
l':J c:\ CONTl\.OL DATA 
\::. r::1' CO~OR{\TION 

I 

. 96728600 - i 

CDC® I MAGNETIC TAPE CONTROLLER 
FA107-A 

GENERAL DESCRIPTION 
OPERATION . 
INSTALLATION AND CHECKOUT 
.THEORY OF OPERATION 
_DIAGRA_M DESCRIPTIONS . 
MAINTENANCE 
MICRO CONTROL PROGRAM FLOW CHARTS. 
-MICRO CONTROL PROGRAM LISTING-

-· 

HARDWARE REFERENCE/MAINTENANCE MANUAL 



KCYl:>IUl'I KC\..UKIJ 

REVISION DESCRIPTION .. 

01 :Manual pre-released 

_{_12/751 

A :Manual released 

{6/761 

B Mam.ml ..r.e.Yised~ _includes ECO -14Ji40 _W_hich_eliminates noise on ta_Q_e following data errors. The. front cover, 

_(12_l76l title _Q_a_g_e ]2a_g_es iii v vi and 2-4 are revised 

c :Manual revised; includes ECO 14699 providing conformi~ to CYBER 18 Computer Systems titles. Publication 

1-1L77l chan_g_e onlY_. Pa_g_es iii..z.. vi vii, 3-li and 6.:.1 are revised. 

D :Manual revised; includes ECO 14853--'- which corrects errors and imJ!.roves manual consistenc_y_ and 

(7/77) format. Pages vii, ix, xi, 1-1, 1-2, 2-1, 2-2, 2-4 through 2-7, 4-1 through 4-10, 4-12 through 4-21, 

4•23, 5-1 through 5-5, 5-7, 6-1 and 6-2 are revised. Pages 4-2.1/4-2.2, 4-6.1/4-6.2 and 5-2.1/5-2. 2 ' 

are added. .. 

E :Manual revised; includes ECO DS21279 which corrects and clarifies sample maintenance programs. Pages iii/iv 

(10/78) v/vi, 6-5 through 6-7 are revised. 

F :Manual revised; includes ECO DS21402, providing a new typical tape subsystem figure. Pages ii, iii/iv, v/vi, 

(2/79) and 1-1 are revised. 

..::._ 
c 

Publication No. 

96728600 

REVISION LETTERS I, 0, Q AND X ARE NOT USED 

© 1975, 1976, 1977, 1978, 1979 
by Control Data Corporation 

Printed in the United States of America 

ii 

Address comments concerning this 
manual to: 

Control Data Corporation 
Publications and Graphics Division 
4455 Eastgate Mall 
La Jolla, California 92037 
or use Comment Sheet in the back c 
this manual. 



MANUAL TO EQUIPMENT LEVEL CORRELATION SHEET 

This manual reflects the equipment configurations listed below. 

EXPLANATION: Locate the equipment type and series number, as shown on the equipment FCC log, in 
the list below. Immediately to the right of the series number is an FCC number. If that number and all· 
of the numbers underneath it match all of the numbers on the equipment FCC iog, then this manual 
accurately reflects the equipment. 

EQUIPMENT TYPE SERIES WITH FCOs COMMENTS 

FA107-A 01 
02 

96728600 F iii/iv 





LIST OF EFFECTIVE PAGES 

New features, as well as changes, deletions, and additions to information in this manual, are Indicated by bars in the margins or by a dot 
near the page number if the entire page ls affected. A bar by the page number Indicates pagination rather than content has changed. 

PAGE REV PAGE REV PAGE REV PAGE REV PAGE REV 

Cover --
Title Page --
ii F 

ili/iv ·F 

v/vi F 

vii/viii D 

ix D 

x A 
xi D 
1-1 F 
1-2 D 
2-1, 2-2 D 

2-3 A 
2-4 thru 2-7 D 
3-1 c 
4-1, 4-2 D 
4-2.1/4-2.2 D 
4-3 thru 4-6 D 
4-6.1/4-6.2 D 
4-7 thru 4-10 D 
4-11 A 
4-12 thru 

4-21 D 
4-22 A 
4-23 D 
4-24, 4-25 A 
5-1, 5-2 D 
5-2.1/5-2.2 D 
5-3 thru 5-5 D 

5-6 A 
5-7 D 

6-1, 6-2 D 
6-3 A 
6-4 A 
6-5 thru 6-7 E 
A-1 thru A-12 A 
B-1 thru B-72 A 
Comment 

Sheet F 
Cover --

96728600 F v/vi 





GENERAL DESCRIPTION 1 

Zt 

PHYSICAL DESCRIPTION 

The entire logic and firmware of the magnetic tape 
controller is. implemented on one 11 by 14 inch plug-in 
printed circuit board. The types of logic blocks that 
make up the magnetic tape controller (MTC) are: 

• Micro-programmable processor I/O interface 

• Read-only memory micro controller 

• Programmable clock generator 

• Digital timers 

• Tape read registers 

o Tape write registers 

· • Tape control registers 

The MTC, consisting of a micro controller with read­
only memory architecture, controls all operations of 
the digital timers, programmable clock generator, tape 
read registers, tape write registers, and tape control 
registers, 

The magnetic tape controller receives instructions 
from the CPU to control the operating characteristics, 
via a translator, of up to four magnetic tape drives 
(MTDs). The MTC enables the magnetic tape subsys­
tem (translators and tape drives) to create and read 
American National Standard Institute (A NSI)-compatible 
nine-track and seven-track, nonreturn-to-zero, 
inverted (NRZI) recorded tapes. Intermixing of tape 
drives is allowed, thus giving the subsystem the cap­
ability of producing seven- or nine-track, 800 bits 
per inch, NRZI tapes at 25 inches per second. See 
figure '1-1 '.for typical magnetic tape subsystems. 

The MTC is constructed utilizing medium-scale inte­
gration (MS!) circuits. The controller resides in one 
A/Q input/output card slot of the micro-programmable 
(MP) processor chassis. Blowers, which are part of 
the MP processor chassis, provide forced air cooling 
for the magnetic tape controller. 

Physical and environmental requirements for the mag­
netic tape controller are as follows. 
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CPU - - ---
FA107 MTC 

0 

0 BW812 0 
TRANSLATOR 

0 CONTROLLER/TRANSLATOR CABLE 

0 MOUNTS IN FIRST TRANSPORT 

© TRANSLATOR/FIRST TRANSPORT CABLE 

0 TRANSPORT/TRANSPORT CABLE 

1625 

Figure 1-1. Typical Magnetic Tape Subsystem 

Power: 

Temperature : 

Humidity: 

Warm-Up Time: 

+5 vdc at 3.1 amps 

40° F to 120° F (4° C to 49° C) 
ambient room temperature 

10 to 90 percent relative 
humidity with no condensa­
tion 

None 

Non-Operating Environment: 

Temperature 

Humidity 

-30° F to 150° F (-22° C to 
65° C) 

5 to 95 percent relative 
humidity with no condensa­
tion 
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FUNCTIONAL DESCRIPTION 

The magnetic tape controller, unlike many peripheral 
controllers, has the flexibility of performing a unique 
sequence of operations for each of the different 
requests made by the computer. The exact sequence 
is determined by the micro program in the read-only 
memory and is interpreted by the micro controller 
portion of the magnetic tape controller. This design 
approach of ~tored logic (read-only memory) replaces 
the conventional decoding logic that is fixed (hardwired) 
for each computer request. The signals generated by 
each of the MTC's sequenced micro instructions 
directly control the required hardware processes; no 
further hardware interpretation procedure is involved 
(as would occur in conventional peripheral controllers). 

TAPE FORMAT ASSIGNMENTS 

The functional design of the MTC eliminates the need 
for switches for assigning the characteristics of each 
of the MTDs (in other words, track, density). These 
built-in selectable characteristics (part of the firmware 
program) are assigned and controlled by software 
during MTD selection, using the system's SIO set 
command (see Programming in section 2). 

1-2 

INTER-RECORD GAP 

An inter-record gap that conforms to ANSI standards is 
generated for both seven- and nine-track recording. 
The timing for accomplishing it is set up internally by 
the magnetic- tape controller. 

TIMING 

The start and stop timing for the MTCs is a function 
of the magnetic tape controller. In order to generate 
accurate gaps, the MTD maintains accurate start and 
stop times that are the same for all MTD units. No 
consideration is given to operating MTDs of different 
types or speed characteristics simultaneously. It is 
assumed that all MTDs have the same motion charac­
teristics. Timing for data responses, selection, and 
status is compatible with the I/0 timing of the central 
processor. 
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"" "' ~ 
:t-~ 
~'°PROGRAMMING 
~ \l.\ 
~~ . 
~~SET/SAMPLE MACRO INSTRUCTION 

l4 ~ ~ cru. ·~ 
Th~:i\IP)m.i.c.~-~·E-4*'~ SIO macro instruction pro-

•\ .. • 

vides.Sor both data output {set) and data input (sample) 
I/O commands. For data output, the A register's 16-bit 
word ts set (output) to an c:..-tcrnal device. The> word in 
the Q register is used to select (address) the recei\1ng 
device. For data input, one 16-bit word from an exter­
nal device is sampled by input to the A register and the 
word in the Q register selects the sending de\ice (refer 
to figure 2-1). 

7 G 4 3 2 I) 

0 0 0 0 

EQUIPMENT NO. 

POSITIOX (!.IP CPU} 

MODE 
1 = SET (OUTPUT) 
0 -= SAMPLE (INPUT) 

Figure 2-1. SIO Command Out 

Bits 7 through 9 specify the equipment number of the 
MTC. For an NCR l\105 CPU, this field is the 1/0 
port address. 

'l'he A register contains the status bits (sec Status Con­
dilions) following execution of the SIO sample command. 

('U) v 

Q 

15 

0 0 0 0 0 

EQUIPMENT NO, 
XXXX c ADDflESS 
lxxx r NCR ?.to5 I/O PORT NO. 

SAMPJ.E MODE 

Figure 2-2. SIO Sample Status In 

SELECTION 

J 0 

Since an intermix of tape drive track types and densities i~ 
allowed, the unit's characteristics must be assigned in the 
MTC during selection. The :\ITC and :'.ITD is selected by 
use of the system's SIO set command; this consists of set­
ting the unit, function, and l\ITD characteristics. Selection 
assignments and descriptions arc contained in figure 2-3. 

NOTE 

Whenever a select command 
Is issued by the system, the 
magnetic tape controller's · 
internal controlware program 
performs all the required 
operations that arc specified 
for each function. 

Figure 2-3. Selection Assignments 

9G128GOO ~ 



15 14 13 12 11 10 9 8 7 6 5 4 3 0 

A 

..__._...,l 1 l FUNCTION (SEE 
FUNCTION CODES) 

SKIP FIRST BYTE 
SKIP LAST DYTE 

DENSITY 
ODD/EVEN PAIUTY 

SEVEN- OR NINE-TRACK 
UNIT NUMBER 

Figure 2-3. Selection Assignments 

A-Register Bit Assignments 

Skip First Byte 

Since the CPU's data word consists of two eight-bit tape 
bytes, provisions must be made to allow starting a rec­
ord at any half word. Bit 4 of the A register causes the 
magnetic tape controller to zero out the first eight bits 
sent over from the CPU and start recording the second 
eight bits as the first byte. During a read it causes the 
MTC to send zeros for the most significant byte to the 
CPU. 

Skip Last Byte 

A register bit 5 causes the MTC to ignore the last half 
of the last word during a write. During a read this 
bit is ignored. 

Density 

A register bits 8 and 9 are used to identify the density 
of the selected tape drive. The assignments are: 

A09 AOS Density Selected 

0 0 1600 bpi (not currently supported) 

0 1 800 bpi 

1 0 556 bpi t 
1 1 200 bpit 

t Requires hardware changes at tape subsystem level. 
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Odd/Even Parity 

Odd parity is normally used, but in some cases even 
parity is required. · A register bit 10 false means odd 
parity, and Alo true means even. Nine-track tapes are 
always odd parity. 

Seven- or Nine-Track 

A register bit 11 true indicates a seven-track handler, 
and bit 11 false indicates nine-track. 

Unit Number 

Unit number selection is made using A register bits 12 
and 13 with the assignment being: 

Al3 

0 

0 

1 

1 

A12 

0 

1 

0 

1 

FUNCTION CODES 

Unit Number Selected 

0 

1 

2 

3 

As the channel and the unit are being selected, the func-
tion code field is decoded by the MTC. Bits 0 through 
3 are used to assign the functions. 

A03 A02 AOl AOO Function 

0 0 0 0 Invalid MTC function 

0 0 0 1 Read forward 

0 0 1 0 Write forward 

0 0 1 1 Erase 

0 1 0 0 Backspace 

0 1 0 1 Rewind 

0 1 1 0 Rewind and unload 

0 1 1 1 Write tape mark 

1 0 0 0 Select 

1 0 0 1 Recovery read 

1 0 1 0 Controlled backspace 

1 x x x Diagnostic (B, C, D, E, 
and F) 
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The AOO through A03 lines are coded to the above func­
tions. A 0000 function code causes a program error 
and is reflected in the status word. 

Read Forward 

A read forward function (0001) causes the selected MTD 
to move forward at its assigned tape speed. t As read 
data is encountered, it is assumbled by the MTC and 
transferred to the memory buffer area in 16-bit words. 
Data transfer stops when the memory buffer is full, but 
the tape continues to move until properly positioned in 
the interblock gap. 

In the event of an error, the tape always positions itself 
to the end of the block; however, data transfer may 
cease, depending on the type of error. For system over­
load conditions, data is assumed to be lost; and the trans­
fer terminates immediately. For any data errors such 
as parity, longitudinal redundancy check (LRC), or cyclic 
redundancy check (CRC), the error condition is stored 
and the data transfer continues. 

Error correction using CRC recovery may be per­
formed on nine-track units only. Correction is auto­
matically attempted by first initiating a backspace and 
then following that with a second read command. Dur­
ing the first read operation, the tape track in error is 
determined, and on the subsequent read the MTC tries 
to correct the data error. Following each read opera­
tion, the CRC check character at the end of the block 
is read and compared to the MTC's internally created 
CRC check character. When they are equal, the read 
data in the CPU's memory is considered ~alid. If 
repeated attempts to read (normally two, at a system 
software level) still result in data errors, then the 
error condition is considered to be uncorrectable. 

If a read function is issued immediately following a write 
function, the read function is aborted and the read after 
write status flag is set. This is based on the theory that 
any write operation creates a new block of data and 
invalidates the original data block following it. This 
feature is bypassed by performing a backspace and a read 
following any write operation. A benefit of this imposed 
restriction is that it allows the software program to read 
verify the last block of data created. 

t 25 ips is the only speed presently support by the MTC. 
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Write Forward 

The write forward function (0010) causes the selected 
MTD to write data in the forward direction, in the mode 
set up during selection. Writing continues until the 
processor interface terminates the function. An over­
load condition causes the operation to terminate imme­
diately. A data error or dropout detection condition is 
stored with the operation continuing to its normal end. 
All data recorded has parity assigned and appropriate 
status stored. For correct repositioning following a 
data error or dropout, a controlled backspace (see func­
tion code 1010) is used. 

Following an overload condition, a standard backspace 
command, as opposed to a controlled backspace; should 
be used because the number of characters missing is 
indeterminate. 

: During the write operation, the read head reads the just­
written data and sends it to the MTC for error checks. 
If an error is detected, it is indicated in the status, 
but data continues to be written on tape until the pro­
cessor interface completes the block. 

When writing from BOT, the initial gap between BOT 
and the first block is a minimum of 8. 5 inches (21. 6 cm), 
The timing for this gap is in the MTC controlware pro­
gram and allows for the distance between the BOT 
sensor and the write head. 

Erase 

The erase function (0011) causes the selected MTD to 
erase forward for a fixed distance of 6 inches (15. 2 cm) 
and stop. During the erase operation the read head 
reads the erased portion and, if unerasable noise 
exists, the dropout/pickup status is set (see Status 
Conditions). 

Backspace 

The backspace function (0100) causes the MTD to move 
tape in the reverse direction over one record of data 
and stop with the head positioned properly (no closer 
than the start distance) in the inter-record gap. Timing 
for backspace is set up so that the gap spacing does 
not get smaller as a result of repeated forward...:back­
space functions. If backspace is issued when the tape 
is at load point (BOT), no tape motion results. 
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transferred to the memory buffer area In lG-hft words. 
Data transfer stops when the memory buffer is full, but 
the tape continues to move until properly positioned in 
the intc rulock gap. 

In the event of an error, the tape always positions 
itself to the end of the block; however, data transfers 
may cease, depending on the type of error. For sys­
tem ovC'rload conditions, data is assumed to be lost, 
and the transfer terminates immediately. For any 
data errors such as parity, longitudinal redundancy · 
check (LRC), or cyclic redundancy check (CRC), the 
error condition is stored and the data transfer con­
tinues. 

Error correction using enc recovery may be per­
formed on nine-track units only. Correction is auto­
matically attempted by first initiating a backspace and 
then following that with a second read command. n.tr­
ing the first read operation, the tape track in error is 
determined, and on the subsequent read the MTC tries 
to correct the data error. Following each read opera-

. tion, the enc check character ·at the end of the block. 
is read and compared to the MTC's internally created 
CRC check character. When they are equal, the read 
data in the CPU's memory is considered valid. If 
repeated attempts to read (normally two, at a system 
software lc\·el) still result in data errors. then the 
error conditio;J is considered to be· uncorrectable. 

If a read function is issued immediately following a 
write function, ihe read function is aborted and the read 
after write status flag is Sl!t. This ii:; based on the 
theory that any write operation creates a new block of 
data and invalidates the original data block following 
it. This feature is bypassed by performing a back­
space and a read following any write operation. A 
benefit of this imposed restriction is that it allows the 
software program to read verify the last block of data 
created. 

Write forward 

The write forward function (0010) ca!-lses the selected 
M'f D to write data in the forward direction, in the mode 
set up durin{! selection, Writing continues until the 
processor interface terminates the function. An over-
load condition causes the operation to terminate imme­
diately. A data error or dropout detection condition is 
stored With the operation continuing to its t~~~ cndtic acer'f-

(

ll data rl~corded has parity assigned for correct · 
_ repositioning following a data error or dropout, a con-

rollcd backspace (see function code 1010) is used. 

dei.ht ir net k)"titl en 00\ mre ~ 
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Following ari overload co~ditlon, a standard backspac 
c~mrnand, as opposed to a controlled backspace, shot 
be used because the number of characters missing ts 
indeterminate. 

' IAfring the write operation, the read head reads the jt 
writt~n data and sends it to the MTC for error checks 
If an error. is detected, it is indicated in the status, 
but data ~n'1~£.tG-4c written on tape until the pro­
ce~sor interface co.n~ple\es the block. /Ji,s f ,.c~cj s 
/10i'i'~ 00'\ ry~ ritO A:>lo\b dtJl'L errc1•. 

When writing from BOT, the initial gap between BOT 
and the first block is a minimum of 8. 5 inches (21. 6 c 
The timing for this gap is in the MTC controlware pro 
gram and allows for the distance between the BOT 
sensor and the write head. 

Erase 

The erase function (0011) causes the selected MTD to 
erase forward for a fixed distance of 6 inches (15. 2 er 
and stop. IAf ring the erase operation the r~ad head 
reads the erased portion and, if unerasable noise 
exists, the dropout/pickup status is set (see Status 
Conditions). 

Backspace 

The backspace function (0100) causes the MTD to move 
tape in the revers3 direction over one record of data 
and stop with the head positioned properly (no closer 
than the start distance) in the inter-record gap. Timir 
for backspace is set up so that the gap spacing does 
not get smaller as a result of repeated forward-back­
space functions. If backspace is issued when the tape 
is at load point (BOT), no tape motion results. How­
ever, 15 seconds after the function is sent, the con­
troller generates an interrupt and sets the timeout 
error status. This interrupt (all interrupts must be 
acknowledged to be reset) must be processed before 
another function is-sent. 

Rewind 

The rewind function (0101) causes the selected MTD to 
·move tape in a reverse dircc~fon at high speed. Once 
the rewind function has started, the l\1TD is deselected 
but continues to rewind and the :MTC sends the appro-

. prfate terminating status, If a rewinding MT 0 is ' 

"U 
)> 
C) 

f1l 
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However, 15 seconds after the function is sent, the con­
troller generates an interrupt and sets the timeout error 
status. This interrupt (all interrupts must be acknowl­
edged to be reset) must be processed before another 
function is sent. 

Rewind 

The rewind function (0101) causes the selected MTD to 
move tape in a reverse direction at high speed. Once 
the rewind function has started, the MTD is deselected 
but continues to rewind and the MTC sends the appro­
priate terminating status. If a rewinding MTD is 
accessed, it flags a rewinding at selection time status. 
Rewind continues until load point (BOT) is reached and 
the MTD is left in a ready state. 

Rewind and Unload 

This function (0110) is the same as rewind, except that 
the MTD is placed in a not ready state upon reaching 
BOT. To continue using the tape unit, it is necessary 
to manually set it back to a ready state. The tape is 
not physically unloaded. 

Write Tape Mark 

This function (0111) causes a tape mark to be written on 
nine-track NRZI tape units only. The tape mark is a 
1316 code, as defined by ANSI standardsJ If the tape is 
seven-track NRZI, this command causes the interme­
diate status for illegal command to be set. Tape mark 
on a seven-track tape must be written as data, using a 
write function. When reading tape marks, this data is 
sent to the processor interface. Reading any tape mark 
causes a tape mark terminating status to be set in the 
MTC. 

Select 

The select function (1000) causes the MTC to select an 
MTD and respond with a program interrupt without 
causing any action in the MTD. This allows the software 
to get status from the tape system without executing a 

tif additional information on tape. marks is required, 
refer to CDC Standard 1.10. 000. 
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function. This operation reports write lockout and 
inoperative during selection and rewinding. 

Recovery Read 

The recovery read function (1001) is identical to the read 
command except that the sensitivity of the read circuits 
in the MT D is increased. This permits reading data 
that might otherwise be lost. Before using recovery 
read, software should make at least two attempts to 
read using the normal read. This may recover some 
data by cleaning the tape with the repeated passes. If 
that fails, recovery read should then be tried. 

Controlled Backspace 

The controlled backspace function (function code 1010) 
causes the tape to move as many character frames in 
reverse as the number of eight-bit characters contained 
in the CPU's ADT memory buffer. This operation may 
be considered as being a reverse write, but without writ­
ing actual data on tape. When the MP micro processor 
has sent the desired number of characters, it terminates 
the function. The use of this function provides a means 
of reversing over dropouts without positioning errors. 

Diagnostic 

Function codes 1011 through 1111 are used to diagnos­
tically check the operation of the controller. They 
are accomplished by dedicated micro routines within 
the controller. Section 6 presents a complete des­
cription of tests, function codes, significance of tests, 
and expected test results. Hexadecimal notation is 
used for ease in expressing the four-bit groups that 
occur in the instruction format. A brief description 
of the controller's self-test function codes and micro 
diagnostic tests follows: 

Function Codes Test 
(Hexadecimal) Group Description 

xOlB B Controller jump and return 
instruction 

x02B B Controller counter number 1 

x04B B Controller counter number 2 

xlOB B Controller timers 

x20B B Controller parity (using 
zeros) 
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Function Codes Test 
(Hexadecimal) Group Description 

x50B B Controller parity (using 
ones) 

x40B and B Status interrupt with inoper-
xOOB ative during selection status. 

set 

x48B B Clear status register, gen er-
ate status interrupt 

xxxC c Controller branch checks 

xxxD D Set status bits, return with a 
status interrupt 

xxxE E Simple branch test 

xxxF F Issue interrupt, only 

STATUS CONDITIONS 

Status is sent to the CPU by executing a SIO sample 
command either during selection or after completion of 
the function. In either case, the MTC sends a program 
interrupt indicating that status is available to be read. 
The intermediate status received during selection is sent 
as a result of a condition arising from selection and the 
requested function is not started. The terminating status 
(operating complete) reports status arising from the 
execution of the function. Status is sent to the CPU 
A register as a 16-bit word from the MTC status register 
(see figure 2-4). 

2-6 

A REGISTER 

15 14 13 12 11 10 9 8 7 

OVERLOAD 
DROPOUT/PICKUP 

TIJllEOUT 
SHORT BLOCK 

HALF WORD IN READ . 
PROORAl\l ERRO 

INOPERATIVE 
DURING 

READ AFTER WRITE 
COl\11\fAND 

WRITE LOCKOUT 

TERMINATING STATUS INTERMEDIATE STATUS 

Figu~e 2-4. status Assignments 

Inoperative During Selection 

Inoperativ~ status is set when the MTC is accessed but it 
is unable to be selected. Selection cannot be completed 
because of an MTC malfunction or the MTD is not ready. 

Busy 

Busy status is set if the MTD is busy performing or 
terminating the previous command (except rewinding) 
when the MTC is accessed. 

Rewinding 

If the selected unit is busy rewinding, it sets this status 
bit and an attempted selection is not completed. 

Write Lockout 

This status indicates that a write forward, write tape 
mark, or erase function was issued but the write enable 
ring was not installed on the ree 1. The MTD does not 
perform the write function. 

Read After Write 

This status is set if a read function is given and the pre­
vious command was a write function. Attempting to read 
an old record, after record new data before it, is not 
allowed. 

Program Error 

This status is set if any of the following occur: 

• An attempt is made to write nine-track data on 
a seven-track unit 
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• 

• 

Any illegal function bit or set of bits, including 
a O function code, is received by the MTC 

Any data format function other than odd parity at 
800 bpi for a nine-track unit is received 

Half Word on Read 

The CPU word is 16 bits long and the byte on tape is 
eight bits maximum (plus parity). When reading from 
tape, the number of bytes may not fill an even number 
of CPU words. If not, this status is set. In addition, 
reading a nine-track tape mark causes this status bit to 
be set. 

Short Block 

The minimum block length for nine-track NRZI is 18 
ANSI characters. If a record short than this is detected, 
this status is stored. The intent is to detect short blocks 
that may be noise or partial records. This status does 
not apply to seven-track format. 

Timeout 

Timeout status is set for three conditions. During a 
write function, if read data is not received at the time 
that the just-written data should be at tlle read head. then 
this status is set. During a non-write function, if tape 
moves 30 feet without termination (runaway), this status 
is set and the function is terminated. In the case of 
initiating a backspace while at BOT. no tape motion 
results and this status is set after 15 seconds. 

Dropout/Pickup 

This status is set if a character dropout is detected 
during a read or read back during write function, or if 
noise pickup is detected during erase. 
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Overload 

A system overload condition (lost data) occurs when the 
processor interface does not send or receive data in 
time to keep up with the tape system. The amount of 
data lost is indeterminate. Data transfer with the CPU 
stops, following on overload, but tape moves to the gap 
and positions properly. 

Inoperative During Execution 

Inoperative status is set up when a condition occurs to 
cause the MTD to go out of the ready state during exe­
cution of a function. 

Data Error 

This status is set for any or all of the following condi­
tions: 

• Parity error detected 

• Longitudinal redundancy check error detected 

• With nine-track tape, a cyclic redundancy check 
error detected 

End of Tape (EQT) 

This status indicates that the end of usable tape has 
been reached and sensed. . This status is set for all 
commands that are performed while EOT is true from 
the drive. 

Tape Mark 

If, during a read or recovery read operation, a tape 
mark record is sensed, this status is set. For nine­
track tape, an ANSI tape mark character is used and 
is sent to the CPU. For seven-track tape, any one­
or two-character record constitutes a tape mark and 
is sent to the CPU as data. 
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INSTALLATION AND CHECKOUT 3 

Information for this section is contained in the Micro­
Programmable Computer Family Installation Manual 
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and in the CYBER 18-10/734-2 Micro-Programmable 
Processor Hardware Maintenance Manual. 
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THEORY OF OPERATION 4 

MTC INTERFACE CONNECTIONS 

Figure 4-1 illustrates the MTC's front-end interface to 
the micro-programmable computer family and the 
back-end interface to the magnetic tape drives (MTDs). 

CPU 1/0 commands and write data are transmitted to 
the MTC over the SD backplane lines. Tape read data 
and MTC/MTD status are input to the CPU's A register 
from the MTC via the RD backplane lines. Table 4-1 
lists the CPU backplane lines used by the MTC and their 
functions. · 

As the MTC was originally an NCR M05 peripheral 
controller, the backplane lines have been reconfigured 
to reflect the M05 addressing scheme. Physically, the 
MTC interfaces to the MTD system through a 58-twisted­
pair cable connected to the CPU backplane. · The specific 
definition of MTD interface signals may be obtained from 
the Magnetic Tape Transport Field Service Manual. 
Backplane pin assignments are noted in the logic 
drawings in the field print package for the magnetic 
tape controller. 

MP CPU I BACKPLANE 
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---------------------~ I I 
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A ~15_..._ ____ ..._ __ ~o : 
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Figure 4-1. MTC Interface 
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TABLE 4-1. MTC/CPU INTERFACE SIGNALS 

Signal 

RD01/­
RD16/ 

SD01/­
SD16/ 

SMB9/ 

SSTB/ 

Function 

Data input lines from the peripheral controller. 
In an ADT read operation, one 16-bit data word 
is input to the A register. The Q register 
selects the sending device. RDOl/ - RD04/ are 
also used by the SPS command to sample (il).put) 
the status of an M05 device to the A register. 

Data output lines to the peripheral controller •. 
In an ADT write operation, one 16-bit data word 
is output from the A register to the external 
device. The Q register selects the receiving 
device. 

This mode bit is always the set/sample condi­
tion bit. If it is 1 (i.e., 1700 Q03 = 1), one 
data word is set (output); if 0, one data word 
is sampled (input). 

A strobe signal to the peripheral controller 
that occurs twice with each execution of an SIO 
command. The signal occurs once near the 
beginning and once near the end of an output 
data operation. Data out (SDOl/ - SD16/) is 
guaranteed to be stable by strobe time. 

Signal Function 

is referenced by the occurence of the data inter­
rupt. Word 1 of the referenced ADT table also 
tells the emulator what type of equipment (sin­
gle or multiple M05, etc.) is involved. The 
association of a micro interrupt with a particu­
lar ADT table is initially set up at the macro 
level with the DMI macro instruction. 

STERM/ When the emulator detects that the last data 
transfer of a current ADT operation is in pro­
gress, it causes this line to go active. This 
terminate line (which signifies the end of the 
ADT sequence) causes the controller to finish 
the current operation and to generate a macro 
(program) interrupt. 

MR/ This signal is activated by a system master 
clear. It is furnished to clear the peripheral 
controller and external equipment. 

RDINT / Micro (data) interrupt line from the peripheral 
controller. This line signals the CPU that the 
device is ready for another data word transfer 
during ADT operation. 

SPTOO­
SPT07/ 

Port selection signal (discrete port address RPINT / Macro (program) interrupt line from the peri­
pheral controller. This line causes the macro 
program to branch to an interrupt trap loca­
tion in macro memory. This facility allows 
peripherals to inform the macro program of 
peripheral occurences, such as initializing 
operations, terminations, malfunctions, or 
errors, and is used to permit macro control 
of the peripheral. 

line). One of these 8 lines is made active with 
each execution of an SIO or SPS macro instruc-
tion. The particular line that goes active 
depends upon the code specified in bits 07, 08, 
and 09 (1700 convention) of the Q register. 
The appropriate line is custom-wired to the 
associated controller port at the time of instal-
lation. 

SSELO­
SSEL7/ 

When the emulator detects and acknowledges RDIR This line is used by the device to signa 1 the 
direction of data flow, after the device 
receives the ADT micro interrupt acknowledge 
(SSELO-SSEL7) from the CPU during an 

the occurrence of a data interrupt (micro inter- OUT 
rupt) for an ADT transfer, one of these eight 
lines goes active. The particular line that goes 
active depends upon the code specified in bits 
7 - 9 of word 1 in the ADT table. This table 

INTERFACE COMMUNICATION 

Communication between the CPU and the MTC are 
implemented using the NCR M05 1/0 scheme; basi­
cally, I/ O commands are still initiated using the A 
and Q registers, but the NCR macro set/sample I/O 
instructions are used in lieu of CDC's input/output 
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ADT operation. 

A macros. There are also slight differenc~s in the 
addressing of an I/O device and interface handshaking, 
The I/O philosophy for the M05 system is explained in 
detail in the 1700 Enhanced Processor with Core Mem­
ory Reference Manual, Figure 4-1 shows the A/Q 
register interface for initiating I/0 commands to the 
MTC. 
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ADT WRITE MODE 

Data transfers between the MTC and CPU are handled 
under auto-data transfer mode (ADT). The micro­
processor CPU, upon receiving a micro interrupt 
(transparent to software), transfers the data in a fashion 
similar to A/Q I/O operations. For an MTD write oper­
ation, the micro-processor CPU's firmware pro-
gram is directed through the MTC's micro interrupt to 
perform the following steps: 

• 

• 

• 

• 

Address the MTC via the Q register backplane 
lines. 

Fetch the 16-bit data word from memory and 
place it on the A-register backplane lines (SDl 
through SD16). 

Toggle the appropriate I/O control lines to the 
MTC, indicating that data is available to it. 

Determine if this is the last data word to be trans­
ferred, and if so, assert the ADT terminate signal 
to the MTC (STERM). 

ADT READ MODE 

The ADT sequence is the same for an MTD read opera­
tion, except for the direction of data flow. Instead of 
fetching the data from memory, the ADT micro program 
in the CPU inputs the read data from the A-register 
backplane lines (RDl through RD16). This data word is 
then placed in memory at the buffer address designated 
by the ADT table. For additional ADT information, refer 
to the 1700 Enhanced Processor reference manual. 

DATA FLOW 

CPU data that is to be written on the selected MTD is 
sent to the MTC 's input data register and then output to 
the MTD via the output drivers. Read data from the 
selected MTD is input to the MTC read data in register 
and then passed to the CPU through the MTC's output 
multiplexer. This data flow is shown in figure 4-2, 
MTC Block Diagram. 

WRITE DATA FLOW 

Write data, upon entering the MTC, is split into two 
eight-bit bytes. The MTC then disassembles each byte 
into serial form for ease of control and logic packaging. 
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Each data bit processed is also sampled by the write 
check logic, where byte parity is weighed and assigned, 
and CRC check characters may be generated. 

Each data byte is then reassembled into parallel form by 
the write data output register. A six- or eight-bit tape 
character with its parity bit is then presented to the MTC 
interface for writing. 

READ DATA FLOW 

Read data appears at the inputs to the MTC 's read data 
in register as a six- or eight-bit byte with parity. The 
byte is serialized and reassembled by the read data out­
put register for transfer to the CPU. The read data 
check logic also samples the serial bH stream, where 
individual byte parity and the CRC and LRC at. the end 
of the record are checked. 

The MTC's output multiplexer is enabled when two con­
secutive bytes have been processed by the MTC. The 
16-bit data word is applied to the A register input 
backplane lines RDOl through RD16. 

FUNCTIONAL DESCRIPTION 

The MTC is comprised of the following major logic 
blocks: 

• Write data registers and check/ control logic 

• Read data registers and check/ control logic 

• Master clock and MTD speed timers 

• ROM and program address control 

• CPU and MTD interface 

• Program loop counters 

MTC CONTROL 

Within each of the major logic blocks there exist logic 
sub-blocks, such as registers, counters, and decoders. 
These sub-blocks interconnect through multiplexer and 
selector logic. By enabling individual multiplexers/ 
selectors, the data and its path between MTC sub-blocks 
can be connected, disconnected, or altered. In this way, 
the data flow is directed through different active logic 
elements for a given operation. 
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Figure 4-2. 

The selection of any data path is a function of the MTC. 
control logic. This control is primarily an internally 
stored micro program that not only steers the read or 
write data bits from one sub-block to another, but 
manipulates that data as well. This is accomplished by 
steering the data through shift registers, inverters, or 
exclusive OR logic, which achieves the shift, comple­
ment, or combine functions. 

This type of micro program is !mown as controlware, 
in that the processing logic does not have arithmetic/ 
boolean capability, only control. The micro control 
program is composed of subprograms called micro 
routines, which in turn consist of anywhere from four 
to 20 micro instructions. 

Each micro instruction is divided into segments known 
as fields. There may be three or four fields, depending 
upon the type of micro instruction. For some micro 
instructions, these fields are secondary micro functions, 
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MTC Block Diagram 
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or subfunctions, in that each subfunction directly con­
trols a logic sub-block. For other micro instructions, 
these fields are pure data, used as a constant by the 
micro instruction. 

Each micro instruction resides at an assigned address 
within a read-only memory that has 1024 addresses/ 
locations. 

MTC control also contains the necessary hardware to 
decode the micro functions to lower level micro steps 
as well as implement them. 

WRITE DATA LOGIC 

Figure 4-3 shows the magnetic tape controller write 
data logic. 
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Figure 4-3. Write Data Logic 

Input Data Registers (Left/Right Byte) 

This register holds MTD write data from the CPU's SD 
backplane lines. It converts each eight-bit byte to eight­
bit serial data. The two data bytes are latched into this 
register under control of a backplane strobe emanating 
from the CPU interface. Left-byte serial output is 
processed first, with the data being applied to the 
write data multiplexer. 

At the same time that the left byte is being shifted under 
micro control through the multiplexer, the right byte is 
being shifted into the least significant (right) byte 
holding register. 
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LS Byte Holding Register 

This register provides temporary storage for the right 
byte while the left byte is being processed. It also 

. allows the input data registers to be emptied in one byte 
time period, making them available for loading with the 
next 16-bit data word from the CPU. The LS byte is 
serially output to the write data multiplexer. 
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Write Data Multiplexer 

The write data multiplexer receives its inputs from the 
write data logic. It passes through to its output in the 
foUowing sequence, serial data from: 

• 
• 
• 
• 
• 

Input data register, MS (left) byte 

Write parity flip-flop (single bit) 

LS (right) byte holding register 

Write parity flip-flop 

Write CRC check generator 

As each serial bit of data is output from the multiplexer, 
it is applied to the write data output register. It is also 
fed back to the write parity flip-flop for parity bit assign­
ment on each byte, and sampled by the CRC computation 
logic, which uses it to create the CRC check character. 

When the last byte of data has been written and only if a 
nine-track tape unit has been selected, the multiplexer 
selects the output of the write CRC generator and this 
character is passed through the multiplexer. 

Write Data Output Register 

This register assembles serial data from the multiplexer 
into seven- or nine-bit tape characters (including parity 
bit) for transmittal to the MTD. 

CRC Generation 

Each tape character output to a nine-track MTD is 
exclusive-ORed against the previous tape character that 
was written. The overflow or carry generated in creat­
ing the final CRC character is wrapped around and com­
bined with the next data bit being written into the CRC 
generator. 

Write Parity Flip-Flop 

The parity flip-flop may be initially primed (set) where 
odd parity assignment is desired. Each data bit· of a 
tape character is applied to this flip-flop. Every data 
bit to be written that is a 1 results in this flip-flop 
toggling to its opposite state. Its final state becomes 
the actual parity bit that is assigned to that data byte. 
After six or eight bits have been packed in the write 
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data output register, the parity flip-flop's output is 
selected by the multiplexer and is used to drive the 
WDP (write data parity) line. 

Write Control Register 

Set by the micro control program, this register issues 
micro steps that control the loading or shifting of the 
input data registers and the input selection for the 
write data multiplexer. The sequence of selection is 
shown by the circled numbers in the multiplexer block 
in figure 4-3. 

READ DATA LOGIC 

The tape character, composed of seven or nine bits 
(including parity), is presented in parallel to the input 
of the MTC 's read data in register. Refer to figure ~-4, 
Read Data Logic. 

Read Data In Register 

Under MTC micro control, this character is latched 
into the read data in register with its serialized output 
then fanning out to the read data handling logic. 

Each data bit is shifted at the MTC's clock rate, out of 
the data in register, into the: 

• LRC register 

• CRC accumulator 

• Read parity flip-flop 

At the same time, this data is also shifted into its 
associated byte handling register. 

MS (Left) Byte Assembly Register 

The MS byte, which is the first character to be read 
from tape, is processed first unless the current I/O 
command specified that the first byte should be skipped. 

This byte, appearing as a serial input, is converted back 
to parallel form by the MS byte assembly register. As 
each successive bit appears at the outputs of this regis­
ter, it is automatically clocked into the read data output 
register. 
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Figure 4-4. Read Data Logic 

Read Data Output Register 

This register is essentially a buffer that holds the full 
MS byte while the LS byte is being formed. It transmits 
its contents to the read data multiplexer under MTC 
micro control. 

B y t e A s s e ·m b I y 0 u t p u t Re g i s t e r 

The second byte read from tape, and every other byte 
following, is shifted into this register under micro con­
trol. When both bytes have been packed in their respec­
tive registers, they are input to the read multiplexer for 
transmittal to the CPU. 

Read Data Multiplexer 

This multiplexer provides the ADT data path to the CPU's 
A register via the RD backplane lines. Data read from 
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tape is combined into 16-bit words by the multiplexer 
and placed, under MTC micro control, onto the backplane 
lines. 

The remaining half of the multiplexer receives its 
inputs from the MTC's status registers~ Upon receipt 
of an I/O status request command, the multiplexer 
selects the status register as its input and outputs their 
contents onto the· RD backplane lines. 

Status Registers 

Hardware and software conditions are sensed by the 
MTC micro control program by sampling feedback bits 
(refer to table 4-2). Upon detection of specific status­
related feedback bits being true during MTC operations, 
micro control selectively sets the respective flag 
within the status register. These status flags are 
provided as inputs to the read data multiplexer for 
transmitting to the CPU during a status sample (SIO) 
command. 
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TABLE 4-2. FEEDBACK BITS 

Select Feedback 
Code Bit Description 

0 FBO Unconditional 1 
.., 

1 FBl Skip first byte 

2' FB2 Skip writing last byte 

3 FB3 Reserved for tape 
speed identifier 

4 FB4 Not used From CPU's 

} Density selection 

> 1/0 command 
5 FB5 

6 FB6 

7 FB7 Parity: 0 = odd; 
1 =even 

8 FB8 Seven-/nine-track 
identifier 

~ 

9 FB9 Terminate B 

A FBlO Program/data interrupt (PODINT) 

B FBll Read data bit 

c FB12 Tape mark 

D FB13 Write clock ¢ 2 

E FB14 Sho~ timer complete (=O) 

F FB15 long timer complete (=O) 
--

10 FB16 Read data strobe 
(read clock) } From -- · selected MTD 

11. FB17 Write current on 
(write status) 

Read Parity Flip,.:flop 

Read data (seven- or nine-bit) is clocked into this flip­
flop during the byte packing time. Each data one bit is 
counted by this flip-flop, with its final state indicating 
an odd (set) or even (reset) amount of one bits received 
for that byte. Its output is sampled as a feedback bit 
for each byte's parity determination. 
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Select Feedback 
Code Bit Description 

FB18 Write enable ring 
.., 

12 
(file unprotected) 

13 FB19 Ready 
From --

14 FB20 BOT (load point) > selected MTD 
15 FB21 EOT 

16 FB22 On line 
--

17 FB23 Rewinding 
J 

18 FB24 Read parity count flip-flop 

19 FB25 LRC test bit 

lA FB26 Checksum bit 

1B FB27 CRC test bit 

lC FB28 Write current enable 

lD FB29 Track in error bit 

1E FB30 CRC check bit 

lF FB31 Write data bit 

20 FB32 } Density status (not used) 
21 FB33 

22 FB34 Not used 

23 FB35 Half word on read flag 

24 FN36 Micro program flag (flag 4) 

25 FB37 Write clock pulse memory latch 

LRC Register 

This register accumulates the exclusive ·oRing of all 
data read from tape. The final byte read from the tape 
record is the LRC character, which, when combined 
with this register's contents, should provide an all-zero 
result. 

That result is verified by sampling the LRC output 
feedback bit. 
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CRC Logic 

The cyclic redundancy check logic consists of a CRC 
checkword accwnulator and a CRC carry/overflow flip­
flop. Data read from tape is basically exclusive-ORed, 
bit for bit, against the previous byte read and then 
shifted. When unlike bits are combined, the CRC carry 
condition is set. To conform to the standard CRC 
algorithm, MTC micro control functions are asserted 
during the accwnulation of the CRC partial sum. This 
allows for inverting the data bit being shifted into the 
CRC bit stream at specific stages of the CRC checkword 
makeup. 

Read/Write Wrap-Around 

Under MTC micro control, the read data in register is 
normally connected as a wrap-around (circular) shift 
register. This provides for testing through shifting and 
sampling of the current byte's bit configuration (such as 
tape mark characters) without destroying the original data. 

The write-to-read wrap configuration is utilized for 
housecleaning functions (clearing registers) and main­
tenance test. 

Read Control Register 

Each of the read data registers and flip-flops previously 
mentioned has some form of external mode control or 
enabling inputs. Typically, a shift register would have 
a clock input line, a mode control line (shift, load, 
clear), and perhaps a shift direction (left/right) control 
line. 

Relating this to the MTC read logic, the micro control 
program instructions contain subfunction codes. These 
codes are decoded and, in the case of a PARENS control 
code, the parameter information associated with it is 
loaded into the read control register. This in turn 
creates eight possible micro step control lines. One of 
these eight lines connects to one mode control/ enable 
input of eight different read data logic elements (registers, 
flip-flops, etc.). 

As each micro step control line is asserted true, it 
directly controls the function through the mode control 
logic of its particular read data logic element. 
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During a tape read operation, data is inverted and/ or 
shifted through and directed to various registers and 
flip-flops by the particular micro steps set up for that 
phase of the operation. 

CONTROL LOGIC 

With the exception of the front-end CPU interface, the 
controlware (micro program) is the only active element 
within the MTC. 

Program micro instruction subfunctions that are 
explained in detail in this section selectively switch the 
data flow into passive logic elements. These eleme!lts 
are then activated by the micro controls or steps set up 
by the program inatruction. 

To achieve this, the control section has its own logic 
elements that are directed in their functions by the 
micro instructions. They in ttirn control the read 
and write logic. 

The MTC control logic is shown in the block diagram, 
figure 4-5. 

MTC control is activated when its 1/0 interface logic 
recognizes that it is being selected through the mode 
and port addressing bits in the CPU's Q register. 

The resulting 1/0 start signal, which is generated from 
the selection process, enables the 1/0 function code 
from the CPU's A register to be transformed to a 
controlware program address. 

Transform 

Upon receiving the 1/0 command from the c'i:>u, the four­
bit function code field (see section 2) of this command 
is applied to the transform logic. The remaining 10 
bits are held in the 1/0 command register to be sampled 
as feedback bits by the controlware program. The 
transform logic applies this function code directly to the 
program address register as a four-bit read-only memory 
(ROM) address, in the range of 1 through Drn. When- read 
out, this address contains a pointer micro instruction that, _ 
in reality, is a branch instruction to the starting ROM 
address of a micro routine. 
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Each I/ 0 function has an associated micro routine that 
directs the MTC control logic to enable specific multi­
plexers and selectors, toggle interface lines, and 
process the data. 

In this way, each I/O operation is performed through 
the execution of dedicated micro routines combined with 
several common routines. At completion of the I/O 
operation, the control program halts. It is triggered 
into.running again by the next I/O command transform. 

PROGRAM ADDRESS (RPA) REGISTER 

The RPA register receives its initial start address from 
the transform logic. Thereafter, it is incremented by 
+1 as a counter for each sequential ROM address unless 
the following conditions occur: 

• A branch format or a subroutine return micro 
instruction is fetched and executed. This causes 
a nonsequential 10-bit address to be loaded int.o the 
RPA via the NAB lines originating from the 
address multiplexer. 

• An I/O master reset (MR) occurs that resets the 
RPA register t.o zero and terminates the current 
operation within the MTC. 

• A micro halt (rest) instruction is encountered in 
the control program. The RPA register ceases 
incrementing, and its contents point to the next 
sequential ROM address following the halt 
instruction. 

Read-Only Memory 

The read-only memory contains 1024 addresses, with 
each address containing a 16-bit-wide micro instruction. 
It receives its inputs from the 10 memory address bit 
lines (MAB) of the RPA register and fetches the micro 
instruction residing at that address. 

It then outputs the instruction onto the memory bit lines, 
where, as shown in figure 4-5, they are fanned out to 
all of the MTC's control logic. 

MICRO INSTRUCTIONS 

Each MTC instruction is a 16-bit word, divided into a 
four-bit primary function code field (MB13 through 
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MB16) and up to three variable-length secondary fields. 
The secondary fields can be subfunctions of the primary 
function or immediate operand data used by the prime 
function t.o set or select a register. The secondary field 
may also be the next instruction address (branch address) 
to be referenced by the micro program. 

Figure 4-6 illustrates the micro instruction fields. 

1G 13 12 

I PRIMARY I 
• FIELD . 

SECONDAHY FIELD 

Figure 4-6. Micro Instruction Fields 

There are three micro instruction formats in the MTC, 
branch format, register load format, and address/data 
control format. 

Branch Format 

The branch format allows the micro program to change 
its sequence by loading a program address other than 
the next sequential address into the ROM program 
address register/counter (RPA). This may be accom­
plished unconditionally; that is, the current micro 
instruction forces the loading of the new ROM address, 
or it may be done conditionally. A conditional branch 
or jwnp implies that some internal condition of the 
hardware had to first be sampled or tested. If the state 
of the specified hardware met the conditions being 
tested for, then the program branch would be executed. 
Otherwise, program execution would continue in 
sequence. Conditional tests that may be made in the 
MTC by branch micro instructions are: 

• Selected register t- 0 

• Specified flag flip-flops set or clear 

Figure 4-7 illustrates the branch format. 

Register load Format 

This format allows specific registers, counters, and 
flag flip-flops to be set to a desired state. The data 
used to load the registers or flags is contained in the 
secondary field area of the register load format micro 
instruction. FigUre 4-8 illustrates the register load 
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16 

ABSOLUTE READ­
ONLY MEMORY 
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BRANCH TO 
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BRANCH FUNCTION CODE 
1 = CONDITION' AL 
0 = UNCONDITIONAL 

Figure 4-7. Branch Format 

13 12 9 8 

0 0 0 0 

1 

IMMEDIATE DATA 
(6 OR 8 RIGHTMOST 
BITS) OR FLAG 
SELECTOR CODE 
(4 RIGHTMOST BITS) 

REGISTER OR FLAG LOAD FUNCTION CODE 

Figure 4-8. Register Load Format 

format. Note that the immediate data field length is 
variable due to the different types of register load 
operations. 

These registers and flag flip-flops may be sampled as 
to their current state by the previously mentioned con­
ditional branch micro instructions. 

Address/Data Control Format 

This format is a combination of the two previously 
mentioned formats. It provides the capability of chang­
ing the program flow through the primary function code. 
In addition, its secondary function fields allow for 
setting/clearing of registers, flip-flops, and logic 
states (A,. B, and C logic) or presetting of registers 
(DD logic). The primary function code controls the 
stopping, starting, incrementing, and changing of the 
ROM program address register. 
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Within the same micro instruction the secondary function 
code fields enable or disable data paths in the MTC. 
This is accomplished by setting or clearing control 
logic used by the hardware in executing MTC/MTD 
operations. Figure 4-9 illustrates the address/data 
control format. 

16 13 12 9 8 1 

FUNC'fION MODE DATA CONTROL 

ENABLE A ORB 
LOGIC OR REGISTER 
IMMEDIATE DATA 
'(C LOGIC) OR DIRECT 
DATA (DD) 

SELECT A, B, C, D CONTROL LOGIC 

ADDRESS/DATA CONTROL FUNCTION CODE· 

Figure 4-9. Address/Data Control Format 

Mode Field 

The mode field (MB9 through MB12) contains a 4-bit 
number in the range of 0 to F16· This mode code 
selects and qualifies the data control field. Combining 
these two fields (mode and data control) actually equates 
to an MTC control subfunction. The mode field code, 
also known as PARENO through PAREN15, is basically 
decoded as follows: 

Mode code= O C data logic is enabled 
1- 14 
15 

D data logic is selected 
Enable A and B (EA, EB) 
control logic 

Data Control Field 

The data control fields (EA, EB, EC, and DD) are used 
primarily for the following: 

• 

• 

• 
• 

EA selects data control latches and flip-flops 
to be set 

EB selects data registers and control latches 
to be cleared 

EC selects data registers to be shifted 

DD indicates data to be loaded into registers and 
counters, or the address of the register to 
be referenced. The mode field code further 
defines the operation to be performed with the 
referenced register. 
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MTC FUNCTION CODES 

The MTC function codes are listed below in numerical 
order. The first four primary codes are explained with 
their associated secondary fields, followed by the remain­
ing primary function codes. 

Return to Rest 

Format: Address/data 
Function code: O 

16 15 14 13 12 9 8 1 I 0 0 0 0 I MODE I DATA CONTROL I 

Halt. This command causes read-only memory access 
to stop at the completion of this micro instruction. 
Data control subfunctions are performed as defined by 
bits MB! through MB12. 

The MTC controlware program executes this instruction 
following completion of MTC I/O command operations. 

Once halted, the micro program does not begin again 
until receipt of another I/ 0 command. 

The assembler mnemonic is REST. 

The valid subfunctions are: 

Mode 

PARENl - PARENll (1-B16) 

P AREN15 ( F16) 

Continue 

Format: Address/data 
Function code: 1 

16 15 14 13 12 9 8 

Data Control 

DD 

EA, EB 

I 0 0 0 11 MODE I DATA CONTROL 
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1 

NOP. The read-only memory program address (RPA) 
register is incremented by 1 at the completion of this 
micro instruction. Data control subfunctions are per­
formed as defined by bits MBl through MB12. 

This micro instruction is used to allow the MTC control­
ware program to execute instructions in sequence. 

The assembler mnemonic is CONT. 

The valid subfunctions are: 

Mode 

PARENl - PARENll (1-B16) 

PAREN15 (F16) 

Subroutine Return 

Format: Address/data 
Function code: 2 

Data Control 

DD 

EA, EB 

Exit from subroutine and return to the main program. 
Upon entering the subroutine, the contents of the RPA 
register are stored in the link register. Executing a 
SUBROUTINE RETURN instruction gates the current 
contents of the link register into the RPA register, 
allowing return to the main program. 

Branching to another subroutine from the original 
(chaining) causes the original link contents to be lost. 

Data control subfunctions are performed as defined by 
bits MBl through MB12. 

The assembler mnemonic is RETURN. 

The valid subfunctions are: 

Mode 

PARENl - PARENll (1-B16) 

P AREN15 (F 16) 

Data Control 

DD 

EA, EB 
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Data Logic Enable 

Format: Address/data 
Function code: 3 

16 15 14 13 12 9 8 1 

I· 0 1 1 I MODE I DATA CONTROL I 
This function enables the MTC 's data handling registers 
for shifting. The particular register shifted are defined 
by the zero bits initially stored in the EC control regis­
ter by a PAREN9 subfunction (reference PAREN Code 9). 
The registers enabled by their respective EC control bits 
are shifted or clocked once with each execution of this 
function. 

Execution of a DLE micro instruction always implies 
the use of EC control bits. In addition, data control 
subfunctions are performed as defined by bits MBl 
through MB12. 

Use of this micro instruction with the EC control bits 
previously set by a PAREN9 subfunction allows the MTC 
to manipulate tape read or write data through its LRC, 
CRC, and data handling registers. 

Following completion of this micro instruction, the RPA 
register is ·incremented to the next sequential address. 

The assembler mnemonic is EC. 

The valid subfunctions are: 

Mode 

PARENO 

P ARENl - P ARENS 

PARENlO - PARENll (10-B
16

) 

PAREN15(F
16

) 

Data Control Subfunctions 

Data: Control 

Zeros 

DD 

DD 

EA, EB 

The four-bit PAREN (mode) code may be a stand-alone 
operation for setting control flip-flops, or it may be 
combined with the data control field to select a register 
for: 

• Receiving the lower-order bits (DD) from the 
current micro instruction, or 
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• Setting or clearing a particular register bit, as 
defined by a bit select code in the lower-order 
bits of the current micro instruction. 

PAREN 
Code 

0000 (0) 

0001 (1) 

0010 (2) 

0011 (3) 

0100 (4) 

Description 

No data control operation. Generally used 
with data logic enable functions or for regis­
ter load format. 

Load the write clock control register from 
MBl through MBS of this micro instruction. 
This number represents a division integer 
in the range of 1 to 256, which shall be used 
to control the frequency of the tape write 
clock. The write clock divider divides the 
MT.C clock by the positive integer selected, 
and provides a basic write clock frequency. 
The actual phase 2 write clock generated to 
the MTD is one-fourth the result of this 
division. 

Select the MTD command/control register. 
MBl through MB3 in this micro instruction 
contain the function select code for the MTD: 

0 (000) - Forward 

1 (001) - Reverse 

2 (010) - Rewind 

3 (011) - Off-line 

4 (100) - Read recover 

5 (101) - Write reset (write LRC character) 

6 (110) - Write strobe (enable phase 2 
write clock) 

7 (111) - Write enable 

MB4 sets or clears the selected MTC 
function. 

Load and start long (slow) timer. MB2 
through MBB, representing any positive inte­
ger greater than 1 and up to 256, are loaded 
into the long timer, which then begins incre­
menting this number at a 5 kHz rate until an 
all-ones count is reached. The next incre­
ment results in overflow, which sets feedback 
(FB) status bit 15 (long timer complete). 

Load and start short (fast) timer. Similar 
to P AREN3 except the short timer increments 
at a 400 kHz rate, with overflow sensed by 
short timer complete status FB14. 
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PAREN 
Code 

0101 (5) 

0110 (6) 

0111 (7) 

Description 

Load status register 1. MBl through MB3 
select one of eight status bits, while MB4 
sets or clears the selected bit. 

O (000) - Tape mark sensed 

1 (001) - Data error 

2 (010) - Inoperative while executing 

3 (011) - System overload (lost data) 

4 (100) - Data dropout/pickup 

5 (101) - Timed out 

· 6 (110) - Short record 

7 (111) - Half word on read 

Load flag and status register 2. Same as 
status register 1. 

O (000) - Program flag (Fl) 

1 (001) - Program flag (F2) 

2 (010) - Program flag (F3) 

3 (011) - Mic_ro flag (FB36) 

4 (100) - Inoperative at selection time 

5 (101) - Write lockout 

6 (110) - Unit rewind 

7 (111) - Macro program error 

Load write data control register. MBl 
through MB4 are loaded into this register 
and control the data sent to the MTD. MBl 
through MB3 select one of eight sources of 
serial data to be loaded into the write data 
output register and sent to the tape unit. 
The source selection is: 

O (000) - Logical zero 

1 (001) - Write parity flip-flop 

2 (101) - Write CRC generator 

3 (011) - Write CRC generator 
(complement) 

4 (100) - First data byte (MS) 

5 (101) - Second data byte (LS) 

6 (110)} . 
7 (lll) Logical one 
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PAR EN 
Code Description 

MB4 when true sets the MTC's input data 
register from load mode to serial shift 
mode. 

1000 (8) Load read data control register. MBl 
through MB3 select one of eight logic 

1000 (8) 

· enables for a tape read operation. MB4 is 
used to set the selected logic enable to a 
true or false state. 

MBl - MB4 Micro Operation 

0 (000) •MB4=1/0 Enable/disable read 
data output register to 
assemble least signifi-
cant (right) data byte 
(BCl). 

1 (001)•• MB4=1/0 Enable/disable most sig-
ficant (left) byte assembly 
by the read data output 
register (BC2). 

2 (010) • MB4=1 Enable inverting the ser-
ial tape read data bit 
input to the LRC and read 
data output registers. 

MB4=0 Gate the serial tape read 
data bit input to the LRC 
and read data output 
registers. 

3 (011) • MB4=0 Enable loading the read 
data in register. 

MB4=1 Enable shift mode on the 
read data in register (see 
PAREN code A). 

4 (100) • MB4=1/0 Enable/disable the CRC 
computation exclusive OR 
result (CRC carry) to the 
CRC accumulator. 

5 (101) • MB4=1 Enable tape read data bits 
to the CRC computation 
logic. 

MB4=0 Enable CRC accumulator 
output to CRC carry flip-
flop. 

6 (110) • MB4=1 Set track in error regis-
ter input to a logical 1. 

MB4=0 Enable track in error 
register wrap-around. 
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PA REN 
Code 

1001 (9) 

4-16 

MB! - MB4 

7 (111) • MB4=1 

MB4=0 

Description 

Micro Operation 

Connect bit output of 
write data output register 
into input of read data in 
register. 

Enable end-around shift 
on read data in register. 

Load EC control register directly from bits 
· MBl through MBS of this micro instruction. 
When zero, these EC bits are combined with 
a data logic enable micro instruction and allow 
the following logic conditions to be clock 
controlled: 

EC/MBl 

EC/MB2 

Enable clocking the MTC's write 
data parity flip-flop, the LS 
byte holding register, and the 
input data register for shifting 
parallel CPU data bytes to 
serial data. 

Enable shifting the track in 
error register one bit position. 

EC/MB3 Enable shifting the write data 
output register one bit position. 

EC/MB4 Enable shifting the write CRC 
generator one bit position. 

EC/MB5 Enable shifting the read data 
in register one bit position 
and clock the read data parity 
flip-flop. Also enable shifting 
of the LS and MS byte assem­
bly in the read data output 
registers, 

EC/MB6 Enable shifting the LRC regis­
ter one bit position. 

EC/MB7 Invert the serial read data 
input to the read CRC accumu­
lator, 

EC/MBS Enable shifting the read CRC 
accumulator one bit position. 

Controls the clearing, loading, and shifting 
of the MTD read data in register, in con­
junction with PAREN code 8 and MBl 
through MB3 equal to 3. 

Sets the read (command received) after 
write (command completed) status flip­
flop (RAWS). 

PA REN 
Code Description 

1100 - Not used; no operation performed on 
1110 (C-E

16
) hardware, 

1111 (F ) Enable EA/EB selection according to MBl 
16 

through MB8, 

EA Bit Assignments 

The EA field occupies bits MBl through MB4 in the MTC 
micro instruction and selects one of 16 possible EA 
micro subfunctions for the MTC control logic. Enabled 
by an F16 code in the mode/PAREN field of the micro 
instruction, the EA codes are used primarily to set 
control flip-flops and latches. 

EA 
Code 

EAO 

EAl 

EA2 

EA3 

EA4 

EA5 

EA6 

13 12 11 10 9 8 7 

1 1 1 1 

5 4 1 
DATA CONTROL 
FIELD 

EA SUBFUNCTION 
CODE (0- Frn) 

EB SUBFUNCTION 
CODE (0-7) 

MODE (PAREN15) 

MTC FUNCTION CODE (0- 3) 

EA Subfunction Description 

Not used. No operation performed by hardware, 

Resets the data direction flip-flop, indicating to 
CPU's I/O control logic that the direction of 
ADT data will be from the CPU to the MTC. 

Clear ADT terminate. Resets the TERM B 
flip-flop that was set by the CPU's terminate 
signal (STERM). 

Enable tape select. Enables the selection of 
one of four tape units. 

Not used 

Gates CRC carry. Enables write CRC carry 
flip-flop output to the write CRC generator. 

TR9-TR16 enable, Enables the output of the 
MS byte of the read data output register to the 
input of the output multiplexer. 
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EA 
Code 

EA7 

EA Subfunctlon Description 

See EAl. Sets the data direction flip-flop to 
notify the CPU via backplane signal RDIROUT 
that the direction of data flow for this ADT 
operation is MTC to CPU. 

EA8 Program interrupt. Sets the program interrupt 
latch. 

EA9 ADT interrupt. Sets the auto-data transfer 
(micro) interrupt. 

EAlO Write odd parity. Primes the write parity 
flip-flop so that odd data parity is gener­
ated. 

EAU 

EA12 

EA13 

EA14 

EA15 

Write even parity. Primes the write parity 
flip-flop so that even parity is generated. 

Clear write CRC. Zeros the write CRC 
generator. 

Clear tape data output. Zeros the write data 
output register. 

Read odd parity. Primes the read parity flip­
flop to test for odd parity. 

Read even parity. Primes the read parity 
flip-flop to test for even parity. 

EB Bit Assignments 

The EB subfunction field is decoded from bits MB5 
through MB7. It is used primarily for clearing control 
latches in the MTC. 

EB 
Code EB Subfunction Description 

EBO Not used 

EBl 

EB2 

Read registers. Clears the MTC read and 
unit select registers. 

Command register. Clears the tape command/ 
control register. 

EB3 TIE register. Clears the track in error 

EB4 

EB5 

register. 

Read data strobe. Resets RDS (FB16). 

CRC read carry. stores the read carry bit 
when calculating the read CRC. 
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EB 
Code EB Subfunction Description 

EB6 CRC write carry. stores the CRC write carry 
bit. 

EB7 Clear FB37. Resets the write clock pulse 
memory flip-flop. 

Set Loop Counter 1 

Format: Register load 
Function code: 4 

lG 15 14 13 12 11 10 9 8 1 

I· 1 • + .. + ...... ·I 
POSITIVE REPRESENTATION OF ANY 
NUMBER/COUNT BETWEEN 1 AND 255 

Bits MBl through MB8 are loaded into loop counter 1, 
with bit 1 the least significant bit. This 8-bit counter 
is decremented by 1 and tested for zero by the branch 
loop 1 I- O micro instruction. This command is used 
by the program to set up shift iterations for the data 
handling register and preset pass counts of control 
operations as well as any other repetitive control 
operation that requires counting. 

Following completion of this micro instruction, the 
RPA register is incremented to the next sequential 
address. 

The assembler mnemonic is LDLCl. 

There are no valid subfunctions. 

Set Loop Counter 2 

Format: Register load 
Function code: 5 

POSITIVE REPRESENTATION OF ANY 
NUMBER/COUNT BETWEEN l AND 15 

4-17 



Bits MBl through MB4 are loaded into loop counter 2 
with bit 1 the least significant bit. This four-bit counter 
is decremented by 1 and tested for zero by the branch 
loop 2 'I O micro instruction. This command is used by 
the program to set up shift or control iterations. 

Following completion of this micro instruction, the RPA 
register is incremented to the next sequential address. 

The assembler mnemonic is LDLC2. 

There are no valid subfunctions. 

Unconditional Branch 

Format: Branch 
Function code: 6 

BRANCH ADDRESS 
000 - 3FFrn 

1 . 

Branch to the read-only memory address specified by 
MBl through MBlO and execute the micro instruction at 
that address. Load the RPA register with bits MBl 
through MBlO. 

The assembler mnemonic is BRANCH. 

There are no valid subfunctions. 

Branch to Subroutine 

Format: Branch, unconditional 
Function code: 7 

16 15 14 13 12 11 10 

BRANCH ADDRESS 
000 - 3FF16 

1 

Branch to the read-only memory address specified by 
MBl through MBlO and execute the micro instruction at 
that address. Save return. 

Transfer the current contents of the RPA register+ 1 
to the link/return register (save return). Then load the 
RPA register with bits MBOl through MBlO. 
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The assembler mnemonic is JUMP. 

There are no valid subfunctions. 

SamplelTest Bit 

Format: Register load 
Function code: 8 

16 15 14 13 12 7 6 1 

·I ---------
SELECTS ONE OF 37 FEEDBACK 
BITS FOR SAMPLING 
(SEE TABLE 4-1) 

Input the state of the feedback bit as selected by MBl 
through MB6 to the bit flag flip-flop. The feedback bits 
reflect internal MTC hardware status, MTD interface 
lin~s, CPU control/command signals, and software 
status. Sampling of an individual feedback bit sets or 
does not set the bit flag flip-flop. This bit flag's state 
may then be tested by the branch, flag on/off micro 
instructions. Following completion of a sample 
bit micro instruction, the next sequential instruction 
is executed. 

The assembler mnemonic is TEST B. 

There are no valid subfunctions. 

Branch, Flag Off 

Format: Branch, conditional 
Function code: 9 

16 15 14 13 12 11 10 

BRANCH ADDRESS 
000 - 3FF16 

ONE OF FOUR FLAG SELECTS: 
00 = FEEDBACK BIT FLAG 
01 = PROGRAM FLAG 1 
10 =PROGRAM FLAG 2 
11 =PROGRAM FLAG 3 

1 
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Branch to the read-only memory address specified by 
MBl through MlHO if the selected flag is not set. If the 
selected flag is set, execute the next sequential micro 
instruction. 

Flags 1, 2, and 3 are set by PAREN6. 

'!be assembler mnemonic is BRNB. 

There are no valid subfunctions. 

Branch, Flag On 

Format: Branch, conditional 
Function code: A 

16 15 14 13 12 11 10 

BRANCH ADDRESS 

000 - 3FFt6 

ONE OF FOUR FLAG SELECTS: 
00 = FEEDBACK BIT FLAG 
01 = PROGRAM FLAG 1 
10 = PROGRAM FLAG 2 
11 = PROGRAM FLAG 3 · 

1 

Branch to the read-only memory address specified by 
MBl through MBlO if the selected flag is set, If the 
selected flag is zero, execute the next sequential micro 
instruction. 

. The assembler mnemonic is BRB. 

There are no valid subfunctions. 

Branch Loop ltO 

Format: Branch, conditional 
Function code: C 

16 15 14 13 12 11 10 

BRANCH ADDRESS 

000 - 3FFt6 

1 

Decrement the loop 1 counter by 1. If the counter is 
not equal to zero, branch to the read-only memory 
address specified by MBl through MBlO. If the counter 
is equal to zero, execute the next sequential micro 
instruction. 
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The assembler mnemonic is LOOP!. 

There are no valid subfunctions. 

Branch Loop 2t0 

Format: Branch, conditional 
Function code: D 

16 15 14· 13 12 11 10 

BRANCH ADDRESS 

000 - 3FFt6 

1 

Decrement the loop 2 counter by 1. If the counter is 
not equal to zero, branch to the read-only memory 
address specified by MBl through MBlO. If the counter 
equals zero, execute the next sequential micro 
instruction. 

The assembler mnemonic is LOOP2. 

There are no valid sub functions. 

Unused Micro Function Codes 

The primary function codes E and Frn are not used. 
The following secondary subfunction codes are not used: 

• PAREN12, PAREN13, PAREN14 (C, D, E
16

) 

• EAO, EA4 

e EBO 

Feedback Bits 

Feedback bits are essentially feedback from the MTC 
and MTD logic. They reflect the current state of con­
trol lines and latches as well as the bit level of read or 
write data and check characters (LRC, CRC, parity) 
within the MTC. Each individual feedback bit may be 
select.ed for test (sample bit) and test.ed (branch bit, 
flag on/off) as to its current state by the control pro­
gram. Table 4-2 lists these bits in numerical order, 
followed by a functional description of the feedback 
functions. 
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The micro control program uses the feedback bits to 
guide it in its selection of the proper logic elements 
during an I/ 0 operation. An example of this would be 
in the initial I/0 command setup for an MTD read 
operation. Backplane line SDll, when true, equates to 
A-register bit 10 in the I/O command. If this bit is set, 
the MTC is requested to read tape data and test for even 
parity on each data byte. The I/O command register 
latches on SDU and makes it available to the micro 
program for testing as FB7. As each byte of data is 
processed by the MTC program, it samples the state of 
FB24, the read data parity flip-flop. If this feedback bit 
were false at the end of a byte transfer, it would indicate 
an odd parity for the last byte. The micro program, 
after sensing this case, would test FB7 and confirm that 
all data should have had even parity. Since this indicates 
an error condition, the micro program must flag this to 
the software program. Referencing PAREN code 5, the 
reader will note that the micro control program can set 
the data error flag in status register 1. At the end of 
the MTD read operation, the software will indeed find 
that status bit set for the example given here. 

FB Bit Feedback Function Description 

I/O Command Bits from the CPU: 

FBl Skip first byte. Reflects state of CPU 
A-register bit 04 in the MTC I/O command. 
Wh'en set during an MTC read operation, causes 
zeros to be placed in most significant byte and 
first character from tape in least significant 
byte of 16-bit word sent to CPU. For MTC 
write operations, the most significant byte of 
the CPU data is skipped and the least significant 
byte is recorded as the first tape character. 

FB2 

FB3 

Skip last byte. Skips writing the last data byte 
(least significant) of last word on tape. Equates 
to A-register bit 05. Ignored for MTC read 
operations. 

Tape speed. Identifies speed of transport 
being used. Not currently implemented 

FB4 Null character insert. Not used 

FB5, 
FB6 
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Density identifer. Reflects A-register bits 08 
and 09 in CPU's I/O command to MTC. Identi­
fies read or write density of selected unit as 
follows: 

FB5 FB6 

O O 1600 bpi, nine-track (not currently 
supported) 

O 1 800 bpi, nine-track or seven-track 

FB Bit Feedback Function Description 

FB5 FB6 

1 
1 

0 
1 

556 bpi, seven-track 
200 bpi, seven-track 

FB7 Parity assignment. Reflects A-register bit 10, 
Identifies parity to be assigned/ checked on the 
current data operation. Set for even parity, 
false for odd parity (nine-track). 

FB8 Track identifier. Reflects A-register bit 11. 
Identifies number of tracks on selected MTD. 
True for seven-track, false for nine-track unit. 

MTD Interface Feedback: 

FB16 

FB17 

FB18 

FB19 

FB20 

FB21 

FB22 

FB23 

FB32 
through 
FB34 

RDS, read data strobe. When false, indicates 
to MTC that its read data register has 
received a character of data from the MTD's 
read circuitry. Also known as read clock. 

Write current on. When false, the write 
current is active in the selected MTD. 

Write enable ring. When false, write opera­
tions are enabled in the selected MTD. 

Ready. When false, selected MTD is loaded 
with tape, powered up, and ready to accept 
an I/O command. 

BOT. When false, selected MTD is positioned 
at beginning of tape or load point (reflective 
slrip under photo cell). 

EOT. When false, the selected MTD has run 
out to end of tape. This feedback bit is also 
used to set software status bit A15. 

On-line. The selected MTD transport is 
busy in a motion forward/backward but not 
rewinding condition. When this line is false, 
it equates to th~ busy status bit, AOl. 

Rewinding. False when the selected MTD is 
rewinding. Equates to A-register bit 02 when 
MTC status is requested. 

Transport density status. Three identifying 
lines from the selected MTD. 

MTC Data Handling: 

FBll 

FB24 

Read data bit. Serial bit output of 8-bit byte 
in the MTC's read data register. 

Read parity. When true, indicates the reset 
state of the MTC's read parity flip-flop. 
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FB Bit 

FB30 

FB27 

FB31 

FB25 

FB29 

FB26 

Feedback Function Description 

CRC check bit. state of bit currently being 
applied to MTC's CRC accumulator. 

CRC test bit. Serial output of CRC accumu­
lator. 

Write data bit. Serial bit (data/parity/CRC) 
output from the MTC's write data multiplexer 
to the MTD. 

LRC bit. Serial bit output from the MTC's 
read LRC register. 

Track in error. Serial bit output from the 
MTC 's track-in-error register. 

Checksum. When set, indicates a mismatch 
in the exclusive OR compare of the read CRC 
accumulator and write CRC generator serial 
bit outputs. 

MTC Control: 

FB12 

FB13 

FB37 

FB14 

FB15 

FB28 

FB36 

FB09 

Tape mark. Set by the MTC control program 
upon detecting that the last character read 
from the MTD was a tape mark. Also sets 
A-register bit 14 during a software status 
request. 

Write clock phase 2. The output from the 
write clock counter in the MTC. Indicates to 
the MTC control program that a data charac­
ter may be output to the selected MTD when 
FB13 is true. 

Write clock memory. When true, indicates 
the set condition of a flip-flop that captures 
every write clock phase 2. 

Short timer complete. Indicates to the MTC 
control program that the count/time that was 
preset in the short timer by a PAREN4 sub­
function has decremented to zero, 

Long timer complete. Long timer count, set 
by PAREN3, has decremented to zero. 

Write current enable. Indicates to the MTC 
that a write operation is currently enabled on 
the selected MTD. 

Micro flag, Similar to flags 1 through 3, 
Internal bit flag that may be set or cleared and 
tested, Also known as flag 4. 

Terminate B. Set by the CPU's auto data 
transfer terminate control line. Indicates to 
the MTC that the current data transfer opera­
tion is complete. May be reset by executing 
subfunction code EA2. 

96728600 A 

FB Bit Feedback Function Description 

FBlO PODINT. Program or data interrupt generated 
by the MTC to the CPU. PODINT/FBlO stays 
true until the interrupt is answered by the CPU. 

FB35 · Half word read. Sets bit A07 in the status 
word when MTC detects an odd number of 
bytes sent to the CPU. 

MICRO INSTRUCTION DECODE 

The output of the MTC program read-only memory is 
divided into two paths. The primary field, or micro 
function code, occupies bits 13 through 16 of the !G-bit 
micro instruction. The secondary field, consisting of 
bits MBl through MB12, is applied to the mode and data 
control decoders. 

Primary Micro Function Decode 

Of the 13 possible micro functions, this decoder only 
translates for 12 functions. Function code 9, branch, 
flag off, is decoded within the branch decision multi­
plexer. Function codes B, E, and F are not used and 
execution of these OP codes results in an NOP within the 
MTC. 

Mode Decode 

This decoder generates a PAREN signal, based on bits 
MB9 through MB12 of each micro instruction executed. 
The output signals PARENl through PARENll enable the 
micro controls used by the read and write data logic when 
processing data. The PAREN15 output enables the selec­
tion of the data. control subfunction outputs EA and EB. 

EB Subfunction Decode 

Micro instruction bits MB5 through MB7 are decoded 
by this logic and generate one of seven EB subfunction 
codes. The decode is only enabled when the mode decode 
logic detects a PAREN15 and the inputs to the EB decode 
are nonzero. Only one EB output may be active during 
a micro instruction and has to have been selected by 
that micro instruction. The selected EB subfunctions 
are used primarily to clear the MTC registers. 
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EA Subfunction Decode 

Micro instruction bits MBl through MB4 are decoded to 
select one of 15 possible EA subftmctions. Enabled and 
selected exactly the same as the EB subfunctions, the 
EA codes are used primarily for setting data control 
flip-flops and latches in the MTC. 

EC Buffer Register 

This register contains eight addressable latches that are 
individually set or reset by bits MBl through MB.8 during 
a PAREN9 code. The EC outputs, when low, control the 
shift controls of the read and write data handling regis­
ters and are activated by the data logic enable micro 
instruction. 

PROGRAM CONTROL LOGIC 

Several logic elements are covered under this category. 
Those elements that fall under the control category 
directly affect the program flow and sequencing. Fur­
ther on in this section, the program auxiliary logic is 
covered. That logic is considered as auxiliary in that it 
does not affect the data flow and only affects the program 
flow when the program logic desires it. The control 
category consists of the following (see figure 4-5): 

• status register 2 

• 
• 
• 

Feedback bit multiplexer 

Bit flag flip-flop 

Flag multiplexer 

• Branch decision multiplexer 

Status Register 2 

There are four bits of interest in this eight-bit status 
register: micro program flags Fl; F2, F3, and micro 
flag 4 (FB36). Set or cleared by the control program, 
they denote the type of data operation (read or write) 
currently active in the MTC. They are also used to cap­
ture the occurrence of pulse-type signals from the MTD 
interface (read data strobe - RDS) as well as any other 
conditions that must be remembered for use later by the. 
micro-control program. 
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Feedback Multiplexer 

Receiving inputs from the MTD interface (status), CPU 
interface (control signals), and the internal logic of the 
MTC itself (data, parity, and data correction registers), 
the feedback multiplexer provides feedback from the 
logic. One of 38 possible inputs is selected through the 
feedback multiplexer, based on the bit configuration of 
bits MBl-6. This allows for testing the logic state of any 
feedback by the micro program (see table 4-2). 

Bit Flag Flip-Flop 

Clocked by the test/sample bit micro instruction, this 
flip-flop latches to the logic state of the currently 
selected feedback bit. It provi_des, by its output, a bit 
(B) flag to the program flag multiplexer. 

Flag Multiplexer 

One of the four program flags, Fl through F4, or the 
last feedback bit sampled in the bit flag flip-flop is 
selected by bits MBll and MB12 of the branch, flag on/off 
micro instruction. The output of the flag multiplexer 
is also enabled to the branch decision logic by the same 
micro instruction. 

Branch Decision Multiplexer 

This logic element generates one of two logic signals 
for each micro instruction executed. The increment 
signal (NM300) to the read-only memory program 
address register (RPA) is created when any of the 
following input conditions to this multiplexer exist: 

1, A non-branch micro function is fetched from the 
read-only memory (DLE, CONT, TESTB, etc.) 

2, The logic state of a feedback bit or program flag 
was not the state or condition being tested for. 
This results in a no-branch condition. 

3. The loop counter specified by the current test loop 
and branch micro instruction contains zero. 

The increment signal to the RPA causes the next sequen­
tial micro instruction to be fetched and executed. 
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The branch decision multiplexer samples the primary 
micro function code via MB13 through MB16. When bit 
MB16 is true, a conditional branch function is implied. 
Based on MB13 through MB15, one of four possible 
conditions that can be tested by a branch function is 
selected through the multipltxer. The multiplexer 
output signal, load branch address (NM200), is sent to 
the RPA if any one of the following conditions is met: 

• The micro instruction fetched from the read-only 
memory is an unconditional branch. 

• 

• 

• 

The selected loop counter is nonzero and it is 
being tested by a branch, loop counter = nonzero 
micro instruction. 

A branch on flag micro instruction specifies 
a micro program flag that meets the tested-for 
condition (flag on/off). 

The bit flag's state meets the condition being 
tested for. 

• The current micro instruction is a subroutine 

• 
return or branch subroutine. 

A CPU I/O command has just been latched up in 
the MTC (transform operation). 

The address field of the current branch micro instruc­
tion, MBl through MBlO, is applied through the address 
multiplexer and appear.a on the input to the RPA register 
as the next address bits (NABl-NABlO). Loaded into 
the RPA by the load address (NM200) signal from the 
branch decision multiplexer, the micro instruction at 
that address is fetched next and executed. 

~ink Register 

The link register saves the address of the next sequen­
tial micro instruction following a branch subroutine 
instruction. In effect, this saves the main program 
address that is returned to following execution of a 
micro subroutine. As illustrated in figure 4-5, if the 
current micro instruction is a branch subroutine type, 
the loading of the. RPA register's MABl through MABlO 
bits into the link register is enabled. These bits repre­
sent the next address in the main program following the 
branch subroutine instruction. Through this action, the 
return address has been saved. 

Bits MBl through MBlO, which are the read-only mem­
ory address of the subroutine being branched to, are 
loaded through the address multiplexer and into the RPA 
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register. A read-only memory (ROM) fetch cycle is 
initiated and the first micro instruction of the subroutine 

is executed. 

At completion of the subroutine operation, the final 
micro instruction exits from the subroutine back to the 
main program. This exit instruction is known as a sub­
routine return; it enables the contents of the link regis­
ter to be loaded into the RPA register. At the next ROM 
fetch cycle, the micro instruction executed is the one 
following the branch subroutine instruction in the main 
program. 

PROGRAM AUXILIARY LOGIC 

The auxiliary logtc elements are the loop counters, the 
track-in-error register, and the MTD speed timers. 
These digital timers are known as the long (slow) timer 
and short (fast) timer in the MTC. 

Long Timer 

The long timer is preset to a count representing a time 
range of from 500 microseconds to 64 milliseconds. 
This count is loaded into the long timer by a PAREN3 
code and direct data bits MB2 through MB8. Upon 
being loaded, the counter is incremented at a 250-
microsecond rate by the MTC master clock, until an 
overflow condition is reached. When this occurs, its 
output (feedback bit 15) goes true, indicating long timer 
complete. This bit, FB15, may then be sampled by the 
program, indicating that the preset time period has 
elapsed. The MTC micro program uses the long timer 
to time the tape drive's BOT/load point delay on read 
and write operations, as well as other MTD delays. 

Short Timer 

The short timer is preset by MBl through MB8 and a 
PAREN4 code. Its count represents a time period of 
2. 5 microseconds to 640 microseconds with an incre­
ment rate of 2. 5 microseconds (400 kHz). Its overflow 
condition (short timer complete) drives feedback bit 14, 
One of its applications, as used by the micro program, 
is to time the proper occurrence of read clocks (read 
·data strobe) from the MTDs, relative to their assigned 
density. 
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Loop Counters 

Two counters are used in the MTC for tracking the 
micro program through various instruction loops or 
counting data shift operations. Loop counter 1 is an 
eight-bit counter, loaded by the LDLCl micro instruc­
tion from MBl through MB8. It is incremented by 1 
towards positive zero with every execution of a branch, 
loop 11- zero micro instruction. Its true output (ZERO 1) 
disables the branch decision logic, allowing the next 
micro instruction following the branch to be executed. 
Since it can track up to 256 iterations of a micro opera­
tion, i~ is used thro1:1ghout the control program. 

Similar to loop counter 1, loop counter 2 can only be set 
to a maximum count of 16 by its LDLC2 micro instruc­
tion. It is used primarily for counting the shift opera­
tions when packing and unpacking the data bytes in the 
MTC. 

Track In Error Registers 

The TIE register is a working register used by the 
__ micro program for error correction on nine-track read 

operations. Read data is not routed through this regis­
ter nor is it activated except upon data error detection 
by the control program. Under micro control, any one 
of its 10 bits may be set to a one. This is done to mark 
the tape track in error. Its output is then used to invert 
(correct) the current data bit being processed by the 
error correction micro routine. 

MTD INTERFACE REGISTERS 

Upon receiving an I/0 command from the CPU, the 
transforming of the I/ 0 function code, consisting of A 
register bits O through 3, directs the MTC control to a 
dedicated micro routine for that I/O function. Each 
micro routine shares a common MTD select subroutine, 
where the specified tape unit is selected. Following 
MTD selection, the appropriate MTD command is output 
to the selected MTD. 

Unit Select Register 

Bits 9 and 10 of the MTC's I/O command reflect the 
MTD unit number to be selected. These two bits equate 
to the CPU's A register bits 12 and 13 that were 
output during the I/O command. When applied to the 
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MTC's unit select register, they enable selecting one of 
the four possible tape units connected to the MTC. Upon 
application of subfunction EA3, one of the MTD select 
lines (0 through 3) then goes true. The clearing of all 
select lines is also a function of micro control in that 
subfunction EBl clears this register. 

MTD Command Control Register 

The application of any command to the selected tape unit 
is performed by the micro routine associated with that 
operation. For both a read or a write function, the 
forward (FWD) line to the MTD interface is asserted. 
Micro code PAREN2 and instruction bits MBl through 
4 = 8 would perform this function by setting the QO 

latch in this register. If the current function was a 
write, PAREN2 would again address this register, this 
time setting the write current enable and write strobe 
(Q7 and Q6) latches in this register. 

This register drives eight lines to the MTD interface. 
Their names and associated operations are as follows: 

• 

• 
• 
• 
• 

Forward - Read, write, erase, and write tape 
mark 

Reverse - Backspace and controlled backspace 

Rewind - Return to load point (BOT) 

Offline - Rewind and go offline . 

Recovery Read - Programmable threshold 

• Write Reset - Write LRC 

• Write strobe - Write data clock 

• Write Current Enable - Write/ set write 

This register is cleared to zero by micro subfunction 
EB2, 

MTC TIMING 

The timing circuitry of the MTC covers two logic areas: 
internal timing for instruction execution and data 
shifting. These timed operations are controlled by the 
MTC clock. 

The other area of timing is MTD interface timing. The 
actual_ recording of data on tape is governed by the 
write clock. Based on the bit-packing density of the 
particular unit in use (NRZI; 800 bpi, 9-track; 800, 
556, and 200 bpi, 7-track) the frequency of the write 
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clock must be programmable. This variable timing is 
controlled and generated in the write clock logic. 

MTC Clock 

The clock consists of an 8-MHz crystal oscillator that 
drives a phase splitter flip-flop. The outputs of the 
splitter circuit are one active high and one active low 
4 MHz clock signal (MC-1). 

The active high clock signal steps the RPA register 
(counter) through the instruction addresses. This sets 
the timing of each micro instruction cycle (fetch/ execute) 
at the master clock rate of 250 nanoseconds. The active 
low clock signal clocks the data handling shift registers. 
As the contents of the RPA register are changed by the 
high clock signal, the micro instruction at that address 
is fetched. 

Within the same instruction cycle, · the data shift regis­
ters that were enabled from the previous instruction are 
shifted one bit position by the low clock signal. Each 
data byte can be processed through the MTC in approxi­
mately 2. 5 microseconds. 

Write Clock Logic 

The write clock control register may be preset to any 
value representing 4 to 500 kHz. This write frequency 
is inserted through a PARENl code and direct data bits 
MBl through MB8. 

The write clock counter, which has been preset from its 
control register, now increments at the master clock 
rate. When overflow occurs, the counter outputs to a 
divide-by-4 "counter, where the actual write strobe 
(phase 2) is generated on every fourth NMlOO input to the 
divide-by-4 counter. 

This counter also sets the write clock pulse memory 
flip-flop, which allows the logic to remember that a 
write clock/phase 2 has occurred through feedback'bit 
FB37. . 
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TABLE 4-3. LIST OF MNEMONICS 

Mnemonics/ 
A bbrevlatlons 

ADT 

B 

DDx 

DINT 

DLE 

EAx 

EBx 

ECx 

Fl, F2, F3 

FBx 

INV 

LCl, LC2 

MA Bx 

MBx 

MC-1 

MR-T 

l\'ITC 

MTD 

NABx 

NMx 

oc 
PARENx 

RA Bx 

RAWS 

RDx 

RDS 

RPINT 

SEL 

SDx 

TIE 

TRx 

TRD 

TS 

TWRLS 

WCCR9 

WDx 

ZERO 1,2 

Description 

Auto data transfer 

.Feedback bit flag flip-flop 

Direct data 

Micro (ADT) Interrupt 

Data logic enable function 

Micro subfunction code, Enable A logic 

Micro subfunction code, Enabie B logic 

Enable shift control logic 

Program flags 1, 21 3 

Feedback bits 

Invert read data bit currently being 
processed 

Loop counter 11 2 

Read-only memory address bits 

Read-only memory bits 

MTC clock phase 1 

Master reset from CPU (system clear) 

Magnetic tape controller 

Magnetic tape drive 

Next read-only memory address bits 

Logic micro step or micro time signal 

Open collector output 

Mode control or micro control .function 

Link register bits (subroutine return 
address) 

Read after write status flag 

I/O data received from micro-processor CPU 

Read data strobe (read character clock) 

Macro program interrupt to CPU 

MTC selected for an I/O operation 

Tape data or status sent to CPU 

Track In error 

Processed tape read data 

Data read from tape and not yet 
processed 

Three-state output 

Tape write data load strobe 

Output of write CRC generator 

Write data to tape unit 

Loop counter 1, 2 equals zero 
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DIAGRAM DESCRIPTIONS 5 

The following section provides facing page logic theory 
of operation for the magnetic tape controller (MTC). 
The logic diagrams for the MTC are part of the field 
print package. 

Since section 4 covers the micro codes used to enable 
the magnetic tape controller logic, this section only 
details the logic operation of the MTC. Table 5-1 
contains the logic functions of the integrated circuits 
used in the magnetic tape controller. 

TABLE 5-1. MTC INTEGRATED CIRCUITS 

Generic Function . 
Number Reference Abbreviation IA?scription 

755 8274 PSREG 10-to-1-line parallel-t.o-
serial register 

756 8273 SPREG 1-to-10-line serial to 
parallel register 

758 748257 .MUX 8-to-4-line inultiplexer 

766 8205 ROM Read-o~ly memory 

943 74173 REG 4-bit D flip-flop register 

950 7400 NAND 2-input NAND gate 

951 7420 NAND 4-input NAND gate 

953 7404 INV Inverter 

954 9024 FF J-K .flip-flop 

959 - NAND 3-input NAND gate 

962 7402 NOR 2-input NOR gate 

963 7437 NAND. 2-input NAND gate 

964 - OR 2-input OR gate 

967 74154 DCDR 4-t.o-l-of-16-line decoder 

971 74195 SREG 4-bit shift register 

972 9301 DCDR 4-t.o-l-of-10-line decoder 

973 9312 MUX 8-t.o-1-line multipiexer 

974 9316 co Counter 

980 9322 MUX 8-t.o-4-line multiple.'Cer 

987 9334 ADI.A 4-to-8-line decoder/ 
demultiplexer 

988 8202 REG 10-bit D flip-flop register 

993 7408 AND 2-input AND gate . 

994 7403 NAND 2-input NAND gate 
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MTC TIMING-SHEET 2 

MTC CLOCK 

The clock oscillator consists of inverters L2 and an 
8-MHz crystal, Yl. Clock flip-flop M4 toggles at the 
basic clock rate of 8 MHz. Its Q output is ANDed with 
the basic clock output through drivers Ll. The two 
signals coincide on every other clock cycle, which gen­
erates a master clock (MC-1) cycle of 4 MHz/250 
nanoseconds. 

FREQUENCY DIVIDERS 

Three counters, Bl, C2, and Cl, are constantly being 
preset to a count of 6. The counter is considered full 
at count 15, but an output does not occur at TC pin 15 
(carry out) until the 16th increment. This TC output 
goes high at 10 increments of the counter, following the 
initial preset. Since the Bl counter is incremented by 
the master clock cycle, this counter effectively multi­
plies the clock cycle of 250 nanoseconds by 10. The TC 
output of counter Bl is true every 2. 5 microseconds. fu 
turn, it enables counter C2 to increment, and upon 
reaching count 16, outputs a high at its TC output every 
25 microseconds. Counter Cl outputs a high pulse 
every 250 microseconds, which is used by the long 
timer. 

SHORT/LONG TIMERS 

The short timer El and Dl and long timer E2 and D2 are 
loaded from the false side of the MB bits. In effect, the 
negative representation of the preset value is loaded by 
their respective PAREN code, and the timers are incre­
mented to positive zero rather than being decremented. 
Since both timers are identical except for their increment 
rate, only the short timer is discussed here. 

The lower rank of the short timer, El, is clocked at its 
pin 2 by the basic clock rate of 4 MHz. However, the 
counter is not allowed to actually increment until its 
count enable pin 10 is high. This enable is asserted 
initially by NAND gate F3 pin 2 from the 2. 5-micro-

~ second counter Bl. Short timer El is then incremented 
every 2. 5 microseconds until it overflows at pin 15. 
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This output is applied as an increment enable to the upper 
rank of short timer Dl. Upon its overflow, short timer 
complete feedback bit FB14 goes true and, via inverter 
C4, disables the incrementing of the counters. 

The long timer receives its increment enable every 250 
microseconds from counter Cl, 

WRITE CLOCK CONTROL 

instruction bits MBl through MB3, Multiplexer M6 
decodes for FBlx, multiplexer MlO for FB2x, multi­
plexer L6 for FB3x, and multiplexer M9 decodes for a 
select code of 40-45s (20-2516). Since the active state 

. of feedback bits FB16 through FB23 is low, the output 
for multiplexer MlO is taken from the false side to indi­
cate a logical one when any of these FB inputs is selected 
and active. 

One output is s'elected from the five multiplexers through 
multiplexer M7 and applied to the bit flag flip-flop, Kl. 
If the selected feedback bit is true and the current micro 

-----The-eight-bit-write-clock-control-register-E3-and-D3-is-----instruction_is_a_sample/test_bit,_then_the_Q_o_utpµt of the 
loaded from the false side of the MB bits by PARENl. bit flag flip-flop (pin 10) is clocked to a high. When the 
The EQA/EQB output control gate constantly enables feedback bit is false, pin 10 of the bit flag flip-flop is 
the three-state Q outputs of this register to the write low, following the sample/test bit instruction. 
clock counter E4 and D4, by being grounded. 

WRITE CLOCK COUNTER 

The clock counter increments at the master clock rate 
until a count of FF 16 is reached. The next clock cycle 
increment to the counters results in overflow and the 
generation of the low active write clock pulse, NMlOO, 
Through inverter C4 the counters are agii.in preset to the 
control register's contents by NMlOO low at pins 9 of 
D4 and E4. 

Clock pulse NMlOO is used to generate the actual MTD 
write strobe (phase 2) on sheet 5, 

FEEDBACK AND ROM ADDRESS 
LOGIC-SHEET 3 . 

FEEDBACK MULTIPLEXER 

One of five 8-to-l multiplexers is selected by the 
feedback group select decoder, MS. The false side of 
the upper three bits of the feedback bit select code 
(MB4 through MB6) in the sample/test bit micro instruc­
tion are decoded. This results in an octal-numbered 
group selection (FBGx) that is the complement of the 
binary number applied to the AO through A3 inputs of 
MS, The group select signal enables its associated 
multiplexer to decode from the false side of the lower 
three MBl through MB3 instruction bits. Using multi­
plexer B6 (FBOx) as an example, note that FB7 is sel­
ected on this multiplexer as the DO input, where FBO . 
(a constant 1) is selected as the D7 input. Again, the 
selection of the SO through S2 inputs to the multiplexer 
is the complement of the octal number represented by 

5-2 

ROM ADDRESSING MULTIPLEXER 

The 10-bit address supplied to the read-only memory 
program address (RPA) originates from address multi­
plexers E7, · F7, and C7. These lines, designated as 
NABl through NABlO, are loaded into the RPA register 
as the next address fetched from the read-:only memory 
during a branch or subroutine return micro instruction. 
The inputs to these multiplexers are tlE contents of the 
link (save return) register bits (RABl through RABlO) 
and the lower ten bits (MBl through MBlO) of the current 
micro instruction. 

If the current MTC operation is not an I/0 transform, 
then logic signal START being false enables the address 
multiplexers. Any micro instruction other than a sub­
routine return selects instruction bits MBl through MBlO 
through the multiplexer onto the NAB lines. However, 
the NAB lines are not loaded into the RPA register unless 
the current micro instruction is a successful branch opera­
tion. A subroutine return instruction selects the link, 
register RAB inputs through the multiplexer, onto the 
NAB lines, and into the RPA register. 

1/0 TRANSFORM REGISTER 

The MTC 's I/O interface logic (sheet 7), once it has 
been initially selected by the CPU, generates an I/O 
START signal. When true, the address multiplexers 
E7, F7, and C7 are disabled, causing read-only memory 
address bits NAB5 through NABlO to go low. This 
results in the selection of read-only memory address 
OOx, with the x value being supplied by transform 
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register A 7. Receiving its inputs from the I/O function 
code portion (SDOl through SD04) of the command register, 
these bits are always stored. The low START signal 
applied to the EQA/EQB output enable of this three-
state output register causes the 4-bit I/O function code 
to be output as the x value read-only memory address 
on the NAB! through NAB4 lines. The address loaded 
into the RPA register by the transform register is in 
the range of 000 to lOF • 

16 

ROM AND ROM ADDRESSING-SHEET 4 

READ-ONLY MEMORY 

The ICs BC5 and A5 comprise the first 512 address/ 
sixteen-bit words of read-only memory. This is the 
result of the decoding of memory address bit 10 being 
a zero at inverter B2. When MABlO is set, then BC4 
and A4 supply the upper 512 addresses. Each ROM IC 
that is enabled outputs eight bits of the micro instruc­
tion approximately 40 nanoseconds after application 
of the MAB bits to the AO through AS lines. The ROM 
strobe, pin 18, is tied high, bypassing the internal 
latching function of this chip. 

ROM PROGRAM ADDRESS REGISTER 

The read-only memory program address 'register, A6, 
E6, and E5, is a combined register and counter. Incre­
mented by 1 by the master clock cycle when NM300 count 
enable is high, this register supplies the address, MAB! 
through MABlO, of the next micro instruction to be exe­
cuted. Upon reaching the end address of 3FF16, the 
next increment bumps it to a count of 40016• Since only 
the lower 10 bits are decoded as an address, this, in 
effect, achieves wrap-around back to address 00016• 
Logic signal NM200 when low implies a branch operation. 
This loads address multiplexer lines NAB! through 
NABlO into the RPA register. 

LINK REGISTER 

The link register is used to save the read-only memory 
address of the instruction immediately following a branch 
subroutine micro instruction. This allows the micro 
program to eventually find its way back to the next in­
struction it would have executed, after the branch sub­
routine instruction in the main program. The link 
register~ C6, D6, and D7, is loaded directly from the 
RPA register output (MAB! through MABlO) by the branch 
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subsignal being low. The link is loaded with the address 
of the branch subinstruction and not the address following. 
Therefore, logic micro control NM400 is applied to 
count enable pins 7 and 10 of the link register for one 
clock cycle only. During that clock cycle, the contents 
of the link are incremented by 1, so the link now points 
to the correct return address. 

BRANCH DECISION LOGIC-SHEET 5 

LOOP COUNTERS 1, 2 

Loop counter 1, consisting of four-bit counters FZ and Al, 
is loaded with the complement of instruction bits MBl 
through MB8 by micro instruction SETLCl~ Each 
BRANCH ON LCl instruction causes the counter to 
increment by 1 towards positive zero. Upon overflowing, 
Al pin 15 goes high, indicating that loop counter 1 
contains zero. 

The loop 2 counter is identical except that it is a four­
bit counter. When pin 15 of Fl is a high level this in­
dicates that the counter is in an all zero condition. 

ROM ADDRESS CONTROL 

Micro control NM300, when high, enables the RPA 
register to increment on each clock cycle. Any of the 
micro functions shown as the active low inputs to NAND 
gate H2-8 causes a no branch condition via the asser­
tion of NM300 to a high. Of special interest is H2 pin 
13, which is driven by the branch decision multiplexer 
Gl pin 14. It is low when no branch operation is 
active or the branch condition is not met. 

Micro control NM200, when active low, initiates the 
branch operation by enabling the loading of the ~AB 
lines (next address) into the ROM program address 
register. It is controlled by NAND gate H2, inputs 1, 
4, and 5, which are driven low by any one of the three 
unconditional branch instructions shown. Pin 1, START 
(transform), forces a branch to the address specified 
by the transform register's (sheet 3) contents. Pin 2 
of H2 is low only when a successful conditional branch 
test micro instruction is executed. 

BRANCH DECISION MULTIPLEXER 

Eight-to-one multiplexer Gl is enabled when micro func­
tion code bit MB16 is set. This condition exists for all 
conditional branches and for the test/sample bit micro 
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instruction as well. The remaining three bits of the 
function code (MB13 through MB15) then select one of 
the four conditions used for branch testing through the 
multiplexer. A branch on loop 1/0 micro instruction 
is a micro cooe C (1100). Since MB16 is a one in this 
example, the Gl multiplexer is enabled. The remaining 
function code bits (xlOO) select D4 pin 5 of the multi-· 
plexer. If the loop counter is zero, no branch occurs. 
Assuming this, logic signal ZERO 1 high sets the output 
latch in the multiplexer. Output pin 14 low asserts 
NM300 and disables branch signal NM200. Had the loop 
counter been nonzero, multiplexer pin 14 would be high. 

----ANDed-at-NAND-gate-G3-3-with-MB16,--the-resultant-Iow 
causes H2 pin 6 to drive NM200 low true. Note that the 
unused inputs on multiplexer Gl are hanging high, caus­
ing output pin 14 to be low (no branch) for function codes 
8, B, E, and F . 

16 

FLAG MULTIPLEXER 

Flag multiplexer ES selects one of the four program flags 
that may be tested by the branch, flag on/off micro in­
structions. Bits l\ffill_ and MB12 of this instruction select 
one of the four high true (flag set) inputs to its output 
pin 14. Exclusive OR gate J6 has_like inputs when the 
flag being tested is in the same condition that the branch 
flag on/off instruction is testing for. This resulting low 
is applied to the Dl and D2 inputs of multiplexer Gl, -
causing a branch operation when either function code 9 
or A

16 
is selected. 

WRITE CLOCK FREQUENCY DIVIDER 

Shift register G7 is clocked by the write clock pulse 
NMlOO. The state of the data bit shifted into this regis­
ter at NMlOO time is a function of NAND gate G9. Nor­
mally, all four bits of this register would have to fill to 
ones before G9 pin 6 output goes low, causing a zero to 
be shifted in. However, the Q3 output of this register 
goes low first precluding this register from ever nor­
mally going to an all-ones state. The prime function of 
this register is to generate a write clock phase 2 to the 
MTD on the occurrence of every fourth NMlOO. Assume 
at some point that output Q3 pin 12 went low. This caused 
the register to preset to 0111 as shown in table 5-2. As 
the bits are shifted through this register, the Ql output 
going low generates the write clock phase 2, When the 
zero bit that caused the Ql output to go low is shifted to 
the Q3 position, this register is again preset to 0111. 
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TABLE 5-2. WRITE CLOCK SHIFT REGISTER 

Action Resultant Output Write Clock 
Step Condition at G7 QO QI Q2 Q3 Alase 2 

Initial Q3 = 0 Enable x x x 0 Don't care 
Preset 

1 NMIOO low Preset 0 1 1 1 High 
via G7-9 

2 NMIOO low Shift in a 1 1 0 1 1 Low active 
(G7-2) 

3 NMIOO low Shift in a 1 1 1 0 1 High 

4 NMIOO low · Shift in a 1 1 l 1 0 High 

- Q3 = 0 Return to step 1 

WRITE CLOCK PULSE MEMORY FLIP-FLOP 

This J-K flip-flop remembers that a write clock phase 2 
has been generated. QO of shift register G7 is only low 
immediately following its presetting. NOR gate L3 is 
then enabled to set the memory flip-flop when the first 
NMlOO clock signal pulsing low is applied to NOR gate 
L3-8. The output of this flip-flop and its resetting is a 
function of the control program. 

MICRO INSTRUCTION DECODE-SHEET 6 

MICRO FUNCTION DECODE 

Four-to-one decoder Hl decodes the micro function field 
(l\1Bl3 through l\1Bl6) of the instruction word. Function 
code 9 (branch flag off) is not decoded here, but instead 
is decoded where it is used in the branch decision logic 
(sheet 5). Micro function codes B, E, and Fare not used 
and are therefore not decoded. 

PAR EN/ MODE DECODE 

Decoder A3 only decodes the PAREN code when micro 
function bits MB15 and MB16 are both zeros. Micro func­
tion codes 0 through 3 are the only functions that support 
PAREN/mode decoding. One of the 11 active low PAREN 
micro controls is applied to the MTC logic for that 
instruction cycle. PAREN/mode code 15 being de-
coded at the Q15 output of A3 pin 17 enables the 
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decoding of the EA and EB subfunctions by the low 
applied to NOR gate K4 pin 6. 

EA DECODE 

NAND gate L4 enables the decoding of the upper eight EA 
subfunctions when MB4 is set, the PAREN code equals 

15, and the clock cycle is not active. When clock MC-1 
goes low, the next micro instruction is being fetched. 
The resulting high at decoder K5 pin 2 forces a decode of 
a nonexistent EA subfunction that disables the EAS through 
EA15 outputs. 

The decode of the lower EA outputs is allowed to float 
during instruction fetches, as evidenced by the MBl 
through MB4 inputs only at EA decoder H5. 

EC BUFFER REGISTER 

The two three-state buffer registers, M5 and L5, are 
loaded by a PAREN9 code applied to their input terms 
EDA/EDB. A data logic enable micro instruction gates 
their outputs via the EQA/EQB terms to the MTC logic. 
Note that the active state of the EC terms is a low, and 
that the selection of any EC shift control term is per­
formed by the setting of its associated D latch to a zero. 
The register clear term is not used (pin 15) since this 
would set all EC outputs active. 

CPU INTERFACE-SHEET 7 

MTC SELECTION 

The CPU's Q-register contents select the MTC for I/O 
operations. This addressing is achieved through appli­
cation of low true backplane signals SMB9 (Q03), SPT 
(Q07-Q09), and the CPU's I/O data strobe SSTB/READ. 
NAND gate J2 low output sets the MTC selected flip-flop 
J3 pin 10 if the MTC is not busy. This flip-flop, upon 
setting, strobes the CPU's A register data (SD05 through 
SD14) into the MTC's I/O command register B7, via 
NAND gate G3 (GSTB). Logic signal GSTB also enables 
the I/O function transform (sheet 3) and sets the I/O 
command latched flip-flop J3 pin 6. 

The next flip-flop to be set in the I/O control chain is the 
start transform, H3 pin 10. Following that, on the next 
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clock cycle, the busy flip-flop H3 sets, which then resets 
the first two flip-flops in the chain. The MTC remains 
in a busy state until the micro control program returns 
to rest (halts). NAND gate F3 detects this and resets 
the busy flip-flop, H3 pin 3. 

When the MTC was selected and went busy, NAND gate 
J2 low output set the macro program interrupt (RPINT) 
flip-flop, GS pin 9. The macro program, resident in 
the CPU, aclmowledges this interrupt and causes back­
plane signal SSE L/ to go low true to the MTC. NAND 
gate FS, which receives SEL, clocks the RPINT flip-flop 
GS pin 10 reset and clears the interrupt condition. 

Any low into NAND gate F9 creates low true NM650 
whenever MTC data is to be sent to the CPU. Pin 1 is 
low when an SIO sample (input) command is sent to the 
MTC. Pin 2 is low when an ADT input (read data) oper­
ation is active in the MTC. 

Each time a data transfer is required between the CPU 
and the MTC, the DINT flip-flop (ADT micro interrupt), 
GS pin 6, must be set by the micro program. In addition, 
the direction of that data (to/from CPU) must be flagged. 
Data direction flip-flop H4 pin 6 is set by EA 7 for an 
MTD read operation. As this means that ADT data flow 
will be from the MTC to the CPU, backplane signal 
RDIROUT must be driven low. This is done by NAND 
gate GlO each time the MTC is selected for data transfer 
at GlO pin 13. Conversely, for an MTD write operation, 
ADT data originates from the CPU. The direction flip­
flop H4 pin 6 is now reset by EAl, and drives backplane 
signal RDIROUT high. 

The data to be written to the MTD must be strobed into 
the MTC input data register (sheet 11) from the SD back­
plane lines. NAND gate G9 provides this active low load 
strobe (TWRLS) during the time the CPU's I/O data 
available strobe, STB-T, is present. 

ADT data transfers continue until the CPU determines 
that the data operation has completed. When this occurs, 
backplane signal STERM/ is ANDed with the CPU's micro 
interrupt acknowledge (SSEL/) signal, which was sent for 
the final ADT data transfer. NAND gate F9 pin Slow 
output sets the ADT terminate flip-flop, H4 pin 10. Its 
output, FB9 (TERM B), is sensed by the micro control 
program, after which it is reset by the program. 

OUTPUT MULTIPLEXERS-SHEET 8 

The output multiplexers drive the RD backplane lines 
leading to the CPU's A register. Micro control NM650, 
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when low, enables the multiplexers at pins 15 of the 
8-to-4 line multiplexers AlO, B9, ClO, and ElO. This 
indicates that the MTC's CPU interface has received a 
data request from the CPU. The data read from tape 
(TRl through TR15) is selected through the multiplexer 
and onto the backplane lines if the DINT signal is high. 
This indicates that an ADT micro interrupt has been 
sent to the CPU for a data in transfer operation. 

If signal DINT is low, this implies that the data request 
received from the CPU is a sample status command. 
The outputs of status register 1 (DlO) and status regis­
ter 2 (DS) are then selected through the multiplexer. 

STATUS REGISTERS 

status register 1 <DlO) and bits 4 through 7 of DB for 
status register 2 make up the MTC's status word. Bits 
0 through 3 of DB are used as the program flag register. 
Accessed by a PAREN5 or PAREN6 code, instruction 
bits MBl through MB3 select one of eight latches in 
this register. MB4 then sets or clears the selected 
latch, Since the backplane lines driven by the status 
registers are low true, setting of any particular status 
bit requires clearing its associated latch to a zero. 

TAPE READ DATA HANDLING LOGIC­
SHEET 9 

Detailed theory of operation for this sheet is not given 
here, as section 4 of this manual provides sufficient 
theory along with descriptions of the micro instruction 
controls. Figure 4-4 identifies the IC functions and the 
read data flow chart contained in appendix A provides a 
logical flow for the MTC operations contained on this 
page. 

READ DATA IN REGISTER 

This register, LlO, receives the low true tape read 
data <TRD) from the MTD interface. When enabled for 
shift mode through PARENlO and read data control 
register H7 pin 7, the 7- or 9-bit tape character is 
shifted out, starting with tape bit o. Pin 6 of register 
Ll 0 goes low for every data one bit shifted out, and is 
recirculated back via L9 pin 11, L9 pin 3, and pin 11 of 
this register. In this way, each data bit may be exam­
ined as to its state at inverter LB (FBll), without dis­
turbing the tape byte. 
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The data flow originating at LS is applied to exclusive 
OR J6 pin 1, Its pin 2 normally low passes the high­
true data to inverter C4, where it is assembled by 
the least and most significant byte registers (A9 and D9, 
respectively). 

CONTROL LOGIC-SHEET 10 

Several logic areas for the MTC are shown on this page. 
Only the highlights of specific logic blocks are detailed 
here, since much of the logic and its application is iden­
tified in section 4, 

WRITE CONTROL REGISTER 

A PAREN7 code enables the EDA/EDB input term of 
write control register HS, allowing instruction bits 
MBl through MB4 to set or clear micro steps NM250, 
NM350, NM450, and NM550, Micro steps NM250, 
NM350, and NM450 select the data input through the 
write data multiplexer, while NM550 low enables loading 
of the CPU write data into the MTC. When NM550 is 
high, the write data is shifted serially through the write 
data handling logic (sheet 11). 

MTD UNIT SELECT REGISTER 

Logic signals POSl and POS2, obtained from the MTC 
I/O command register, select one of the four possible 
tape units connected to the MTC. When subfunction EA3 
is active low, and EB-1 (EBM-1) is high, any latches 
previously set in this register remain set during the new 
selection operation. 

FEEDBACK INPUTS 

Status lines originating from the MTD interface are 
connected through the Mll-type pull-up resistors into 
the MTC as feedback bits. 

READ DATA STROBE FLIP-FLOP· 

The RDS flip-flop M4 pin 9 is sampled as FB16 and sets 
on the trailing edge of the read clock from the MTD 
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interface. Its resetting is a function of the control 
program only. This flip-flop, when set, indicates that 
a tape character has been loaded into the MTC from the 
MTD interface. 

TRACK IN ERROR REGISTER 

This 10-bit circular shift register, G4, is set when the 
read data control register micro step NM500 is asserted. 
If micro step NM600 is also asserted high, then the cur­
rent tape data bit entering the MTC read data handling logic 
is inverted. Micro steps NM500 and NM600 are controlled 
by the nine-track error recovery micro routine. ni.ta 
set into the TIE register continues to recirculate via NOR 
gate K4 until this register is reset by EB3, 

WRITE DATA HANDLING LOGIC­
SHEET 11 

CRC LOGIC 

The output of write data multiplexer J8 pin 15 is high 
for a data 1 being written to tape, Sampled as FB31, 
it is applied to the CRC logic consisting of the CRC gen­
erator L7 and CRC carry flip-flops K8 through KIO. 

· Pin 9 of the generator output (WCCR9) represents the 
combined state of all data bits written on track O of the 
tape, When the CRC generator is shifted one bit posi­
tion by EC4 low, WCCR9 represents the combined state 
of all data bits written on track 1 of the tape. When the 
CRC generator is again shifted ~ne bit position by EC4 
low, WCCR9 represents the combining of all bits written 
in track 2, Picturing a nine-bit checkword in the CRC 
generator with each bit position equated to a tape track, 
the combining or generation of the CRC checkword is 
shown in table 5-3. Assume subfunctions 
EA5 (inverter L2) and EB6 (NOR F5) are true, 

As seen from table 5-3, the input to the CRC generator 
is binary addition without regard to carries (half add 
operation). When either the data bit or the previous bit 
from that same track is a 1 (examples 2 and 3), the 
input to the CRC generator is a 1. The example of both 
FB31 and WCCR9 being ls would normally result in a O 
input to the CRC generator unless the CRC carry flip-
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TAB.LE 5-3. COMBINATION/GENERATION 
OF CRC CHECKWORDS 

CRC Carry Hcsult to 
WCCR9 Flip-Flop CRC Gen- CRC Carry 

FB31 (CRC (Initial crator Flip-Flop 
Example (Data) Output) State) (L7-10) (Final State) 

1 0 0 0 0 0 

2 1 0 0 1 1 

3 0 1 0 1 1 

4 1 1 0 0 0 

5 0 0 1 1 0 

6 1 0 1 0 1 

7 0 1 1 0 1 

8 1 1 1 1 0 

flop were set, as shown in examples 5 and 8, The CRC 
carry flip-flop is set for only two basic conditions: 
either input being a 1 (examples 2 and 3) and the carry 
flip-flop zero or either input being a 1 and the carry 
flip-flop set (examples 6 and 7). From these known 
conditions, the CRC correction algorithm is derived for 
read recovery on nine-track tape, 

WRITE DATA REGISTERS 

Data is serialized by the 10-bit MSI shift registers, In 
the case of disassembly, input registers BS and A8 do 
not use the lower order bits and the first bit output is from 
DlO on BS (pin 6). To reassemble the tape byte, one extra 
shift is performed on JlO to right-justify tape bit WDO. 
Note that an extra fanout for WDO exists to allow write­
to-read wrap around. 

MTD COMMAND REGISTER-SHEET 12 

Register H9 contains eight latches that are addressed by 
PAREN2 and instruction bits MBl through MB3. MB4, 
when high, sets the addressed latch and its associated 
output command line low true. 
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MAINTENANCE 6 

This section, combined with the MTC field print pack­
age (FPP), provides the procedures and references 
needed to diagnose, maintain, and verify that the MTC 
is in proper working order. 

NOTE 

In all circumstances and proce­
dures specified herein, on-site 
maintenance is limited to the diag­
nosis of a malfunction and then 
to replacing the entire magnetic 
tape controller PC board with one 
that performs satisfactorily. 

In addition to the magnetic tape controller's built-in 
self-test diagnostic program, the following maintenance 
support documentation is also available: 

• The CYBER 18-10/734-2 Micro-Programmable 
Processor Hardware Maintenance Manual con­
tains the necessary troubleshooting procedures 
to be used by the customer engineer. Its 
maintenance approach is to fault-isolate through 
the use of diagnostic decision logic tables 
(DDLTs) and to accomplish repair by exchang­
ing replaceable subassemblies rather than 
replacing faulty component parts. 

• The Operational Diagnostic System (ODS) Refer­
ence Manual. ODS is a software diagnostic pack­
age that uses the LCTTA (diagnostic program) by 
accessing the MTC's self-test micro programs 
to verify that the controller is fully functional 
without the use of the tape transport. The diag­
nostic program LCTTB is used to test the MTC 
on-line with the tape transport. 

PRINTED CIRCUIT BOARD REMOVAL 

A special removal tool (NCR part number 31~-0526469D) 
is used to remove the controller board. The tool is used 
to pry the card loose by placing the post in the tool over 
the hole near the top or bottom of the card and prying 
against the card cage frame. Additional details are con­
tained in the CYBER 18-10/734-2 hardware maintenance 
manual. 
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PREVENTIVE MAINTENANCE 

No preventive maintenance is required for the magnetic 
tape controller. 

MAGNETIC TAPE CONTROLLER 
SELF-TESTS 

The MTC contains a self-test capability through the use 
of an internal set of micro programs. Just as the MTC/ 
MTD's characteristics can be assigned (software­
programmed) using the system's SIO set command, so 
can the MTC's built-in diagnostics be implemented 
using the system's SIO sample command.t 

The controller self tests are initiated from the CPU by 
the four least significant bits of the function word. Test 
subsections are further selected by the controller sampl­
ing the remaining function word bits. At the end of each 
test, the controller becomes not busy and returns an 
indication of a successful test execution. Since the MTC 
is considered a replaceable subassembly, any negative 
test results indicate controller replacement. 

The goal of the controller tests is to verify that the con­
troller is fully functional, from generating program 
interrupts to transferring data to and from the CPU. A 
list of controller tests that is used to accomplish this 
goal is as follows: 

• Interrupt handling 

• Micro instruction execution 

• Function decoding 

• Status reporting 

• Internal timing 

• Data handling 

• Error detection and correction 

In addition to detecting specific test failures, the test 
program monitors continuously for abnormal conditions 
such as unexpected status, unexpected interrupts, and 
failures in controller recognition of valid function words. 

tSee the 1700 Enhanced Processor with Core Memory 
Reference Manual for complete software programming 
formats and instructions. 
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Any magnetic tape drive that is connected to the mag­
netic tape controller should contain only 800 bpi certi­
fied initialized scratch tapes for testing purposes. 
The scratch tapes are used for writing test informa­
tion during MTC/MTD verification tests. A descrip­
tion of specific tests follows, first by test type and 
then by test group type. 

DIAGNOSTIC TESTS 

Controller Access 

Intent: Verify that the controller responds to the CPU. 

Description: A function code of :xxXF issued to the con­
tra Iler produces a program interrupt 

1
.Jlsing only two 

micro instructions. 

Expected Test Results: The controller issues a program 
interrupt. 

Branch Micro Instruction 

Intent: Verify the controller's branch micro instruction. 

Description: A function code of xxxE causes the con­
·troller to attempt a branch instructioh? This branch 
instruction, if executed successfully, bypasses an instruc­
tion that would generate an interrupt. 

Expected Test Results: No interrupts from the controller. 

Status Register All On 

Intent: Verify that all the status bits that can be set by the 
micro program may be set. 

Description: A function code of xxxD
16 

directs the con­
troller to set all its status lines. Bits 15, 5, 3, and 1 are 
not controlled by the micro program and are therefore 
unpredictable. 

Expected Test Results: A program interrupt with status 
bits 00, 02, 04, 06 through 14 all ones. 
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Branch on Feedback Micro Instruction 

Intent: Verify the test feedback and conditional branch 
micro instructions. 

Description: A function code of xxxC 16 causes the con­
troller to test a known internal condition (interrupt) and 
to branch on its absence. Next, the controller sets the 
interrupt and attempts to branch on its presence. 

Expected Test Results: A program interrupt with the 
status ,word's bits 00, 02, 04, 06 through 14 all ones. 

Jump Micro Instruction 

Intent: Verify the jump and return micro instructions. 

Description: A function code of xOlB16 causes the con­
troller to execute a jump and then a return micro instruc­
tion. If either fails, the error condition is indicated by 
bit 11 set to a zero in the status register. 

Expected Test Results: A program interrupt with the 
status word bits 00, 02, 04, 06 through 14 all ones. 

Zero Status 

Intent: Veri{y that the status bits can be cleared. 

Description: A function code of 048B16 causes the con­
troller to 1clear status bits 00, 02, 04, 06 through 14 
(bits 01, 03, and 05 are not under micro program con­
trol). 

Expected Test Results: A program interrupt with status 
bits 00, 02, 04, 06 through 14 all zeros. 

Loop Counters 

Intent: Verify the controller's internal loop counters. 

Description: A function code of x02B16 causes the con­
troller to issue 255 data interrupts, expecting the CPU 
to provide a data strobe in reply for each interrupt. 
After the 255th data interrupt, the controller issues a 
program interrupt. 
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A function code x04Brn causes the controller to issue 15 
data interrupts, expecting the CPU to provide a strobe in 
reply for each interrupt. After the 15th data interrupt 
the controller issues a program interrupt. 

Expected Test Results: 255 data interrupts and 15 data 
interrupts. 

Timers and Write Clock 

Intent: Test the controller clock and clock-related micro 
instructions. 

Description: A function code of x10B
16 

causes the con­
troller to exercise its long timer, short timer, and write 
clock. This operation should take 28.1 milliseconds from 
the output of the function code to the receipt of the pro­
gram interrupt. 

Expected Test Results: A program interrupt with status 
bits 00, 02, 04, 06 through 14 all zero; test execution 
time 28. 1 milliseconds ± 10 percent. 

Internal Data Recirculation 

Intent: To test the controller's ability to move data 
through its internal registers during a simulated tape 
write developing and checking parity. 

Description: A function code of x50B16 causes the con­
troller to clear the controller input register from the 
CPU. Its contents are then moved through the tape 
write register and the tape read register to the con­
troller's output register to the CPU. Parity genera­
tion and test are also included during the data transfer 
operation. 

Expected Test Result: Data interrupt with the data word 
all zeroes. Program interrupt with status word all 
zeroes. 

Miscellaneous Controller Checks 

Intent: Verify the controller's ability to recognize invalid 
function commands. 
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Description: the following functions cause the controller 
to ignore the function and issue a program interrupt with: 

• Program error (status bit 06 set) 

-Function code xxx016 
-Write or read nine-track with even parity 
-Write or read nine-track with other than 800 bpi 

• 

• 

• 

-Write or read seven-track with 1600 bpi 
- File mark on seven tracks 

Inoperative during selection (status bit 00 set) 

-Read or write function with the tape drive not 
ready (i. e. , off line) 

Rewinding (status bit 02 set) 

-During a tape drive rewind, any function cnife 

other than a· test mode function 

Write lockout (status bit 04 set) 

-Write protect ring removed from the tape reel and 
any function other than a test mode function issued 

• Inoperative after execution (status bit 12 set) 

-Function code of x40B16 or xOOB16 

Expected Test Results: A program interrupt is issued 
with the appropriate status bits set. The function is­
sued is not initiated on the tape transport. 

The preceding checks verify the ability of the controller 
to·execute its micro instructions. Since the controller 
is a micro processor, instruction verification is vital 
but not conclusive. The controller has been verified 
up to the point of executing the actual application control­
ware. The possibility of a controller micro program 
failure must be kept in mind in diagnosing apparent tape 
transport failures. 

DIAGNOSTIC TESTS SUMMARY 

B Test Group 

Function Code x01B
16 

Conditions: Successful execution of D test group (xxxD). 

Intent: To verify the controller's most complex instruc­
tion, jump and return. 
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Description: If a jump and return is executed success­
fully: 

• A program interrupt is generated. 

• The overload status bit is cleared. 

Function Code x02B 
16 

Conditions: None 

Intent: To verify an internal counter (loop counter num­
ber 1) 

Description: The controller issues 255 data interrupts 
expecting a data strobe for each. After the 255th data 
strobe, the controller goes not busy and issues a pro­
gram interrupt. 

Function Code x04B 
16 

Conditions: None 

Intent: To verify an internal countet-(loop counter num­
ber 2) 

Description: Same as a loop counter number 2 check but 
with 15 interrupts. 

Function Code xIOB
16 

Conditions: Loop counter number 1 and loop counter num­
ber 2 have been verified. 

Intent: Test the controller's internal timers. 

Description: The short timer is checked to 500 micro­
seconds± 50 microseconds. Dropout/pickup status indi­
cates that the clock is too fast. Timeout status indicates 
clock is too slow. 

The long timer is checked to 25 microseconds ± 2. 5 
microseconds using the short timer. Short record status 
indicates that the clock is too fast. A half word on read 
status indicates that the clock is too slow. 

The write clock is checked to 50 microseconds. Program 
error status indicates write clock failure. 
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NOTE 

The controller interrupts after 
all clocks are checked. H the 
short timer fails, the long timer 
test is invalid. 

Function Code x20B
16 

Condition: None 

Intent: Check data handling and pa~ty generation in 
tape read path. 

Description: Zeroes (provided as ls to the CPU on a 
data interrupt) are processed from the tape read regis­
ter by the controller to the CPU on interrupt. Further­
more, a program interrupt is issued with the possible 
error bits; tape mark status indicates an even parity 
failure. Data error status indicates an odd parity 
failure. 

Function Code x50B
16 

Intent: Check data handling and parity generation in tape 
write path. 

Description: The controller input register from the 
CPU is cleared and its contents are moved through the 
tape write register to the tape read register (data inver­
sion occurs here). It then moves to the controller's 
output register to be presented as a data word of all ls 
to the CPU on a data interrupt. Furthermore, a pro­
gram interrupt is issued with error status. 

Short record indicates odd parity failure. Half word 
on read indicates even parity failure. 

Function Code x40B
16 

or xOOB
16 

Condition: None 

Intent: Simulate a controller busy condition. 

Description: The controller generates a program 
interrupt with all the status bits set in test group D 
cleare·d, except inoperative during selection status bit. 
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Function Code x48B 
16 

Conditions: None 

Intent: Clear status bits set in test group D. 

Description: Status bit positions 00, 02, 04, 06 through 
14 are cleared (see test group D). 

C Test Group 

Function Code xxxc
16 

Conditions: Controller branch instruction verified 

Intent: Check the controller test feedback bit and condi -
tional instructions. 

Description: A branch on testing the controller's inter­
rupt flag not being set (BRNB) is attempted. Next, the 
interrupt is set and a branch on the test of the interrupt 
being set (BRB) is attempted. 

Tape mark status indicates the branch on flag not set 
micro instruction failed. 

Data error status indicates the branch on flag set micro 
instruction failed. 

D Test Group 

Function Code xxxD
16 

Conditions: None 

Intent: Set all status bits handled by the controller. 

Description: Status bits positions 00, 02, 04, 06 through 
14 are set. Note that bits 01, 03, and 05 are not under 
program control. 

E Test Group 

Function Code xxxE
16 

Conditions: None 

Intent: Attempt a simple branch (unconditional). 
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Description: A single instruction that branches over 
an interrupt generating instruction is executed. Exe­
cuting this test function should release the controller 
without any controller response. Any interrupt indi­
cates the unconditional branch micro instruction failed. 

F Test Group 

Function Code xxxF 
16 

Conditions: None 

Intent: In the simplest way, get a response from the 
controller. 

Description: Using the minimum controller instructions, 
a program interrupt is issued. 

SAMPLE MAINTENANCE TEST PROGRAMS 

The following sample test programs, provided for 
reference, are several examples that can be used by 
maintenance personnel to perform selected tests. 
Each test includes a functional description and a 
commented listing of the program. 

Status Loop With Select Function 

The program checks the status of the tape controller 
for any errors and halts if it finds any status bit set. 
If no status bits are set, the program continues setting 
the tape unit function word and outputs the select func­
tion. The program then jumps back to the beginning 
and repeats. The program does not terminate unless 
an error is found. 

Program Listing 

POOOO EOOO Load Q register with equipment address 
(port, position) 

POOOl 0600 
P0002 OAOO Enter A register with zero 
P0003 OB05 Sample position status to obtain status 
P0004 0101 Skip if A register equals zero (no 

errors) 
P0005 18FF Hang here if status is set 
P0006 0008 Continue if status is OK; add 8 to Q 

register 
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P0007 COOO To set mode, load A register with tape 
unit and function word (select) 

P0008 0908 Set for 7 track, 800 bpi, select function, 
unit O 

P0009 OB04 Set/sample output to controller 
POOOA 18F5 Jump back to start of program and 

repeat 

Rewind 

This program first checks the status of the tape con­
troller for any errors and halts if it finds any status 
bits set. If no status bits are set, the program contin­
ues setting the tape unit and rewind function. The pro­
gram outputs the function and again checks the status. 
It looks at bit 2 (rewinding), and if rewinding is set, it 
indicates that the rewind operation has started but is 
not yet completed. The program again checks status 
until bit 2 is clear and then halts. When checking bit 2, 
if any other status bit comes up, the program halts in­
dicating an error. Normal operation is to execute the 
program, the selected drive rewinds to BOT, and the 
program halts. Check the A register at this time; the 

~ terminating status ·of 000416 indicates correct opera­
tion. Any other status indicates an error condition. 

Program Listing 

POOOO EOOO Load Q register with equipment address 
(port, position) 

POOOl 0600 
P0002 OAOO Enter A register with zero 
P0003 OB05 Sample position status to obtain status 
P0004 0101 Skip if A register is zero (no errors) 
P0005 18FF Hang here if status is set 
P0006 OD08 Continue if status is OK; add 8 to Q 

register 
P0007 cooo To set mode, load A register with tape 

unit and function word (rewind) 
P0008 0905 
P0009 OB04 ·Set/sample output to controller 
POOOA ODF7 Subtract 8 from Q register 
POOOB OAOO Enter A register with zero 
POOOC OB05 Sample position status to obtain status 
POOOD BOOO Exclusive OR the contents of A register 

with 000416 to determine if rewind is in 
progress 

POOOE 0004 Set for 7 track, 800 bpi, rewind function, 
unit O 
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POOOF 0101 Skip if A=zero; rewind in progress 
POOlO 18FF Hang here on error, or rewind complete 
POOH 18F9 Rewind not complete; jump back to get 

status 

Write or Read Variable Length Buffers 

This program sets a specified buffer area in memory 
to a data pattern. The pattern, usually ones or zeros, 
is contained in P=OOOl. The buffer area can be modi­
fied as desired. This example used the area 020016 to 
200016 as the buffer. The program then sets up the 
ADT table for the transfer of data. This example used 
016016 to 016316 for the ADT table. The tape function 
is then output to start the operation. Next, the micro 
interrupt line is enabled and the mask register is set. 
The interrupt lines used here are 7 for the micro inter­
rupt and 12 for the macro interrupt. 

The data transfer is in progress under micro interrupt 
control as the macro program waits for an interrupt. 
Upon completion of the transfer, a macro interrupt is 
generated causing the code at location 013016 (interrupt 
trap for line 12) to be executed. This code filters out 
any erroneous interrupts and checks the status of the 
controller. Any status bits set cause the program to 
halt at 014016. The A register can then be checked for 
the status condition that caused the program to halt. If 
the status is returned as zero, the program continues 
repeating the ADT transfer until stopped by the operator. 

Program Listing 

POOOO EOOO Load Q register with data pattern 
selected 

POOOl FFFF Data pattern used 
P0002 cooo Load A register with FWA of buffer 

area 
P0003 0200 
P0004 60FF Store A register in I register 
P0005 cooo Load A register with LWA of buffer 

area 
P0006 2000 
P0007 44FF Store Q register in cell specified by I 

register 
P0008 BOFF Exclusive OR the contents of I register 

and A register 
P0009 0103 Skip if A=zero; buffer is loaded 
POOOA DOFF No; replace add 1 to I register 
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POOOB C8FA Load (restore) A register with LWA P0026 OB06 Define micro interrupt 
POOOC 18FA Jump back to continue loading buffer P0027 cooo Load A register with macro interrupt line 

area number 
POOOD 18FF Halt here when buffer is loaded P0028 1000 
POOOE cooo Load A register with (start of tape read/ P0029 0821 Transfer to mask register 

write operation) P002A 0400 Enable interrupts 
POOOF 8XOO ADT write/read function (8EOO for write/ P002B 18FF Wait here for interrupt 

8600 for read) 
POOlO 6400 Store A register in first word of ADT Interrupt Response 

table 
POOH 0160 P0130 0000 Return address of interrupt program 
P0012 cooo Load A register with FWA-1 of buffer P0131 EOOO Load Q register with equipment code 

area (port, position) 
P0013 OlFF P0132 0600 
P0014 6400 Store A register in second word of ADT P0133 OB05 Sample position status to get status 

table P0134 C400 Load A register indirect from second 
P0015 0161 word of ADT table 
P0016 cooo Load A register with LWA of buffer area P0135 0161 
P0017 2000 P0136 BOOO Exclusive OR the A register with FWA 
P0018 6400 Store A register in third word of ADT of buffer area 

table P0137 OlFF 
P0019 0162 P0138 0112 Skip if A register is not zero (determine 
POOlA OAOO Enter A register with zero if interrupt is true interrupt) 
POOlB 6400 Store A register in fourth word of ADT P0139 0400 No; re-enable interrupts 

table P013A 18FF Wait again for completion of ADT trans-
POOlC 0163 fer 
POOlD EOOO Load Q register with equipment address P013B EOOO Yes; load Q register with equipment 

(port, position) address (port, position) 
POOlE 0608 P013C 0600 
POOlF cooo Load A register with tape function word P013D OAOO Enter A register with zero 

(0902 for write/0901 for read) P013E OB04 Set sample input to get status 
P0020 090X Set for 7 track, 800 bpi, unit O P013F 0101 Skip if A=zero 
P0021 OB04 Set sample output to tape controller P0140 18FF Halt here if status set (indicates error) 
P0022 EOOO Load Q register with micro interrupt P0141 1400 No errors; jump to start of program at 

line number OOOE
16 P0023 8007 P0142 OOOE 

P0024 cooo Load A register with FWA of ADT table 
P0025 0160 
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MICRO CONTROL PROGRAM FLOW CHARTS 

PROGRAM 

ERASE __. NAME OF MAIN ROUTINE 

SINGLE 
OPERATION 
OR 
INSTRUCTION 

ONE OR MORE 
OPERATIONS OR 
INSTRUCTIONS 

ENTRY TO MAIN PROGRAM 

PROGRAM LISTING SHEET NUMBER 

ROM INSTRUCTION ADDRESS 

JUMP TO SUBROUTINE 

SUBROUTINE 
PROGRAM 
NAMEAND 
DESCRIPTION 

LISTING RETURN TO MAIN PROGRAM AT ADDRESS (213) 
SHEET 
NUMBER 

PROGRAM ENTERED HERE 
FROM INSTRUCTION 

C LOCATION ELSEWHERE 
IN PROGRAM 

SUBROUTINE 

YES 

TO 

PROGRAM 
LOCATED AT 
THIS ADDRESS 
AND PAGE NO. 

ROM INSTRUCTION ADDRESS 

DRAWN AT HALF 

O=COMMON ENTRY POINT---..-

SINGLE 
INSTRUCTION 

FLOW CHART CONTINUED ~N 
NEXT P1\GE, AT ENTRY POINT 

\fl 
Figure A-1. Flow Chart Sy.mbol Descriptor 

SCALE INDICATES 
IT WAS DESCRIBED 
PREVIOUSLY 

A 

A-1 



HARDWARE 

INPUT A REGISTER 
BITS 0-3 INTO ROM 
ADDRESS REGISTER 

YES 

OOF 

GENERATE 
l'ROGRAM 
INTERRUPT-CPU 

MICRO 
J>HOGH.AM 

CONTHOLWARE 

Figure A-2. Q Function Code Transform (XF) 
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SET UP FOR 
READ OPERATION 

RF.AD 

SET 
SELECTED 
TAPE UNIT IN 
FORWARD 
MOTION 

SETl/ODAT 
DIRECTION 
FLIP-FLOP 
(MTC~CPU) 

YES 

READSUB2 
CLEAR READ 
DATA IN REGIS-

OAD 
SET READ 
AFTER WRITE 
STATUS DIT 04 

008 
LOAD 3-INCll 
DELAY IN 
COUNTER l 

Figure A-3. Tape Read (Sheet 1 of 4) 

A-3 

\ 



A-4 

WAIT FOR TAPE 
CHARACTER 

TAPE 
CHARACTER 
RECEIVED 

T 
TEST IF 
TAPE 
MARK 
CODE 

1 

YES 

READ (CONTINUED) 

ODA 
SET UP TIMERs,/ 
COUNTERS EQUAL rot-------N 
30 FEET OF TAPE 

15 

MARK STATUS 
JUST.JN CASE 

SET CHARACTER 
COUNT FOR 
7-TRACK TAPE 
MARK 

SET READ DATA 
JN REGISTER TO 
CIRCULAR SJUFT 
MODE 

IF READ DATA 
STRODE FROM 
TAPE UNIT 
SENSED. SET 
MICRO FLAG l 

NO, KEEP TESTING FOR RDS 

YES 

KEEP TRUCKIN' 

REGISTER, ONE 
BIT AT A TIME 

16 

OCD-OEt 

BYTE = HEX 13? 
(9-TRACK TAPE MARK) 

NO 

OES 

RESET TAPE 
MARK STATUS 

17 

ALL KINE DITS ._O_E~_.:.;N:.;;O_, 
SAMPLED? 

FOR SENSING 
SHOUT DATA 
HECORD. ALSO 
SET STATUS 
BIT9 

Figure A-3. Tape Read (Sheet 2 of 4) 

96728600 A 



YES, m·PASS LEFT 
BYTE ASSEMBLY 

PACK LEFT 
(MOST 
SIGNIFICANT, 
DAT,\ BYTE 

PACK RIGHT (LEAST 
SIGNIFICANT I 
DATA BYTE 

ON llEAD STATUS 
n!T 8 JUST IN CASE 

llYTE ASSEMBLY 
AGAIN 

18 

NO nos RECEIVED? 
(NEXT TAJ>E llYTE) 

OFS 

ENABLE RIGHT 
BYTE ASSEMBLY 

YES 

llEAl>SlllFT 042 

,\SSEMBLE I.EFT 
DATA BYTE AND 
ACCUMULATE CllC, 
THEN EN.\DLE 
RIGHT DYTE 

nI>SCK 
II' MICllO FLAG 1 
SET 1lst llDSI AND 
nos ACTIVE, SET 
FEEDBACK lllT 

HESET 7-TllACK 
TAPE MAnK ,\ND 
SHOnT llECOllD 
STATUS IF TAPE 
CllAllACTEH 

Oil 

042 

llEAD SHIFT 
ASSEMBLE RIGHT 
DATA BYTE, 
ACCUMULATE CRC 
CHECKWORD 

042 

READ SHIFT 
ASSEMBLY RIGHT · 
DATA BYTE AND CRC 

Figure A-3. Tape Read (Sheet 3 of 4) 
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SEND RIGHT OFA 
BYTE TO 
OUTPUT 
MULTIPLEXER 

18 

ADT TERMINATE 
RECEIVED FROM 
CPU? 

NO 

YES 

OFD 

SEND ADT ?.flCRO 
INTERRUPT TO CPU. 
ENABLE 16-BIT 
WORD TO CPU 

RDSCK 
TEST FOR RDS 
FROM TAPE UNIT 
(NEXT BYTE OF 
DATA) 

Figure A-3. Tape Read (Sheet 4 of 4) 
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WlUTE 

FLOP 
CPU- MTC 

ZERO WRITE DATA 
MULTlPLEXER. SET 
INPUT DATA llEGIS­
TERS TO LOAD MODE 

REQUEST FlRST 
CPU DA'CA WORD. 
SET ADT MlCRO 
INTERRUPT 

ZEROCRC 
GENERATOR 

SET THE 
SELECTED UNIT IN 
FORWARD MOTlON. 
TURN ON WRITE 
CURRENT 

AT DOT? 

NO 

SETUP 
WRlTEGAP 
Tl ME 

A 

YES 

lDS 

LOAD 8.5-lNCH 
DELAYlNTO I--~~~--.. 

COUNTER 1 

Figure A-4. Tape Write (Sheet 1 of 3) 
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ZERO LEFT. BYTE, 
PREPARE TO WRITE 
(LS) RIGHT BYTE 

WRITE 
. (CONTINUED) 

SETWRJTE 
CLOCK CON­
TROL FOR 
SOODPI 

lDD 

DENSITY= 
800 BPI? 

YES 

ENABLE WRITE 
STROBE TO 
SELECTED MTD 

RESET WRITE 
CLOCK MEMORY 
FlJP-FLOP 

NO SET CON'fROL 
FOR 556 RPI 

SET CONTROL 
FOR200 BPI 

NO, KEEP LOOPING 

YES 

NO, WRITE LEFT BYTE 
WRITING NEXT 

M------' BYTE 

EMPTY (MS) LEFT 
BYTE OUT OF INPUT 
DATA REGISTER, 
SJIJFT RIGHT (LS) 
BYTE TO IIOLDING 
REGISTER 

Figure A-4. 

SELECT LEFT lD9 

BYTE INPUT TO PREPARE TO 
WltlTE DATA WRITE LEFT 
MULTIPLEXER BYTE 

c 
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96728600 A 



WRITE (CONTlNUEDl 

NO 

1D6 

SELECT RIGHT BYTE 
11' HOLDING REGISTER 
AS INPUT TO WHITE 
DATA MULTIPLEXER 

INTERRUPT FOR 
NEXT DATA WORD 

RDSCK 

·ONLY ONE WORD 
TRANSFERRED . 
WITH FIRST AND 
LAST BYTE TO 
BE SKIPPED 

RDSCK 
READ BACK DATA 
JUST WRITTEN, 
CHECK FOR COR­
ltECT PARITY, 
VERIFY DATA 
STROBES 

PACK AND OUTPUT LEFT BYTE 

SELECT RIGHT BYTE 
lN HOLDING REGISTER 
AS INPUT TO DA TA 
MULTIPLEXER, SET 
DATA REGISTER TO 
LOAD MODE 

NO 

lEl 
RESET WRITE 
CLOCK MEMORY 
FLIP-FWP 

INTERRUPT FOR 
NEXT DATA WORD 

VES 

WRITE SllTFT 
VIA DATA MULTI­
PLEXER OUTPUT 
6/8 BIT TAPE 
CHARACTER. 
ASSIGN PARITY 

SET MICRO FLAG 3 
(ADT COMPLETE) 

Figure A-4. Tape Write (Sheet 3 of 3) 
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\_,: 

A-10 

DISABLE WRITE 
STROBE TO 
SELECTED MTD 

Ra3CK 

SET LOOP COUNT FOR NUMBER lFF 
or BYTE FRAMES (3) TO COUNT 
DEFORE WRITING 9-TRACK CRC 
OR 7-TRACK LRC 

011 

RDSCK 

YES, 
LOOP FOR 

,._~~~~~~~~~~7-TRACK 

LRC GAP 

NO 

Ra3CK 

CONNECTCRC 
GENERATOR OUT­
PUT. (INVERTED) 
VIA 111ULTIPLEXER 
TO OUTPUT DATA 
REGISTER 

WRITt TERMINATION 

Figure A-5. Write Termination (Sheet 1 of 2) 
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RDSCK 

NO 
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WRITE 7/9 TRACK 21F 
LRC CHARACTER 
(WRITE RESET TO 
MTD) 

SET TIMER TO 
TAPE RUN 
AWAY COUNT 

YES 

YES 

RDSCK 011 

LOOP UNTIL READ 
DATA STROBE 
FROM MT.D DROPS 
OUT 

SHIFT ONE CRC 
BIT (NON­
INVERTED) OUT 

SlfiFT ONE CRC 
BIT (INVERTED) 
OUT 

SlfiFTONECRC 
BIT (NON­
INVERTED) OUT 

SHIFT FOUR CRC 
BITS (INVERTED) 
OUT 

RESET ADT TERMI­
NATE FLAG (CRC 
CHECK CHARACTER 
NOW WRITTEN.) 

ENABLE MTD 
219 

WRITE STROBE 
(WRITE CRC 
CHARACTER) 

21A 

SET LRC LOOP 
COUNTER =4. 

10 CRC 
SHIFTS BUT 
ONLY 9 enc 
BITS OUTPUT 

LOOP FOR 9-TRACK 
LRC GAP 

Figure A-5. Write Termination (Sheet 2 of 2) 
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~-12 

SET WRITE PARITY 
FUP-FLOP (PRIME­
ODD) 

ODD PARITY 
REQUESTED? 

ENADI.E SHIFTING Ul (RJGlfr) DATA 
BYTE FROM INPUT DATA REGISTER 
TO HOLDING REGISTER 

ADD OUTPUT OF CRC CARRY FLIP.. 
Fl.OP TO NEXT nA·rA BIT APPLIED 
TO WRITE enc GENERATOR 

Sl:IlFTl 
ADDCRC 
CARRY 

DISABLE CRC 
CARRY INPUT. 
SHIFT 1 

SJllFT PARITY FUP-FLOP 241 
OUTPUT (BIT 7/9) TO 
OUTPUT DATA HEGISTER 

PINAL SllffT }'Oil 10-DIT 
enc AND OUTl'UT DATA 
R•:msTER 

RETURN 

RESET WRITE 
PARITY FLIP-FLOP 
(PRIME-EVEN) 

NtxT TWO DATA 
BITS• 1? 

NO 

Figure A-6. Write Shift Subroutine 

ATTEMPTING TO 
WRITE MORE THAN 
6 DATA BITS ON 
7-TRACK UNIT 
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- . ----·. - ... - ~··---- . ____ .,. ___ -
l0216C q[A029 PARE~ 01 160 LOAD L.•T• -.o "19• fl l~C>41 0081: 13AO OOCl 0011 1010 0000 
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.. io2zoci ----·----·····aRB .... ·- ;·1--------·q-e:4·53- ······- - I~ lfOS1 00 TO •IEA~i. -------o·aar i~ti·-·-1oio 0100 11tio ·0101 
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--··1ozi~c·------------SRNB ____ ---------REA~·2c ----·-..o;. CO~TiNUE-SEARC~ l'"CQ qg9 ----···· ·-·-··-·coco- -!oao--·-1001 0000 1oii · 1101 

---1021.6.IL ------- _LDCP2 -· ____ RUD2IL ___ Y£.U .. MEX!. l~JL _______ .. _ ------~-:._ _______________ OQ.C~._ Q.OBC .. _UQ.LQ_OQO. _lQU . .110.L __________ _ 

1C2UC 
- -----L.cc?1··---------~£io24 ____ "Nixr_"F_o~r·-------- ----------------- ··ooci-coaa ___ iiao· oooo 1011 1011 

-·---1.CZ3CQ ________ PAR£11.-0S 05 . _SET. T_l~EQULUUUS .. ! SI~ IQL ____ _ __ QOC~ .. 1!505._ QQQL 01.91 OQQ0 __ 0101 

·------------------- ----·- .. ·- - - -- ·-----·-··-·-----··-· ooe:····-6-ci9·c··- ·--·01 ia·-c;-oo·o ·1001 1100 102320 BRA"-Ct4 TU.,. I NATE 

--~ .. 1C3l2C .AUD3 ______ .PARErt .. OS ~----·----·- SE! .. TVE l'l~qlC STATUS ... ·---- ··-···-·-· _____ _9.0C_!S ... H500 ____ OQQLQ101 0000 OQOO _______ . 

--- ... ·--··---· -- ----·--··------- --·- -----Lc1-·us.£0 ro o£rtcr riii£ -..,,.-,c- oN 1 cH• oac•·-·_-ooT _____ oioc>" 01foo-oooo- oooi · 
1031~C LCLCl 
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----·····--- -·--- ---------------·-· -· 
·lClllO 8R8 REAO' 

··---- - ·-- , __ - -- .. ···-. ·--
N01 QO T::l READ ' · ·-· --·---·-· ·------··ooci · · A"ou--·--1off-oooo-i1io·1010--·- -------

•- -1C3l::l0.... _ _ ___ JilE~ .. ~a_ ___ -----"- ·--·-·---. _ REA~ REil. la IHlF l '10DE _______________ ..O_QCJ .. -11QIS ____ QO.O.Ll.0..00 .. OOIJOJQl,_,._1 ___ _ 
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lOlhO LOI.Cl ' OOCI •OOt 0100 0000 0000 lOOi--- --------- --

oocc !5001 0101 0000 0010 0001 . -- -10ll'C LD&.Ci .. 

·-· --- --
lOJhC ltUOU TEST& 11 ooco 1008 1000 0000 0000 1011 

·---------------- ------·- ------·-· -------
OOCI 'OEI 100\ 0000 1110 1009 -- ------- ·-· --!R"e . ____ -··-· REAC3l . RES£T TAPE "ARK STATUS IF NOT .ac3 10JllC 

to329c lllARE~ 0, Er BET E·ce ooc; UEF' 0001 1ooi .. ii10 fiiT ______ - --

-~~----~-----~-----------

l0l30C ___ EC 0000 .. 3000 __ 001 l 0009 _0000. 090.9 __ 

103310 L.O~P1 REA~3B ·· ·oooi C002 ... iioo oocl'o l.lil 0010-------~- -- -

103320 READ3B .... LDOPi? _________ R£AD3_~ ______ ------- __ _ _________ . _______ 9902 __ o.oi;Q_ ----~19.LO_()Qo_uqo_ H01 

lOlhC LDL.C2 . - . ------- --- -·--- - ·- 6'00"3 -!5ooc· . oiff""o'ooo"oooo 0001 ·---- --- -

1Q336C READ3C TE5T8 __________ l L_ ooo• 11009 1000 0000 0000 101~ 

1033110 
B~B -------~AOJI----------------·-· ----------- ·o(foe -AOEll 1010 0000 iiiO-·iaiio ____________ _ 

103"00 EC .. . ···- -- ·- - . 0006 . ~000. co11 ~09Q _oo~o _oooo ______ _ 

l03"1C 
L.OOP1 --· --------REA.030- --- . --· .... ---- - - -- --- ---· -····--··· ···-----cfoo7 - coo a· -----Yioo 0000 i10Ciooo- ---·- -- . 

-- .l.Ol,2C.RE•D3Q 1.0CP2 _ .. _________ REA03C __ -·--· ---------~001 ooo .. 1101 OOQO uot 0100 

l03HC 
·1£sia ___ ---~-- ---ic · -------- -- ·---·--------------------- ·--ooo; --10019" ---·-ioc»a··oc;oo-o·aocnoi1----- --·-

. 103•,o__ ___ ... __ n~a R.EA~U __ _ -----------··. __________________ . _________ 9Q~~-- -~o~-·---~O_QJ_~Q_Q_Q __ tOO_J_O_Q_~ 
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- --·--·-
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1:ll6~CI AE&D3W EC OQE3 3000 oou 0000 0000. 0000 -------- - --

OOH cof:f"" -- 11-00-- 0000 lUO 0011·----·----.. 
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lO•l•C ~EAO•J 'ARE~ OS 07 IET STATUI llT I IHAL' NORD ON READI OQE; lS07 0001 OlOl 0000 Oill 

--~----- ------- --- ---- -----·------------- ... 

-L--- - - --·-



tO 
~ 
~ 
~ 
co 
~ 
0 
0 

> 

to 
I .... 

(.0 

···-·· -- - ····-··· 

___..1.4.L_..,._~~~~-~~~~~~~-· _ lAl'!~crut.QL --- QAJ.E___n Lll.!ll L _ 
. . ..... 

___ .. EQ !'cQ Jt£f'£8EttC£..QP.COtlE.. • .!'ID ....£..LLA_E.C~:OPERAND&. . __ CCMl"IE~T& .. -----· _ ~ORf _ 11£1'1QR_Y ____ U~ART f'EPRtftNT ~ qg_'t_ 

OOED 1101 0001 1000 ooao 1000 ··--------1o•ua·······---------,,R[N-oi ________ oi · 
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----------------------·---------------
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---- ----------- -· 

lO•hb JUMP REAOSU91 ,ER,OR~ REAOBU!l 

-
___ lC!i2~ READ!S _US.TB _____ _ 1.0 ____ . DATA REQuE6T ACHVE7 QOF'Z eoo• .. 1000 0000 0000 1010. --------

---- - . -- - ---- 8R"'8 10!51't0 RE°Ao51-·-·-N·o1 eYPA&SSTSTEMOVfR-1..0AO ~Uj;,--------oo,.2-·90,·7-----ioo1-00oo. ii ii -oi if 
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1Q,21t0 ___ . -----·· __ PA_REN _ _pa_ _______ (l9_ BYTE CONTROL. 2 oo~a . ~1109 0901_1000 OOQO 1001 
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.. _ 10!5280 _ ·--·-- .... _ .U ·---- -----··---·- ____ 8USl'I &YJt 1 BUF'F'ER __ . _____ QOF'~ __ l'06 0001 1J~l 0000 0110 
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·- - . ---------

--------- -··- ---··. -- .... 

----------- ----------

....!_ --·- --- ---------------------- ------·-··------·---------------
_t_ _________ _ 

--------··-------------------------

-'----------
·---·-·----------------



t;, 
~ 
-.:i 
t.:i 
a;. 
Cl 
0 
0 

> 

t::l 
I 
~ ..... 

_____!4Dl 20 TAPE~CON06 DATE 27109171 
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120020 •• · r"M1s AouTi~-£-£..iffifrJ w11Eh qos DOES NOT f:'A~~- wiTi1i~-T~! CL.Ocie·-----------------

12003Q ' . -··----··--·.r1~F.:&.!_ ____ ... - .. 

UOl20 RUDDROP. - . PA°RE~--: o·-------20 ------ -·---- i.o.AO ST~ !SOuSEC. - i 100 ip"j ;- . ·---------·-0101. i __ i ___ . oocff ·010·0. oooi 0100 

___ uaHO ------- ---· TES1.B _________ JI ··------ DENSITY 1 Q~! --------- 010~ -- ~oo_~. --- ~~O_Q_ QOOO __ QO~I?_ DJOl 

--- iao16~---·-·--·- ---· ... iiB ____________ "R£,o5R·:l;;r·Y-Es;· c.i"Ec•<" roR 200 BPI ·-·-·---------- ---0101 .. &iac 1010 ·ao"iff 0000 i 100 ·-- - · - --- ---· 

--- 120190 .. ---· .. __ PARE.r, _ _.o., _______ u ·-·- - .. -· -- LOAQ_ S.T •. nustc• J~.!-~_.eP.J, _____ _,_ ________ ()10A __ l_•l~--- -- __ 00~1-.9.1J)_Q_J>Q9.L1,_Ql. 

12ozoo BRA~C11 REA00ROP2 -0101--.-1·0;· ··--·on 0-oocfCoooif· 11i1 

_ .uauo READD.RD~L Jun .. ----~'--· _______ OtNSJ n a. ~~J - - -- --- __ OJ9.~ _!IQO_L .. _ ~Q_QO OO_O(LQQ.QO. OUO 

l20h0 BR~e REAODROP2 N01 "1UST af· a·oo--aiif;- -------- ------------- -0100 910F' 1001 0001 0000 llll 

·- ___ 12.0Z60 .. P4RE~ __ Q!_ ________ llQ __ L.O ST 200.USEC r~qo .~Pt.ID ~!Ll?_S_•_! ______ 0101 ~-!O __ 0001 ~>100 010l 0000 

121120 q[AOOROP2 
---·------·---

PARE~ 01 09 010' uo9 0001·~000 0000 1001 
. -- . . -
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l21hC -· JUMP--·-------- Rt~0$V82 ___ Pt~'ORM ~posun - ··- ______________ ..QUO 71A3 911i.opoJ 1010 0011 

121220 . - . -8R~s-·-·F2-------REAODROP3 . Ii:' NOT REAOi aO'· fo R°EADOROP3• oiiC 991' 1001 1001 OOOl 1001 

.... U1h0 ___ !EfHL ___________ , __ . . TERl'IINATEJ __ ·- .. ____ .. _ ··- _________ Q_1 _U . ~ 0 O 9 lOOQ_ 0000_0000 1001 

uu&c ··· ·-·--------aR-e - -RfiooRoil3- vEsi- ao T~f RE•tioRoFi3;- ------·------·--- --oii3 · 11 h 10.fO -0001 OOll lOOl 

-!--1ZUIQ __ _ TES TB _.!_L_ ______ ~Al-1'..!l_Q_BQ__Q~ --~~p_J _____ _ ____ QH!_. _,Q~.3 ___ ~Q_9-9-0.Q9 .. J~.o~o_J)QH 
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__..UL ---- -·- - ·-·--- : .. __ u .. _.uu:.a..~O'------··-··- '2All..--2.Zllli 1-1 

-- --IE~ NO l[JtltNCE OPCODE MD U .. U . .£C QPEIUHDI CCPll'!ENTI .ADl'I ,.E"1011T IUNAl'f REl'"Ell~TATlQfi. ________ 

- - ----- -
Ulli!O [A ' LOAD IYTI l • Olli 1'06 0001 llll 0000 0110 

------ -------- ---· ·-·· ----·---------------------- ·-------
UlhC. u :t .. £QUEST DATA l~TERAUPT 0111 ,,o, 0001 1111 0010 1001 --------·-·-· 

- - - . --
1Ul60 ,AA[~ 01 01 AES!T eel 0111 1101 0001 1000 0000 0001 

------- -·-------- .. -·· ··-------·--------- ------------- -
122120 R[ADOAQPl P&REh . 08 CJ PUT READ REG• IN ~OAD ~ODE• OlU UOJ 0001 1000 0000 oou ·- ·-------

·01u 
-··-- --- ----- --

1010 1000 0000 OOOl 0000 1221-0 ~EADDQOPlA TEST& 1108' u 
-

-··· uzuc BAB _______ -· __ -·-·. j)~QPOLJTERR YES1 ERROR OUI AO'Z 1010 0000 1001 0010 . ----------

. --- ...... ··- ----- -- -- ·--------. - . 
U2111C TEST B l• ST• C01'1Pl.£TU ouc; IOOE 1000 0000 0000 1110 

- ----122100. ----BA~A. _______ RUDDACllt3A.NC1 i<££P C~ECl(l~Q FDJl .. ElRL.L!DIL ________ 01 lD ___ Jl l_L __ JOOLOOQ.L..0001 lOlC> -------

UJ12C ittiooio-;•;;·· PAR·E~--·o.---------.0 Loao 1.r. uous£c;- ,,~o·;u;--------- -·· ··ai1r i~1c ---· 000·1 oioo ooli 1100 

------12lh0 ···--- ____ _f£Sta. ---------'------ .lS OE~SITY...LON'L . ____ .. ___ ---------~u~ _ eo_o, _______ 1000. 0000 0000 0101 

--- - . -·- --·---. ------ ---li£1ooioii41v£sic"tciFDi zoo-8P"i·---- --· ---------oizcf _"A_i 23- --10 io o"C>o i oo 1 o oo 11 1231'0 BAB 

lUUQ.___ - _____ .P.il£tL_fi ___ . _ _us----- ___ .LCIAl:t l•.t• 2UUUCt.. lH• .. anL ····----- ____ OU'- __ H!L _____ OQQl. 0100 01U OOH 

U320C 8Ul'-4C" AUDOAOP9 ··- · --------------- ·-·---- ------------ oi22·-6iff--oi!cf-0001 oo•o 0110 

1ZllZC R£ADORO~•A tESTB. ----- ·---· -· -. -- .. - -- DENl1 TT 2 Q-.1 ... __ ........ _________ _ _ OUJ · IQ06 __ ,ooo 0000 0000 OUO 

UlhO IA1'48 RUO~AOP! No, 11usr a£ ·1a·o- iP:f" ---- ·· 012,-- ,12, .. 1001 0001 0010 0110 

-•- .. .1UUO - - - ___ ,..il£L_Q\ __________ - 2~Q - LD. fi•r• 6.00 U&EC.12.00 9~Ll.~L1P.8•.L ... - 0.125 .. J~~o _____ QOQ.l __ QlOQ_ llU 0000 ---------· 

--·-------·---------·---'-----------
U•l2C RUD:>•o•s • 7 TIUCU ------ -------oiii 1001--··-1000- oocfo·oooo 1000-- -------TEITI 
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----'.uf..-22~-~- _____ _____ r"ia.tr.J:.D.Ml.- _ ----·---- ll!L._lUO,t?I_ _ 

-----IEQ "l:l .... A£fERE~C.i . .CPCCQE_ l'!.0 .. .IL El EC _QP£RA~i:lS CD"'l'l[NTS AQRI "E"ORY elNART RtPR[l[NTaTIO~ 

U1thO 8R8 REAOOROPI TES• SKIP CRC CHEC~ Ol27 A17F' 1010 0001 Olll 111t 

--------------------------·---------· .. ---··---···--·----· --------··-------·-
12S12Q READQftCP• .. T£ST8 .. U R05' OlZI 1010 1000 0000 000& 0000 

U!ShO 8RB REA~OROP6A TES1 a~ TO REan~AOP6A•ICRC F'OuNDI out Atll 1010 0001 ooll ooot 

125UO TEST& .. i .. BT• COl'IP1.ETE'P 012l llOOE 1000 0000 0000 lllO 

12518~ BR~a AEAODROP6 N01 CHECK AQAIN F'OR ROS• 0129 91211 ·-- -1ooi- ooof oo-io 1000 

____ 12!ZOQ ·-------~REL. 0\. ____ IQ ___________ Y.ES-! ___ liS'1!".t_ ZERCLC~~~ $t! H~-_2~Q..JLUC_!..._-2U~ __ _1~~9 __ 0_9Ql __ Q_toq__Ql~~ OQOO 

12!S22C - -----------PARE~--06--·----o..-- ····-. - -·---sfi-~3 TO -.-~offiTE z[iiO. CRC- .. -···-·----oiitf--iioi ___ ooiff-Oiio 0000 1010 

125UO ... ·---· ..]'£S.T.a.... 2. . .T.M•_l .1'.l_A~I(' __ ·---·- ___ : __________________ o~~'---•o_Q.L__1QQ_Q.~Q.9_0 __ oo_Q_o .. 1100 

, 
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