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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 FCO log, in
the list below. Immediately to the right of the series number is an FCO number. If that number and all -
of the numbers underneath it match all of the numbers on the equipment FCO log, then this manual
accurately reflects the equipment.

EQUIPMENT TYPE SERIES WITH FCOs COMMENTS
FA107-A 01
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GENERAL DESCRIPTION ' 1
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PHYSICAL DESCRIPTION cPu

FA107 MTC

" 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: @ BNS12 on |

o Micro-programmable processor I/0 interface
] Read-only memory micro controller
. Programmable clock generator

° Digital timers

° Tape read registers
° Tape write registers
‘o 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,

CONTROLLER/TRANSLATOR CABLE @
MOUNTS IN FIRST TRANSPORT 7
TRANSLATOR/FIRST TRANSPORT CABLE
TRANSPORT/TRANSPORT CABLE

Figure 1-1, Typical Magnetic Tape Subsystem
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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 (ANSI)-compatible
nine-track and seven-track, nonreturn-to-zero, Power: +5 vde at 3,1 amps
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

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

per inch, NRZI tapes at 25 inches per second, See Humidity : 10 to 90 percent relative
figure 1-1 'for typical magnetic tape subsystems, humidity with no condensa-
tion

The MTC is constructed utilizing medium=~scale inte-
gration (MSI) circuits. The controller resides in one
A/Q input/output card slot of the micro-programmable Non-Operating Environment:
(MP) processor chassis, Blowers, which are part of
the MP processor chassis, provide forced air cooling

Warm-Up Time: None

Temperature ~30°F to 150° F (-22°C to

for the magnetic tape controller. 65°C)

Humidity 5 to 95 percent relative
Physical and environmental requirements for the mag- humidity with no condensa-
netic tape controller are as follows. . 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 stored 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 o
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/O timing of the central
processor, '
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Th \~MP i > SIO macro instruction pro-

vides-for both data output (set) and data input (sample) EQUIPMENT NO,

1/0 commands. For data output, the A register's 16-bit 00K = ADD“ES_SI/ .

word is set (output) to an external device. The word in Ixocs = NCR 105 /O PORT NO.

the Q register is used to select (address) the receiving SAMPLE MODE

device. For data input, one 16-bit word from an exter-

nal device is sampled by input to the A register and the Figure 2-2, SIO Sample Status In

word in the Q register selects the sending device (refer
to figure 2-1).

SELECTION
15 11 10 9 7 6 4 3 2 190 .
Q~ 00000 |1 0 0 o % o Since an Interm'b:' Qf tape driw:e t.mck types and .densit-ics i;s
// allowed, the unit's characteristics must be assigned in the
MTC during selection, The MTC and MTD is selected by
use of the system's SIO set command; this consists of sot-
. ting the unit, function, and MTD characteristics. Selection
EQUIPMENT NO, : assignments and descriptions are contained in figure 2-3,
POSITION (MP CPU)
NOTE v
MODE
1 = SET (OUTPUT) Whenever a select command
0 = SAMPLE (INPUT) s issued by the system, the
. . ) magnelic tape controller's -
Figure 2-1, SIO Command Out ’ internal controlware program

performs all the required
operations that are specified

1 h function,
Bits 7 through 9 specify the equipment number of the or each function

MTC. For an NCR M05 CPU, this field is the 1/0
port address. :

To determine the status of the magnetic tape controller,
a set 1/0 command must be issued with any magnetic

15 14 13 1211109 &8 7 6 5 4 3 0

21| 2

Nempm—
L FUNCTION (SEE
A o— .. FUNCTION CODES})
,~"SKIP FIRST BYTE
;KIP LAST BYTE )
DENSITY
ODD/EVEN PARITY
SEVEN- OR NINE-TRACK
UNIT NUMBER

The A register contains the status bits (see Status Con-
ditions) following exccution of the SIO sample command. Figure 2-3, Selection Assignments
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1514131211109 8 7 6 5 4 3 0
Z %
A % 2
e e v
L L runcmion (SEE
FUNCTION CODES)
SKIP FIRST BYTE

SKIP LAST BYTE
DENSITY ‘
ODD/EVEN PARITY
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 Ao Density Selected
0 0 1600 bpi (not currently supported)
0 1 800 bpi
1 0  556bpif
11 2000bpif

TRequires hardware changes at tape subsystem level.
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0Odd/Even Parity
0Odd parity is normally used, but in some cases even
parity is required. ' A register bit 10 false means odd

parity, and A10 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 Al2 Unit Number Selected
0 0 0
0 1 1
1 0 2
1 1 3

FUNCTION CODES

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 A0l A00 Function
Invalid MTC function
Read forward

Write forward

Erase

Rewind
Rewind and unload

0
0
0
0
0
0
0
0 Write tape mark
1

0
1
0
1
0 Backspace
1
0
1
0

0
0
1
1
0
0
1
1
0 Select
0

0
0
0
0
1
1
1
1
0
0 1 Recovery read
0

1 0 Controlled backspace

Diagnostic (B, C, D, E,
and F)

1 X X X
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The A00 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 spe:ed.1L 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 valid. I
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.

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 16-bit words,
Data transfcr 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 transfers
may cease, depending on the type of error. For sys-—
tem overload conditions, data is assumecd 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 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 charatter at the end of the block™ -

is read and compared to the MTC's internally created
CRC check character, When they are cqual, the read
data in the CPU's memory is considered valid. 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 sct. 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 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) causes the selected
MTDto write data in the forward direction, in the mode

set up during selection, Writing continues until the
processor inicerface 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 i&s—gg-gmal end,, afef*
All data recorded has parity assigned for correet
repositioning following a data error or dropout, a con-
trolled backspace (see function code 1010) is used.

dala s net wtillen on %ufe -

Following an overload condition, a standard backspac

command, as opposed to a controlled backspace, shot
be used because the number of characters missing is
indeterminate,

: During the write operation, the read head reads the ju

written data and sends it to the MTC for error checks
If an error.is detected, it is indicated in the status,
but data edisinuos-te-be written on tape until the pro-
cessor interface completes the block, 7His frcvc-c‘s
AGiSe ©On kya fcile oing ale errcp.

When writing from BOT, the initial gap between BOT
and the first block is a minimum of 8.5 inches (21.6 ¢
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 cr
and stop. During the erase operation the read head
reads the erased portion and, if unerasable noise
exists, the dropout/pickup status is sct (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. 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;i'on at high speed. Once
the rewind function has started, the MTD is deselected
but continues to rewind and the MTC scnds the appro-

- priate terininating status, If a rewinding MTD is

N-39vd
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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
13, , code, as defined by ANSI standards,T 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

Tie -additional information on tape marks is required,
refer to CDC Standard 1.10.000,

96728600 A

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 MTD 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 Deséription
x01B B Controller jump and return
’ instruction
x02B B Controller counter number 1
x04B B Controller counter nuinber 2
x10B "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)
xX40B and B Status interrupt withb inoper-
x00B ative during selection status .
set
x48B B Clear status register, gener-
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
d

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),

A REGISTER

1514131211109 8 7 6 5 4 3 2 10

Eot J _I T INOPERATIVE
TAPEMARK DURING
DATA ERROR SELECTION
g&%’i}‘ﬁg{}’" DURING BUSY
OVERLOAD REWINDING
DROPOUT/PICKUP READ AFTER WRITE
TIMEOUT COMMAND

SHORT BLOCK = WRITE LOCKOUT
HALF WORD IN READ
PROGRAM ERROH ) R ,

TERMINATING STATUS INTERMEDIATE STATUS

—

Figure 2-4, Status Assignments

2-6

Inoperative During Selection
Inoperative 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 reel. 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 follbwing occur:

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

96728600 A



. Any illegal function bit or set of bits, including
a 0 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. I 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 the 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.

96728600 A

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 (EOT)

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

Information for this section is contained in the Micro-
Programmable Computer Family Installation Manual

96728600 A

and in the CYBER 18-10/734-2 Micro-Programmable
Processor Hardware Maintenance Manual,
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THEORY OF OPERATION

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 I/0O 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

As the MTC was originally an NCR MO05 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

from the MTC via the RD backplane lines,
lists the CPU backplane lines used by the MTC and their

functions,

Table 4-1 tape controller,

MTC

MTD

INTERFACE
(VIA BACKPLANE)

L
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Figure 4-1, MTC Interface
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TABLE 4-1, MTC/CPU INTERFACE SIGNALS
Signal Function Signal Function
RDO01/- | Data input lines from the peripheral controller, is referenced by the occurence of the data inter-
RD16/ In an ADT read operation, one 16-bit data word rupt. Word 1 of the referenced ADT table also
is input to the A register. The Q register tells the emulator what type of equipment (sin-
selects the sending device, RD01/ -~ RD04/ are gle or multiple M05, etc.) is involved. The
also used by the SPS command to sample (input) association of a micro interrupt with a particu-
the status of an M05 device to the A register. lar ADT table is initially set up at the macro
SD01/- | Data output lines to the peripheral controller. . level with the DMI macro instruction.
SD16/ In an ADT write operation, one 16-bit data word | STERM/| When the emulator detects that the last data
is output from the A register to the external transfer of a current ADT operation is in pro-
device. The Q register selects the receiving gress, it causes this line to go active, This
device. terminate line (which signifies the end of the
SMB9/ This mode bit is always the set /sample condi- ADT sequence) cal.xses the controller to finish
tionbit. Kitis1 @i.e., 1700 Q03 = 1), one the current operation and to generate a macro
data word is set (output); if 0, one data word (program) interrupt.
is sampled (input). MR/ This signal is activated by a system master
SSTB/ A strobe signal to the peripheral controller clear, It i8 furnighed fo clfaar the peripheral
that occurs twice with each execution of an SIO controller and external equipment.
command., The signal occurs once near the RDINT/ | Micro (data) interrupt line from the peripheral
beginning and once near the end of an output controller. This line signals the CPU that the
data operation. Data out (SD01/ - SD16/) is device is ready for another data word transfer -
guaranteed to be stable by strobe time. during ADT operation.
SPT00-~ | Port selection signal (discrete port address RPINT/ | Macro (program) interrupt line from the peri-
SPT07/ | line). One of these 8 lines is made active with pheral controller. This line causes the macro
each execution of an SIO or SPS macro instruc- program to branch to an interrupt trap loca~
tion. The particular line that goes active tion in macro memory. This facility allows
depends upon the code specified in bits 07, 08, peripherals to inform the macro program of
and 09 (1700 convention) of the Q register. peripheral occurences, such as initializing
The appropriate line is custom-wired to the operations, terminations, malfunctions, or
associated controller port at the time of instal- errors, and is used to permit macro control
lation. : ' of the peripheral.
SSELO- | When the emulator detects and acknowledges RDIR This line is used by. the device to signal the
SSEL7/ | the occurrence of a data interrupt (micro inter- | OUT direction of data flow, after the device
rupt) for an ADT transfer, one of these eight receives the ADT micro interrupt acknowledge
lines goes active. The particular line that goes (SSELO-SSELT) from the CPU during an
active depends upon the code specified in bits ADT operation.
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 MO05 1/0 scheme; basi-
cally, 1/0 commands are still initiated using the A
and Q registers, but the NCR macro set/sample I/0
instructions are used in lieu of CDC's input/output

4-2

A macros, There are also slight differences in the
addressing of an I/0 device and interface handshaking,
The 1/0 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 1/0O 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 (SD1
through SD16).

] Toggle the appropriate I/0 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 (RD1 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.

96728600 A

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 bit 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 RD01 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, MTC Block Diagram

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 known 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.
instructions, these fields are secondary micro functions,

For some micro

TRDO-7
TRDP

FORWARD
REVERSE

OFF LINE
RECOVERY
WRITE ENABLE

WRITE
STROBE
MTDSTATUS

OMTD READY
®MTD ON-LINE
SEOT

eRBOT
OREWINDING

PR N——

who-wDr,
wbp

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 resid‘es 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
Left-byte serial output is
processed first, with the data being applied to the

from the CPU interface.

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.

96728600 A

LS Byte Holding Register

This register provides temporary storage for the right

byte while the left byte is being processed.
.allows the input data registers to be emptied in one byte

It also

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.



Write Data Multiplexer

The write data multiplexer receives its inputs from the
write data logic. I passes through to its output in the
following 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

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 4-4,
Read Data Logic.

Read Data In Régister

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/0
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.

96728600 A
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Figure 4-4,

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.

Byte Assembly Output Register

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

96728600 A

Read Data Logic

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/0 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 Select | Feedback
Code | Bit Description Code |Bit Description
0 FBO Unconditional 1 12 | FBI8 | Write enable ring )
o h (file unprotected)
1 FB1 Skip first byte
13 FB19 Read
2° FB2 Skip writing last byte - v From
14 FB20 BOT d point
3 FB3 Reserved for tape (oad point) 3 o) ected MTD
speed identifier 15 FB21 EOT
4 FB4 Not used From CPU's 16 | FB22 | Online
5 FB5 » 1/0 command | ., | FEz5 | Rewinding
Density selection <
6 FB6 18 FB24 Read parity count flip-flop
7 FB7 Parity: 0 = odd; 19 FB25 LRC test bit
1= even 1A | FB26 | Checksum bit
8 FBS8 'Sevel-l-./nme-track 1B FB2T CRC test bit
identifier
' / icC FB28 Write current enable
9 | FB9 | Terminate B 1D | FB20 | Track in error bit
A FB10 Program/data interrupt (PODINT) 1E FB30 CRC check bit
B | FBIl | Read data bit 1F | FB31 | Write data bit
o) FB12 Tape mark
D FBI3 Wri lock ¢ 2 20 FB32 Density status (not used)
- Write clock ¢ ‘ 21 FB33 )
E FB14 Short timer complete (=0) 929 FB34 Not used
F FBIS Long timer complete (:0). 23 ‘FB35 Half word on read flag
10 FB16 Read data strobe
FN36 Micro program flag (flag 4
(read clock) From 24 progra g (lag 4) ‘
—_— F i h
11 BT Write current on selected MTD 25 B37 Write clock pulse memory late
(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.

4-8

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 lLogic

The cyclic redundancy check logic consists of a CRC
checkword accumulator 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 accumulation 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 elements
are then activated by the micro controls or steps set up
by the program instruction.

To achieve this, the control section has its own logic
elements that are directed in their functions by the
micro instructions. They in turn 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 I/O interface logic
recognizes that it is being selected through the mode
and port addressing bits in the CPU's Q register.

The resulting I/O0 start signal, which is generated from
the selection process, enables the I/O function code
from the CPU's A register to be transformed to a
controlware program address.

Transform

Upon receiving the I/0 command from the CPU, 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 I/O 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 Djg. 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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WRITE 2 MTD 12 10 READ 9
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SSTB —8 [=» Fi9, (BRANCH) - TEST mT| PLEXER
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INTERFACE .
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MR — UNCONDITIONAL CONTINUE | FR36 (FLAG 4)
RDIR «— RETURE DLE ) 8
RDINT 4 /O START TEST BIT STATUS
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Figure 4-5, MTC Control Logic Block Diagram
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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/0
operation, the control program halts. If is triggered
into running again by the next I/0 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 into the
RPA via the NAB lines originating from the
address multiplexer.

° An I/0 master reset (MR) occurs that resets the
RPA register to zero and terminates the current
operation within the MTC.

e 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 to 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.
16 13 12 1

PRIMARY
FIELD

SECONDARY 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 jump 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 # 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 15 13 12 11 10 1

ABSOLUTE READ-
ONLY MEMORY
ADDRESS TO
BRANCH TO
CONDITION SELECTORS

— BRANCH FUNCTION CODE
CONDITIONAL
UNCONDITIONAL

[
on

Figure 4-7, Branch Format

16 13 12 98 1

0 000

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

~ : (4 RIGHTMOST BITS)

L 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.

4-12 -

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. Tigure 4-9 illustrates the address/data
control format.

16 13 12 9 8 1

FUNCTION MODE DATA CONTROL

ENABLE A OR B
LOGIC OR REGISTER
IMMEDIATE DATA

(C LOGIC) OR DIRECT
DATA (DD)

— SELECT A, B, C, D CONTROL LOGIC

L 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 F14. 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 = 0 — C data logic is enabled
1 - 14 — D data logic is selected
15 — 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

e = 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: 0

6 15 14 13 12 9 8 1

0 0 0 0] MODE DATA CONTROL

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 MB1 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 Data Control
PARENI - PARENI1 (1-Bjg) DD
PARENI15 (Fig)

EA, EB
Continue

Format: Address/data
Function code: 1

16 15 14 13 12 9 8 1

0 0 01 MODE DATA CONTROL
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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 MB1 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 ' Data Control
PAREN1 - PAREN11 (1_B16) DD
EA, EB

PAREN15 (Fyg)
Subroutine Return

Format: Address/data
Function code: 2

16 15 14 13 12 9 8 1

0010 MODE DATA CONTROL

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 MB1 through MB12.

The assembler mnemonic is RETURN.

The valid subfunctions are:

Mode Data Control
PAREN1 - PAREN11 (1-Byg) DD
PAREN15 (Fy6) EA, EB
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Data Logic Enable °

Setting or clearing a particular register bit, as

defined by a bit select code in the lower-order

Format: Address/data
Function code: 3

PAREN

16 15 14 13 12 9 8 1

0 0 1 1 MODE DATA CONTROL

0000 (0)

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 PARENY 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.

0001 (1)

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 MB1
through MB12.
0010 (2)
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 " Data Control
PARENO Zeros
PARENI1 - PARENS DD
PAREN10 - PARENII (10-B ) DD

PARENIS5 (F, ) EA, EB
1 0011 (3)

Data Control Subfunctions

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: 0100 (4)

° Receiving the lower-order bits (DD) from the
current micro instruction, or

4-14

Code

bits of the current micro instruction.

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
MB1 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
MTC 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.
MB1 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 MBS, representing anypositive 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 PARENS 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. MB1 through MB3
select one of eight status bits, while MB4
sets or clears the selected bit.

0 (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.

0 (000) — Program flag (F1)

1 (001) — Program flag (F2)

2 (010) — Program flag (F3)

3 (011) — Micro 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. MB1
through MB4 are loaded into this register
and control the data sent to the MTD. MBL1
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:

0 (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(111)] Logical one
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PAREN

Code

1000 (8)

1000 (8)

Description

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

Load read data control register. MB1
through MB3 select one of eight logic

“enables for a tape read operation. MB4 is

used to set the selected logic enable to a
true or false state.

MB1 ~ MB4 Micro Operation

0 (000) -MB4~1/0  Enable/disable read
data output register to
assemble least signifi-
cant (right) data byte
(BC1).

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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PAREN
Code Description

MBI1 - MB4 Micro Operation

7 (111) « MB4=1 Connect bit output of
write data output register
into input of read data in

register,

MB4=0 Enable end-around shift

on read data in register.

1001 (9)  Load EC control register directly from bits

MBI1 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/MB1 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,

EC/MB2 - 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/MB8 Enable shifting the read CRC
accumulator one bit position,

1010 (A 1 6) Controls the clearing, loading, and shifting
of the MTD read data in register, in con-
junction with PAREN code 8 and MB1
through MB3 equal to 3.

1011 (B1 6) Sets the read (command received) after
write (command completed) status flip-
flop (RAWS).
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PAREN
Code Description
1100 - Not used; no operation performed on

1110 (C_EIG) hardware,

1111 (F Enable EA/EB selection according to MB1

)
16 through MBS,

EA Bit Assignments

The EA field occupies bits MB1 through MB4 in the MTC
micro instruction and selects one of 16 possible EA
micro subfunctions for the MTC control logic, Enabled
by an Fyg code in the mode/PAREN field of the micro
instruction, the EA codes are used primarily to set
control flip-flops and latches,

16 13 12 11 10 9 8 7 5 4 1
1111 DATA CONTROL
FIELD

L EA SUBFUNCTION
CODE (0-Fyg)
EB SUBFUNCTION
CODE (0-7)

MODE (PAREN15)

—— MTC FUNCTION CODE (0-3)

EA
Code EA Subfunction Description

EAO Not used. No operation performed by hardware,

EA1l Resets the data direction flip-flop, indicating to
CPU's I/0 control logic that the direction of
ADT data will be from the CPU to the MTC,

EA2 Clear ADT terminate, Resets the TERM B
flip-flop that was set by the CPU's terminate
signal (STERM). .

EA3 Enable tape select. Enables the selection of
one of four tape units,

EA4 Not used

EA5 Gates CRC carry, Enables write CRC carry
flip-flop output to the write CRC generator,

EA6 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 EA Subfunction Description

EA7 See EA1, 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,

EAS8 Program interrupt. Sets the program interrupt

latch.

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

EA10  Write odd parity. Primes the write parity
flip-flop so that odd data parity is gener-
ated.

EAl1l  Write even parity, Primes the write parity
flip-flop so that even parity is generated.

EA12 Clear write CRC, Zeros the write CRC
generator,

EA13  Clear tape data output. Zeros the write data
output register,

EA14 Read odd parity. Primes the read parity flip-
flop to test for odd parity. :

EA15 . Read even parify. 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

EB1 Read registers, Clears the MTC read and
unit select registers,

EB2 Command register. Clears the tape command/
control register,

EB3 TIE register, Clears the track in error
register,

EB4 Read data strobe, Resets RDS (FB16).

EB5 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

16 15 14 13 12 11 10 9 8 1

01 0 0}]0 0 0 O0/Jx x X X X X X X

\ )
v

POSITIVE REPRESENTATION OF ANY
NUMBER/COUNT BETWEEN 1 AND 255

Bits MB1 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 # 0 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 LDLC1,

There are no valid subfunctions.

Set Loop Counter 2

Format: Register load
Function code: 5

6 15 14 13 12 5 4 1

e

POSITIVE REPRESENTATION OF ANY
NUMBER/COUNT BETWEEN 1 AND 15
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Bits MB1 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 # 0 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

16 15 14 13 12 11 10 1.
) BRANCH ADDRESS
000 - 3FF3¢

0110

Branch to the read-only memury address specified by
MB1 through MB10 and execute the micro instruction at
that address, Load the RPA register with bits MB1
through MB10,

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 1

01 1 1 /// BRANCH ADDRESS

000 - 3FF1¢
Branch to the read-only memory address specified by
MB1 through MB10 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 MB01 through MB10,
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The assembler mnemonic is JUMP,

There are no valid subfunctions,

Sample/Test Bit
Format: Register load
Function code: 8
16 15 14 13 12 76 1

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

Input the state of the feedback bit as selected by MB1
through MBS to the bit flag flip-flop, The feedback bits
reflect internal MTC hardware status, MTD interface
lines, 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 . 1

BRANCH ADDRESS
000 - 3FF;¢g

1001

N
ONE OF FOUR FLAG SELECTS:

00 = FEEDBACK BIT FLAG
01 = PROGRAM FLAG 1
10 = PROGRAM FLAG 2
11 = PROGRAM FLAG 3
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Branch to the read-only memory address specified by
MB1 through MB10 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 PARENS.

The assembler mnemonic is BRNB,

There are'rno valid subfunctions.

Branch, Flag On

Format: Branch, conditional
Function code: A

16 15 14 13 12 11 10 1

BRANCH ADDRESS
000 - 3FF¢

1 010

e s
ONE OF FOUR FLAG SELECTS:
00 = FEEDBACK BIT FLAG

01 = PROGRAM FLAG 1
10 = PROGRAM FLAG 2
11 = PROGRAM FLAG 3"

Branch to the read-only memory address specified by
MB1 through MB10 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 1#0

Format: Branch, conditional
Function code: C

16 15 14 13 12 11 10 1

BRANCH ADDRESS
1100 //
/]

000 - 3FF1¢

Decrement the loop 1 counter by 1. If the counter is
not equal to zero, branch to the read-only memory
address specified by MB1 through MB10, If the counter
is equal to zero, execute the next sequential micro
instruction,
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The assembler mnemonic is LOOP1,

There are no valid subfunctions,

Branch Loop 2#0

Format: Branch, conditional
Function code: D

16 15 14 13 12 11 10 1

1.1 0 1 7 BRANCH ADDRESS
) / 000 - 3FFyq

Decrement the loop 2 counter by 1. If the counter is
not equal to zero, branch to the read-only memory
address specified by MB1 through MB10, If the counter
equals zero, execute the next sequential micro
instruction,

The assembler mnemonic is LOOP2,

There are no valid subfunctions,

Unused Micro Function Codes

The primary function codes E and F1g are not used,
The following secondary subfunction codes are not used:

° PAREN12, PAREN13, PAREN14 (C, D, E16)
° EAOQ, EA4
° 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
selected for test (sample bit) and tested (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/O command setup for an MTD read
operation, Backplane line SD11, 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 SD11 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/0 Command Bits from the CPU:

FB1  Skip first byte, Reflects state of CPU
A-register bit 04 in the MTC I/0 command,
When 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 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,

FB3 Tape speed, Identifies speed of transport
being used., Not currently implemented

FB4 Null character insert, Not used

FB5, Density identifer, Reflects A-registei' bits 08
FB6 and 09 in CPU's I/0 command to MTC, Identi-
fies read or write density of selected unit as

follows:
FB5 FB6 , A
0 0 1600 bpi, nine-track (not currently
supported) ‘
0 1 800 bpi, nine-track or seven-track
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FB Bit Feedback Function Description
FB5 FB6
1 0 556 bpi, seven-track

1 1 200 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 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,

FB17 Write current on, When false, the write
current is active in the selected MTD,

FB18 Write enable ring, When false, write opera-
tions are enabled in the selected MTD,

FB19 Ready. When false, selected MTD is loaded
with tape, powered up, and ready to accept
an I/O command,

FB20 BOT. When false, selected MTD is positioned
at beginning of tape or load point (reflective
s%rip under photo cell),

FB21 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,

FB22 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 the busy status bit, A01,

FB23 Rewinding, False when the selected MTD is
rewinding, Equates to A-register bit 02 when
MTC status is requested,

FB32 Transport density status, Three identifying
through lines from the selected MTD,
FB34

MTC Data Handling:

FB11 Read data bit, Serial bit output of 8-bit byte
in the MTC's read data register.

FB24 Read parity, When true, indicates the resei
state of the MTC's read parity flip-flop.
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FB Bit Feedback Function Description

FB30 CRC check bit, State of bit currently being
applied to MTC's CRC accumulator,

B27 CRC test bit, Serial output of CRC accumu-
lator,

FB31 Write data bit, Serial bit (data/parity/CRC)
output from the MTC's write data multiplexer
to the MTD,

FB25 LRC bit, Serial bit output from the MTC's
read LRC register.

FB29 Track in error, Serial bit output from the
MTC's track-in-error register,

FB26 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 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,

FB13 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,

FB37 Write clock memory, When true, indicates
the set condition of a flip-flop that captures
every write clock phase 2.

FB14 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,

FB15 Long timer complete, Long timer count, set
by PAREN3, has decremented to zero,

FB28 Write current enable. Indicates to the MTC
that a write operation is currently enabled on
the selected MTD.

FB36 Micro flag, Similar to flags 1 through 3,
Internal bit flag that may be set or cleared and
tested, Also known as flag 4,

FB09 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,
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FB Bit Feedback Function Description

FB10 PODINT, Program or data interrupt generated
by the MTC to the CPU, PODINT/FB10 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 13-bit
micro instruction, The secondary field, consisting of
bits MB1 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 PAREN1 through PAREN11 enable the
micro controls used by the read and write data logic when
processing data. The PARENI15 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 MB1 through MB4 are decoded to
select one of 15 possible EA subfunctions, 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 MB1 through MB8 during
a PARENY 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 regiéter 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 F1, 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. ’

4-22

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 MB1-6, 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 provides, by its output, a bit
(B) flag to the program flag multiplexer,

Flag Multiplexer

One of the four program flags, F1 through F4, or the

last feedback bit sampled in the bit flag flip-flop is
selected by bits MB11 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
MBI16 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 multiplexer, 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 1/0 command has just been latched up in
the MTC (transform operation),

The address field of the current branch micro instruc-
tion, MB1 through MB10, is applied through the address
multiplexer and appears on the input to the RPA register
as the next address bits (NAB1-NAB10), 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.

Link 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 MAB1 through MAB10
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 MB1 through MB10, 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 logic 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 MBS, 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 MB1 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,
1is 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 LDLC1 micro instruc-
tion from MB1 through MB8. It is incremented by 1
towards positive zero with every execution of a branch,
loop 1# 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, it is used throughout 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/0O command from the CPU, the
transforming of the I/0 function code, consisting of A
register bits 0 through 3, directs the MTC control to a
dedicated micro routine for that I/0 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/0 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 EB1 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 MB1 through

4 = 8 would perform this function by setting the Q0

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:

o 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 — Programﬁxable 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 PAREN1 code and direct data bits
MB1 through MBS,

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 NM100 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/

Abbreviations Description

ADT Auto data transfer

B Feedback bit flag flip-flop

DDx Direct data

DINT Micro (ADT) interrupt

DLE Data logic enable function

EAx Micro subfunction code, Enable A logic

EBx Micro ‘subfunction code, Enable B logle

ECx Enable shift control logic

F1,F2,F3 Program flags 1, 2, 3

FBx Feedback bits

INV Invert read data bit currently being
processed

LC1,LC2 Loop counter 1, 2

MABx Read-only memory address bits

MBx Read-only memory bits

MC-1 MTC clock phase 1

MR-T Master reset from CPU (system clear)

MTC Magnetic tape controller -

MTD Magnetic tape drive

NABx Next read-only memory address bits

NMx Logic micro step or micro time signal

ocC Open collector output

PARENx Mode control or micro control function

RABx Link register bits (subroutine return
address)

RAWS Read after write status flag

RDx 1/0 data rececived from micro~processor CPU

RDS Read data strobel (read character clock)

RPINT Macro program interrupt to CPU

SEL MTC selected for an 1/0 operation

SDx Tape data or status sent to CPU

TIE Track in error

TRx Processed tape read data

TRD Data read from tape and not yet
processed .

TS Three-state output

TWRLS Tape write data load strobe

WCCR9 Output of write CRC generator

WDx Write data to tape unit B

ZERO 1,2 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 Description

755 8274 PSREG 10-to-1-line parallel-to-
serial rt_:gister

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

758 745257 MUX 8-to~4-line sultiplexer

766 8205 ROM Read-only 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 gato

964 - OR 2-input OR gate

967 74154 DCDR 4-to-~1-of-16-line decoder

971 74195 SREG 4-bit shift register

972 9301 DCDR 4-to-1-0f~10-line decoder

973 9312 MUX 8-to-1-line multiplexer

974 9316 co Counter )

980 -9322 MUX 8~to—4-line multiplexer

987 9334 ADLA 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, Y1, 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 L1, 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, B1l, C2, and C1, 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 B1 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. In
turn, it enables counter C2 to increment, and upon
reaching count 16, outputs a high at its TC output every
25 microseconds, Counter C1 outputs a high pulse
every 250 microseconds, which is used by the long
timer, :

SHORT/LONG TIMERS

The short timer E1 and D1 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 B1, Short timer E1 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 D1, 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 C1, :

WRITE CLOCK CONTROL

.%The.eight-bit,write.clock.control-register-E3-and -D3-is

loaded from the false side of the MB bits by PARENI1,
The EQA/EQB output control gate constantly enables

the three~state Q outputs of this register to the write
clock counter E4 and D4, by being grounded.

WRITE CLOCK COUNTER

The clock counter increments at the master clock rate
until a count of FFyg is reached. The next clock cycle
increment to the counters results in overflow and the
generation of the low active write clock pulse, NM100,
Through inverter C4 the counters are agﬁin preset to the
control register's contents by NM100 low at pins 9 of

D4 and E4,

Clock pulse NM100 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-1 multiplexers is selected by the
feedback group select decoder, M8. 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 A0 through A3 inputs of
M8. The group select signal enables its associated
multiplexer to decode from the false side of the lower
three MB1 through MB3 instruction bits. Using multi-
plexer B6 (FB0x) 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 S0 through $2 inputs to the multiplexer
is the complement of the octal number represented by

instruction bits MB1 through MB3, Multiplexer M6
decodes for FB1x, multiplexer M10 for FB2x, multi-
plexer L6 for FB3x, and multiplexer M9 decodes for a
select code of 40-45g (20-25;4), Since the active state

. of feedback bits FB16 through FB23 is low, the output

for multiplexer M10 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 selected from the five multiplexers through
multiplexer M7 and applied to the bit flag flip-flop, K1,

" If the selected feedback bit is true and the current micro

instruction is a_sample/test bit,_then the Q output of the

bit flag flip-flop (pin 10) is clocked to a high, When the

feedback bit is false, pin 10 of the bit flag flip-flop is
low, following the sample/test bit instruction.

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 NAB10, 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 the contents of the
link (save return) register bits (RAB1 through RAB10)
and the lower ten bits (MB1 through MB10) 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 MB1 through MB10
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.

1/0O TRANSFORM REGISTER

The MTC's 1/0 interface logic (sheet 7), once it has
been initially selected by the CPU, generates an 1/0
START signal. When true, the address multiplexers

E7, F7, and C7 are disabled, causing read-only memory
address bits NAB5 through NAB10 to go low. This
results in the selection of read-only memory address
00x, with the x value being supplied by transform
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register A7. Receiving its inputs from the I/O function
code portion (SD01 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/0 function code

to be output as the x value read-only memory address

on the NABI through NAB4 lines. The address loaded
into the RPA register by the transform register is in

the range of 000 to 10F16’

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 MABIO 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 A0 through A8 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, MAB1
through MAB10, of the next micro instruction to be exe-
cuted. Upon reaching the end address of 3FFig, the
next increment bumps it to a count of 400,¢. Since only
the lower 10 bits are decoded as an address, this, in
effect, achieves wrap-around back to address 000y¢.
Logic signal NM200 when low implies a branch operation.

" This loads address multiplexer lines NAB1 through
NAB10 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 (MAB1 through MAB10) 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 ¥z and Al,
is loaded with the complement of instruction bits MB1
through MB8 by micro instruction SETLC1., Each
BRANCH ON LC1 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 F1 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 NAB
lines (next address) into the ROM program address
register. Itis 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 G1 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



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 170 micro instruction

is a micro code C (1100). Since MB16 is a one in this
example, the G1 multiplexer is enabled. The remaining
function code bits (x100) 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,

TABLE 5-2, WRITE CLOCK SHIFT REGISTER

ANDed-at-NAND-gate-G3-3-with-MB16;-the resultant-low
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 E8 selects one of the four program flags
that may be tested by the branch, flag on/off micro in-
structions. Bits MB11 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 D1 and D2 inputs of multiplexer G1,"
causing a branch operation when either function code 9

or A16 is selected. :

WRITE CLOCK FREQUENCY DIVIDER

Shift register G7 is clocked by the write clock pulse
NM100. The state of the data bit shifted into this regis-
ter at NM100 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 NM100, 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 Q1 output
going low generates the write clock phase 2, When the
zero bit that caused the Q1 output to go low is shifted to
the Q3 position, this register is again preset to 0111,

Action " | Resultant Output | Write Clock
Step Condition at G7 Q) Q1 Q2 Q3 Phase 2
Initial | Q3 =10 Enable X X X 0 | Don'tcare
Preset
1 NM100 low Preset 01 1 1 High
via G7~-9
2 NM100 low shiftina 1 1 0 1 1 TLow active
(G7-2)
3 NM100 low Shiftina 1 1-1 0 1 High
4 NM100 low |[' Shiftina 1 1 1 1 0 High
- Q=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
NM100 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 H1 decodes the micro function field
(MB13 through MB16) 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 F are not used
and are therefore not decoded.

PAREN/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 14 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 EA8 through
EA15 outputs,

The decode of the lower EA outputs is allowed to float
during instruction fetches, as evidenced by the MB1
through MB4 inputs only at EA decoder HS,

EC BUFFER REGISTER

The two three-state buffer registers, M5 and L5, are
loaded by a PARENY 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 1/0
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/0 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, G8 pin 9, The macro program, resident in

‘the CPU, acknowledges this interrupt and causes back-

plane signal SSEL/ to go low true to the MTC. NAND
gate F8, which receives SEL, clocks the RPINT flip-flop
G8 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 islow 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),
G8 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 EA7 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 G10 each time the MTC is selected for data transfer
at G10 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 8 low
output sets the ADT terminate flip-flop, H4 pin 10, Is
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
leadihg to the CPU's A register. Micro control NM650,



when low, enables the multiplexers at pins 15 of the
8-to-4 line multiplexers A10, B9, C10, and E10. This
indicates that the MTC's CPU interface has received a
data request from the CPU. The data read from tape
(TR1 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 (D10) and status regis-
ter 2 (D8) are then selected through the multiplexer,

STATUS REGISTERS

Status register 1 (D10) and bits 4 through 7 of D8 for
status register 2 make up the MTC's status word, Bits
0 through 3 of D8 are used as the program flag register,
Accessed by a PARENS or PARENG code, instruction
bits MB1 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, L10, receives the low true tape read
data (TRD) from the MTD interface, When enabled for
shift mode through PAREN10 and read data control
register H7 pin 7, the 7- or 9-bit tape character is
shifted out, starting with tape bit 0. Pin 6 of register
L10 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. Inthis way, each data bit may be exam-
ined as to its state at inverter L8 (FB11), without dis-
turbing the tape byte.

The data flow originating at L8 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 PARENY code enables the EDA/EDB input term of
write control register H8, allowing instruction bits

MB1 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 POS1 and POS2, obtained from the MTC

* I/0 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 M11-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. Data

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 K10,

- Pin 9 of the generator output (WCCR9) represents the
combined state of all data bits written on track 0 of the
tape, When the CRC generator is shifted one bit posi-
tion by EC4 low, WCCRY represents the combined state
of all data bits written on track 1 of the tape. When the
CRC generator is again shifted one bit position by EC4
low, WCCRY 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 1s would normally result in a 0
input to the CRC generator unless the CRC carry flip-
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TABLE 5-3, COMBINATION/GENERATION
OF CRC CHECKWORDS

CRC Carry | Result to
WCCRY| Flip-Flop | CRC Gen-| CRC Carry
FB31 | (CRC | (Initial erator 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
[ 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 B8 and A8 do

not use the lower order bits and the first bit output is from
D10 on B8 (pin 6). To reassemble the tape byte, one extra
shift is performed on J10 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
PAREN? and instruction bits MB1 through MB3, MB4,
when high, sets the addressed latch and its associated
output command line low true.

5-7
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NOTE

In n]l,cxrcumstnnccs and proce=-
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maintenance is limited to the diag-
nosis of a malfunction and then
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' - {o replacing the entire magnetic ---ae’
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- Tho Operational Diagnostic System (ODS) Refer~
‘encc Manual, ODS is a software diagnostic pack-
—.age that uses the LCTTA (éiagnostic program) by
= acccssing the MTC's self-test micro programs -

to verify that the controller is fuliy functional -
o ‘wllhout the use of the tape transport.,. The diag~—
: -~ nostic program LCTTB is used to test the MTC -
- on~line with the tape transport.

. e .Y P

PRINTED CIRCUIT BOARD REMOVAL .
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"SELF-TESTS
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l ! :
:l‘he M'I‘C contains a self-test cqpabxhty through Lne use
of an internal set of micro progr"ms. 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-ia dizgnostics be impiemented
using the system s SIO sample command. T

i
The controller self tests are initiated from the CPU by
the four least significant bits of the functon word, Test

stbsections 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 rewurns an

ndication of a successful test execution.
is considered a replaceable suhassembly, any ne;ame

-test results mdlcate controller rcphcemem.

) . e

. Exte'ri’upts to transferring data to and from Lhe CPL'

i ! ’ - - . - +em - . ..
The goal of the controller tests i{s to verify that the con-
troller is fully functional, from generating program
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% cd to diagnose, maintain, and verify that tho MT(‘ No prcventive maintcmnce 1s rcqulred for tho magnctlc
A> proper “orking orc.cr. . " tapo controller. i

Since the MTC

In addition to detecting specific test failures, the test
program monitors continucusly for abnormal conditions
such as unexpected status, unexpected interrupts, ard

goal is.as folIOWS' :’.‘_;'
. ;——-S Interrupt handling ---— - ~ - “ ;
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TScc the 1700 Enhanced Processor with Core Memory
‘Refercence Manual for complete seftware programming
formats and instructions,
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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:

'y 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 315-0526469D)
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 preventivé 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, Justas 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 scftware 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-
troller produces a program interrupt using 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 instruction., 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_ _ 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.

Branch on Feedback Micro Instruction

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

Description: A function code of xxxC1g 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 x01B74 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: Verify that the status bits can be cleared.

Description: A function code of 048B1g causes the con-
troller to'clear 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 x02B1¢g 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,

96728600 A



A function code x04B1¢ 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_  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 x50B14 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
f_unction 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 xxx0;¢

-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
-Filemark 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 ende
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 x40Bj1g or x00B;q

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.



Description: I a jump and return is executed success-
fully:

® A program interrupt is generated,

e 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 xOfJ;B1 6
Conditions: None

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

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

Function Code x10B1 6
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. If the
short timer fails, the long timer
test is invalid.

Function Code x20B 16

Condition: None

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

Description: Zeroes (provided as 1s 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 1s
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,

16

Function Code x40B, . or x00B 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
cleared, 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 xxxD1 6

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

P0000 E000 Load Q register with equipment address
(port, position)

P0001 0600

P0002 0A00 Enter A register with zero

P0003 0BO05 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 O0OD08 Continue if status is OK; add 8 to @
register
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P0007 C000 To set mode, load A register with tape

unit and function word (select)

P0008 0908 Set for 7 track, 800 bpi, select function,
unit 0

P0009 O0B04 Set/sample output to controller

P000A 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 compléted. 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 00044¢ indicates correct opera~
tion. Any other status indicates an error condition.

’

Program Listing

P0000 E000 ILoad Q register with equipment address
(port, position)

P0001 0600

P0002 0A00 Enter A register with zero

P0003 0B05 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 0D08 Continue if status is OK; add 8 to Q
register

P0007 C000 To set mode, load A register with tape
unit and function word (rewind)

P0008 0905

P0009 0B04 -Set/sample output to controller

P000A ODF7 Subtract 8 from Q register

P000B 0A00 Enter A register with zero

P000C 0BO05 Sample position status to obtain status

P000D BO000 Exclusive OR the contents of A register
with 00041¢ to determine if rewind is in
progress ‘

POOOE 0004 Set for 7 track, 800 bpi, rewind function,
unit 0 ’

6-6

P0011  18F9

POOOF 0101 Skip if A=zero; rewind in progress
P0010 18FF Hang here on error, or rewind complete
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=0001., The buffer area can be modi-
fied as desired. This example used the area 020074 to
2000, ¢ as the buffer., The program then sets up the
ADT table for the transfer of data, This example used
016016 to 016314 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 0130716 (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

P0000 E000 Load Q register with data pattern

selected

P0001 FFFF Data pattern used

P0002 CO000 Load A register with FWA of buffer
area

P0003 0200

P0004 60FF Store A register in I register

P0005 C000 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

P000A DOFF No; replace add 1 to I register
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P000B
PoooC

PoooD
PO0OOE

POOOF

P0010

Poo11
P0012

P0013
P0014

P0015
P0016
P0o017
P0018

P0019
P001A
P001B

P001C
P001D

POO1E
POO1F

P0020
Poo021
P0022

P0023
P0024
P0025

C8FA
18FA

18FF
C000

8X00
6400

0160
C000

01FF
6400

0161
C000
2000
6400

0162
0A00
6400

0163
E000

0608
C000

090X
0B04
E000

8007
C000
0160
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Load (restore) A register with LWA
Jump back to continue loading buffer
area

Halt here when buffer is loaded

Load A register with (start of tape read/
write operation)

ADT write/read function (8E00 for write/
8600 for read)

Store A register in first word of ADT
table

Load A register with FWA-1 of buffer
area

Store A register in second word of ADT
table

Load A register with LWA of buffer area

Store A register in third word of ADT
table

Enter A register with zero
Store A register in fourth word of ADT
table

Load Q register with equipment address
(port, position)

Load A register with tape function word
(0902 for write/0901 for read)

Set for 7 track, 800 bpi, unit 0

Set sample output to tape controller
Load Q register with micro interrupt
line number

Load A register with FWA of ADT table

P0026
P0027

P0028
P0029
P002A
P002B

0B06
C000

1000
0821
0400
18FF

Define micro interrupt
Load A register with macro interrupt line
number *

Transfer to mask register
Enable interrupts
Wait here for interrupt

Interrupt Response

P0130
Po0131

P0132
P0133
P0134

P0135
P0136

P0137
P0138

P0139
P013A

P013B

P013C
P013D
PO13E
PO13F
P0140
P0141

P0142

0000
E000

0600
0B05
C400

0161
B000

01FF
0112

0400
18FF

E000

0600
0A00
0B04
0101
18FF
1400

000E

Return address of interrupt program
Load Q register with equipment code
(port, position)

Sample position status to get status
Load A register indirect from second
word of ADT table

Exclusive OR the A register with FWA

of buffer area

Skip if A register is not zero (determine
if interrupt is true interrupt)

No; re-enable interrupts

Wait again for completion of ADT trans-
fer

Yes; load Q register with equipment
address (port, position)

Enter A register with zero

Set sample input to get status

Skip if A=zero

Halt here if status set (indicates error)
No errors; jump to start of program at

OOOE16
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MICRO CONTROL PROGRAM FLOW CHARTS A

ERASE —» NAME OF MAIN ROUTINE

ENTRY TO MAIN PROGRAM
* PROGRAM LISTING SHEET NUMBER

SINGLE L
OPERATION
OR
INSTRUCTION ROM INSTRUCTION ADDRESS
A 4
l—ﬂ JUMP TO SUBROUTINE
ONE OR MORE
OPERATIONS OR
INSTRUCTIONS
A 4
SUBROUTINE]| .
|proGRAM EXIT FROM THIS
NAME AND ] PROGRAM
DESCRIPTION
PROGRAM No. TO
LISTING  RETURN TO MAIN PROGRAM AT ADDRESS (213) PROGRAM
:?;faim;: . LOCATED AT
213 THIS ADDRESS
6 AND PAGE NoO,
PROGRAM ENTERED HERE
FROM INSTRUCTION SUBROUTINE
. LOCATION ELSEWHERE
IN PROGRAM
o e

DECISION- YES
BRANCH

ROM INSTRUCTION ADDRESS

DRAWN AT HALF
SCALE INDICATES
IT WAS DESCRIBED
PREVIOUSLY

SUBROUTINE
PROGRAM

O=COMMON ENTRY POINT

SINGLE
INSTRUCTION
FLOW CHART CONTINUED ON
A NEXT PAGE, AT ENTRY POINT

Figure A-1, Flow Chart Symbol Descriptor
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HARDWARE

<4

INPUT A REGISTER
BITS 0—3 INTO ROM|
ADDRESS REGISTER

FUNCTION \YES
CODE 0?
NO

FUNCTION \ypg
CODE 1?
NO

"FUNCTION \YES
CODE 27
NO

FUNCTION \YES
CODE 37
NO

FUNCTION \YES
CODE 4?
NO

FUNCTION \YES
CODE 57
NO

FUNCTION \YES
CODE 6?
NO

FUNCTION \ YES

CODE 7?

NO
FUNCTION \ YES
CODE 8?7

NO

FUNCTION | YES
CODE 9?
NO

FUNCTION | YES
CODE A?

FUNCTION "\ YES
CODE B?

zZ
'o

b4
[=]

FUNCTION \YES
CODE C?

z
(o]

FUNCTION \YES
CODE D?

YES/ FUNCTION

Z
'o

@
% 2s)
@ -45

REWIND
UNLOAD

CODE E?
NO IOOP
FUNCTION \YES GENERATE
CODE F? PROGRAM
NO INTERRUPT—-CPU
NS
010
HALT
MICRO
PROGRAM

CONTROLWARE

Figure A-2, Q Function Code Transform (XF)



~ewin

SET UP FOR
READ OPERATION

READ

0AA]
SELECT loan

TAPE UNIT

CURRENT ON?

SET MICRO {0AF]
FLAG 2
(READ OP,)

IOBO
ENADLE LEFT
BYTE ASSEMBLY

}

Lont

CLEAR DATA
REGISTERS I

l(!AD
SET READ

AFTER WRITE
STATUS BIT 04

READ SUB2
CLEAR READ
DATA IN REGIS-
TER WITH 1s,

THEN SET IT TO
LOAD MODE

¢

SET 0B4
SELECTED
TAPE UNIT IN
FORWARD
MOTION

0BS5S
SET 1/0 DATll'—"

DIRECTION
FLIP-FLOP

96728600 A

(MTC—» CPU)

APE AT @ YES

0B8
LOAD 3-INCH
DELAY IN
COUNTER 1

BOT DELAY
LOOP FOR
120 MS
11

Figure A-3, Tape Read (Sheet 1 of 4)
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READ (CONTINUED)

onA
SET UP TIMERS/
COUNTERS EQUAL TO 2O
30 FEET OF TAPE 'T
15 :
WAIT FOR TAPE o
RDSCK
CHARACTER IF READ DATA
STROBE FROM
] TAPE UNIT
YES / RDS (DATA) §ﬁ§§f,"gf§§ 1
RECEIVED YET?

30 FEET NO, KEEP TESTING FOR RDS

TIMED OUT?

0C3

SET TIME OUT
STATUS BIT 10

L
— X

0CS

SET TAPE
MARK STATUS
JUST.IN CASE

}

SET CHARACTER

COUNT FOR
7-TRACK TAPE
TAPE MARK
CHARACTER
RECEIVED
7-TRACK UNIT YES
SELECTED
. loce
SET READ DATA
IN REGISTER TO
CIRCULAR SHIFT
U . MODE
— KEEP TRUCKIN'
-
0CD-0F4 vES
MANTPULATE OSB! _/BYTE = HEX 13?7 ALL NINE piTs [OER_no|
BYTE THROUGH (9-TRACK TAPE MARK) SAMPLED?
REGISTER, ONE YES
TEST IF BIT AT A TIME
TAPE 16
MARK LOAD IN COUNT |[OES
CODE RESET TAPE FOR SENSING
MARK f;‘ATUS SHORT DATA
RECORD, ALSO
SET STATUS
BIT 9

'

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

YES, BYPASS LEFT
BYTE ASSEMBLY

RE-ENTRY FOR ALL READ
. DATA WORDS AFTER THE FIRST

loE
SET HALF WORD

ON READ STATUS
BIT 8 JUST IN CASE

}

ENABLE LErT {0ED
-T- BYTE ASSEMBLY

AGAIN |
18

READ SHIFT
ASSEMBLE LEFT
DATA BYTE AND
ACCUMULATE CRC,
THEN ENABLE
RIGHT BYTE
ASSEMBLY

PACK LEFT
(MOST
SIGNIFICANT;
DATA BYTE RDSCK
IF MICRO FLAG 1
SET (Ist RDS) AND
RDS ACTIVE, SET
FEEDBACK BIT
FLAG,

DS RECEIVED
(NEXT T

READSUB 1
RESET ©-TRACK

TAPE MARK AND
SHORT RECORD

STATUS IF TAPE
CIARACTER
COUNT ©

PREVIOUS ADT  [OF2\
MICRO INTERRUPT TO ) YES
CPU STILL ACTIVE

SET SVSTEM [9F4
OVERLOAD -—————-]
STATUS BIT 12

READ SHIFT

PACK RIGIIT (LEAST

SIGNIFICANT) A e euT
,
DATA BYTE cLear saLy  LOF7 ACCUMULATE CRC
WORD ON READ CHECKWORD
STATUS BIT

0F8

ENABLE RIGHT
BYTE ASSEMBLY

READ TERM
END READ
OPERATION,

READ SHIFT
ASSEMBLY RIGHT *
DATA BYTE AND CRC

Figure A-3, Tape Read (Sheet 3 of 4)
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READ (CONTINUED)

SEND RIGHT  |OF4]
BYTE TO
OUTPUT
MULTIPLEXER

1

READTERM
END READ
OPERATION

ADT TERMINATE
RECEIVED FROM
CPU?

SEND ADT MICRO
INTERRUPT TO CPU.
ENABLE 16-BIT
WORD TO CPU

l a%

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

LOOP FOR CONTINUED
READ OPERATION

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

[

SELECT
TAPE UNIT

|

SET 1/0 DATA 1BO
DIRECTION FLIP-
FLOP

CPU—& MTC

}

ZERO WRITE DATA

MULTIPLEXER, SET
INPUT DATA REGIS-
TERS TO LOAD MODE

}

REQUEST FIRST
CPU DATA WORD,
SET ADT MICRO
INTERRUPT

ZERO CRC
GENERATOR

IIBS
SET THE

SELECTED UNIT IN
FORWARD MOTION,
TURN ON WRITE
CURRENT

YES
AT BOT?
NO

IIBS
LOAD 8,5-INCH
| DELAY INTO
COUNTER 1

BOoT
DELAY

SET UP m
WRITE GAP
TIME

%

Figure A-4, Tape Write (Sheet 1 of 3)
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WRITE
' (CONTINUED)

GAP TIME
COMPLETE?

1BD|
SET WRITE

CLOCK CON-
TROL FOR

800 BPI

DENSITY =
800 BPI?

YES

SET CONTROL
FOR 556 BPI

DENSITY =
556 BPI?

SET CONTROL

FOR 200 BPI WRITE
(CONTINUED)

]

L1C8
ONE.CLOCK (02)
CYCLE COMPLETE?

ENABLE WRITE
STROBE TO
SELECTED MTD

b

RESET WRITE
CLOCK MEMORY
FLIP-FLOP

NO, KEEP LOOPING

ACKNOWLEDGED?

{NEW DATA WORD)/

YES | RECYCLE FOR

WRITING NEXT
NO, WRITE LEFT BYTE /N BYTE

SKIP WRITING
FIRST (MS) BYTE?

EMPTY (MS) LEFT lxcol SELECT LEFT 112
ZERO LEFT BYTE, | BYTE OUT OF INPUT BYTE INPUT TO  {PREPARE TO
PREPARE TO WRITE| DATA REGISTER, WRITE DATA WRITE LEFT
(LS) RIGUT BYTE SHIFT RIGHT (LS) MULTIPLEXER BYTE

BYTE TO HOLDING

REGISTER

v

Figure A-4, Tape Write (Sheet 2 of 3)
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ADT DATA [1D\
TRANSFER
TERMINATED?

WRITE (CONTINUED)

PROGERROR

"ONLY ONE WORD

WRITE SHIFT
VIA DATA MULTI-
PLEXER OUTPUT
6/8 BIT TAPE
CHARACTER,
ASSIGN PARITY
BIT, BUILD UP
CRC CHECK

TRANSFERRED .
WITH FIRST AND . CHARACTER
lms LAST BYTE TO :
SELECT RIGHT BYTE BE SKIPPED
IN HOLDING REGISTER
AS INPUT TO WRITE
DATA MULTIPLEXER
1D7
SET ADT MICRO o
INTERRUPT FOR ]mn
NEXT DATA WORD SELECT RIGHT BYTE
IN HOLDING REGISTER
[228 ASINPUT TO DATA
WRITE SIIFT MULTIPLEXER, SET
PACK/OUTPUT DATA REGISTER TO
RIGHT BYTE LOAD MODE
41
1 oD e

011

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

3

WRITTEN YET?
(WRITE STROBE)

WRITE
STROBE OFF?

1E1
RESET WRITE
CLOCK MEMORY
FLIP-FLOP

ADT DATA
TRANSFER
TERMINATED

18E
SET ADT MICRO
INTERRUPT FOR
NEXT DATA WORD

WRITE CLOCK
(02) OFF?

Figure A-4. Tape Write (Sheet 3 of 3)

SET MICRO FLAG 3
(ADT COMPLETE)

SKIP WRITING
LAST BYTE

NO
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LAST BYTE
WRITTEN?

EFE
DISABLE WRITE
STROBE TO
SELECTED MTD

l

SET LOOP COUNT FOR NUMBERFF,
OF BYTE FRAMES (3) TQ COUNT

[BEFORE WRITING 9-TRACK CRC
lOR 7-TRACK LRC

RDSCK

START OF FRAME
TIME? (WRITE
CLOCK ON)

:

END OF FRAME
TIME? (WRITE
CLOCK OFF)

ADT TERMINATE| 200\
FLAG CLEARED BY
PROGRAM YET?

NO /) oo
© 7-TRACK UNIT? P (FRAME)

YES, CRC YES, YES, WRITE
LREADY WRITTEN LOOP FOR 9-TRACK
¢ 7-TRACK ‘ CRC FIRST
LRC GAP
[20E
CONNECT CRC

GENERATOR OUT-
PUT (INVERTED)
VIA MULTIPLEXER
TO OUTPUT DATA
REGISTER

H TIIREE CRC BITS

SHIFTED OUT

RDSCK
NO

WRITE STROBE
TIME?

YES

q

WRITE TERMINATION

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

A-10 96728600 A



96728600 A

WRITE 7/9
TRACK LRC

WRITE 7/9 TRACK [21F)
LRC CHARACTER
(WRITE RESET TO
MTD)

SET TIMER TO
TAPE RUN
AWAY COUNT

»( e I

LRC/CRC
CHARACTERS READ
BACK FROM MTD

NO

YES

RUNAWAY
TIMER = 0

@ RDSCK

LOOP UNTIL READ
READ DATA STROBE
brop FROM MTD DROPS
ouT

WRITE
9-TRACK
CRC

SHIFT ONE CRC
BIT (NON-
INVERTED) OUT

|

SHIFT ONE CRC
BIT (INVERTED)

ouT

SHIFT ONE CRC
BIT (NON-
INVERTED) OUT

|

SHIFT FOUR CRC
BITS ANVERTED)

T

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

}

. 219
ENABLE MTD l—

WRITE STROBE
(WRITE CRC
CHARACTER)

21A

SET LRC LOOP
COUNTER = 4

10 CRC

LSHIFTS BUT

ONLY 9 CRC
BITS OUTPUT

LOOP FOR 9-TRACK

LRC GAP

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

225
WRITE
SHIFT
SET WRITE PARITY

FLIP-FLOP (PRIME-
oDD)

ODD PARITY NO

REQUESTED?

RESET WRITE
PARITY FLIP-FLOP
(PRIME-EVEN)

NABLE SUHIFTING MS (LEFT)
BYTE TO OUTPUT DATA REGISTER,
CRC GENERATOR,WRITE PARITY
ELIP-FLOP

ENABLE SHIFTING LS (RIGHT) DATA
BYTE FROM INPUT DATA REGISTER
TO HOLDING REGISTER

ADD OUTPUT OF CRC CARRY FLIP-
FLOP TO NEXT DATA BIT APPLIED
‘TO WRITE CRC GENERATOR

! THREE SHIFTS
COMPLETED?

18 THIS
7-TRACK?

NO

BITS =17

SHIFT 1
ADD CRC
CARRY

!

DISABLE CRC
CARRY INPUT,
SHIFT 1

!

SHIFT PARITY FLIP-FLOP 241
OUTPUT (BIT 7/9) TO
OUTPUT DATA REGISTER

FINAL SHIFT FOR 10-BIT
CRC AND OUTPUT DATA

REGISTER

RETURN

Figure A-6, Write Shift Subroutine

NEXT TWO DATA

ATTEMPTING TO
WRITE MORE THAN
6 DATA BITS ON
7-TRACK UNIT
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V 00982L96

e JAREMCONOS

pAQE 3 PATE 27/09/178%

——— 8050 RERERENCE ORCIJE MD_EA £9 EC OPERANDS. ... COMAENTS ADRS_ MEMORY__BINARY REPRERENTATION.

000090 BRANCH PROGERROR TTUTTTTT o000 6094 0110 0000 4000 6100
000001 BRANGH __  READ ——am = 0008 _604AA 0110 0000 1030 1080

0cco02 8RANCH WRITE 0002 @{AD 0110 0001 1040 i101
—ooag@a  mmancH ERASE 0003 6203 0110 0010 0190 0108 __

000004 BRANCH BACKSPACE 0008 4288 0110 0010 0108 1000
.—— 000008 BRANCH BEwIND .9.0.05 p26F 01100010 0419 3148 . ____

‘ooo'c'as BRANCH REWINDUNLD 0006 872 5110 0010 011 0610
——0D8907 _______ BRANCH HRITETMARK - Q007 46276 0110 0040 0114 0310 _
" ‘onooos BRANCH SELECT 0008 629F 0110 0010 1083 ii1i
—_DODANS. .. ___ ARANCH RECOYREAD 0009 _¢2A% 0310 0010 1030 0100 _

}

000010 BRANCH CONTBACKEM 000A 42AB 0110 0010 1040 1011
—-Q02Q11 ENTRYIR ___ BRANCH DYESTS Q008 6300 0110 0011 0000 0000
000912 ENTRYIC | BRANCH OTEST? 0006 2E0 0110 G010 1110 1104
—— 000032 ENTRYED ..~ BRANCH DYESTS 0000__ 62E0 011000340 31140 0000 _

000014 ENTAYIE BRANCH A 0008 6010 oxi’d"ifd&é’%’ddl‘béﬁ'b';
_-_-;nnwusu. EA ot PROARAM_INT 000F 1FO8 0001 1111 0080 1000
N .

, 000914 & REST v 0010 0000 0000 0000 0000 0000
-




Y 0098296

e-d

[TV, S ) JAPENCONOS

DATE 27/09/7%

—85Q NO__REFERENCE OPCCDE MD Ea EM EC OPERANDS  COMMENTS

ADRS _MEMORY DBINARY REPRESENTATION . _.

)\3




paaf 2 TAPEMCONOS ’ DATE 27/08/78

——_8E0.N3_ REFERENCE OPCODE MO €4 EB_EC OPERANDS . .COMMENTA —m ADRR MEMORY AINARY REPREBENTATION _
040920 e T - ’

— 040030 ¢ COMMCh READ SYROBE CHECKX RQUYINE . . ... ———e =

040040 F2 16 ON IF READ, OFF IF wWRITE

—_0e0080 e F1 I8 SEY weEN FIRGT A0S DETECTED _ . . N

040080 o FO 1S SET ON IF RDS DETECTED ON ANY GPECIFIC ENTAY
040070 & o S,
o025 RDECK BRNE  F3 RDSCKY IF RDS YET, éo TO RDSCK1s 0011 9als 1001 0100 0004 0110 e
_..nsoun_____tzam____JL-;__luQuzmwnfj.ulr ‘ Q018 _800E___ 3000 0000 0000 3110_
040160 BAND RDSCKY NO» CHECK FOR RDS 0013 %016 1001 0000 0004 0110
——0a0180 ARA _ F2 READORQP___YES: QO_TO READDROP IF READ) _ , 0038 4907 ___ 1010 1003 0000 0131 __
040200 BRANCH WRITEDROP OTHERWIGE GO TO WRITEDROP 0013 ¢228 €110 0010 0040 1000
020220 ADSCKS TESIA 16 RDS_ON? 4 0036 8010 1000 0000_0003 0000
040240 . BRB RDSCK1A YESs PROCESS 0017 ao019 1010 0000 0003 1001
——De0280__ .. .. BETURN NO2». RETURN 0018 _ 2000 i 0030 _0000_0000 0000 _ _
T 00280 RDGCKIA  PAREN 06 Y] SET F1 ON 0019 1608 0001 0i30 0080 1000
4080300 ___________PAREN Qs - 30 LD §T JSUGEC, 800 AP] C23IP§ °  001A 1eif 0001 0100 000 1110
- -
BT TesTa ] DENSITY 1 ONT o018 8008 1000 0000 0000 0303

Y 00982L96



V 00982296

c-d

243K Y TAPEMCONOS DaTE 27709778

. 8EQ NO__REFERENCE OPCODE MD_FA FA EC OPERANDS __ COMPMENTS . _ __ ... _ADRS _MEMORY_ BINARY REPRESENTATION

080300 BRS /D9CK2 YESs CHECK FOR 200 8P ~ 7 777770016 a01F T 1010 0000 00di 1111 "~
——..020380 PARﬁ'l' s~ 3 LD 8T, 108ySEC, 356 BPI #25IP6e . 0010 _1s28 0001 0100 0010 10311 ___ .
T T0e0382 BRANCH RDSCKkI T T TTTTITTT mnmm o mTITTTTTTT 000k e022 T 9110 6000 0080 0010 -
—__08J%O0 ANBCK2__ TESTA 6 . QENBITY 2 ON® _ _  ____OOIF 8006 1000 0000 0000 0330
T oasezs T BRANB ROSCKI  NOs» MUST BE ié’d””éﬁx’} ’ TTUTTTUTTTT "7 00200 9022 1001 0000 003G 06100 -
. 022800 _PASEN_ 0% 120 YES2_LOAQ 6+¢T: 300 USEC 1200 _8P11 0021 1478 000f 0100 0111 1000 e
T 0a3520 ROSCK3  TESTE 3% 18 ¥» ON? (GDDSEVEN FLAG) D622 "#G2s 1000 0000 010 0106
— 02290 PAREN 04 03 SET_FA DFF _ - 0023 1603 __ 0001 0110 0000 001} .
T Toe03s0 8RS RDSCKS YES) 00 t0 ROSCKA T T 0024 74026 1010 0000 0040 0110 -
040580 PAREN. 06 ____ 0B NO, SET F4 ON_{0DD BYTE) __ 0028 _ 1608 0001 0410 0000 3088 =

0a1120 R0SCKE EARER 18 & AESET RDE» SET FF FOR ODD PARITY CHEGK 0026 1F4F 0001

1111 0100 1111

—— 021300 fEST! ) A EVEN PARITY DESIGNATED? . e ...._DO27 8007 __ 1000 0000 0000 0131
'—T'éiiiia o “TBANS L T 0028 T %02a 7 1001 oodo ooio 1010 T
081180 _. €A __3s I SET_FF FOR EVEN_PARITY CHECK _._ Q029 1FOE _ 0004 1111 0000 81110
041200 ROSCKAA PAREN 08 o8 PUT READ REQ INTO BHIFT MODE ™~ 0024 1808 0001 1000 0000 1011 -
. 003210 ° PAREN 08 02 RESET T1E INVERGION ENABLE TERM 0028 1802 00031 1000 0000 0040
) - — e
0218 PAREN 08 07 RECIRCULATE READ REOISTER 002C 1807 0001 3000 0000 0113 -
. i
e e e ———————————— . - o f——— o — nae mer e e e e eeme —_— -
e e e e e e . —— - —
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Y 00932L96

sAgk s IAPEMCONGA DATE £22/09/28
- 8EQ NO. .MEFERENCE OPCODE MD._EA €8 EC OPERANDR __ COMMENTS . . . . _ . _ADRS__MEMORY AINARY REPRESENTATION
0e1220 LoLcz ’ TTUSETUR YO SRIFT S TIMES T T 76020 8008 0104 0000 0000 1000
_._.nu'no...v. o —PAREN _ DS _ _EF .. _REVECS . _ . __ e _.002E _§9EF 0001 1001 1130 1313
T Tost12s0 noBCKAS EC T ewIFT 9 TIMES 7 T "7 ""goaF 3000 " goii 0000 0080 0000
0es230 L00P2 ROECKAA - - _ 0030 _DO2F 1101 0000 0010 3114
T osszed TEsTa 26 77T PARTTY ERROR FOUND? - 0031 #0%8 1000 0000 ooﬁl 1000
—DAs270_ ... i1 - - 00323000 ___ 0011_0000 0000 0000
TTTosiwso BRNE RDSCKS NO» GO TO RDSCKS 0033 903F 1003 0000 ooﬁ 1111
——-0#1300 . _._...___IEBIL.‘ I 7_TRACK? 003%__9Q08___ 1000 0000 0000 1000
oa1320 BAND RDSCKSC  NOs 00 O ROSCKAC 0038 9038 1001 0000 0cii 1000
o DALIM0_RDACKAAL . _ _PAREN 0% 01 BEY_STATUS BIT 18 (DATA ERROR)S 0036 _ 1301 0003 0310} 0000 0p0l
041360 BRANCH ROBCKS 0037 §03F 0110 0000 0034 3111

__082B0 ADRCKEC  BRNB F2  RDBCKeAL IF NQT READ. _QQ TQ RDECK4AL

~0038__9&36€___.1001 1000 00ii 0130

T Toage0o T " Tests 2 ERROR CORRECTION POSSIBLE? 0039 8010 1000 0000 000% 1101
G20 .._BAB - RDSCK®D.__YESs Q0 _TQ ROWCKSD . . ___ 0034 _AQIE____3030 0000 0044 1110
001440 PAREN 07 o7 No» ENABLE T 7O € REG" 0038 1707 0001 0311 0000 0111
o oetesn ... PAREN 08 01 SEY _GTATUS AIT 13 (DATA ERROR)S 0026__1901__ 0001 0101 0000 0001
T SRANCH ADBCKRET 0030 6040 0110 0000 0100 0000
.
N
- .




Y 00982L96

-9

o

._‘.“.. A e e “PHC.‘;.N;;.-. e e e e _MTE _zmm" S
—BEQ NQ _REFERENCE 3PCOXE. M) ZA_EA EC OPERANDS . COMMENTS . AQRS _MEMORY ~BINARY REPRESENTATION .
T TToa1980 R38TKID PAREN 08 0A 77T TTENABLE TNVERBON ON ERROR TRAEK: T T T 003K 7180 " T000i 1000 0080 1010
cee. %1803 ADSCKE..___ BANS . _F2____ . RO§HIFT  [F NOT READ 30 TC RDSWIFT 003F $842 1001 1000 0160 0010

" '061%20 ROSCKRET  TESTH TTTTT o SET BIT FLAQ TO A ONEs 0040 8000 1000 0000 0000 0000
0NS8R RETMRN ... ._.._. RETURN . . 0081 2090 0010 0000 0000 0000
T oasi20 ROBNIET  PAREN o8 T oo T 00s2 1800 0001 1000 0000 110%
048320 _ . ____ _PAREN_ 09 oD .. ___SET EC2,EC%.ECesECE _  __ 0043 3940 _ 0001 1004 0100 140!

0aB100 i 5 "TTENABLE CRC FF, BHIFT NOs 3§ o0e¥ 3F§0 0011 13111 0101 0000 o
_T...nqsuo B . SH]IFT NQ 2 —— — 09“3 . 3000 _ 2013 0000 0090 0000 _

048180 '"—sch SHRIFT NOv 3 0048 3000  00ii 0000 G000 0000
—— 088200 _ . PAREN_ 08 ____ 0 0087 180C __ 0003 1000 0090 13100
T oas220 Lo 3 SHIFT 96a8 8003~ 3101 6000 0000 0013

045240 ROSHIETY  EC FOUR 0049 3000 _ 0011 0000 0080 0000
T oas280 T T TTLooe2 ROSHIFTI TiNgs™ T T TTTUTTTT004A T D09 1103 0000 0100 100%

0843260 . .. . .____PAREN_ QB 1) B . ... _0DAB__ 1804 0003 1000 0000 0100
T oas2sd {3 SHIFT NO« & "008C 730007 ""6011 0000 0000 0000

088300 . PAREN CA 00 0040_ 1800 9001 30000099 0000 __ ... __..

0as320 PAREN 08 o1 ) 00AK 1803 0001 1000 0080 0003

.

[ . — e e -
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V 00963L96

aaak 2 YAPENCONAA DATE 27/0%/21

—— _8EQ NO__REFERENCE OPCSSE 40 Ea £3 £C CPERANDS . COMMENTE . . ... _ .. ... AODRR__MEMORY _BINARY REPREGENTATION

048340 34 - T T emrRt nge 9 T T T T T T T o0wF 3000 0011 0000 0000 0000
o 0MB3&0__ . PAREN..ZA 0s ' . _.___00%9_1803 _ 0901 3900 0008 010}
T ovsas0 BRNS F2 RDGWIFTRET o o " o0081 9850 1001 1000 0191 i101
0as390. __PAREN 09 FTo SETECY L e CULT NS Ly S 0001 1001 333} 0§31
048400 EC ¢ 7T suiFr 'gr REGe AND BET PP 77T 0083 3F60 0011 1111 0110 0000
088220 PAREN 02 50 e e e e e .. Q08 _ 1700 0001 0111 909.0.“9999_‘_4
045430 - €c o v SHIFT WOV 2 - - b 5655”'3'0'53"—'661'1'_0-6;56' 0000 0000
—_0eSRe0. . £C 7 BMIFT NOe 3 — ©0%6__23000_._ 0011.0000 0000 0QQ0.__
T osseso ) 3 SHIFT - 0087 003 0101 0000 0000 0011 -
——085%60 ADSHIET2 __EC | 1 : FOUR .. _0QS8_3FOS___ 0011 1313 0000 030%___
0e3480 BT ROSHIFT2 Tives 0059 0058 1101 0000 0101 1000
.Qe88500 . EC_. SHIFT NQe 8 Q0SA__3000_ 0031 0000 0000 0000
T Toassto | Ec SHIFT Ngo 9 0088 3000 ~ 00i1 0000 0080 0600
...... ovasz0 . e ... | LHIFT MO 10 Q0SC__ 3000 _ 0034 0000 0000 0000 __
"—.'biiﬁc??iiuxnn:r TEsTe 0 008D 8600 1000 0000 0000 0000
.« _0a3360__ PAREN 08 m 8ET EC2, ECA : 005K 1970 0001 1001 9411 1101
T £c ) 03 FINAL SHIFT 0087 3803 0041 1000 0000 0013
R
2 ————— e s s te s e
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-RAQL 8 JASEMCONDS DATE 277097718

_____ SEQ NO REFERENCE OPCODE nD EA EA EC OPERANDS . COMMENTS |

ADRS MEMORY BINARY REPRESENTATION

008600 . - RETURN T T T T T T 0060 2000 T 70010 0000 0000 600077 T -
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¥ 00982296

pAak 9

TAPEHCONQS

_DATE 27/09/78

— -8EQ-NO__REFERENMCE 0PCODE MJ _EA_ES £C. OPERANDS .. COMMENTS. . _ ._

oo em—ADRE__MEMORY. BINARY REPREAENTATION

080920 e COMMON SELECT RIUTINE
.

——-0B0040 COMRERECY EKAKER . .2 2 __RESET, fE‘iHlN!IE AND COMMAND REQGe 0063} {F22 __ 0001 113{ 0010 0010
T osooso EALES 12 3 T eLEAR WwRITE CRC ‘nEAb"iéo?'A&b sELect 6o‘n 1F1C 7 70004 1111 0601 1100
—_ 080100 COMSELD _ TESYA . . A8 LONO TIMER COMPLETE? ... ... 0082 839F__ 100000000000 3111

080120 BRNS COMSELO NO» wAIT T T T Tooee 9'0’33_;756("b6b’6"b71_6"6'on
— 080190 EAKER 2 ___SET _SELECTs_CLEAR. RDSs _..:__,__---.'__.._N_...oou L AFSI___ 0001 11110102 9011

050160 PAREN 06 oc REGET 8TATUS BIT 1 0066 160C 0001 0i10 0000 1100
— 080100 PAREN 04 0E. REBEY STATUS AIT ¢ Q067 1606 0001 0110 0000 1110

080200 PAREN 06 1) REGET STATUS BIT 8 0068 1600 0001 0110 0000 1101

oso220 .__unu;m oF RESET STATUS BIT. 7 Qo‘é_’_i._l‘w!__-_oom..t_uzo,_09.0.2 RYEE

.

0RO2A0 PAREN 0% oF RESET STATUS BIT 8 006k 180F 0001 0101 0000 1111

cEO2AQ PAREN _0S QE __ RESKT_RTATJS BIT 9 008 __150E Q001 0101.0000_1110.

080280 PAREN 09 00 RESET STATUS BIT 10 006C 1500 0001 0i01 0000 3108
—___pB0ana _PAREN._DS oc RESET_STATUS A1T 14 0060__490C 0001 0301 0000 1100

080320 PAREN OS5 os RESET STATUS 817 12 006k 1508 0001 0101 0000 1013 -

o 030380 PAREN Q8 pa  RESKT STATUS BIT 13

006F 1804 0001 0101 0000 10310

0803¢0

PAREN

0s

09 RESKT STATUS BIT 1

0070 1809 0003 0301 0000 100}




YV 00942296

1149

2A2f 10 __TAPENCONQS DATE 27/09/,78
—SEQ NOC__REFERENCE QPCODE MD EA FB E£C_OPEIANDS  COMMENTS R ADRS _ME™ORY BINARY REPRESENTATION
050380 PAREN 08 c8 RESET sTatys BIT i8S ’ 0071 1508 ~ 0001 0101 00080 1000
——_0B0DO PAREN._06 03.. CLEAR FLaa y . _007!_,1699_____§°°l__9130_ 0000 0000
080420 PAREN 06 . o1 TCLEAR Flao 2T T T T T T T d0ra 4017 0004 0311676000 ooof T T
—_0%0%a0 PAREN__06 22 CLEAR FLAQ 3 —_— 0074 1602 _ 0001 0110 0000 Qo010 = =
080480 PAREN 06 03 CLEAR FLAQ o "6'67’6" 1603 0001 0110 0000 o001i )
— . 08S0%AD . _ __ 1ES1A 23 REMINDING ? 00768017 ___ 1000 0000 0003 011} ’
080500 B8RO RZAINDING . _ 0077 "10%A 1010 0000 1003 1010 .
———080920__ TESTA 12 READY ? 0078 8013 __ 1000 0000 000) Qo04s
080540 8RB COMSELI™  YES) 00 T0 COMSELI ‘ , 0079 a07C 1010 0000 0111 1100
——-080340 PAREN 06 04 NOs SET STATUS BIT 1o (INOPERATIVE) 007A__ 1604 0001 0110 0000 0100 e
080380 BRANCH TERM2 . 0078 '60Aa 0110 0000 10i0 0300 i
—— 081320 COMSERL _ TESTE 8 7 CHANNEL? _007C_ 8008 __ 1000 0000 0000 1000
051140 " BRB COMIEL2 YES) GO TO COMSELZ T ‘D070 " a08% " '1016 0000 1008 61017
051140 ——.JESI® ? NOs_CHECK PARITY (9 CMe MUST BE 00D} __ 007E 8007 _ 1000 0000 0000 O3} __
081180 8Rs 'PROGERROR ~ ERROR IF EVEN: 007F “A09s 1010 0000 10031 0100
o 081202 1ESTA s CHECK DENSITY 1+180Q0 BP] REQUIRED) 0080 8003 31000 0000 0000 Q301
' 081220 BRNS PROQERROR ERROR IF 0 o8l 909 1001 6000 100l 0100
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V 60982.96

pAgE 3y IAREMLONDG DATE 27/09/21

——8EQ-NG _RERERENCE CRCODE M0 €A EB EC QPERANDS  COMMENTS. . .

e mmm————____ _ADR® _MEMORY _AINARY REPREBENTATION ~_ _

081240 COMGECIA  TESTS 6 T Tchecx penatty 2 T T 0082 83006 1000 0000 0000 0310
033280 BRA PANAERADR__ERROR IF 200 AP . _. 0083 ADYA __ 3030.0000 100} 0300 —
081300 SRANCH COMSELRET T T oose 6089 0110 0000 1000 1001 T
— 081320 COMBEE2  YESTA s DENSITY L ONY . _ ... _0Q085_9003 ___ 1000 0009 9000 0101 e
081340 8RB COMSELRET YESs GO TO COMSELRET o oose 408y 1010 0000 1000 1001 S
. ——081260 TESTA Iy DENBITY 2 QN7 __ - 0087__8006___ 1000_0000 0000 03310 O
051380 BRNB PROGERROR ERROR IF 1600 BPI 0088 909% 1061 0000 1004 0100 T
081400 CIMSERREY REYURN 0089 20000010 .000Q 0000 0000 S
T 7060120 BOTDEGAY  PAREN 03 16 LOAD LT+ o M3s -c-t’ucm 008A 1310 0001 G011 0081 0000 T T
—--080140 AOTOECAYL TESTA_ ___xL,____u_-_.;ovarLsrev 0088 __B0OF 1000 0000 0000 1111 ——
040160 BRNB 80TDELAYL NOs» LOOP 008C 9088 40031 0000 1080 1013 T
080180 Lo0py BOTDELAY _ 0080 __COBA 1100 0000 1000 xo‘so e
080260 RETURN ) RESET RD8 AND RETUAN - 0088 2re0 0010 1i1i 0100 0000 T
£ R ——
t — - - —————
.
2 S
f _— —— —— —m ————



Y 00982196

£1-1

2408 12 JAPEMCANOSG OaTE 27/0%/778
—__mEQ NO_ REFERENCE OPCODE %0 EA P EC OPERANDS  COMMENTS - ADRS MEMORY BINARY REPRESENTATION
070020 se ERROR ExIT8
070320 SYRTOYERLD PAREN Q% 03 ~  GET STATUS BIT 12 0087 _ 1503 0004 0101 0000 0011
070130 TTTTPAREN 02 : 06 DISABLE WRITE STROBE 0090 1206 0001 0010 0000 0110
070180 — __BRANCH TERMINATE 0093 _609C___ 0310 0000_100i_ 1300
070160 DROPODTERR PAREN 05 0 0092 1804 0001 0103 0000 0300
o 0701M0_ __ . .. _BRANCH TERMINATE 0093 ¢03C__ 0110 0000 1001 1100
T 070220 PROGERROR PAREN 06 ¢7 6ET sTaTus BIT 7 0094 1407 0006170110 0000 0111
070200 . . . BRANCH TERMS 0099 60A3 0§10 0000 1010 0011
"7 070240 TIMOUTERR PAREN 08 08 0084 18508 0001 0101 0000 0104
___p0280. . _BRANGH TERMINATE 0097 ¢0SC____ 0110 0000 1001 1100
T 070320 WRITCROCK PAREN 06 08 8ET STATUS BIT 8. 0098 1608 ~ 0001 0110 0000 0101
070380 _ . _. ARANCH TERM2 . 0099 60AM___ 0110 0000 1030 0100
T 070380 REWINDING  PAREN 06 ce SET §TaTus 81T 3 0094 T1406 0001 0110 0000 0110
—.020%00_ . BRANCH TERM2 0098 ¢0A8 0110 0000 1010 0100
“’W’Wfﬁifukﬁ“ﬁa Fa T IF NEAD, GO TO TERMOA 0096 A8AO0 1040 1000 1080 0600
s OJ08R0 ... _BAREN_ 03 16 BET LeTe FOR & M§ (e10 INCMI 0090 3310 0001 0011 0004 0000
) 070680 TEReO TEBTE 18 Le T+ COMPLETE? 00K "§60F 1000 0000 0000 3318
PO S —— .
[ R, - JR—




yi-9

V 00982L.96

magk 13 TAPEMCONOS DATE 22709/
—_SEQA NO__REPERENCE OPCODE MD EA EA EC CPERANDS _ COMMENTS. R ADRS__MEMORY_ BINARY REPRESENTATION
070700 BRND TERMO ~ NO» LOOP SACK=TEST AQAIN —" - 009F 909E 1001 0000 1081 3110
— 070720 YEAMOR  TESTA 19 READY ®__ —..—_00A0 8013 1000 0000 0003 oOog!
070740 8RO , TERMY YES, 00 T0 TERM1 TTT00A1 A0A3 1010 o'o“éq 1010 0011
020740 PAREN QN 02 BET STATUS BIT 13=INOP DVRING EXECUTION 00AZ_ _1%02 _ 0001 0301 0000 0010
070780 TERMY PAREN 03 6 SET TIMER FOR 8TOR DELAY T00A3 1380 0001 0011 0100 0000
—_ Q70000 TERM2 _ lbbes 0 0 288 0 .oon NOFF 0300 0000 31331 1131
070820 TERM2} TESTH . 10 DATA REQUEST ACTIVE? 00A3 800A 1000 0000 0000 1010
07080 sana TERMA ___ NO, TERMINATE i o ____00A&__920A8 1001 0000 3030 1000
070860 LOOP1 TERM24A IF STILL ACTIVEs CHECKAOAIN 00A7 COAS 1100 0000 1040 01018
L o7omAS YERMA __ EAKER B 2 REQUEST INTERAUPY, REGET _COMMAND REQY 00AB _1F28 0004 1311 0030 1000
070900 REST 00AS 0000 0000 0000 0000 0000




V 00982296

paAgk.  1a IAPENCONQSR DATE 27709778
— _8EQ_NO. REFEAENCE JPCINE MD Ea £8 EC OPFRANDS  COMMENTS . . . ___.____  ADRS_ MEMORY BINARY REPRESENTATION
100020 »» READ T T T o - T
100320 READ. . . JUMP. . COMSELECTY _ R . e l_.__...00AA_ 7061 0111 0000 0110 0001 S

100140 “tests 177 READAFTER=WRITE? ~ - T boaB TTCIT T 1000 G000 0001 606 T T T T
100160 __BRNB READY _NOs QG TO READY _ .. _..D0AC 90AF _ 1001 0000 1010 1111 -
T 100183 PAREN 11 00 TTTEET READAFTERSWRITE STATUS (81T &1~ "00AD 1800 6001 1014176000 6060 T
100200 BRANCH _TERM2. _ ___TER™INATE _ = 00AE 6048 0410 0000 1030 0300 _.
101120 READ} PAREN 06 09 TTTsET FlaG 2 T 00AF 1609 0001 0110 0000 i00% -
01120 _PAREN___08 o8 ENABLE BCI _00BO 38C8 0001 1000_0000 1000 —_
N ]
101133 Jump READSUB2 PERFORM READSUB2eCLEAR LN BYTE 0081 7713~ TT0111 0001 1030 0011 )
—402336_____ ____ _PAREN__OS 00 RESET 8C1 . 0082_ 18CO_ 0001 _1000_0000 0000 -
101138 £8 . RESET ROS T T TTTTTTTTITTTTTTTTT T 6083 YRR o001 1111 010070000 T
. A013%0 PAREN_ 92 08 FuD ON__ OOBS 1208 0003 0030 0000 f000 _
TTTYo1ise T T T EA T TINPUT DATA TIMTu T6 BROCsiT T 7T T "To0B® T{F0? T 0001 1111 0000 Ofit
101160 o TESTR_ 20 _gorr — 0088 __80is__ 1000 0000 0003 0100
101180 BRNB “REAI2 NOs BYPASS BOT DELAY 0087 9s08A~ 1001 0000 10131 1010 T -
¢ 101200 LoLel 30 LOAD LENQTH OF DELAY (340 INCHES) 0088 _ 401E 0100 0000 0003 31310
] R e ——— - —e e e e e e -
101220 Jume BOTOELAY  PERFORM DELAY 0089 708a 0111 0000 1000 1040
4
e ) .. e vt = — —_— —— e — — ——
SO S - e e m——— e a———— . e e e e e e e e e e = m e e e+ e am e e e e

S1-d



291-a

V 00982L96

st 18 ‘ tareazavas oare_ zresm
-— _$EQ NO_ REFERENCE_OPCOIZ.MD EA_E3 £C OPEAANDS - COMMENTS. L . ADRS  MEMORY BINARY REPRESENTATION  __ _ .
T y02120 aEapz T watet T 7297 T T TImEQJT COunT 130 FEET) - " 008A 401D 0100 0000 0004 1101 T
.. 102190 READ2A . LOLCZ. . 11  ____ TIMEOUT COUNT 112 INCHMES) . 0088 %008 . 2101 0000 0000 1013
T T y0216C READ2E . PAREN 93 160 T LDAD LeTe %0 MSs 41 INCHI " "00BC 1340  ©00Ci 0011 1030 0000
o 1023MC READ2E._ . JUMP..________ ADSSK .. CHEGK FIR_READ DATA STROBE _ __ _ ___ 00BD 7013 __ 011} 0000 0084 0901  __ ___
T Tgo2zc0 < eRs FITTTTTTREaBY T IF mdgs o0 10 READR TTTTTTTTTT008E AeCS T 1040 0100 1100 0101
002220 TESTB __ A8 _ . _LeTe COMPLETER? .. . .. . ___. _. N

BETTLY BRNB READ2C NOs CONTINUE SEARCw FOR ROS

.00BF__800F ___ 1000 0000 0000 1331

"7 00CO 908D 1001 0000 1011 110t

102860 .. __LOOP2 . READ2M ____ YES) NEXT_EINEM _ ... . . .. __ ______00C} _DOBC 11031 0000 1043 3300 _ ..

T Ticazse LecAt READ2A  NEXT FOIT “ooc2 coBs 1100 0000 3011 101t
—.—402200 ... .00C3 1308 ___0Q01 0303 0000 0103 _ __ . __ . _

PAREN 08 =~ 08 _SET. ".I:"EOU,T.-,sJ_’AIUS..!S!", 10y

102320 BRANCH TERWINATE Tt o '00CY "609C  C1i0 0000 1061 1100
—.30312C READI _. .__PAREN._ 0% __ 00 __ ... SET TAPE MARK §TATYS __ ___ ____ ______00C5 1500 ___0001 Q10§ 0000 0000
T gostee 77 TLotes 1 LC1 USED TO OETECT TARE MARK ON 7 CH! 00Cé 001 3100 6000 0000 0001 -

. 163160 ... DUTESTE .. _® . .. 9 CHMANNEL? . e emem———...._QOCT_ 8008 __ 3000_0000 0000 1000___ __
“Tlqcatse T ere READS "“‘“na;"&o"r'a'dédb”'i TTTTTITTTTTTTTT 0068 A0EAT 1010 0000 1180 1010
4403290 . .. _PAREN QA __._____O8 .. _READ REQ.TO SHIFT MQDE 00CS . _1808 ___0001 1000 0090 f03%
' 10302¢ TTTThaREn 08 07 RE-CIRCULATE READ RED T T T00CA 1807 0001 1000 0000 0131 B
Y o — D — . ca . e e e et e e -

L JUS— - O —— ——




vV 0098ZL96

L1-4

~—Raok_ 14 TAPESCONDS ) bate 27_/9271' T s
$£0 AC. REFEREACE .DPCISE FD.EA EB EC OPERANDS  COMMENTS ADRS  HEMORY BINARY REPRESENTATION
) ‘032""- LDLC.IM. T 9 00CH 4AQ09 " 0100 0000 0000 so00i T T T
103236 - MDeCR. . ... 3 S 00CC 8001 0101 0000 0080 0001
‘°";° AEADIA reste T Tt 00CO 8008 1000 0000 0000 1011 e
1e3tsc BRhS memo .. READIL = RESET TAPE HARK snf—u_s IF NOT _oc-; 00CE  8QES  100{ 0000 1110 1000 _

10329¢

PaREN 09 EF

‘8ET E€CB

oocf “19EF ' ocoi 100§ 1ite i1i1T T

10330¢C

.. EC

.. 0000

3000 _ 001} 0000 0000 0009

103310 Locpt T Read3e ) T oobd cob2 T iioo G000 11@% o010 T T T~
1023320 READ3A . LOOPR . READ3A _ - e —con...O0D2 _0OCD 1101 0000 1100 1§10} —
1033sC Lbféi" e T TT TTTT 7 0003 s00y T 0101 0000 0080 000l 7
- . 10336C READ3C TESTR D ¥ S, R . 00D 8008 _1000 0000 0000 1011
102380 ' BRe READ31 T ST T T T Tt hhbs TaoEs T 1010 0600 1110 1600
103400 BC o et e e el e __._ .. 0OD& 3000 _ CO11 0000 0060 0000 ___ _ ___ ___
" 103%1C Loory T T TTReapID T T T T T TTTITTTITT O UTTTTTITTTTTTT0007 T Cobs 1100 0000 §103 10000 0 T 0 T
__ 103%2C_READ3QO wocpPe o READ3C _0oD8 _DODs 13101 0000 1103 0100 _ — .
T 103me Tests T T i - 7T TTo0DS 8008 T Tigo¢ 0000 0006 doiiT T~
4 _103%0 .. __ BRNB REAQIY _ e 0ODA 90ES 1001 0000 3110 8000 _ = _
e — _— e —— —— ————— —— -—— e ot e e+ e m e e i mes o e et e e e e -
] 103480 EC 0008 ~ 3000 0011 0000 0000 0060
" . e —— - ———— e ——————— - - N — e—— . e ae e e e - —— -




8T-d

Vv 00983L96

—_—agk 12

_ __TAPENCONQA.

JATE 27/03/12%

$EQ NC REFEREMCE OPCSOE MC EA E£8 EC OPERANDS  COMMENTS ADRS MEMQRY BINARY REPRESENTATION I
103990 wazsy READIE 000C CODD 1100 0000 1101 si0i
10333C AEADAE w3LE2 3 0000 900;— 0103 0000 0000 0031
1033920 ;tlD” TESTE 1 000K 80083 1000 0000 0000 1011 )
.. 103880 _ sRs . -__READ3L . Q0DF AQES 1010 0000 3110 3000 _ ____ . _
103360 € 00E0 3000 0011 0000 0000 0000 T
133370 Loaes . READIQ OOE} COE2 1100 0000 1130 Q010 . __ _ .
193980 /EAD30 Loop2 READ3F 00E2 DODE 1101 0000 1103 1310 T 77
193630 AREADIM EC e e - . 00E3 3000 0011 0000 0000 0000 ____
103810 wesPt T REaBIN T T 00ES™ COE3  ~ 1100 6000 1110 001i’ T
. 162620 WOWES .o ... ___.X6 . __.____ BMORT RECORD IF LESS TWAN 18 BYTES _ODES 010 ___ 0100 0000 0004 0900 _
" 1c3e30 PaREN 0% 06 " BET STATUS BIT 9 (SHORT RECORD) " O0E® 1%06 0001 0103 0000 0110 .
.. 10304% BAANCH. .. ..__ . REAB . . . . .. .. . ... . OOET G0EA 0110 0000 3110 3010 __ __ _ _ __

"""" “10368¢ QEAD3E paren 08 08 77 CLEAR TABE NARK §Tatus < T 7" ooes 'iSos 0001 6161 00do 1000 T T 7T
103702 BRANCH READIN . OCE® ¢QE3 0§10 0030 1110 004% _ __ .
“Tloa120 RgaDs "'r'és'i?i" T T T ekIP FIRET BYTER - ) "o’oéi""ib’dx‘“’"'i&b’o"&do& o006 000i
¢ . 108240 . ...nn____,..-_____;,* READY .. _.YES) GO.TO. READS .. _ ._. . .. ... . _ . OOED AOF2 _ 1030 0000 3333 0010

bl e e — i e e memme s i e e e a2 oo ,_______ e
. 100360 READVG PAREN 08 o7 SET STATUS BIT 8 (MALF WORD ON READ) 00EC 31807 0003 0301 0000 0131
2 o m— _——— e e e e e

JION




Y 00982L96

61-4

Jos2ed T ump READSUBL  PERFORM READSUBL

T ooFy  739c 0111 0001 1001 1300

aAQk 18 - - TAPEMCONQA RATE 27209770 -
_—.__8EQ NO REFERENCE .QPCODE.HD M.ﬁﬁ:hﬁ{muna“ .. COMMENTE .. e oo eum.. . ADRS _MEMORY__BINARY REPREUW.Y.ATION_“.
T ioeas0 T PAREN 08 o8 T ByTL cowthoL 1 00ED 1808 7 0001 1000 0000 1000 —
104200 __ _ JUNP gpa‘qxr,r_ _..PERFCRM READSHIFT _ oo, ... . . DOEE 70%2 _ 011i 0000 0360 O0OYC __
“gos220 READS Juwp 7T mpsex | RDS? 00Er 701t 0111 0000 0084 0001 I
———.100200 ARNA ~.—..READ*B ___ NQs LQOP - e ... ... .. OOFO 90EF 1001 0000 3130 3313 _ —

. 105320 READS. |

JJESTA .. ... 10 .. -..DATA REQUEST ACTIVE?

. Q0F2 3004

1000 0000 0000 31010

T tosis0 BRNE READSA  NO» BYPAGS SYSTEM OVERLOAD FLOW 00F3 90F7 1001 0000 1ii1 011l -

—.. 108060 PAREN_ 08 3. . SET ETATUS BIT 12 (SYSTEM OVERLOAD)___ _OOFs 4503 . 0001 010§ 0000 0031 _ -
‘ '1"6'5555.’ T JuMP RCSHIFT - I T T O0FS” 7042 ~ 0111 0000 0180 0010 -

105200, . _ ... BRANGH____ . READTER® _ . e e e....... DOF&_ 6102 0110 0001 0000 0010 _ ___

‘105220 READSA  PAREN OS5 OF

"7 CLEAR STATUS BITE T

""00F7 1s0F T 0001 0101 0000 1111

.1Q%240 . _PAREN _08 09 . BYTE CONTROL 2

10826C BT

ROSHIFT =~ PERFOR™ REAOSHIFT

_..00F8 1809 0001 1000 0000 100%

T00FD T70%2 T01i1 0000 0180 0010

..-109280 _ .. EBA___ ___6______BTASH BYTE 1 BUFFER

____OOFA _1FO6 00031 3333 0000 0410

TERAMINATE?

108300 TESTE ] 00F8 8008 1000 0000 6000 1001
+ 108320 BRB READTERM _YES2 QQ_YO READTERM_ Q0FC Aj02 1010 000} 0000 0040
e e —— ————e B T T R —_ S JEp —
108240 Ea s REQUEBT DATA INTERRUPT oF0 "1F0% 0001 1111 0080 1001
(]
Y e —— e - - - — R
S B - .- .- -




02~

v 00982196

AMlE 19 TAREHCONOA : _DATE __27/08/78

-—8EQ NC . REFERENCE.OPCODE MD.EA_EB EC OPERANDS . COMPMENTR. . e s e o _..__.__._____'--__..Aﬂﬂl._ﬂiﬂ,u&l._ AINARY REPREBENTATION

105360 READBA JurF " moscx  RDS? “"00FE 7011 0111 0000 008k 0001~

_ .. .408%378 .. ... __BANB.__._. ___ ... _READSB .. ___NOs WOOP . . . __ .. ... . ___ ... .. _OQFF 9QFE 1001 0000 tjty 1310 __

YT I T “Jump “READSUBY T PERFORR READSUBY T T 0100 7149C 0111 0001 1001 1100

105440 AEADSD BRANCH READMA_ ___PROCESS NEXT BYTE 0308 6QEC __ 0110 0000 1110 13100

TT11032C READTRAN  JUNP " mosex T wart Fom RS 7 777 7TTTTTo302 T7011’ T 0111 0000 0083 0001

- 130390 . L. .. O BRNBL. .. READTERM _ . . e ...--0103 9102 1001 0004 0000 0030

T130160 T TTauRe T T T T TRpswIET  BERFORW SWIFT T T T T gige 90e2 6111 0000 0390 0610

130876 June READSUAY  PERFORM READSUBA _ . . ' 0108 _719C 0111 0001 1091 1100

110180 BRANCH READTEAN 0108 102 0110 0001 0000 0010

.
PSR




V 00982296

12-a

PARE 20

TAPEMCOND

DATE 27/09/78

——-SEQ NG REFERENCE OPCOCE %D EA EA EC GPERANDS .

TEOMMENTS T L L L

ADRS___WEMORY BINARY REPREBENTATION

TTTT420020 s THIS ROUTINE ENTERED wWHEN RDS DOES NOT FALL wITWEIN 1e8 CLOCK ~ ~ ~ 7w mmmrome o T
120020 e . _TIMESe___ . ... S o . I
T 120120 READDROP  PAREN 04 20 T LOAD ST. SOuSECe (800 BRI) T 0307 isia 0001 0100 0004 0100 T
420380 . . TESTB___._.__ % .. __OENSJTY 1 ON? ___ . _____ 0108 8005 _ 1000 0000 Q000 001 __ _ _ . __

‘120060 eRB

TTREADDRIPY YESs CHECK FOR 200 BPI

o109’

atoc

“i010 0001 0000 1100

—.—. 20380 . .

_PAREN._ Q8 29 . _ .. _LOAD 8T. 72uSEcCe (356 BPI) .

_0104

1810

0001 0100 0001 1101

" 120200 " BRANCH REidoROPE e — G g 0F T BT16 0068 00007 11i8 T
_ 120220 READDAQPL_ TESTE _ 6. DENSITY 2 ON? _ . _ . _____ 0j06_8006 1000 0000 0090 0380 . __ __  _
.
" L0240 " aRne READOROPZ NOs HUST BE 800 BRf+ 5100 $10F " 1001 0081 0000 1111 e
-.-— 120260 .PAREN _Qs 80 LD 8T 200 USEC (200 BP1 & 25 1PS.) _ 010K 1480 . 00031 0100 0103 0000 e

121120 QEADDROP2 PAREN O8 09

" ENABLE BC2¢

o107

1808 0001 1000 0000 3001

—. . 12ilsC -

JUMP _ _________ READSVB2 __PERFORM READSYUB2 _

__011) 0001 1010 0011

121220 TUBRNE T TTF2 T READDROP3 IF NOT READs GG TO READDROP3: T T 7T TTTpiitT 9819 T 1001 1001 0004 1001 Tt
L 1B3280 . JTESTB 9. _.__ TERMINATE? o bil2 8009 __ 1000 0000 0000 1001 ) e
TTi2126¢ T T TBRB "READDROP3 YESs Q0 T4 READDROP3 T T 7701137 a1l 771010 0001 0084 100t Tt
121200 .. .-YESTB 38 WALF WORD ON _READ? ___011% 8023 1000 0000 0010 OO3Y
- —_— I e e i e

121300 7T ToeRe READDRO®3”

"ND» G0 TO READDROPI




223-4q

Y 00982496

aagl__218 e s . IARPENMCONQA DATE 22/0%/11
---8E3 NO REFERENCE OPCODE MD EA.EBS.EC OPERANDS COMMENTS .. .ADR® MEMORY BINARY REPREDENTATION __

LOAD @YTE 1.

" 21320 ' € e 0118 1F0¢ 0001 1111 0000 0110
121300 . EA -9 acq'u;;T DATA INTERRUPT 0117 3FO% 0001 1131 0000 1901 e
T andeo. "PAREN OB 01 RESET BC2 0118 1891  000% 1000 0000 ﬁoox R
.—. 122120 READDROP3 PAREN . 0B 03 PUT READ Rst;o N Lo;o Qont- Q119 1807 0001 1000 0000 QOAY ... __
122140 READOROPIA YESTH o 16 RDS? 0114 8010 1000 0000 0001 0000 T T
122180 .. . BAB _ . ... ... DROPOUTERR YESs ERROR 0118 40%2 1010 0000 1003 Q010 ____
12218 st T T T ’ sr-v COMPLETE? " 011€¢ 800E 1000 0000 0000 3110
——12220B.._ . .. __.BRNR . __ _ _READDROPIA_NDs KEEP CHECKING FOR_EARLY_ADSe___ . 0110 911A_ __.;.c)—t!xﬁoox_noal 1010
T T l2av2¢ QEADORGPe  PAREN 0% 60 "LOAD §+T+ 180USECs 1830 3821 TOI1€ 133¢ ~ 0001 0i00 001i 1100
32310 . __ ___Yest!® __._ _____ ___ 8 __. . .18 DENSITY_ 3 _ON?_ . .._-_.-_.______.__,911?_ 800% . __$000 0000 0000 0108  _ _
123160 BRE READDROP®A YESs CWECK FOR 200 BP1 0120 A123 1010 0001 0030 o011

—- 123180

—--PAREN__Co 118

—LOAD. B+Te 2h0uSEC: 15954 8PI).

e e QA28 1873 0001.0100 031}

]} % S

123z20¢ T BRANCH READDROPS T 0122 6128 0110 0001 0040 0110
12322C READDRAPA TESTA. . _____ __ 6_ .. _ DENSITY 2 ON? _ _ e e __ 03123 8006 _ 3000 0000 0000 0410  _ __
TTgaaaa 7T T "TTREADDRIPS NOs MUST BE 800 8517 T TTTTTTTTTTT U618 9126 1001 0001 0010 0110 -
4. 123260 . _ _ __PAREN Q8 ___.__ . _2%0. LD. 8+Ts 600 UBEC 1200 BPI. A .23 _IPSe) _ . 0125 _18F0 ____ 0003 0300 3133 0000 __
":—ii;i.i:"iﬁﬁl—o’;.s TESTS s Ty tRacke T T T T 0426 #0087 1000 0000 0000 3000 -
B SR o e e e - — — - _— ———
e - - - ——— - - - e e i e e+ e . e ———— e e




VYV 00982L96

gz-q

paaE 22 : —— TAPERCONOS _ . . OATE  _R7/09/78 -
---.-8£0 ND _ REFERENCZ OPCODE. MO EA EM EC OPERANDS  CO™MENTS . ADRS MEMORY BINARY REPRESENTATION e
T g2ale)d TR T T ﬁuonnqn YESs SKIP CRC CHECK 0127 A17F 1010 0001 0111 1114 .
123120 READORQPE . . TESTE - .36 RpS? o 0128 8010 1000 0000 0003 0000 _
128140 8RB " READDROP6A YESs 02 T0 READ:ND"G.A-KC!C FOUND) 0129 A3} 1010 0oos ooil Oool -
_. 125160 . .-...TESTB . R I L . BTe COMPLETE? _ 012A 800E 1000 0000 0000 1110 e
125189 7 aRng TTUTTTTT READDROPS  NOs CHECK AGAIN FOR RDSe ) “"“o128 9128~ 10010001 0010 1000 T

128200, _ __ ______PAREN._.Q&__

80 ___ ... _YES2_ ASSUME_ZERO_CRCe SET ST+ 200 uBEC» 012C_ 1230

00

[Ld

10100 0103 0000

12822¢ TTTTRAREN 06 AT 7 7T TSET F3 TO INDICATE ZERGCRC T 0120° 140A 00031 0130 0000 1010 Tt
— 12%230 e YESTA 42 . . FAPE MARK? . __ . . ... _0326_800C _ 1000 0000 0090 1100 . . _ __ __ ___ .
125260 “TeRna “n'é'id6§6§i'n"'9’ééi;‘06‘ ?o"a‘ei{gb’ddofh“ J T T2k 9193 T 1001 0061 100470018 ’
125250 _BRANCm_ ___ . READDRQPEB . et .. 0130 _613s . 0110 0001 0041 0300 .
125265 READDROPSA PAREN 08 120777 TTCRC FOUND) LOAD €T. 200 USECs 0131 1478 ~ 0001 0100 0111 1000 . -
. 12%280 .. .PAREN _O06 .02 ___.__GCLEAR F3 TO INDICATE NONeZERO CRC: ____915_!__,_1_602,___,_ 0004 0110 0000 0010 e
125290 TTPAREN 0% T08 7 7T RESET TAPE WARK STATUS 'ir'iﬂ"«i‘ﬁ‘x'i'n‘%::'s“ 1408 7 "Boos 0ioy 0000 s000 T T T
..~.-128300 READQROPGR KABES ___ 15 & _ SET FF FOR ODD PARITY CHECK:s RESET ROS: _._013% _1FsF 0001 1111 0100 1111 e —
T Ties3z0 T TESTE 36 7 " opb RECORD LENGTW® T T T T 7T 777 7 013§ #0284 1000 0000 00i0 0100 T
128340 - 1.LYY READDROPGC NOs EXPECT OOD PARITY CRCe . 0136 9138 1001 0004 004} 1000 e ———
_‘L"{és'u'o" o € iy T TTYER) TEXPECT EVEN BARTTY CRCY T 9137 TIFOE 6003 33117 0000 3110 T
P00 TSR -— e e e e — ——— ——— — e e - —_— -
.t . ————— —— d - PR




ve-d

o

2anf 22 ’ e TARPEMEGHNS DATE 27709772

——_$EQ NO . REFERENCE OPCODE MD EA FB EC QPERANOS . COMMENYS . . .. ... _____ _ADRB__MEMOQRY_ _BINARY REPREBENTATION -

TTTI28380 READDROPGC BRNB  FZ  READOROP4D IF NGT READ BYPASS CAC PARITY CWECKe 0138 9938 ~ 1001 1061 60id Toit

3428330 . . . PAREN__ 07 . ___ 00 .. .. e et e e ... D339 _1700 000§ 0311} 0000 0000

1258000 Jume "TROSCKAM | CHECK PARITY OF CRE

0134 7024 0111 0000 0010 1010’

~——126120 READOROPAD !A&it{_-nib 03 -CREARFS . . .-.0138_ 1603 0001 03100000 0033

T 12e1e0 “PAREN OB cs "7 7PLACE READ REGe IN BHIFT MODE  013C 1808 0001 1000 0000 1011

——-l2e380 .. . Jump ROGMIEY. _ _ . . . o . _ 0130 702 _ 0131 0000 0180 0080

0138 193F 0001 1001 oodi i1tl .

126170 PAREN 09 T3 TTTsETecy, ECee

——328180. ... . . ..LDLCY 2 ~.—-SET_LC FOR 2 TIME® . . . . . QL3F 4002 . 010Q 0000 000Q 0010

T 126190 READDROPSE EC AN

70140 3000 0013 0000 0080 0000

—__q2sd00__ . LL0OPY __ READDROPSE LQOOP BACK 7O SMIFY AQAINs ..~ 014} €140 1100 0Q0% 0400 0000 ___

T q2e21e . mAREN 09 7F 6ET ECOe 0is2 197F 0001 1001 0113 1111

128220 . . . EC e . BMIFY. . ... 0143 3000 _ 0011 0000 0000 0GP0 ______

26230  PAREN 09 L T 4 P {{ D ‘0148 193F T gooi 1001 ooad iiii

,,,,,, 126240 EC o BMIFT e 0148 3000 ___ 0013 0000 0000 0000

T 124280 ‘PaREN 09 F §ET €C8 01a8 197F 00031 1004 0iVi 4111

8326260 N - _ - SMIFY . Q187 3000 _ 0011 0000 0000 Q000

T jeer70 TPAREN 09 aFr 7 T 7 st €c7» Eces o 0148 193F 70003 1001 0033 3313

JE T . e . — . ——

v 0098296



Y 00982.96 -

sg-d

pAgE_ 24 ] "PEH@‘L—*--——- . - _DATE 27./;”/"
— _SEQ N0 _REPFRENCE QPCQOE MD FA PR £C QOPERANRS _ COMMENTS - cioee . ADRS__MEMORY BINARY REPRESENTATION
126280 KN $ET LOOP COUNT FOR 3 eniFtgs 770449 T a002° T 0100 b'bdd_' 0006 6016~
124290 READDAOPAF EC e WY e ._....D1MA__3000___ 0013 Q000 Q00O Q00O
126300 READOROPSF LOGP BACK TO GnIFT 4GAINs " 0isB €isa~ 1100 0001 0100 10106 -
—1PA30 _ _ PAREN_ Q9 - Y . _ BRT ECe . e . ——_.034C _197F 0004 1001 01.,“7 1318
126320 TR TTTTTTTTTUSET Lo0eP CoUNT FOR 9 eMIFT8 T T T 0140 008 T0100 0603 @ooo icoo
——— 126230 READDANPAA TESTIA 20 CRC e QY S - 0148 __B0LE__ 1000 0000 6°°! 1110
126340 "READDAOPEM YES# QC TO READDROPEM 7~ 77 " ToiaF 918177 71001 0001 0103 GoOY
_-__1_25350_.,__ PAREN _ 0F OB NOs» SEY FLAQ® __ . _ . __ 0130 _360B __ 0003 0110 0000 %03} ___ =
126360 READDROPSM EC - guIFY T T T T T T T T oyeg 3060 T T 0011 0000 0000 0000
326370 . MOGPY___ ___ READDROP#Q LOOP BACK TO GMECK NEXT BIT _ 0152 C14E ___1100 0001 Q160 1310 _
T 1220 o8 03 7 T T THET READ REG TO LOAD MGDEs 0i83 1803  060i 1000 o000 oott
126940 TESTB . 36 ____.__ERROR FQUND 7 .. 0134 8026 __ 1000 0000 0030 Qg00 ______
T T READOROPS T NOs G0 TO READOROPS TUTTTTT T biss ei7F T Tioog ooos o1y 1aad T T T T
20400 _PAREN __0% 91_ SEY STATUS BIT i8¢ (DATA ERROR) _ _  01%#_ 1801 0001 03101 0000 OOO% _  ____
T 124500 Fe READDRGPS ™ IF NOT READs G0 MROCESS LRCe 0i37 "e9s7F 100} 1oox'>ntii il T T T
4 1Re%20 -2 WAS_ERROR_CORRECTION ENABLED? _ _ 0168 801D 1000 0000 0003 1304 .
. 12e800 TTTTTT TTT T URESET TIE REGe  (TRACK IN ERRORY T 0589 T {F30 0004 1411 oodd oco0 T
i ————— - - mee———— e - —— .. - ——. — e —— ———cmtm— - - -
L P . ————— —_— —— e = -




(4

sAQK 28 ——— -IAPENCONDS DATE 27/09/78

— 8£2 NO._AEPERENCE SPCODE. MO EA EB EC_QPERANDS  COMMENTIA . - o e e . ADRE___MEMQRY__BINARY REPRENENTATION

T i2e%60 s "7 RgAoORass YESs PROCESS LRCe T oy8A A17F 1010 0001 01311 1111

——ARA0MQ . . ARS.. F3 . READDAQPE__IF IEMO CACe BKIP. TIC LOCATION: . 0188 __ap7F 1010 13101 Q188 3141

L]
)
] - e -
AJ
-4
L~}
-3 1
(4
o
< ] —-—— S —
(=
o
2>



V 0098396

L2-g

"“ l; e e '."E"c;,".“ . L e D‘" ,,,0,,,.
— _8EQ_NO _ REFEAENCE OPCODE. MO £A ES _EC OPERANDS  COMMENTE _ . © eee . . . . ADR® _MEMORY BINARY REPRESENTATION
_‘“i"i}o'z's.";.'“"“"“B‘:‘rnii’h‘:“ﬁiﬁ' IN €RROR T ) T
. AR2120 READDROP? .. .JuMP_ .. T;g‘nﬁLM_l’UY A § IN THE TIE REGe ) 018C 7197 01§t 0001 1001 O3l
BERETTZVY R Louca ' T e "' BET COUNT FOR'9 COMPARES " 7" 0180 008~ 0101 0000 0000 f000 T T T

—_127160 READDRAQP?A PAREN_ 06 02 _ ___ _Reskv f . 015F 1602 _ 0001 0110 0000 0010

127180 LoLcl 8§ T TTcHECKk 9 BITS T T T TTTTTTTTTTTTTTTTTTTToisk T 40087 703100 0000 00060 1000
——AR7)90___ PAREN 09 77 . _ _ 6ET EC4» ECH e 0160 1977 0001 1003 0111 01311
T 7127200 READOROPTS TESTH 26 77 T 'cOMPARE CRC & ERE@Ss T """ "o1el” soiA " {000 0000 0001 iBIE;_ -
— 427220 BRN3 READOROP?IC 1F_EQUAL2 OO NQT SET FLAG ... 0162 %164 1003 0003 0110 03100
T i2ree0 PAREN 06 0A 8ET F3 T TTTTTTTTTTT T T o169 1404 T T0001 0110 0000 1010
127260 _READDROPIC EC SMIFT e m e _..016% 3000 0011 0000 0060 0000
127270 LooP} READDROP78 CHECK NEXT 8IT ~ — ~ 7 777 7 0165 ci1ei 1100 0001 0110 0001
127280 BRNA _ F3 READOROP7E IF EQUAL, GO 10 READDROP7E 0168 _8077___ 1001 1101 0111 0311
127300 PAREN 09 70 T o 0167 {970 0001 1001 ofil 1101
—.12720 .. _ EC_ [ CGMIFT FIEs CRCo AND SET FF__ 0168 3IF30 0011 1111 0101 0000
TTTaaraze PAREN 09 F TTTBET ECHe G169 197F ooos 1004 C1d1 {111
127240 £C SHIFY o 016A_ 3000 __ 001} 0000 0000 0900
: 127380 €c T T T TeMrRY TTTTTTTTTTTTU01497 3000 0033 0000 0000 0000 -
2 —_— . — - - - - -
A e - —— —— ——— e e a ———— e —e e ——



8z-d

V 00982496

srot_sz o tasesconsa. e s _
—.-8E0 NO..REFERENCE.IPCODE. MO €A £8.EC OPERANDS  COMMENT. . . . . . . ADRS MEMORY BINARY REPRESENTATION. ____
2 *
T erae T TTleees T T T LOAD COUNT " 016 4003 0300 0000 0080 0011 T
o 12738C . .. ... PAREN..OA. ._.__ . OC ALLON INY. a 0160 180C 0001 1000 0000 $100 . _ _
"7 127400 READDROPTD EC I - 016€ 3000 0031 0000 0000 ooo§ R
——.327940 . LOGPA_ .. __ ____._ READDROPTD " 016F CL6E . 1100 0001 0130 1330  _ __
T gare200 T 77 Tparen 08 “Toe OIBABLE INV 0170 1804 0001 1000 0000 0300 T
1270 G e et e .. SHIFT e ox.n_ 3000 _ 0031 0000 0000 0000 O,
Y 1YY R T suxﬁ 017 3000 " 0011 0000 0000 0000 T
—i27870 13 SHIFT 01733000 0011 0000 0009 0000 ___.
127480 Loce2 ( READDROP7A SKIFT TTTTTTTTTT 7T oa7e piSE 1101 0001 0181 1110
—_1p7300 £8 a oo MESET. TIE. REQe __ .. ... .._._______017% _41F30.._ 0001 3111 0033 G000 _
127920 BRANCH ‘ READDROPS PROCESS LRCe 0178 617F 0110 0001 G113 111}
127580 READDROP?E Jume  TIESHFTLOL PUT A1 INTIE REQe .. 03777197 ___ 0111 0003 1004 0141 _ __
127960 Looer2 READORGR7F COUNT DOWN v - 0178 Di7a 1101 0001 0131 1010
_4278M0__. . ___ BRANCW____.___READDROPZQEXIT.IF ZERQ. _ . . . 179 ¢17C__ 0110 0001 0313 1100 ______
127620 READDROPIF EC SHIFT 0'g INTO TIE REQ 'ofﬁ"_:oio_'?m"b’édﬁ'EOo'o o006 T
S 4pFMA0__ L00P2 READOROPTE e e —— OATDL_DATA___ 1101 0001.0111 1010, _
127640 READDAGPTO EC _ SHIFT T 017C 2000 0011 0000 0000 0000 g
L o — e - -
: — - - - -




V 00982296

62-d

pAQL 28

TAPEMCONOS

DATE 27/09/78

——S8EQ NO__REFERENCE QPCOOE MO FA FA EC QPERANDS . COMPENTS

ADRS _MEMOAY BINARY REPRESENTATION

127600 EC

SHIFT

0370 3000 0041 0000 0000 0000

o~ 222700 = ARANCH = READQRQOPS

0478 _e47F 03410 0003 03113 1318 ~




0e-t

YV 00982.96

_ ' e —
pAOK 23 - -----T'”E;;;M-’:»- T DATE  27/09/78
—8E0.ND__REFERENCE ORCODE MD EA.E3 EC OPERANDS COMAMENTR . . ___ ADRD._MEMORY _RINARY REPRENENTATION N
128020 e» CHECKX LRC MERE Cooormm T o T —:"-——-. _
— 120320 READDROPA YESTA e ____ . ROSY _ L __.___037F 8610 ___ 1000 0000 0003} 0000
128140 8RB READDAOPBA VES) PROCESS LRC 78160 "A183 1010 0001 1000 Go1i
128140 1ESTA  1e NO2TIMER COMPLETE? Q181 _800E ___ 1000 00Q0 000 1110 A
128180 BRNB READBRGAE NOFCHECK AQAIN = T T T T TTGisE 9ivF 1661 6661 0111 1111

128220 _READDROPSA PAREN OA 08 .. _READ REQ YO SHIFT MOOE . 0i83_ 1808 ___000% 1000 0000 1043

128220 TEST s - T 776184 8008 1000 0000 0000 3000
ceeee 128202 .-BRA_. READDRCOPSA PR 03188 _ A189__ 1010 0004 1000_1QQ1
128260 8AN  F2 READDRGPS3 o T7T G186 9983 1001 1001 1000 1001
¥
128280 . EA 15 - e ... 0187 _gPOF _000% 1183 0000 $38Y% _
128300 JUMP RDSCKeA - o """0188 7o2a " o111 0000 0010 10i0

——-128220 READDAQPAB _LOLLY

B . _CHECK 9 BITS__ .

e —.- 01894008 | _0100 0000 0000 1000 _

128330 PAREN 09 co T TT8ET Eca, €cs» ECs 777 7 oisa 13C0 0001 1001 1100 1103
—-...128240_READDROPAC TESTA _25 BITS EQUAL 2. . . .. ... ... ... _....0188 8019 __ 1000 0000 000} 100}
120360 BRNB READDROPBD YESs SKIP ERMOR PATW 7 7" 7"'018C ~918E 1001 0001 1000 1110
5128380  PAREN 08 01 NO2_SEY DATA ERRQR STATUS (BT fa) . 0180 1301 _ 0004 0303 0000 0004
':"i'i.’o'ob' JEADDROPSD EC SHIFT TTTTITTT T T T T8k 9000 0011 0000 0000 0000
X -
. —— -




VY 00982L96

1e-4

paok_2 e vewows ' ot sz
—.-8E@ NO . REFERENCE JPCOJE .MD_EA.EA_EC GCPERANDS. . COMMENTS__ . . Ceeeiee mmi—— — —_.ADRS _MEMORY_ BINARY REPRESENTATION
7T gaee20. T T owooey T 777 READDROPBC CHECK NExT 81T Tt 0187 "Cciss ~ 1100 0001 1600 108y
..o 128%0 .‘...__“..BA‘iEN, 09 ____ ... FD _  SET gc2 e e -_...0390  _19FD 0001 100% 1133 1108 _
128460 g T T ’ sHiFtT T 7T T o19i 3000 T 0011 6000 0000 0000 -
o 128080 . oo .. BRANGH . _TERMINATE -l 0492 609C 0110 0000 3003 1400 _
" 12932C READDROBTM PAREN 08 OF RESET SWORT RECORD STATYS (BIT 37 77 " 0193 "180E ~ 0001 0101 0000 1110~ —
. 129140 . BRB . _F2 ____.____ READIROPE IF RTAD. 007 10 FE‘_DQQQ.?M.. .. 0190 A97F 1010 1003 0111 1311}
"7 q29180 UPaRreN 08 os "'RESET TARE wAR< STaTus (8IT 18) 0198 1808 ~ 0001 0101 0000 1000
- 129382 e - BRANGA. . _______READOROP® . __ . . . ___ . . . e .o——..019& 617F 0310 0001 O$11 14%
T 1e016C TIEGMETLDL PAREN 08 OE TTUSET TIE INPUT TO 1. TTOTTTTTTTTTT 6197 1808 70001 1000 0000 1410 T
_ 140180 _PAREN 98 _______FD ______ . _ SET EC2 e eci....... 0198 19FD 0001 1C01 13111 5103 _ -
140190 g¢ 0 TUTTTTTTITTTTTT T éloek INTR g T T T TTTTITU6199 200077 oc1d 0600 6000 oooe
... 140200 L PAREN _98__ 66 ___ . SET TIE INPUT T3 0. . . - ... 019A 1806 __ 0001 1000 0000 0380 —
“Tga0220 TTRETURN T T T RETURN TTOTTTTT T TTTTTTTTTOURE 2000 0040 006060 6060 0edo
. udxad READSQM)__ _TESTH 8 .9 TRaCK? e . 019C 8008 1000 0000 0000 1000 ____
180180 BR8 : "READSUBLIA NO» GO TO READSUB1A T T 04907 TALSF 10107 0008 1083 11T
w_AB0M60. . ___ _PAREN_ QS ______OA__ . . RESET TAPEWARK STATUSs _ ___________ 0195 3808___ 0003 0101 0000 1000
‘° 180180 READSUBLA LOOPH READSUBIB TF COUNT NOT DEPLETED= RETURN 7"~ TG18F CiAz 1100 0001 3030 0010 -
W e e ee . ——  C——————— - - ——— - . . [ —— —_— e .-




‘gt

V 00982L96

FYVY 2K (Ol TABEMCONO 4, DATE 27/09/78

———S8EQ.NO REFENENCE CPCODE MO EA KB EC OPERANDS

COMMENTS .. . ... _.

cimimmo——e——".___ ADRS__ MEMORY BINARY REPRERENTATION =

180200 PAREN 08 08 7 RESET TaAPEMARK STATUSe 010 1808 0001 0101 0000 1000
-—- 180220 _ PAREN._ 08 _ __.QE ___ . __ REBET SNORT RECQRD STATYS _ ___  _____ OlAl 130E _ 0001 0104 0000 1330 __
190240 READSDBIB RETURN T T T T RetRN TTTTTTTTTTT "oga 2000 0010 0000 0000 0000

— 160120 READSUB2 . PAREN. Q7 _ 07 .. . _.

SELECT QNES AS INPUY._TO WRITE_REGe  __ 01A3 _1¥07

0001 0111 0000 0431

_—”fcal;o PAREN OA 08 PuT READ REQ INTO SHMIFT mMODE T Toia% 1808 0001 1000 0080 1011

—16008Q.__ . PAREN 28 oF. CONNECT REAQ AND #RITE REQSe _ ... ... ._._ OJAB__180F___ 0003 1000 0000 311}

T 1s0180 wLer 27 SET LOOP COUNTER FOR 28 SNIFTS ‘.oxu A018 0100 0000 0008 1611
160200 PAREN 03 EA SET ECI, ECS . .. . _QiAY__19EB ___ 9001 1004 11190 101}

160220 READSUB2A EC

CLOCK READ & WRITE REGS. 01A8 3000

0011 0000 0000 0000

180200 LOCPL REARSUBZA._LOOP. BACK TQ .CLOCK AGAIN._.. ___._______O1A9_ C1A8___ 11000001 1010 1000
"T160260 PAREN 08 07 TRE=CTRCULATE READ REGs 01AA 1807 0001 1000 0000 031}
S 360270 PAREN 02 00 . _ . RESET_MuUX TQ LOQIC_2ERQ_ ... _ .. . ____QlAB _ 1700 __ 0003 0§1{ 0000 _0000
160280 RETURN 08 Y] RETURN2 SET READ REGs 70 LOAD HODE 01AC 2803 0010 1000 0000 0014
. .
L] r——
&
- 1 e
3 ——




V 00982196

£e-9

———8EQ NO. REFERENCE OPCODE. MO _EA ER EC JPERANDS

aAgk 32 — JAPEMCONQS DAYE 27/09/7%

COMMENTE . .

ADRS®  MEMQRY

BINARY REPRESENTATION

T T T P it e e e T
—. 20032@ WAITE ... _.JumP . _ ... __ GIMSELECT . 01AD 7061 __ 0111 0000 0110 0004
77 200360 " teste 18 wWRITE LOCKOUT? 014k 8012 1000 0000 0003 0010 -
.. 200040 .. ... .. BRA . ___.._ _.___MRITELOCK VYE®, TERMINATE _O1AF a098 1010 0000 1008 t000
TTe00t80 T T T T T YT T ourd;ur DATA [PROC T WMTU) . 0180 1F0L 0001 1111 0000 0003 T
. 200200 . ._ ._....___PAREN__0Q7 00 HRfYE REQS TO LOAD mOOE . 0181 1700 __ 0001 011) 0000 Q000 __ _ ___ __
YT T EI 9 T 'REQUEST DATA INTERRUPT 0188 1F09 00031 1111 00060 100{" T
— 200200 . EA 12 CLEAR WRITE CRC REQ _ . - 0183 _1FOC 0001 1314 0000 8300 _ .
T 200260 PAREN 02 oF " WRITE CURRENT ON T TTo184 120F o001 0010 o600 iiyy
——.200280 . _PAREN_ 02 o8 _FORWARD ON . _____0188 1208 _ 0001 0010 0000 3000 ___ . __
7T 201120 e "'§TART DELAY T TommmTe T TTTTT T - T
. 201300 WRITEL | . ..TESTE..._.____A_ g0 ... .__..moT? . . _...01Bé 801s 1000 0000 0003 0400 . ___ .
T 201160 YT wRITELA NO» 00770 wRITEIA 7~~~ T '—‘—"“—"’éiéi "918a” 1001 0003 1037 1010 Tt
— 201180 R 4+ ¥ - S 84 __YES, SPECIFY 85 INCWES 0188 _ 0% 0100 0000 0181 0100 .
T 01200 T aume BOTDELAY  PERFORM 807 DELAY oidd 7084 T 0111 0000 1000 010 T —
+ 201220 wRITEAA ___PAREN 03 2% SET_LONG TINMER 018A__33%C 0004 0034 0100 1100 e
—:—'io‘:ii’o WITELS  TESTE 18 TTUSTTIMER COMPLETEY 0iB8  800F ~ T1006 0000 6000 s3It T T T 7T
) ———— — —— e - : ——— —— - —_— e ——
3 —— e e e ma PO — —— ——— —




2531

V 00982196

228833 ___TAPEMCONDS DAYE  R7/09/7R

——_BEQ NO._REFERENCE .OPCODE. MO EA £8 EC OPERANDR. _ COMMENTR . _ . _ .. . ... .. ____ _._. _ _ADRO__MEPMORY BINARY REPRESENTATION

201240 T BANE WRITEL®  NO, wAlT T 77 '”"N"_"_"“hﬁii_'iii‘i" 1001 6001 1011 3011
202120 e .. . CLOCK ATART . __. LA ' - ' .
_'"'szué".Ji.irEi T eamen o1 T T 32 " LOAD CLOCK DIVIDER FOR SO USs (800 8P1i 0180 1132 0001 0001 0033 0010
S 7. TYT DU 1] S — © DENOITY 1 on? o . ;;;t 8003 1000 0000 0000 Q103 _ ____
TTaoa1s0 T anms T T uRITE2A YES» Q0 TO WRITE2A -  "018F A1C2 1010 0001 1100 0010
202800 . . ...... PAREN .01 . .._.__. %8 NOs HUBT BE 036 BPI SET CLOCK FOR 78US 01CO 11%8 0001 G001 0190 4g00_.____
202220 T aRanen T T wRrres T Gier escs T ‘o1i0 6601 i106 0361

—-20284C WRITE2A . TESTA.._ . _ &_ .. . DENWITY.2 ONY. ___.__ . . ... .—_01C8. 9006 __ 1000 0000 0000 0119

T Tac2zec” T TeAne —aRTYEY T NOI MUSY BE OO BT . 01C3 91C9 1001 0001 1100 0103
202280, ._._. ... PAREN. O ____ _ 8 ._ _ . YES» SET.CLOCK FOR 200 VGECs (200 BRI) _ 01CY _11C8__ 9003 0003 1100 1000
T 203120 s CLOCK SYNCW ) . T T .
203140 xRITE3 . ___TESIA 13 ___PHASE2. ONT. o 01C3 . 8000 __1000.0000 00001104 -
20363 T T T TBRNB WRITE3 | NOs WALIT TIeL oN T T T T T Toice eiCcs 1001 0001 1100 0101
203180 wRITE3A .. _ TESTA _.__ A3 . ... _PNSE2 ON® ___ .. ... ____ . ... _.___03CY 8000 ___ 3000 0000 0000 3101 —
203200 aRe WRITEIA  YESs WAIT TILL OFF 0iC8 A1E7 1040 G001 1:’667:’1“
. g03220 . . .. PAREN_ 02  OE .. .. ENABLE WRITE GTROBE__ . ____ 0iC% _120E__ 0001 0010_0000_§110
: 203240 1 ’ RESET FB37 - » 01CA~ 1F70 0001 1111 0131 0000
1 e |
- © L L % eee—e—————— e e PN




V 00982196

se-a

A0k __3

IAPEMCONOS

_DATE 27/09/7%

—~——BEQ _NO_ _REPERENCE OPCODE MD EA EA EC OPERANDE  COMMENTR

ADRS__MEMORY RBINARY REPREBENTATION

203840 TESTE 1 SK1P FIRST BYTE® 0its 8003 1000 0000 0000 0003
202010 BRNA WRITES NQs_QQ TQ WRITES ) 01CS__ 9109 __ 1001 0001 1181 1001
204120 o SKIP FIRST pYTe T e . T -
—— 200130 wRITER  PAREN Q7 OB WRITE REQS TO HIFT MOOE: 01CO__34708 0003 0311 0080 1000
204160 LoLct s SET COUNT FOR 9 SHIFTS 01CE 4008 0100 0000 0030 1000
20480 PAREN 09 FE BET _ECL e O1CF__38FE___ 0001 1004 1313 1130
204200 wRITE®A  EC gNIFT - T 0100 3000  00%1 G000 0000 0000
——..204220 1.00p1 WRITEGA _ LOQP BACK TQ GMIFT AQAINe 0100 400 _ 1300 0001 3101 0000
T goazso TesTe ’ TERMINATE WITH 18T 608 WORD? 0102 8009 1000 0000 0060 1001
—— 204260 BRNR WRITEsR NOs_ SxIP ERROR CMECK . 0103_ 9106 _ 1001 0001 13101 0110
204280 TESTE 2 sKIP LasT avTEs T 77T Toibé 8002 ~ T {000 0000 0000 0010
204300 ARB PROOERR_Q%,._;.E.S!._?RQOFAH,EBRQR.-.,_‘_-_-.__.___.__ 0108 Ap%s __ 1010 0000 1001 0300 _
T 206320 WRITE#®  PAREN O 08 "S8ETUP FOR R BYTE 0106771708 0001 0111 0000 6101
208340 EA -9 REQHE!I._O_‘TA-L'\IEE&.U& 0107 _1F09 0001 1111 0000 3001
T sos3s0 BRANCH WRITES® a0 T0 WRiTE# 0108 e1EC 0110 000i 1110 1100
208120 ¢ NRITE LW BYTE N
) 205140 WRITES PAREN 07 oc INDICATE LN BYTEe 0109 "170C b'ooi 0111 0000 1100




-9g-4

V 00982L96

P ERT » TAPEMCONOS DATE _ 27/09/7R

____SEQ NG REFEMENCE OPCODE MO EA ER EC OPERANDS . COMMENTR . . . . ... __ADRD__MEMORY__BINARY REPREBENTATION.
208440 JUMP . WRITESHIFT WERFORM wRITEGRIFT O10A 7228 01ii 0010 0080 o1t

208380 1EATA 27 ___'WAS A WRITE.STROME OCCURREDY ____ 0108 _#023 __3000 0009 Q030 0103
205200 8RB SYSTOVEALD YESJ SYBTEM OVERLOAD T " 01D& TA08F T 1010 0000 1000 1111
208220 PAREN._Q7 _ os _INTERFACE REGS TQ _Lono..nux._!o_én.ltlL_.0to.&?.._qu__goox_qz11_-9009.pm. —

T 2032sc WRITERA JuMp ROSCK  PERFORM RDSCK T T T 58 T J6i1 0111 0600 0083 0001 :
205260 TESTH a7 ___HAS WRITE ETRORE BEQGUN? 0107 _ 8025 10000000 0040 Og0% . ___
205280 BRND WRITESA  NOs LOOP UNTILL IT WAS G160 9106 1001 0001 1i1 1110

——-208200 » NRITF STROBE AEQING HWERE = Lh BYTE

—_— - —— e ————eee e

208320 EB RESET FB37 O1EL 1F70 0001 1111 0111 0000
208380 1ESTA Iy TERMINATE? 0JE2_ 8009 1000 0000 0000 $00%. ___
208360 BANE WRITESD  NOs QO TO WRITESA 01E3 91E8 1001 000{ i330 1000 —
208370 _.. PAREN 08 OA___ SEY FLA@ . _____OJEM _160A___ 0Q03 0110 0000 3030  _
“i08380 TESTR 2 T TskimUast BYTE? T T T T T81E® 8002 1000 0000 0000 0010
.. 208%00.. . ..._ .BRNB __._ .. ._ __WRITESC___ NO, Q0 TO WREITESC __ . _  _ . _ O4ES__9iF9 100} 0003 1110 2008
gose20 BRANCH WRITEY YES) G0 70 WAITET (WAITE TEARINATET 01E7 e1FB8 0110 o001 1113 101~
S 208440 WRITEES _ Ea_ - REQUEAT DATA _INTERRUPT : OAE® _1PO9 0001 1141 0090 s00%. . .
' iosuo WRITESC JumMp RDSCK PERFORM RDBCK 01EP 7014 0111 0000 0084 0008




Y 00982296

Le-4

FYVY S T TAPEMCONOA ___DATE 27/09778
—_BEQ NO REFEMENCE OPCONE %D Fa EM EC OPERANOS  COMMENTS . _ ADAS __MEMORY BINARY REPREGENTATION
205480 TESTH xi WRITE CLOCK OFF? 01EA 8000 1000 0000 0000 1101
208900 ARA WRITESC NQs LOOP_BACK UNTILL 1T IS Q1E8 _ALEY 1010 0001 1110 1001
T 206120 WRITE an'ant T T - :
 ——B0ALe0 WRITER  JuMP hRITESHIEY PERFORM wRITEGMIFY = O3EC_ 7228 __911) 0010_0030 1038
204360 WRITEMA JuMp RDSCK PERFORM RDECK TTTUTITTTTTTT 0160 T 7011 0111 0000 008h 0001
— 206380 TESTA 37 _HAS _NMRITE STROBE BEQUN? . _OIEE 8028 _ 3000 0000 0030 Of0!
206200 BRND wRITEGA  ND» LOOP BACK T TO1eF 9160 T 1001 Ooo1 13140 1iel

— 206220 ¢ wRITE SYROAE BEAINS MERE « R AYTE -

T €8 7 RESET FB37 01F0 iF70 0001 1111 0114 0000
206360 . . __ ARA F3 WRITE? IF_ TERMINATE Q0 _TO WRJTE? _ _ _  _____OL1F _ADFB_ 1010 1101 1111 1011 _
T T 204280 WRITEGE JUNP ROSCK PERFORM ROSCK T T ésrl TF0117  0i1i 0060 008 0001
— 204300 TESTA _ .13 1. %RITE STROBE_OFF? . . ___O1F3__800D __ 1000 0000 000Q 1301 .
T gos3207 7 T eRe wRITEGB NOs» LOOP BaCK = T T T 01Fa " AiF2 "7 10i0 6061 i111 0010
— 206300 _nRITERC __ Jump _ ROSCK_ _ BERFORM RDSCK 01F8 _ 7011 ___ 0111 0000 0004 0001 —_
206360 TESTS 37 HAS WRITE STROBE BEGUN? 01F&  802% 1000 0000 0010 0103
s 206220 ARA SYSTOVERLD YESs SYSTEM OVERLOAD O1FY AQSF 1010 0000 1000 131t
R TIOT TEsTe ) DATA REQUEST 8TILL ACTIVE™ G3F8  800A 1600 0000 0000 3010

.




8e-d

Y 00982.96

aagk 32 __TAPENCONOA DATE 22/09/2R

P 8£3 MO RERERENCE 0PCODE MD_EA E8 EC OPERANDS__ COMMENTR . ADRS__ MEMORY _BINARY. AEPRERENTATION
2064020 BRS WRITEGC  YR®s Q0 GACK TO WRITEeC 0170 A1F8 1040 0003 1113 0101
206920 BRANCH MAITES ___ NOy WRITE . NEXT SYTE -..—.03FA 64D9 0130 000} 3183 3003
207120 » NRITE TERMINATION T o T e

_gm;nJm:z__guﬁL__,T__nnscx_...Jiuosa_nuic&, e e ___01FD__ 7031 ___ 0111 0000 00¥k 0003 _
:o‘noo Tests v 13 ‘I8 WRITE STROBE OFF . 91FC §000 1000 0000 0000 3108
207180 BRa mRLIE? MO, LOOP BACK. O WRITET . ____ __OIFD__ALFB____ 1010 0004 1111 101}
gorzoC PAREN 02 06 OIBABLE STROBE TO MTus 0iF8 1206 . 0001 0010 666'0‘"6110‘ :

— 207220 LoLcy 2 > SET. COUNT_FOR 3 CLOCK.TIMEG . OiFF 002 __ 0100 9990.0000 0010
207240 WRITEJA JUMP ’ RDSCK PERFORM RDSCK 77T 0200 701t 0131 0000 008l 0001

____POIRAQ TESTA 7 . ~.HAS _WRITE CLOCK BEQUNYT - 0208_ 8028 __ _100Q 0000 0050 0101
207210 8ANE WRITE7A  NO» LOOP BACK UNTILL IT Hag — 0208 9200 100y 0010 0000 0000

——207200 7 £a ? __RESET FMI7 . __.__ 0203 __1F70.__ 0004 1111 01310000
207320 WRITEZR  Jump ROSCK PERFORM ROBCK - 0200 7011 0111 0000 o0®i 0003

—— 207200 TERIA 13 I8 WRITE CLQCK QFF? 0209 800D 4000 000Q 0000 $101
207260 BRB WRITE?S  NOs LGOP BACK UNTILL OFF 0208 A204 1010 0010 0000 0300

. _ 2072380~ PAREN 0P o8 DISABLE STRODE TO MTU ., 0207 _ 1206____ 0001 0010 0000 0110

EETIITT] TesTs ) TERAINATE? (USED A8 A FLAQ HERE) 0208 8009 1000 0000 0000 1003




Y 00983L96

65-6

[ TUV T Y

TAPENCANOA

QATE 27/09/7%

—— 8EQ NO__REFERENCE CPCQCE ©0 EA FA EC CPERANDS . _COMMENTS ... . . _ . __ _.._____ . _ADRS__MEMORY BINARY REPRESENTATION _

207420 TBRNB wWRITE?C  NOs 00 T0 w#RITEPC  ~— T 0200 9218 fo0i 0010 oo0ddh 101"
—202%0 TESTE. __ 8 Y OTRACK? e —.__.__020A 8008 ___ 1000 0000 0000 1000
207060 T eRs WRITETC ~ 'veSs 80 To wRITEFC - —5%68 "hels 1616 0616 0008 to1i 2
—207%8C_ _ ___ LeOPL_. wRITE?a __ L0OP BACK uUNTILL CRC !J!‘F — 0206 €200 __ 2100 0010 0000 0000
20730¢C PAREN ©7 03 SET AUX 10 CAE/ s 0800 1903 0001 0411 0000 0011
—202%20. PAREN _C9 E3 __SET ECI,ECS 0208 39F3 0004 1003 1131 00331 _
T p07580 e BHIFT, INVERT CRC ™~ T T T T T T 020F 30007 0011 0000 0000 0000
202%40 EC S!!.'IIL..IUY_ERL.ERL_._-n.. —_—— 0219_ 3000 003110000 0000 0000 -
T Taersee T 7T & — %7 c2 SHIFTs INVERT CRCs SET Mux TO CRC 0211 3702 ~ T 0041 0i11 0000 0010 -
207600 .. ____EC __.¢7 03 _ SWIFT CRCs SET.MUX_TOCRC/ ____ 0212 3703 _ 0011 0111 0000 0033 ___
TTa20782¢ e o7 02 T gniFT, INVERT CRC,TSET MUX YO CRCTT 770213 T3702° T3611704d1 o000 o010 T
—__Ro7eaQ ____ _EG.__ Q7 _ 03 . ___SHIFT CRCs SET MuUx TO CRC/ _ . ——_..021% 3703 _ 0014 0111 0000 0041
T Teorese T e TUTTERIFT, TINVERTGRET T T 7T T T021877 3000 T T 0014 0000 0080 0000
....20708Q_ . ___ __ _ _BC__ . _SHIFTs INVERY CRC _ . _ _-__._._0219.”._3909..__.9_9.1.1.-°°°° 0000 0000 _ -
207700 EC . SMIFT, INVERT CRC T T T T 0217 3000 0011 0000 0000 0000
4202720 £C 2 §HIFTs CLEAR_TERMB= USED A8 A FLAQ MERE 0218 __,3!.°_Z.____QQS.I._i_llLQ.QOQ._o.Ql.o
perree PAREN 0z T ENABLE WRITE STROBEs ~~~ ~~7 7" 77 "T6218° i30E 60031 0040 00001110 T
.
e — - _— —_— .-




or-a

V 00983496

pAQE 23

TAPEMCONCS DATE 27¢09/28

— -8EQ MO _REFERENCE QPCODE MD FA EB EC CPERANOS .. COMPENTS. .. .

——— 1011 §

_ME™ORY = BINARY REPREQENTATION

T 07760 e e SET COUNT FOR LRC 021A 4008  03CO 0000 000G 0100 T
— 2077!D.JRXIUC_LBbE1__..__ HRITEZA . DECREMENT. CQUNT _AND LOOP BACK TILL LACs 0218 (€200 1100 0010 0000 0000 [,
T 207800 4RITEID  JuMP " kosck | PERFORM RDSCK TOTUTTTTTITT T pai€ 7011 0131 0000 0083 0008 I

207820 TESTA 7 HAS WRITE STRQAE QCCURRERY . . 0210 @028 ___ 1000 0000 Q030 Og0% ____. —n
207840 BRNB “WRITETD NOs» LOOP BACK T T T Teask sa21c 100t 0010 o0oob 1100
207860 PAREN__ 02 on _WRLTE WRC . o oo ..... O21F 3200 _ 9001 0010 0000 3108 . __ .. .. __

T 208140 WRITER PAREN 03 160 LOAG Ls7. FOR TIMEGUT (RUNAWAY) ~ "7 ""Tp220 1346 ~Tdoo1 6011 1040 6c00 < T T
' ~

208160 WRITERA_ __JuMp RDSCK PERFORM ROSEK _ .. . . _ . _.. o o—e—.9221 70131 __ 0111 OODQ QOR1 QO0QF = °

T 208180 8RB F1 WRITESS  IF RDE wAS OCCURREDs 80 TO WAITESB 0228 As26 1010 0110 0030 0110

———.208200. _. TESIA 18 LeTe COMPLETER ___ . ... 02233 __8COF ____1000_0Q00 0000 $14% .  _ ____

T Tacsz20 8RS TIMGUTERR YES» TIMCUTERR . 022% 4096 1010 0000 1003 0110

208280 _ . __ BRANCH WRITEBA . __ CONTINUE. GHEGKING ... . _.___ ._._.___. OR2% 6221 .. _2130 0010 0040 000} _ _ ___

T T p0826C WRITEAB Jump ROSCK  PERFORK RDSCK e 0226 7011 9111 0000 0081 00Oi T

~—-.R0OB2RQ  _._. . _.. __BRANCH . WRITEBA___WAIT FOR CRC OR LRC._ . . ._ . ___________. 0227 _¢226 __ 0110 0040 0030 Og40 ___ _

"209140 WRITEDROP BRB  F3 READDROP  IF TERMINATEs, G0 TO READORGP 0228 Ap67 1010 ito1 eoog oiii ~—
< 209180 PAREN 0% 01 SET.DATA ERROR STATUS 0229 1501 _ 0001 0101 0000 900} -
L R - —_
2091830 RETURN RETURN 0z2A 2000 0010 0000 0000 0000
[]
- ———— — e — -




V 00982296

9-4d

a0 - TAPEMCONGS DATE 27709/7%

RAQE

— —8EQ N0 REFERENCE OPCODE MD EA_EA EC CPERANDS . COMMENTS .. . . . e e . ADRS __MEMORY _BINARY_REPRESENTATION

/
— e = i e - ——— e
,
.
'
U P—— ——— — -
3 it - - — e 4 = v e _—— - . ——— i —
N .
2 e sn e e eme b Ak ma e mm = . o @ cwara e o m . ——




] 2l

)
et o tavEncoas._ e grem

— - $EQ NO .. REFERENCE OPCOCE M0 EA.K8_EC.OPERANDS  CORPENTS . e e ... _._.ADRS _MEMQRY._ SINARY_REPRESENTATION
T 220020 s WRITE SwifFt ~ i T i i o e
.....220120 wRITEAMIET EA....__._10. . SET PARITY GEN FOR u;: - .. 0228 1FOA 0001 3111 0000 1010 _

" 22010 T tEsTs B 0DC SPECIFIED? ) " 022C 8007 ~ 1000 0000 0000 Oiti T
—.220160 ... ._ . BANA_ ... .____ .. WASHIFTL _ YESs 00 TO wASHIFT1. —.. ...0220 922F _ 1001 0040 0030 112} __
T 220180 EA Y TTTTTTTTT T N0s SET PARITY QEN FGR EVEN  022€ 1F08 000% 1111 0000 jo01i -
.- 220230 4RSMIETA _ PAREN 09 F2 . SET ECls €CIs EGee. . . ... ... _ ._.022F 19F2__ C001 1001 1131 0010 -
*f 220220 EC . T T gMIFT L AND BTORE 'E‘iﬁﬁ"; Tt —;—'?5?55' “3Fe0 "_O'E'i_z—?'ﬁ'x_61?5‘_0666.——_“"
220200 _ £c o smrFr2 e..—_.0231 3000 __0031 0000 0090 00Q0

-“—220“56.3"‘ EC - SHIFT 3 T mTTmr T T ——6232' "3000 o011t 0000 0000 0060

_ _ 220280 EC s s .. .....SMIFT_s_ UENABLE INVERSION OF CRC BITS)._ 0233 3F0S____ 0011 1131 0000 0301 __ ...

" T2a0308 EC 5 "TGHIFT 8 (ENABLE INVERSION OF CRC 817TS) 023% 3F08 0011 1111 0000 0108

. _220320 _ £C s o . —...BHIFT 6__LENABLE INYERSION_OF CRC BITS) 0235 3FO0% . 0031 11131 0000 0103 ___ .
"7 220%6c TESTH e T T T tmacke T T T T T T 0238 8008 71000 0000 0000 1000

. 220382 ... _ BRNB.___.__.___ _ WASHIFTIA. NO/.Q0 TO.WASKIFTAA .. .. . .__.. 02379234 __ 100 0010 Q041 1030 . ___ .

T 2z0e00” T Teste “Tas T UvESe 18 BIT TAONE? T T T 0238 T801F T 1000 0000 0008 111t T T ”
A.'...uzzn;zci. e —-_.BRB PROQERROR __YES/_PROGERROR _ 0239 A094 1030 000Q 300% 0100 -
":“'z'zbi'io “WASHIETIA  EC s o ”’"s'ri"x'?'r’7 (ENABLE INVERSION OF CAC BIT@)  023A 3F0S 0011 1111 0000 0101

L. . e e

V 009828496




Y 00982L96

ev-t

pagE o2 TAPENCONOG DATE t 324 1 Yal )
——SEQ NO_ _REFERENCE OPCODE M0 _EA EA _EC OPERANDE .. COMRENTH . e -...ADRS _MEMORY _BINARY REPREBENTATION —_

220040 teste @

"7 TRacke

‘0238 8008

1000 0000 0000 1000

Iy 7 -17 | PES——— 1. L] WRSHIFTED

NQ» G0 TO WABHIFT1D

023C 923F _

1001 0010 0033 111

" az0%00 7 TEsTs T T YESs I8 BIT 8 A ONE® ° 0230 B80LF 1000 0000 0001 $g1d i
— . 220520 _BAA . . ... ..____ PROQERROR YESs PROQERROR 023 4034 1010 0000 100} 0100 .

T g20%e0 WASHIFYi®  £C

BHIFT o

023F 3000

0011 0000 0000 0000

— 220008 . _PAREN.

220860 33 o7 00

-} QO - S

_BET myx TO PARITY plT

T TenirT 9 (SET mux TO LOBIC 26M0)

0240 1701

IO

0001 011t

370077

T 001170111 0000 0000

0000 0001 .

———220%80 PAREN 09 £

$KI_ECI» ECH*

02a2 __39F3 __ 00031 1004 1131 0014

"220600 €C

FINAL CRC SHIFT

0243 3000

00§13 0000 0000 0000

. 220820 BRETURN _—

0204 2000

0010 0000 0000 9000

—
L ——— — e i——————— -
I8 U - ——e——— - fmm et e e e e e+ e tm——————— - -
)
s —— e - - - G G —— - e ———— e e e = e ———



-1

vV 00982L96

2AQE a3 _—————YABEMCONQS _DATE 22/03/70

——S8EQ.NJ _REFERENCE CPCODE MD EA EB EC _OPERANDS

COMMENTS _. . . ... .

e ADRS_ MEMQRY _BINARY. REPRESENTATION

_":qadao"{."""‘"'":nlss"'"' T T ’ T T

_.-300120.ERASE._____JuMP _ . . ._._ . COMSELECT seeee w. . ..._. 0288 7061 0113 0000 0110 0001 _
T 300180 T rgsre 0 T 18 . LOCKOUTY 0246 8012 1000 0000 0001 0010 R

—- - 300140 .. ....,.._.-...__J“ o+ emcememn-— WRITELQCK  YES» Q0 YO wRITELOCK = ...... 0247 AQ98 1010 0000 1004 1000 __ -

' 300180 “Tmanen 02 7 cr NOs BET wRITE CURRENT ON. 0208 120F 0001 0010 0000 1313 T
. 300206 . . e P@af.m 02 __.._o08 . SET FORNWARD ONs 0249 1208 2001 0030 0000 3000

o "faboa’zé‘ T T T reste T T 20 T ot T o284 " 8014 1000 0000 0008 0100 T T T T
. 30028 . _._._._._ BANB _musz,xm_.,; NOs Q0 TO.ERASESe _ ... . __ . .. 1140

e 0248 928E 1001 0010 .0100.

T 300260 P S — T mes anewese T 77T T T T 02ac Te0se T 9400 0600 0101 0500 e

300283 . . . .. _JUNP BGTOELAY. _PERFORN DELAYe . ——..-02%0 _7084___ 0111 0000 1000 1010

T T 300390 ZRASEY woLes T 63 7 & INCHES + "s{'fiﬁ'TwEéLA TTTTTTTUT T " T024E 0 #03F T 0100 0000 0035 4111 -

300320 ERASEXA .. PAREX . Q2 16 LOAD LeTe & PEe (o1 INCH): ...024F 1310 0004 0031 008} 0000 __ —

) §°°3l3 Ei‘s:!a_ fE-ST'B _'——— —__—"1“ T RDS 7 Comomr T T T 0280 8010 1000 0000 0001 0000 - -
. 300380 oo —- -BRNB_.______ ... __ERASEIC . _NO» QO TO_ERASEIC __ . ____ .. . .___._._ 0251 925s __ 1c0{ 0010 01031 0100 _ _ .

T 300380 PAREN 05 08 T 7 SET sTATUS BIT 11 (DRGROUT/PICKUPI+ 0252 18504 0001 0101 0000 0300

4300000 _.._ £a ... _RESET.RDSe... “0283 __1FA0___ 0001 1111 01000000 N

_‘:"—iyoo&z‘b"ﬁfs::c TesTe T T LY. COMPLETE? TUTTTTTTTTTTT o2se TB0OF 1000 0000 0000 1111

it S . e



V 00982296

Sy-q

[TV S TS

TAPENCONOR : . Datg 27799778

— BEQ NO._ REFERENCE JPCODE MO_EA .EM EC. OPERANDS . COMMENTS

. ADRS MEMORY BINARY REPRESENTATION

200440 BANB ERASEID ~ 'NOs GO BACK TO ERASELS. T 7 opss 9280 T 1001 0030 0163 0000 Tt
200980 . LOOPY ... _____ ___ _ERASEIA  _LOOP DACK UNTIL GOUNT DEPLETEDs . 0298 CRoF 1100 0010 0100 1313 e o
T 720000 T T amanes T T T T T temminatTe . ' 0287 609C 0110 0000 1001 1100
L . ——  — —————————————————————
1 o o — et e - ——— - —
¢

hL - -—




g

V 0098396

PAOE  e% JAPEMCONOS DATE 27/09/78

———8EQ NO__REFERENCE OPCOOE MD EA ER_FC OPERANDS _ COMMENTIS. . . ..

e ___AORE_MEWORY BINARY REPRESENTATION

TITIT S CTITT O —_
el 0298 7061 0111 0000 0110 o001

900120 BACKSPACE _guMp___. ._____ . COMSELECY __  _ . .. _ ... ...

400200 BACKBPACES PAREN 02 09 SET REVERSE ONe T " ops9 1209 0003 0010 0060 3001
—__e00240._ . ____ TESTA 20 80T . .. 023A 8015 1000 0000 0003 04100
T Taooze0 Y. “Ternz Tvess TERMINATE T 0280 AOAM 1610 0000 1040 0100

—a00R280. ... ._DLCA . B9 . __._TIMEQUT CQUNT (30 FEET) . __ __________..029C__401D 0100 0000 Q001 1101

400290 BACKSP2  LOLC2 Y

"TIMEQOUT COUNT T12 INCHES)

" oasb

8008 0101 0000 00®0 1011

900300 BACKSPACEZ PAREN 03 160 . 'LOAD heTs 80 M8e (1 INGW)___ 029 1340 ___ 0001 001j 1010 0000

400320 BACKSPACE3 TESTE 16 RDS 025F 8010 1000 0000 0003 0000
400340 ARB BACKSPACES_YES2 00 TO BACKOPACEN 0260 A267 1010 0010_0110 0l _
400360 TESTE 15 TLT. conPLETE? T T o261 B00F T 1000 0000 0000 1111

——ap0d80 __ ARNB  BACKSPACED NO, CONTINUE SEARCH FQR RDSe

0262__92%F ___1001.001Q 010} 114t

200400 Loop2 BACKSPACEZ YESs NEXT INCH 0263 D25E 1101 0010 0101 1110 -
400%10 LOOPY BACKSP2 . __ NEXT _FOQT —— 0264 C230 1309 0010 03101 110¢ S
400420 PAREN 08 [ SET TIMEOUT STATUS (BIT 10) 0268 1805 0001 0101 0000 0101

- a00%0  ARANCH JERMZ O2e8__604s 0110 0009 1040 0100

: iwoﬁq BACKSPACES PAREN 03 I LOAD LeT. 1 "a. 0267 130s 0001 0011 ‘oooo 0100

;)

] —




Y 00982L96

JA 2t

. _.MEJL s e e e o _— e | e - J:u ;;};,,,. e ——
——--3£0 NO . REFERENCE OPCOQE &2 EA_EA EC GPERANDS  COrRENTS o . ADRS MEMORY BINARY REPRESENTATION __
Y TYYT g’i“c}'sn'c‘:‘s"'r:#’f’.i"“‘ I 1'Y ‘RDS? T o T G268 8010 1009 0000 0004 0000
_— .000509_ .. BRMB. ... ..._ . BACKSPACES NOs» CHECK TIMER o o 0269 926C 1001 0010 0180 100
200920 R T S YES) RESET ROSs " oasA 1F80 0003 1111 0100 0000 T
——.%00%990 . .. BRANCM_____ . BDACKSPACEs RESET TImgRe e w. .. Q268 8247 0110 0010 0110 0311
" 8008962 BACKSAACES TESTE 18 LeTs COMPLETE® T " o26C 800F 3000 0000 0000 181y
—.-.-k00302 BRNA BACKSPACES_NQs CMECK AQAIN__ . _ . ____ __ _ . 0260 9268 _ 100§ 0010 0310 1000
T a00800 .ennc-t TeRFINATE YES) TERMImATE T 7T 02687 609C 0110 0000 1001 1100
|
()
o R —— ————— e e — —————— e e e
.
’ .




8V

Y 00982L96

paal a7 o __IAPEMCONOS ' : DATE. 27/09/70
—__BEQ NO BREFERENCE OPCODE MD..EA £8. EC OPERANDS . COMMENTER o . ... ADR® MEMQRY BINARY REPREQENTATION o —

T 800020 s« REWIND

— 800120 REWIND ... _JumP ——ie.... -COMBELECT S - oper 7064 _ 0113 0000 0110 00Ol I

T Bo0200 REWINOL  PAREN 02 “oa . SET mEWIND S 0270 1204 0001 0010 0000 1010

nnnl_in BRANCH : IERM2 B . e eee . QRTL SQAM | 0130 000Q 1040 0300 _ .

e gan [RO— -




Y 00985196

6r-d

pAGE _of TAPEMCONOG

DATE 27/08/72

—__REQ NO._REFERENCF QPCODE MD EA EA_EC OPERANDS _ COMMENTS

ADRS__ME™ORY BINARY REPRESENTATION

600020 oo REwINDO AND UMLOAD

— 400320 REWINAUNLD dump = COMGELECY

0272 7061 _ 0111 0000 0110 0001

400200 REWINOULDL PAREN 02 oA SET REWIND TTTTTTTTIUTIUTTT T0273 1204 0001 00100000 16107 -

400220 PAREN 02 oA BEY OFFeLINE 0279 1208 0001 00310 0080 1014

600240 BAANCH TERM2 TT0278 Te0As T 0310 0000 1010 0100 -
—




0s-4

V 00982L96

piak__s% _TAPEHCONDS DATE _ 27/09/7%

o 9EQ NO__REFERENCE OPLODE _MD.EA E8.EC OPERANDS _ _COMMENTS . oo o o .ADR®__ME™ORY _BINARY REPREGENTATION __ _

T TR T T T Tan O SUR _
700320 WRITEIMARK JUMP _ = COMSELECT . . e eee e ... . 0276 7061 0111 0000 0110 00Ol R _
700140 TEsTe 18 77 WRITE LockouT ¢ e T 9277 s0i2 1000 0000. 000§ 0010 T
— 700380 ____ BRB... : KRRITELOCK _ YES, TERMINATE . = | e e .. ...0278_ AQ%8 __ 1010 0000 1083 1000 —0—
700180 TESTS 3 '*;9 TRack ¢ T o "7 77 0279 8008 1000 0000 0000 1000 T
—700200.. . BRA.__.__ _ _PROGERROR. NO: PROGRAM ERRORL . . . . ___ 0B7A_ADSs__ 10300000 1004 9100 e
T yo0220 PAREN 08 "G5 T TUBET TAPE WaRK TATus TuSED A§ FUAGY T 0278 1806 6001 1000 0600 0000 R
— 700240 PAREN__Q2 oF \lEY NRITE CURRENT _ON - __0R7C__320F___ 0001 0010 0000 3ptd% .. _______
700260 PAREN 02 o8 V BET FORWARD ON "7 o270 1208 0001 0010 0080 1000 T T
200280 1EsTA 20 MOTY . .. 0278_g01s__ 1000 0000_0001 0300 S
700300 BRNB WIMARKT N0, G0 T0 WTMARKE T TTTTTTTTTTTT T 6277 T 9282 T {001 0016 1000 0010 T T

— 200010 LoLct as — SPECIFY_ As% INCMER . .. 0200__30%% ___ 0100.0000 0101 0100 N
700320 JuMP BOTOELAY  PERFORM BCT DELAY : 0281 708a 0111 0000 1000 1010 T

—— 70020 WTMARKL _ PAREN 03 76 _ ... BET_LONG TIMER FOR. 13 M8 . _ 0288 13%C __ 0001 0011 0100 1100 .
700360 wTHARKIA  TESTE 15 L+ TIMER COMPLETE? ' 0283 80OF 1000 0000 0000 1118 -
200380 BANB —WTMARKIA .._NOs LOOP HERE UNTIL COMPLETE 0204 9283 _ 1001 0010 5000 0031 i
_:' 700900 PAREN 01 3277 T 7LoAD WAITE cLOCK DIVIDERS . 0289 1132 0001 0003 0011 0010 T
2 —_— —— J— - e e e o n




Y 00982L96

154

240K _140 TAPEMCONOR DATE 27/0977¢

— 8EQ_NO__REFERENCE JPCJDE 4D Ea £BA EC OPERANDE

. COMPENTS . _ .

ADRS _ MEMORY

BINARY REPRESENTATION |

700420 TeaReN 97 T oz T TUUgET muxt0 L CTUTTTTTTTTT T "ozee T'tR07T T 0001 0if4 0000 OtitTTTTTT T

7024490 PAREN_ . Q9 Ep_ 8ET ECY o .. %287 _1srp 0004 1001 11§31 101} o

700460 33 T T MRt IN A1 T 0288 7300077 7001176000 000070000 T T T T 7T
—200%20 £C 07 00 GHIFT IN A 32 SET mMux T0 Qs ——..__.b28y 3700 __ oo0ii 013131 0000 0000 __

700900 Ec BNIFT IN A O T T T T T Toa8A 7 3000 6031 0000 oodo o000
— 700520 EC [} [} ~..BRIFT IN A Qs SET Myx TO %e 0280 3007 _ 0013 0iii 0000 Oji1 -

70950 e o7 00 BHIFT IN A1, GET MUX TO ©¢ T Toa8% 3700 o001y 0111 0000 0600
—200%480 LaLCL [} SET CQUNT_TO INDICATE 8 O'Ss 0280 4004 0100 0000 0000 0100 —

AN
700980 wWTMARR2  EC SHIFT IN A 2€R0 TTTTTTTTTTTT T92mk 730007 0041 0000 6000 0006

—-.700800  __ ____ _LDQP1 WTMARK2 LOCP _BACK AND_SWIFY AQAIN» _ ~~  Q28F (C2B8E___ 1100 0010 4000 $3130_ _ == _
700420 W#TMARED  TESTS 3 PHASE 2 cLOCK WIGH? 0290 T8000° T 10600 6000 0060 1161

— 200642 iRNl WIMARKY __ NOs WAIT UNTIL IT 1§ 0291 8290 1001 0010 3001 0000 —

TTT300660 #TMARKIA  TESTA 13 CLOCK wWIgH? T TTTTTTT6294 400D T 1000 0006 6006 tgod T~ T T T 7

— 200680 BRB WIMARKIA__ YESs WAIT UNTIL IT 18 LOws 0293 4292 _ 1010 0010 1003 O010
700700 PAREN 02 0E 7 TENABLE WRITE STROBE. - 029% 1206 oooi o010 oodo s110

4200720 wIMARRIA  TESTA 13 CLQCK_MIQM® 02988000 1000 0000 0000 1101 —

: 700740 8RNB wTMARKIS ~ NO» WAIT UNTIL 17 18¢ I 0298 9298 1001 00310 1001 03101
. e e o e = = i e mae e emieme i me e - — - e ———




V 00982196

YV G X3 _ YAPEMCONAS DATE 27/0%/2%

_SEO.NO. REEERENCE_OPCOQE 43 £4 €8 EC_ OPENANDS. . COMMENTS _ . _. _ ._ .. . ___.______ ADRO._MEMQRY BINARY REPREQENTATION

700740 EAGED Rk " REBUT TERWINATE & FB37s

T o297 1F72 0001 1111 0111 00310

._.300rBd . PAREN. DO&______.._. QA .. .. .BET FI f e e - 0298 1404 0003 0110 0090 f040 |

700800 PAREN 08 00 7 GET TAPEMARK STaTUS ' ~ 77 cass 1300~ 0001 0103 0000 0000

——__700A20 WTMARR3C _TESTA 13 .. __ .18 WRIVE GTROBE OFF? . . _ ... . ___ 0294 300p . 1000 0000 0000 3303 _

700840 BRE “WIMARK3C  NOs LOOP BACK TO WTMARKIC .~ "“To2ew a2sa’” 1010 6010 1083 1010

—-J00BAQ. . .. PAREN._OQ2 0e .--- DIBABLE 8TROBE_TO MTU . e 02’9,.'}206‘- ...0003 0010 0000 0180 _

T jo08s0  uwoeci & ' SET COUNT FOR 7 CLOCK TIMES 0290 #00¢ 0100 0000 0000 0410

— 700800 amANCM  WRITE7A  WRITE LAC e 029K_ 4200 0110 00100000 0000

1 - - - —— - — e ———
¢

H ——— e+ + -

] - e e e PR




Y 00982L96

ec-d

pank 82 TAPEMCONOS DATE  27/09/78
———8EQ_NO AEFEAENCE OPCODE MO £A EM_EC OPERANDE . _COMMENTS . ——e e—. ADRS___MEMORY BINARY REPREGENTATION
- 800020 ss SELECT - - - - TrmrmemTm T
— 200320 SELECT _ __Junp cons;nésr_»_- o e e = __.0p9F 7061 0111 0000 0140 0001
800140 TEsTa 18 WRITE LOCKOUTY -em e 0240 8012 ~ 1000 0000 006170016
—- 200140 BRNA SELECTY _ NO» QO YO SEVECYY _ _ _ ________02A) 9243 __ 1091 0010 1010 001l
200180 PAREN 06 08 TTTUYESS set eTatug BIT B¢ 024871608 T 0001 0110 0600 0107
200200 SELECTL _ BRANCH TERN2 - 0243 _60As 0110 0000 3080 0300
.
1
s
] —




jatidtl

V 00982496

2agk 52 e TAPENCONOG ' DATE  27/09/78
—_SEQ_NC__REFERENCE APCOOE MO.EA €8 EC OPERANDS . COMMENTS. _. . _ .. . . _._..___ .. ___ _ADAB_ MEMORY BINARY REPREBENTATION

900020 o8 RECOVERY READ -

—__9e00%20 RECOVREAD _Jump _ . COM@ELECT .. ___ . e _0RAM 7063 0311 0000 03110 0001
900140 TEGTS 17 READ AFTER wRITE® 7 T TTTTTTTTTT 0248 goti T 1000 0ooo 0061 0GO1

—__300%60 BRB.__ : _ RECOYREADL YESs Q0.7Q RECQYREADL .. ... ... 02A8 A2A9_ _ 10100010 3030.3003
900180 PAREN 02 oc NOs» SET RECOVERY LINE TO HTUs 0247 120€ 0001 0010 0000 1100
s00200 : ARANCH REAOL 00.TO READL _ . _ 0248 $0AF 0110 0000 1030 111t
900220 RECOVREADY PAREN 11 1) SET READ=AFTEReWRITE STATUS (BIT &1 02A9 1800 0001 3011 0000 0000

. ~ L]

900240 ARANCH TEAM2 QRAA __§0AS 0110 0000 1030 0100

(] [§

1

[}

1

2 - o




VvV 00982296

pAGE 8¢ ) - ér;oznmuog - DATE 2—7;;;/70 _
—REQ.ND _REFEMENCE OPCODE MD EA BA EC JPERANDS  COMMENTE. . . . emmm+ emo—ee—. ADRS __MEMORY BINARY REPREBENTATION

400020 s CONTROLED BACKSPACE T . oo T i
— _AGO320.CONTAACKSP JUMP_____ ___  GCIMSEWECT ) i ...._02a8_ 7061 0111 0000 0180 Q0O __ _ _ .
TTTR003e0 T T T TThaReN T BY T T T TR T " LOAD LONG TIMER (21 MS») " 02 1354~ 0001 0011 0161 6100 T F
—— _ADD2A0_CONTARCKY _PAREN_. Q2 99 .. ____ SET REVERSE ON e 02AD 1209 0001 0010 0080 1004 _ e . -
T A00280 CONTBACK1A TEGTE 1877 777 L4 Timem covPLETE? " 02AK’ 800F 3000 0000 0060 1111 T

A00240 ARMS _CONTBACKIA NOs» wAIT B, ... 02AF s2AE __ 1003 0030 1010 t330 . ___ _

400270 ‘ EA 1 - o .burl"u'r oATA (PROC To mtUy) ~ T o280 "iibx""“bbéx" 111170000 0001 T T .
~——AQQ280Q CONTBACK2 PAREN Qe 40 . _ LOAD 4$r!JR_I_.T,X‘|E".!&OQ.AUST,.-_BQQ BP1) . 0281 _1s28 0001 0100 0010 1000

400300 Teste 5 TTUDENSITY { oY T 7 B “To282 8008 1000 0000 0600 ©10f T
—AQ0320 . .BRE CONTBACK2A YESs G TO CONTBACK2a_(CMECK FOR 200) 0283 A286 1030 0010 1033 0110 _ . . _ _

Aoéss};" PAREN 08 58 "NO» MuST BE 556 BRI~ SET SsTe FOR 140US™ 0284 1434 0001 0360 0631 1010

A0Q340 BRANCHM ..CONTBACK2S | T, e oo e en._.02B9 6289 0110 0010 1011 1001
TTTTA00380 CONTBACK2A TESTE & TDENSITY 2 0N T 7T T ""“pahke 8006 1000 0000 0000 0110
——ARQ%00. BANG CONTBACK2S_NOs MUST BE 800 BPI. S ... 0287 3289 1001 0010 1013 1001 .

A00%20 PAREN O 160 LOAD SHORT TIMER (»00 uSs = 200 sﬁ!) 0288 "1eA0 0001 0100 1016 G000 T T 7
S__AQQ%eQ cONTAACK2R TESTR 9 DATA TERMINATE?D 0289 _ 8009 1000_0000 0000_1003%
: 200960 BRB “TERwINATE ™ YESs G0 TO réin‘u‘«;r:- 0284 “a0%¢ 1010 0000 1003 1100 ~ B
1. o ———— . — : - F—




Y 00982L96

o mn e e et ar - e ——— ————— = - - .. POV e e e meir e s mmmmmcweee e emee e e e b m e ———

2agf S8 — - TAPENCONQS. . . _ : DATE 27709770

-m-8€0.NO.. RERERENCE QOPCODE. MD EA.EB .EC OPERANDS  COMMENTS » : AQRS MEMOQRY ll“lk' REPREWENTATION. . ___ .

77 acosee T e T e AEQUEST DATA wWORDS . 0288 1F0% 0001 1111 0080 1003 -
... ADQBOO CONTBACK2C TESTA o 10 feT¢ COMPLETE? : 028C GQ0E 3000 0000 000G 3130
T aoo®20 "7 aans CONTBACK2C NOs» WAIY : , _ 0280 928C 1001 0010 1011 1407

A00BA0 . . BRANCM . . ... CONTBAGK2 YES’ GO TO CONTBACKRe . ozBE €281 0110 0030 3031 0003

Y

] e neirme = et wr e e P EAm i % o= s e ionr <At e e = ¢ gt e m wgn ou7 5 @ e vt + it mis a s o Stem vmm—— - At ventm—— — — c—— e e ———— e e e -
(]
] - i S+ ot ———— e e = =+ £ -am—r— e = < e e e m—— ¢ et e e e m @ —_—— e o e e e e e




Y 00982L96

Ls-g

PARE 354 TAPEMCONOS SATE 27/09/78
——_8£0 NO__REFERENCE CPCODE M3 EA PR EC OPERANDS _ COWMENTS ADRS _MEMORY BINARY REPREGENTATION

99998 500s08assossesenessntantssssirtasssnctassscstostosssotntessssiesssisntass

. A999% .8 . e - R

T a99997 & DIAGNDSTIC “ICROPRGOAAN ROUTINES

——A3999% s e e e —

4999995 = Otclclloono0-.0-00-ucoo..c‘ccooc.oococoooo.too.l0.-l;.;;0:;;0;;0:;;3:00

—_BOOORO __ ORlaln 736 e .
80100C DTEGTH PAREN 08 60 CLEAR §TATUS REOISTERS 02ET 1800 0001 0101 0000 0000

—__mpi200 PAREN . 9% Ot . . ... AALL_1'8 %0 608)__ . . _.___ . . __O2EL__3801 ___ 00031 031031 0000 0001 —
901300 PAREN 08 02 ’ - 02ed T1802° 6001 0101 6000 0010

L. BOL%QC .. PAREN..CS. ... Q3 ... o ... . .. 02E3 1303 _ 0001 0101 0000 Q083 __ __
801800 PAREN 08 S T T T T T 0288 T 1804 0001 0101 6000 03100 -

—.-ADLG00 ___  PAREN__QS5...__._... 0% — e e ... . .. _0Cpes 1s08 _ 0001 010t QOOO O30% _ =

TTTmo1706 T T RAREN 08 TTTTTTTTe T TTTTTITIT T T TR T T T 0286 71806 700017 0101 0000 0107 -

o B0R8QQ____ PAREN 08 9% .. ... ... .. O2ET_3s07 _ 0001 0103 0000 Os1% _
80190¢ PAREN 06 o8 T T T T T T T T T T T T T T T T 02ER T 1608 0001 0410700007 0100

102000 PAREN. 06 .. 08 o 02E9__160S_ 0003 0110 0000 010}

) e o
802100 PAREN 08 06 02EA 1606 0001 0110 0000 0130

4

- e e e - !




- 8s-d

YV 00982496

nAQf_ 82 e . 1APEMCONOA_ .. DATE ‘2"“'/;‘.-“-~~'~—-————-—--~-—-
.. 8650 NO REFEAENCE.OFCODE MD EA E8 EC OPERANDS  COMMENTS ADRS  MEMORY BINARY REPREQENTATION _
YT ) maren 06 07 0268 1607 0001 0110 0000 0311 7
.. sopena . BRANCH U {1 S oztc:oor o;x~o 0000 0000 1331,
T cn}sooi oTERTI  TESTA T | PODINT 18 OFF 0260 €00A 1000 0000 0000 1010
—— C11200 . . _BRNB .. .. .. .. .A 0268 327 1001 0019 1331 0000 .
7 e1130¢ " pAREN 08 . " 00 .uv 19 on, STATUS 02EF 1800 0001 0101 0000 0000
. C31%00 8.. .. ....EA. .. _Qh ... . PROORAM INT u:au‘asr B 02F0 1FO8 000;7111 0000 1000 _ . _.
crs00 T T Treste T T 10 02FL 800A 1000 0000 0000 1010 : .
.. C11000 . ___BRB. .. G ... ... . 0gF2 AgFe 1040 0040 $311 03Q0_ _
c11700 PAREN 08 ot 8IT 14 on 4 TATUS T 02F3 1801 0001 0101 0000 G001
—_..c11800.C BRANCH A REST ... ] 02Fe 6610 0110 0000 0003 0000 _ . . _
T 001000 DTESTE  JumP 2 ) T T “o2Fs  72F? T o111 2010 1111 onni
. D02000 . ... . BRANCW. __________ REST____ ___ e e e ...... . O2F® @QOF . 0110 0000 0000.143% _ _ _
T op0300d 3 T T waren 98 T o T eIt 12 sTatus oFF T 02F7 1808 0001 0101 0000 1011 T T
poadoz wmw- RETURN. __ __ . . .. . OZ.FI 2000 001Q 0000 0000 0QeO0 . __ .
T T goovac T Tomtain  Tied T T T o e oot T e
5 03023 TEST4. . YESTA. . _____ _._. 01 _ TEST CONTROL. WORD 0300 8001 . 1000.000Q 0999 000 __
. €0113¢ 1) otesTa T JuMeZRETURN TTTTT T 304 “iaré ™ T616 5616 TiT1 6161 )
3 - e —— o — — ——— ——- . —————— e




V 00932196

65—

RARLE__ 88

TAPERCONOS

RATE 22/09/7R

——SEQ NI _RFFERENCE DPCODE MD FA £8 EC OPERANDS COMMENTS

AQRS

£01 200

Jump

JCLRSTATUS

0302

T3l

T 0111 0011 oo®l 1011

——£01208

E8

[}

go1210

TESTS

7

3 _AF10 0001 1111 0081 0000

“0308 80077 106070600 0000 011

£0iR20

AR,

E01220

TE€ST8

o2

- 0308 _A311

" o308

Tg062 )

1010 0011 0003 0003

£019%0¢0

DTESTA

0307__A328 __ 1010 00313 0010 1000

€01%00 TEsTa 03 TTTTTTT oThono Tt mTmTTTTTTTTT6308 8003 T 1000 00007 0000 Ootl T
—__£01800 ans __DTESTS et e e aen e 0309 AJ2E_ 1010 0034 0010 1110 .
£01700 TESTS 0a TTTT T T T 70304 8006 160070000 0000 03100
——.ED1800 8RA DTESTIC e e . —......0308__A33s 10300011 0011 0100 _ —
£01902 TESTa 08 T “""030¢ 8008 1000 0000 0006 0j01 T -
——-E02900 aRA DTESTLY e .. D300 A3J3F___ 1030 0011 0011 1141 e
€02100 TESTe 06 o T . TTTTTT 7T 0308 8006 T 10060 0000 0000 G310 T T T
E02200 ARA OTESTI2 e et e —.—_Q30F _A36A 1010 0031 0120 f010 ____
£02210 BRANCH Al o TTT 0310 Te3i8 T o110 0011 0001 1001 -
S__E02610 A2 1ESTA 02 e e e ~—..0318 8002 1000_0000_0000_ 0019 —_—
e —————— e . e e e ma———. c——ti e s & —eemm— = coam - s e e e e s e

£02620

4

0aie

1T

"1010 0011 1030 0110

1




09-4

V 00982L96

raar_3s e apEaCONGS, oo ot wovm
.. BEG NO REEEAENCE OPZ03E.MD EA.G8 EC OPERANDS  COMMENTS . . .. . ... ADRS MEMORY BINARY REPREQENTATION. _ ..
T rorsda  Treste T T T ga T TTTTTTmT m mmmmmmmmom ommmn 7777 0313 8008 ' 1000 0000 0000 0100 )
Y 7Y 7YY S e . _mest  031% AQOF 1010 0000 0000 1131  _ _
"7 goaeso " Tresta 0 7T 03 | ' 0313 8003 1000 0000 0000 0011
—— EOZAAO .. BRR . .._ s DTESTAS . . . . L. .. .: . 03316 AJEI 1010 003§ 11340 OOy _ _
- go2er0 7 Tresta o8 - A ’ " 0317 800% 1000 0000 0000 0101
e EO268Q.. ... ...BRB .. ......__. OTEST1) S —‘oauﬁ -:;;e 1010 t;»:x 1000 1043 . . __
T goaroo ar 7 Teamen oe T ﬁo T eIt g sTatus 0319 160¢ 001 0110 0000 0100 T ST
—-E02800 . _ _ ______ BRANCH . ..._._._..___._RESI._.....‘..._j..-. e e e e e e . ... 033A GQOF___ 0110.0000 0000 d88d .- .
£12000 DCLRSYATUS PAREv 08 o8 STATUS REOS TG ALL (LOGIC) ONES 5318 71508 " ocoi 0101 0680 1000
—_E12100 : PAREN_ 2% 09 tALL_0'S Y0 6080 . e - R33C_ 1809 0001 03041 0000 003 . .
£12200 PAREN 08 0A 8178 Be3s R Oéiﬁw 1804 0001 0101 0000 1010
12300 PAREN._QS ' 08 ... ._031E _350B___ 0003 0103.0000 101} _____ .
T Tgyaeco - PAREN 08 ot : » T T T T ea(F UgsocT T 0001 0104 0000 1100
. Er2%00 PAREN _ 0% —— 00 — e e e e m 03?0_,1500.. . 0001 0101 0000 1301
_—étiﬁ'oao. PARE.;;_.BS AOEM-." S e e e 0323- ‘-1‘505'“."- OOdl"d.lOlAO.OOO 1110 T )
] t
S_E42100.________ PAREN._OS OF .. ___ : e e @ s —amm-. 0322 . A8OF. .. 0001 0104.0000 1333 . ___
- . —— e = R — . i e o e
| E12000 PAREN 06 oc T 0323 '140C 0001 0110 0000 1100
L — - —




VYV 00982L96

19-9

AL _AD

TAPEMCONOS

DAYE

27709778

——8EQ NO__REFEAENCE OJPCONE v EA FR EC OPERANDE  COMMENTS

ADRS __MEMORY

BINARY REPRESENTATION

€12900 PAREN 06 00 pIT 8 \ 0320 1600 0001 0110 0000 1101
——E13000 PAREN . 26 OF 21T 3 — _.0328 160E __ 0001 QHO‘ 6000 1110
£13100 PAREN 06 oF - - T 0326 160F T 6061 0110 0000 1131 E
— _E13200 RETURN e o .__.__..0327 _2000___ 0010 0000 €000 0000 ___ .
£20100 DTESTR LbLCl 255 LOAD LOOP COUNTER 3 0328 aoFF 0100 o000 14i1 ag1d -
£20200 F EA 0s DATA INT REQUEST 0329 _1F09 00031 1113 0000 to00i _ .
€20300 € TESTH 10 0324 8004 1000 0000 0000 1030 =~
—E20000 ARA £ 0328__A32A _ 1010 0011 0019 1019 —
£20890 L00P1 F 033877€329 ~ 1100 o0o1i 0010 1008
—_ E20400 ARANCH REST e — . 0320_ 600F __ 03110 0000 0000 1313 _ _
£20700 DTESTD LoLc2 15 LOAD LOOP COUNTER 2 6328 800F 0101 0000 0000 1111
——E20800.0 EA 09 DATA_INT REQUEST 032F _1F0$___ 0003 1111 0000 1003
€20900 N TESTS 10 T TTTTT 703307 80047 1000 0000 0000 1010
——.E21000 BRE H e _.....0331_ a330 _ 1010 0011 0031 0000
£21100 Loor2 a 0332 T032F 1101 001170018 3111
o EP1200 ARANGH REST __.. 9333 _ 600F __ 0110 0000 0000 1313 _ . -
. €22000 OTESTIO PAREN 06 os T8EY FLAGS ON T T TR T T033% 1408 0007 6110 0000 1000 i




t'ﬁ —_ ——
L2
™ i —_— e = e e o e @ ¢ o+ aeman = et an wee e+ e e e o
—RARE &Y R TAREMCONQS . DATE 21/09/28
— SEQ-NJ_.REFERENCE OPCODZ . MD_EA EB _EC GPERANDS COMNENTS . . .. e e it e AQRE_ MEMQRY ' BINARY _REPRESENTATION
£22100 PAREN 06 09 e s mm e T 770338 1609~ 0001 0130 0080 1004
‘. E22300___ ________PAREN_.Q&_._________ .OA. . .- _ e . e ... 0336 _160A __ 000§ 0110 0000 1030 __ _
—_:gzjab - —-.—.P‘VARHEN “65“-“ o ‘o-a o i i " 0337 31608 0001 Otto 0000 101y
—— ER2B00.. _ .. __ . __BANB._ _Fl X .. . .0338 973D ___100) 0111 0031 1101, .
£22700 "BRNB F2 ¢ T T T T T T T 0339 9p30 1001 1011 0041 1101
— . E22900...__.._.....BRN8 . .F3 . ..._...1 . .- . - Q338 9F30 1001 1311 0033 M1OY . . _
T gaacoo vtests T e T T " "0338 8024 1000 0000 00i0 0100
BR300 . BRB. Y e e e e e e - . .933C a33¢. 3010 0033 QOiy 8340 .
€23200 I PAREN 08 08 TRESET STaTus BIT 12 " 0330 1308 0001 0101 0000 4011 T T 7

NOTE: THIS INSTRUCTION TURNS STATUS BIT 12 OFF INSTEAD OF ON. WITH STATUS BIT 12 OFF, THE DIAGNOSTIC PROGRAM IS UNABLE TO DETECT
ANY ERRORS THAT MAY POSSIBLY OCCUR. THE REASON THE INSTRUCTION CANNOT BE CHANGED TO TURN BIT 12 ON IS BECAUSE THE COST
INVOLVED DOES NOT WARRANT CHANGING A ROM WORD IN ORDER TO LOCATE THE FAILURE OF AN EIGHT BIT ADDRESSABLE LATCH AND
ASSOCIATED SIGNAL PATHS WHICH WILL NOT AFFECT THE NORMAL OPERATION OF THE CONTROLLER BOARD IN THE 725 and 734 SYSTEM.

—-£23300. 14 BRANCH

REat S

.033K _600F 0110 0000 0000 3111

E24100 DTESTI1. PAREN 0a 200 2.3 NICROSx200xe 800 MICROSEC ~ ©033F 1a4C8 0001 0100 4100 31000
£2e110 LoLc2 s e e e . ... 030 mQ03 __ 0104 0000 0000 1004 __
T T eesn00 U LoLCce 179 TTTTT T T T anm T T 6341 T a8 0100 0000 i0d3 ootdi T
... E24300. K L0aes Koo DELAY 850 WMICROSEC (10X380X2¢8) 0388 (342 __ 1100 0033 0100 0010 —_—
ERadl0 Lo0P2 J T 0343 D3% 110170013 0100 0001
«__Eeas00 1E8T1A 1 SHOULD NOY BE TIMED-OUT . 034%_ 8GOE_ 1000 0000 0000 3110
y e
© £24400 BRNS 1 034§ 9387 1001 0013 0300 0311
»
=3 2 e s
[=]
c L] - - - - e me—— e ..__ — —— - e < —— e — - —— — —
-



V 00987496

£9-9

pank a2 ] - TAPENCONDS _ - _DaTE 27/02/7% .
..... 8IQ NO . REFERENCE OPCODE_MD.EA £8 EC QPERANDS . COMMENTS ADRS HEMORY BINARY AEPRESENTATION
T eper00”T T T T Teamen 08 T T o T8It 11 eTatus 0346 1508 2001 0101 0000 0100
——EROP00 K1 kDLCL . 200 0347 a0C8 9100 0000 3100 1000 .
Treemio ke T wooet T T g T0348 €388 1100 0011 03100 1000
o ERAMAR . LDWEA_ .. __. 200 _ 03s9 a0C8 0400 0000 1180 1000
T eaasse k3 T leorr T T T T T s T038A C30A 1100 0011 0100 1010
—E28020 TESTA 'M _GHMQULD MAVE TIMED OUT _ eeimvme.. . 0348 BOOE _ 1000 0000 0000 13§10 U
E24020 8RB T - T T T T 388 TA3sE T T 101070011 0100 1310 o
—_E2e830 __  BAREN 08 08 _____PBIT 310 §TATYS e e eeee...D3MD_ g808__ 0003 0101 0000 O30 = _ __ .
T E2at60 PAREN 03 100 TEST LONG TIMER 1280 MICROSZ13  ©03sE “§36s 0001 0011 0110 0100 T
___E2e870___ _ LpLel 100 DELAY e 034F__a0&M 0100 0000 0110 0100 .
£24900 & PAREN 06 90 {90K2+8x100 © 22800 MICGROGSEC 0380 1a8A 0001 6100 0101 1010
— _.E29900_L1 TESTR 14 i e ___._03%% 800E _ 1000 0000 10000 1110
£25100 BRNB Wl T T mmm I T T T 0382 79381 1001 0011 0101 0008
_E29200_ LOJPL S S — 0383 C3%0 __ 1100 0011 01031 0000
€23300 Tests 1s TeeT LONG TIMER 7T TTTTG38e Te00F T 1000 0000 0000 1113
—s__E28%00 ARNA A2 ..SHOULD_ NOT BE TI®ED OVUT 0355 _9357____ 1003 0011 0103 O33d _ _ . _
—1 . —— —— S L e e emtem m—— e e m— e e cie e i m cemme s e mmecm e e = e am o - s
| £assoo PAREN 05 06 317 9 sfatug 0388 1806 0001 6101 0000 0110
2 e e e e e
A




¥9-d

V 00982L96

RAGE 453

e -.--TAPENCONOS _ — __ _

DAYE 22/03/7R

— _8E0 NO . .REFERENCE OPCODE MD EA EB EC OPERANDS  COMhENTA.. . .. e .. ADPW__MEMORY _BINARY REPRESENTATION

T E2seoo L2 Tloter TTUTUTTTT 200 T Toelay TTT O TTTT T oasr “agcs o100 0ooo 1180 d000
— . E2%830 x-.q-m ... PAREN 0% . . . .10 {200X10X2+% * 9000 MICRQSECe .. _ .. 0338 _140A 000§ 0100 0000 1010 _

T gewne20 L3 Treste T T e T o o "7 0389 800E 1000 0000 0000 1110

__E25030 . . ___BRNB . _. .. kI __ ... e i meee—...D3BA_ 9339 1004 0034 0301 3Q08

T Easvon Teeoer TR o i T T03%8° c3ass 1100 0011 0101 1000

___ _E2s800.._ ___._... _IESTA... . ._ 15_. e e e —— __-.....______-___._-_.9356_._].09'..._.}QOO...QQQQ,_ODOO..UH

T T gamv00 8RB v T T T T T T T T T T 0380 '1"3"5? {010 0041 010i 1151

— E26000 .. . . PAREN._ QS

Q7 AT @ STATUR .. .o .. Q33K _1507__ 0001 0101 0000 Q11%}

LOAD WR. CLK DIViDER T easF 11327 ‘0001 0001 0013 0610

£27400 V PAREN 01 32
—E27%10 vi_ _ 1£S18 13 e e 0360 800D ____100Q 0000 0000_110% _ -
£27420 “BRNB Vi TTTTTTTI I T T T T T 0364 93600 1001 0011 03130 0000 —
— £27900 % TESTA 13 _ .. e e __._0362_8000____ 1000 0000 0000_$10% _ _
€27600 BRB W TTTWALT FOR PH2? T T B 0363 "A362 1010 o011 o110 oot0
—..-E27700 .. _ ... LoLes 194 STRODE INTERVAL.® 50 MICROGEGCSe . 0364 _4QC2 0100 0000 3100 0030 —
T Teareoo x Lo0P1 x DELAY (200X ZSONSEC) 03¢0 C3e85 1100 0011 0130 0101
___g21%00 - IESTA 13 _ SHOULD BE PHZ 6309“_1090__:.&09_5!0_09_9000 1104
L} o et o s e e
€28000 8RS Y - 0367 A36Y 1010 0014 0110 1001
2 ———— S
L] ' e o ———




VvV 009872496

. e e e e e e e e e e e e e e
2A0L A% TAPEMCONQSR DATE 27/Q09/78
— -8EQ NO. REFERENCE OPCODE #D-EA_EA £C GPERANDE .. COMPMENTS e e e meeiee . ... . ADR® _MEMORY BINARY REPRESENTAYION
T eratoo PAREN 06 07 7 slT 7 gratus o 0368 1607 0001 0110 0000 d1ad — T T
£20200 v BRANCH . RERT - e o:u;_ 600F 0310 0000 0000 3118 __ _ .
£30100 OTESTI2  PAREN 08 o8 READ REG 8nIFT MODE o " 03ea 1s08 0001 1000 0080 3033 T T 7
—...E30110. ... . PAREN 09 __ ___EF EC © ... . .. 03sB {9EF 0001 100y 3330 133y _ .
“g30120 ec o CLEAR READ REQ ’ 036C 3400 0011 1010 0000 0000 —
—_E20200. EA 18 SET EVEN PARITY 0360 __4FOE 0003 1113 0000 1130
T T£30320 Jump TUmovesgviEs T T oa‘ii“nn‘“?ix’z‘ﬁéix‘”am‘z_ob‘i‘“""‘_;“
£20420 83NA F S} § i l§...5Tl.Iy:8__lO!° PARITY) 036F _ 9371 _ _1003_ 001§ 0111 0001
: £32%30 PAREN 05 00 BIT 18 §TATUS - 0370 ~ 1800 0001 0101 0000 0000
—E30600 2 EA 13 SET 00D _PARITY __ 0371 _JFOF ___ 0003 1113 0000 $1i1
E30790 PAREN 08 09 DATA TO BYTE 2 0372 1809 0001 1000 0000 1003
—_Ea0#20 Junp MOYEBYTER 03737379 _ 0113 0013 o111 to0t
T TE30%00 8RB YR o - "o'aﬂ "A376¢ 1010 001§ 018§ 0110 —
——_E31000 .. PAREN QS _ 01_. BIT 14 §TATUS e s . ..0378 _ 1801 0001 0103 0000 0001 —
£21100 A JunP 8UBDINT - B TTTo378 77381 6174 0011 1000 0001
. £21200 ARANCH REST ] 0377 6QOF 0310 0000 0000 1133
€21300 MOVE+BYTEL o8 [T ) 0378 1308 0003 3000 0060 3000 -




99-¢L

V 00982L96

—. — JAPEMCONOA ... .. DATE 27/08/722

YV V1 4 AS . ven e enn
— .. 8£0.NO. REFERENCE OPCODE MD EA EB EC JPERANDS  COMAENTS ... . .. ADRS. MEMORY QINARY REPRESENTATION _ . _
""" £31%00 MOVEsBYTER LOLCY - 7 0379 4007 0100 0000 0000 0111~~~ 7T
. E210%0 ... . PAREN 08 a8 RO REQ TO SHIFT MODE 0374 1908 0003 1;00 0080 1011 )
7 paysoo- T Tpanen o9 EF €c 8. 0378 19EF 0001 1001 1110 1111
€31400 88 . . .£C - 037C 3000 0011 0000 0000 00QO )
€21700  LoOPS 8o 0370 C37C 1100 00131 0111 1100 —
-. €3180Q . ... .. TESTA.. 2v . CHEGK wmv“ 037€ 8018 1000 0000 Q01 1000
T gnsoo” T T T Thamen 08 00 ' DISABLE DATA TO BYTE 1 . 037F 1800 0001 1000 0000 0000 .
—_ E32000__._. .. ____RETURN.OR 01 —..DISABLE DATA YQ. BYFE 2 0380 _280)1 0010 1000 Q000 0001
T T€32100 SuB+DINT  EA 0¢ sYyTE 1 10 OUTRUFFER " o3l "1F06 0001 1i1i 0000 0116~ -
£321%0 ? naig Jo 608 . ___0382 3FO7 __ 0001 1311 0000 0413
£32300 SUB+DINTI PAREN O 20 SHORT TIMER - 0383 1414 0001 0100 000i 0100 —
E32210 EA os DATA INT REQUERT _ D3BS. 1FOS __ 0001 41111 000Q jooi
£32400 oob TESTS 10 PODINT 0383 8004 . 1000 0000 0000 1010
—_E22800_ BRNA cc —— .0388 _33BA__ 1003 0031 1099 3010
£32600 TESTH 14 - " T0387 800 1000 0000 0006 1110
o __g32700 BANA [+]) - I 0388 9383 1001 0041 1000 010}
' €32800 PAREN 06 [ BIT 05 STATUSIOVERLOAD) 0389 1408 0001 0110 0000 0101
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L9-€

pAnk__Ab

JAPEMCONQG

DATE

27/09/78%

' _ 8 D'_REFERENCE JPCODE =0 EA £8 EC_CPERANDS. COMPENTS _ __ . _ .. ... .

ADRS _MEMORY _ BINARY REPREBENTATION

T E32%00 cc. RETOAY 0384”2060 0010 0000 0000 0000
———E28000 DYERTIA  LDLC) 08 _ - e —_— _038B__ 4008 0300 0000 0000 $000
T Easio0 e 12 000 PARITY Tt 030C {FOC 0001 1111 0000 1300
——£28200__ . PAREN Q7. o8 - . _0380_ 1708 __ 0001 0111 0000 1000
€38300 PAREN 09 Fo TUTEey T T T T T 098K T 49Fe T 0001 1001 1381 1013
— _E38%00 EE £ e FILMRITE REQ We 1'§__ . 038F _3000 0011 0000 0000 0000
€28800 Loor1 e . 0350 C3&F 1100 0014 1000 3118
— —E33400 s WRITE=READ DATA TURNARQUND 0391 __739F __ 03111 0031 1003 1418
€38700 €A 14 SET 00D PARTTY 0398 TIFOE 0001 1111 0000 31110
——_.Eamsqq JuMp MOYE=RYTEL 0393__7378___ 0111 00131 0111 1000
£35900 BRNB FF 039% 9396 1001 0014 1004 0310
—-E38000 "PAREN_. 08 0s BIT_09 §TATUS 0399 1806 ____ 0001 01081 0000 0110
T E34100 FF PAREN 09 £F £cs 0398 {9EF 0001 1001 1110 111l
— 38200 £C 0397__ 3000 0011 0000 0000 0000
€34300 €4 19 : SET EVEN PARITY 0358 1FOF 0001 1111 0000 1111
« £24000 PAREN OB 04 DATA TO RYTE 2 QUTBUFFER 0399 180A 0001 31000 0000 31010
: £26600 JUNP NOVEBYTER 039A 7379 0114 0013 0311 1003
N .
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_TAPEHCONQS

DATE 22/09/28

— .-8EQ. NO AFFERENCE .OPZNOZ nD. Ea.EB EC OPERANDS . COMMENTS - e e

-—--. ADRS _ HEMORY.. AINARY REPRERENTAYION

T gase00 srs 1] " 0398 A390 1010 0611 100i 1101
__ E3e700 .. . PAREN. OS.. ... _._. 07 . BIT 8 BTATUS ... . . . . ..._....... _..0396 1807 _ Q001 Q101 0000 0113
£34800 00 JUMP SUBDINT "03%0 73s1 o113 oof: 1000 000 -
- E£36300 _.BRANCH .. . _____._. REST. . . e 0396 600F ___ 0110 0000 0000 311l o
£40200 WRITEWREAD PAREN 08 " oF 03sF 380F 0001 1000 0000 131
. EADI00 e bDLEL .09, 0340 4009 . 0100 0000 0000 $00% ._____ S
£403%0 T earen 087 o8 READ REG TO SWIFT MODE | 031 1808 0001 1000 0080 EUI
—_EMDMO0__ . PAREN_ 2% £a £C2e8 L03AE 19EA____ 0001 3001:1110_301}
E40300 WM EC MOVE DATA FRON WRITE TO READ REQ: 03A3 3000  ©00ii 0000 0000 G000
—_EaM00_ Loopy HH _G3AM__C3A3___ 11000011 1040_0031
£40700 RETURN 08 o7 0348 2807 0010 1000 0000 0113
—__EAOMOD OTESTXS 42 8 ... _CLR _RD/WR_ GRG_REQS 03A6_ _1FIC 0001 3131_000§ 1100
T E80900 DTESTIAA €A 1 OUTLATCH (FROM 4081 03A7 4F04 0001 1114 0000 000i
—__Eag000 _PAREN__ 97 00 LOAD_MQDE 0348 1700 0003 0131 0000 _00QO
£41100 Jump SUBCDINTL 03a% 7383 0111 0011 1000 00114
«__Eag200 EA 10 DD _PARLITY (WR) 03AA __1FOA 0001 1114 0000 2080 =~
BTUL PamEn 07 oc 038 170C 0001 0111 0000 1100
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A0k

Al

TAPENCONO&

DATE

_27/0%/71

—8E£Q.NO _REFERENCE OPCODE MD FA EB EC OPERANDS COMMENTS

ADRS _MEMORY BINARY REPRESENTATION

£41300 Jump wRSHIFT1  SHIFT AND CALC wR CAC ©034C 722F 0111 0010 0030 1113
E22400 Junp WRITE=READ e 0340 __739F 0313 0013 1081 1318
£41500 EA Ty To00 PARTFY (ROY T T T 03AE 1FOE 0001 §11i 0000 1110
£a1800 PAREN _ 06 o1 £2_OFF (FOR RQGMIFT) 03A7 140} 0004 0130 0000 0004
Ee1810 PAREN 08 o8 ENABLE aC} 0380 1808 0001 1000 0000 1000
£41620 JUHE ROGMIFT 0383__70%2 _ 0411 0000 0180 0010
€43630 TESTH 2» ’ 03se sois 1000 0000 0004 1000
E81700 BANA 11 03839388 1001 0013 1031 0j08
€ei800 PAREN 08 02 81T 13 sTaTUS 0384 1802 0001 0301 0000 0010
£e1900 It EA 11 SET EVEN_PARITY (wWR) _ 0388 _1FOB__ 00031 1113 0080 101}
§~zooo PAREN 07 00 “G3b6 1960 6001 0111 0060 1108
£42100 sunp WRGMIFTL  SMIFT AND CALC WR CRC 0387 __722F ___ 0111 0030 0040 1§11
£e2220 JUMP WRITE=READ To3ed  YasF o141 0011 1001 1114
— 62300 EA 13 EVEN_PARITY IREAD) 0389 1FOF oooxmxfg_;;__oggo__x_;u

£42520 PAREN 08 09 ENABLE ac2 038A 71309 0001 i000 0060 io0i

o £A2S1Q Junp ROSHIFT 0388 7082 0111 0000 03180 0010

' te2s20 TESTE 2¢ 038C s018 1000 0000 0003 3000
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srot s taseows oArE 22000070
—— BEQ_MO. REFERENCE.QPCODE M3 EA ES EC.OPERANIS . COMMENTS_ ... . _ _..._. .. _....._.._ ADRE MEMORY BINARY.REPRESENTATION
£42600 BRND e T T 6380 T93BF 1001 0011 xoxi 1111
Ea2700 PAREN. _ 0% Q3. . ALY $2.8TATyS ‘ .v-,. v e e = e - 93BE___ 3503 00031 0104 0000 0031
T ga2800 «x Junp TTaumedtnt T T T T T T 777 03sf 7738y’ 0111 0011 1000 0001
o EN2920 TESTA & ___TEAMINATE. . . . . 03c0_mQ03 ._ 3000 0000 0000 f00%
S E...aooo ——— sé.N_B O_YEST.‘;;_ e ie s e -8 es mms 5m cegme e sermicmemad- B w or  eem e — e o_a.ci -53‘; ,.‘ - _.iOOI OO‘I {oio_ 6{“ :
E£43100 PAREN 02 0A ._W...._ —— e e QACR__3T70A__ Q001 011‘.0099.1019 —_—
E43200 LoLCl 09 T T T T T T 93¢3 w009 01600 0000 0000 1001
 geatna saREN 08 Fa_ ECIss 03CY__19F3__ 0001 1001 1113 0011 .
£434900 xK1 EC 03C% 3000 0011 0000 0000 0000
E43%00 Loapy KKL ) 03Ce__ C3C% __ 1100 001t 1300 0108
£43600 JumMp WRITEREAD 03C? “739F 0111 0014 1001 1111

___Ee3700 ____ PAREN D3 288 _ ___ DELAY 250 MICROS. TQ LET 603 . ____._ 03C8 43FF _ 0001 0041 1113 441y

E43800 LL TESTE 13 : » 03C9 800F ~ 1000 0000 0000 1111
...... EA3%00 ARNB A - MESET_ NG .o..03CA 93C9 1003 OO13 34002004 _
£43910 PAREN 08 09 _* “03ce” 18069 0001 iooo 0080 1001
_¢__Easl00 JUMP ADSMIFT __ 'ANQ' _RD/WR CQRC'S -Q3CC _70%2 0141 0000 0180 0010
:_ £44010 PAREN 08 o8 V 03C0 1808 0001 1000 0080 1011
2
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1.-9

] sagk 20 TAPENCONOS DATE 27/02/28 -
——--8£0 NO..MEFERENCE OPCODE mD EA EM_EC OPERANDE _ COMMENTS ADRS MEMORY BINARY REPREBENTATION -
!006!6— L‘DLa““ ."._-wwn“l'b a T e T 03CKk 0010. 0100 0000 OOCI‘OObb' » - T
- £44030 s PAREN 08 . 0B , — e N . 0acr  1s02 0001 31000 0000 1000 ——
T gea000 T T TRaren 09 T T ER " '0300 18€F T 0001 1001 1110 311d T
—. E4e0S0 LLL . EC et e 0301 3000 0013 0000 0000 OQOG = _ ___
Loor1 T oo - . o0302 €301 1100 G0ty 3103 oo0s T °
— _E2ai00 Juttp _SUBsDINT 03037381 01110013 1000 0003 _ __. .
T ges00 LoLct [} - - B T TTT"b30% 4008 T 0100 0000 G066 s000 T
——FEa8300 PAREN__09 DF EC & ..0303_ 190F ___ 0004 1001 1101 113! —-
Eeaed0 An 33 - 0308 3600 0011 0300 0608 6066
£44500 TESTA 28 CMECK FOR 1 BIT_IN LRC 0307 _ 8019 __1000_0000 0001 1001 -
Ea4600 8RNE NN - 6308 s30a7 T 100106011 1183 1010” .
Eqa’00 PAREN 08 04 BIT 11 §TATUS . 0309 _$80s _ 000% 0301 0000 0300
E44800 NN LOOP1 CO] TTTTTTTTTTTTTIOTT O T UTTTTTTT T 0304 €306 1100 0014 110d70fa0 T T T T T
——E¥a300 LOLCA _o8 e — . . _ 0308 4008 _ 03100 0000 oovoo t000
€48100 PAREN 09 ¥ Ec s T T030¢ 197F o001 do0s O61ii siat T T T
«__Fax200 pp £c o 0300 _ 3000_ __ 0013 _0000_0030 0000 _ I
"tesico TEsTe 27 RD CRC ALL ZERD'S TTTTTTIITTTTT T daon eoas "i‘o‘do'o‘o’o'o 6oos toa8’— T 77
.
A - - —— .___ — —.— - e et i et & ae e —— o ————— . -
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pAGE 33

DATE | _27/0%/71

— —8EQ_NO_ REFERENCE OPCOGE.MD_EA EB.EC.OPERANDS . COMMENTA _

TAPEMCONOG -

EagS%00

BRNB

00

weemee——... ADRS _MEMORY_. BINARY REPRESENTATION

“o3or 93t ""’iﬁoi— 0011 1110 0001

PAREN

——Ee3300
2, .

" 43600 00

‘Loorr

0% — 05 BIV SO STATWE __ . _ ..

PP

_ 03E0__150%

03EL1 €300

..—.0Q03 0101 0000 0301

1100 0011 1101 {101

—EASI20

BRANCH ___ RERT.. ..

.QIE2 _GQOF____ 0110 0000 0000 1131

E46000

PAREN

1} 0t

0363 180E  0QOi 1000 0000 1110

T Tgass00 DTESTIS  Loicl TR0 T T INVERT ALl DATA BITS TTTTTTT T 033 w00a” 0300 0coo 0000 1010 T
- ——FE48300 12 03 — e e J03ES _1FIC 0003} 1313 0003 1i00

£e6100

PAREN

09 FD _ - _EC2

QaE6_ 19FD__ 0Go1 3001 1111 1101

EN46200 R

EC

TIE TO ALk 3°'S

03e7 3000

~ 70911 0000 0000 0000

Eas300

L00el

- E46%00

PAREN

1} 0a ENABLE INVERT

Q3E8 _C3E7____110Q 0011 3130 0113

T 039 180K 0001 1000 0000 1010

.___nsann_____.___auugu

DTEST18A

QJIEA _ $3A7

0110 0031.3020. 0828

END® T T T
L) e o — . —— a8 Swmee e e wre - . mm——— -
h ——- . e e e et —— - - —_ -
L
2. - — — e
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COMMENT SHEET

MANUAL TITLE CONTROL DATA® FA107-A Magnetic Tape Controller

Hardware Reference/Maintenance Mamal

PUBLICATION NO. 96728600 REVISION A
FROM NAME:

BUSINESS

ADDRESS:

COMMENTS: This form is not intended to be used as an order blank. Your evaluation of this manual will be welcome

by Control Data Corporation. Any errors, suggested additions or deletions, or general comments may
be made below. Please include page number.
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