time dura-. 
ti oh~ 

The last step .,in a write .direCt ·opera-
. tion resets the L-register and advitnces the 

S_Ystem to the next I-cycles program. 

If the instruction is a rea_d direct, the 
step following the reac;l out of main storage 
turns°"·on the read out signal ana gates the 
L-register to the timing signal bus out 

, li~s. At the same time, the Fl' 1-bit is 
iet''to- z~i:o ·to ensure the va!iclity of the 
Poll'.'owing test. - . · 

.-. ~ The .program then goes into a test~ loOp 
to wait' for a signal from the attached 
controJ. unit or C?fputer tha~- the' data on 
the direct control bus-in lines is ready to' 
be read~ The hold-in signal controls 'this. · 
operation. The control unit,"'.on receiVing 
~,read-out signal from the comput.~, places' 
data on the bus-in lines. Th~ control unit 
then drops tbe hold-in line to indi-cate 

· that the read data is ready. · \ 

. Dropping the hold-in line sets the ~ 
1-bit to a one·. When this is tested during 
the next test loop, the data on the bus-in 
lines is entered into storage and the· read 
direct instruction is completed. 

/) 
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ROD or WRO 

R. O. Stcil'oge 

I (Read)' 

·, 
:G~te l-Register Ip 
"ti;..ing Out f!so,;.ee) ., 

'Reset FT· I-Bit to Zero 

Tum On Read Out 
Signol (750nsee) 

Test FT 1-Blt 

Gate Bus-tn Doto to 
• R-Reglster in_' . 
· C:omplernent form 

.. 

,· 

. · 

• 

.. -.' ,..., . 

--i When.hold-in drops<' the 
1 Ff 1-Bit is set to o one. 
I 

NotO 

lnwtt !I-Register 
·ond"$&e .. 

Return to •. Kyeles 
Praor-

·Figure .. 6-3. Direct Control Data Flo\ 

~ 

.. 
6-6 

.-1 

.. 

P loee Doto in i+.,. 
D-a.;iste< 

f Return Doto to sl.,,. 

Gote 0-Regisi..r to DC 
Bus Out (Static SilJflO I) 

Gote L-Regist.r to.: 
Ti,,,; "II Out (7 50naec:) 

Turn On Write Out 
S ill'"G I C750neec) 
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'CHANNEL MICROPRS¥'RAM CHAR1'CTERISXICS 

Fiqufes 1-1·thr4itigh 7-15 ar~.provldea 
_.&id you in fo,UowifllJ mis:roprogram3. 

_ f b~<~t J·ton:ed <ei • J i (4) 

1/0 l,bJtr~tion 
,.,,, 

Start 1/0 
Test l/Q 
Halt 1/0 

Test Choni\ei 

9C 10011100 
90 1001110~ 
9E 10011110 
9F 100111'11 

F_i911re 7-1. I/O Instructions 

D (12) 

to 

" ;--.-;i._;_..:__~-__;_ ____ ~--~-"""c,,....a'-nn_e.,..1-..-""De-vlc,...c-e---, 

lgn4d Add.ress Address 
. (13~ (3) (8) 

• 
Fi9.11re ·7-2. Resul't Of - Indexing uo Instru 

ction <contents of B+D> 

COll'onand 
.i 

Cade ·ooooooo0'. 
(8) 

-
Co"""and Code · 
012~'67 
•• ••OOOCJ 

-~ 

Bit 
Invalid 
Seri..., 

~TIC 

,,., 

Data Address 

' (24) 

'/ 
wmoJoo 
•••• HX>O 
m,,;,,,_mllOO . .-· 
m"'"'mitflnOl 
m"""mlllmlO 
m-mll 

-_Read Bockword 

'•Bit lgno;~ 
"'-Meclilier 8it ·• 

, Write 
Read 
Control 

Fiqure 1-1. ccw 

l. 
'.: 

SECTION 7. APPENDIX 

MEM. 
PROT. 

(4) ., 
OOOOOOGQoooo 

. ' 

F~ure 7-"I.'. CA .. 'C LOcation 72; Address 
He~ 4 8) 

Flags 

(5) 

Flags 
0-CD 
1-CC 
2-SLI 
3-SKIP 
4-PCI 

·-
000 

(3) 

• 
,. ~ 

-"' 
Ignored ·count 

(8) (16) 

. shction 1 

1-

801 



·, 

·'ill . ' 

'., 

Next ·ccw Address 
. ;;; . (24) ;,l, 

->' ('t."'" 

' .. ~ 

.t·, .. 

( -~ 
Unit 

'i#: 

Status 
·Channel 

Unit Status 
0-Altention 
1-Sta.tus· Modifier· 
2-Control Unit End 
3-BUsy , 
4-Chonnel End 
5-Device End 
6-Unit Ch~ck 
7-Unit. Exception 

Figu,re 7~5. csw Ctocati9n 64; Address Hex 40) 
'i ,,~ 

·\,. 

·, 

',< 
.. 

001 • 010 

.UNIT CONTROL WORD 
ucw 

011 100 101 

· . "Residual Count 

Channel Status 
0..PCI 
1-incorrect Length 
2'."Pragram Check 
3-Pratectian Check 
4-Channel ..Data Check 
5-Channel Control" Check 
6•1nterface Control Check 
i'-Chaining Check 

•• 
110 

Chanriel 
· '- Status 

qOp.and 
Flags High 

!=aunt 
Low • High 

Doto 
Address 

Low High 

. · ·, 
"~ ChtinneJ. Status Byte r 

0-Not U.sed (d1annefbata Fheck) 
!'•Channel «antral Check I · ' 
2-tnterface Contral Check • ·. 
3-First Status Received.Coded ex-

. planotion. 

0-Chain Data Address (CDA) 
I-Command Chaining (CC) 

·2-Supp~ess LengthJndi~aiio" (SLI) 
3-Ski~ 

I 
'4-(NO Name) 

5-lncorrec;t Length · 
6.-Progriim ·Check . 
?~Pratection Chee~, .. 

below• I 
4-Pragram Con.trolled Interrupt (PCI) ·1 

· 

5,-Active. . . . J . 
6-0utput (Wr'ite)/lnput (Read Cl; Sen,le), . 

· 7-Decrement/lncreme~t Data AddN'i5 .... ·. ,, ,:;; 
. 3 4 ' 

O O , Handling Dota; Expecting Dlltp •. · . I 
0 · I Device Instructed to'Stap;. ExP.cting Status. 1 

j . O Status Stacked at Contral"\Jnit. · · \ 
r. 1 Stat.is Is IA._ Interrupt Buffer (IB). • 

f'i9ure 1-·6. Unit Control Word' Format 

.. 
Valid Only When 
Active !!! Is On 

. ... 

·' 

l 

3 7 8 ' l·l: ·12· 15 
Sy stein Key".,.' .AMWP 

'Mask .. . .. 

·Ffgure 7-7. · t>sw 
.-

... 
; . / 

.f.v 

.. , ... 
·.·• 

\' .,.~·,, 
•,·'IQ' 

-~~ ~··" 

16 
Interruption 
Cade . 

I· 

t. j 
..-:' 

(_.. __ ! 

/ 

:h 32 33' 
ltC'' 

'· \ 

.. 
34 . 35 36 ~9 40 
·cc Prag ram lnstructia~ 

Mask Address 

.. 
··-• , '. 7,.:2, . $1 . 

'" 802 

63 

~-··: .. 

'.!'.· 
lJ 

·r 
' \ 

,• ~. ~ 
':. ! J r-

/ 

/ 

·'· 

•. 

/ 
/ 

I 

·e 

.. e 
e . 

.-.• 
e 

-~·- - '• ·,• 

._ ... , 



·e· 
e· 

• 

I 
e· 

I 

·9 

Location Address Length 

0 00000000 (00) Double 'Word 
8 OOOPIOOO (08) Double Word 

16 00010000 (I 0) Double Word 
24 00011000 (18) Double Word 
32 00100000 (20) Double Word 
40 00101000 (28) Double Word 
48 00110000 (30) Doubl'e Wcrd 
56 _0011 i 000 (38) Double Word 
64 01000000 (40) Double Word 
T2 01001000 (48) Word 
76 01011100 (5C) WoriJ 
80 ' 01010000 (50) Word 
84 01010100 (54) Word 
88 01011000 (58) Double Word 
96 01100000 (60) Double Word 

104 01101000 (68). Double Word 
112 1J 1110000 (70) Double Word 
120 01111000 (78) Double Word 
128 1 0000000 (?0) 
129-131 I 0000001 • 1000001 I (81 -'83) 
133-135 I 0000101-10000111 (85-87) 
137-139 10001001 - IOOOI 011 (89-88) 

. 

Purpose 

Initial program Laj:lding PSW 
Initial program Loading CCWI 
Initial progror:n Loading CCW2 
External ol~·PSW 
Superviso~ col I old PSW 
Program,old PSW 
Mochi1ie check old PSW 
Input/output ol.d PSW 
Cliimnel status word 
Channel address word 
Unused 
Timer • 
Unused 
E~ter:.O I new P SW 
Supervisor col I new PSW 
Pr0grom new PSW 
Machine Check 
Input/Output new PSW 
CPU Machine Check Register 
Multiplexor Log-Out Area 
Se lee tor 1 Log-0 ut Area 
Seledor 2 Log-Out Area 

/ 

-
CK Field 

Value Bit Nome af Latch ______ 
8 0 Bus-out Control 
4 I Address Out 
2 2 - Command Out 
I 3 Service Out 

p Comm~nd'Stort 

Note: (Moy appear as q combination of Bits to 
- cause multiple fu~·ctiony 

Figure 7-10. FA Register <MPX Channel> 

Figure 7-8. Permanent Storage Assignments 
.. ... 

Value qf Name of latch 
CK field Set by CK parity .bit on 

Reset by CK parity bit off 

:s Operational-out Control 
6 MPX Operation Latch 

10 . 
Suppress Control Lo'tch 

12 M~X Channel Interrupt Latch 

Value of Nome of latch 
CK field ' 

3 PSW System Mask-Latches . · 1 

These four lotche~ are set 
from the' contents of the 
R-registe~ when the CS field 
specifies FB a~ the c;K-field 

~ 

value is 3. The CK-Held . 
• pori ty bit does not affec-t a 

'set or reset of the latches. . 
9 XXH, XH and XL Latches 

\hese tatches ore set by the \ 

. - ·contents of tile S-reglster 
when the CS field specifies 
·FB and the CK.·fieid value is · 
9. The CK-field ,;.;rity bit 

,. does not affec~et or 
reset of the late s. · 

. 

F.i~ure 7-9. ~ FB RegisJ;er (MPX Channel> 

Section .7 ,. 7-3 \ 
\ 

903· 

\ . 

! . 



. Bit Active Condition Indicated 

0 Suppress out (Diagna!tic Use Only) 
I Hold-in Latch (Direct Control 

Feature) 
2 MPX Operation Latch 
3 MPX Sh!,'re Request '-... 
4 IPL 
5 Select in 

. 
6 ·Select out (Diagnostic Use Only} 
7 MPX Channel Interrupt Latch 

-1 

Figure 7-11. FT Bus ( MPX Channel> 

OPl-Operotionol in 
Al-Address in 

SVI -Service in See explanation 
STI -Status in below 
INT~lnterrupt . 

Status-in Service-in branch 
S\1 SVI .:: · 
1 r · Op.~ is· down. • 
0 I Service in and Op in are 

0 

•active. 
0 Status in al)d Op in are , 

active. ,.. 
O;:,, None of the above,. Usually 

·Op-in is active and neither 
service in rx status in i's 
active-.. 

' 

Figur~ 7-12. " MPX Channel Direct Branching 

,. 
CK field· 

• 4 
2 
.I 

ue 

Signals 

Name of Latch 

Bit 
0 Bus-out. Contrai-
l , Address Out 
2 Command Out 
3 Service Out 

Figure 7-13. GA·Register 

7-4 

.. 

e 
CK 'Field 
Decode Name 

~ 

KO . Set Program Check . """' 
e 

K 1 (0 or 1) • SX 1 'or SX2.,~iec~i~n , 
' 

K2 •· Ope,ratio~l-Out Reset e 
K3· \ Reset PCI ....... 

'K4 • I Set Selector Interrupt Set e 
K5 Set Channel Control Check 

K6 Set GR to Zero 
. ·e 

"':' 
K7 Not Used . 
KS Set Count Ready - Nat Zero : 

·e . . 
K9 (Oor 1)* Channel Reset 

K 10 (0 or 1 )* Suppress-Out e 
.... 

i<\f'(o !'r 1 )* 
.. 

Poll Control 
-:-:,''!'; 

v 
K;l2 .. Reset Select-Out e 
K1°3 Set Channel Besy .. 

K14 Set Holt 1/0 latch ftl,\ e 
K15 Set Interface Control Check - " 

• (0 or 1) Ref~rs to the CK Field P~ity Bit. r 
--~ 

GD co~tro1s (Selector Channel> Figure 7-_111. I 
f.i• ... , .. e 

·~ '.• 

, ., . 

_; __ 

9' 

e 
• ·e 

.:·e 
e· 

• .... 
. 804 . ' 

'• .,. 

, . .• ':: .. _, 



+"' ......... 

.e. 
-··· 

·-· . 

·-

-,. 
.·1<-: ' • .. 

Direct Input to A Register 

>~It GS-Bus .-. GT Bus 

p Non• None 
'~ .. ~ 

0 GR Full • Select In ' ' : 

I Chain Detect• ·.Service-In Not !ervlce•Out 

2 Not Used ' P'oll Control or Ho It 1/0 Stop . ~ 
3 Interrupt Condit I 0n ~annel Busy 

-4. CD ;Addre,ss In 
... ,-

5 I =Chnl I" O=Chnl 2 Jtotus In . 
f 

6 Not Used JXI or SX2 Interrupt Latch 

• -i 
7 Choin Request ... ~'bp-ln .r ~ 

' 

'~" -
Input to GJ Assembler 

'. 
'"•··-<-. 

Bif GE Bus "}t 
.Diagnostic Controls Bus 

p None None ff" I 
0 PCI 

' 
Count Ready, Not Zero 

I 

I Incorrect Length SLI Flag 

2 Program Check Output 

• 3 Protection Check Count Ready, Zero 

4 ·~ . Channe! Data Chee~ .. Not Used 

5 ,; Channel Control Check CC Flag . 
'6 ' Interface Control Check ·Read Back-rd 

~. 

7 Not Used Skip Flag 

Figure 7-lS. Selector Cnannel 

.i• . 
" "',l l 

~·'( 

• 

. ' 

) 
(J 

\. 
Diagnastic Togs~ 
None 

Input 

Supp-Out 

SX I ROS Request 

Addres Out 

<;ommand Out 

Service Out 

'Bu;-Out Control 

Operotioncil Out 

,. 
J~ f -,_ 

:;, : BOS .,_ . 

r 
,-

.. 
I 

-· . 

"· 

, 

) 
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