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MANUAL TO EQUIPMENT LEVEL CORRELATION SHEET

This manual reflects the equipment configurations listed below.
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PREFACE

This manual describes the operation and
maintenance of the CONTROL DATA FE516-A
Paper Tape Reader/Paper Tape Punch/Card
Punch and the DK609-A Paper Tape Relay

Station.

It is assumed that the reader of this book
is already familiar with the CONTROL DATA

Title

Microprocessor Reference Manual
1700 Computer System

Basic Micro-Programmable Hardware
Maintenance Manual

FE516-A Field Print Package
DK609-A Field Print Package

Cyber 18-20/30 Timeshare Computer
System Hardware Maintenance Manual,
Volumes 1 and 2.

89601564 02

Cyber 18 micro-programmable processor,
has had 6 months training in digital
computers,and is familiar with data

communications.

Other related documents which may be useful

to the reader are listed below.

Publication No.

88973500
60153100
39451400

89600274

89601565
96769302
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GENERAL INFORMATION

INTRODUCTION

The manual describes the Paper Tape Reader,
Paper Tape Punch, and Card Punch (PT/CP)
Controller for the Cyber 18 compter.

The Controller interfaces with the Computer
via the AQ channel with the Facit Paper
Tape Reader, Facit Paper Tape Punch, and
CDC 9290 Card Punch devices.

The Controller consists of one PWA module
plugged into an AQ only card slot in the
Cyber 18 mainframe. A Paper Tape Relay
Station is required to interface the Paper
Tape Reader and Punch devices with the
Controller and the paper tape devices must
be equipped with the Facit SP1 interface.

The Controller has the following character-

istics:

~ The logic uses the concept of micro-
processing.

- interfaces the Facit 4020/4070 Paper Tape
devices equipped with SP1 interface via
an external PT Relay Station.

interfaces the CDC 9290 Card Punch Device.
- Paper Tape Reader .-
read forward and reverse,

program selectable 8 to 16 bit assembly or

8 bit data transfer to lower of A-Register,
transfer function and status to/from devices.

error detection using odd parity
- Paver Tape Punch

punch paper tape

program selectable 16 to 8 bit disassembly
or an 8 bit data transfer from the lower

8 bits of the A-register,

backstepping

transfer function and status to/from device

- parity generation using odd parity
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~ Card Punch -

punch cards,

Data Transfers from A-Register,

feed cards,

offset,

transfer function and status information
to/from device

- The Controller is capapble of handling
concurrent separate requiests to and from
all three devices.

- One macro interrupt line issued for all
three devices.

- The Controller is capable of exercising
its internal data paths and most of its
control logic withour the devices being
active. This process tests 70-8- per cent
of the Controller logic and of the PT Re-
lay Station logic.

The Controller is built from TTL logic com-
ponents mounted on one Cyber 18 board, con-
taining PROM's which are socket mounted.

The A/Q card slot where the Controller is
plugged-in must not have any "optional"
wiring on it.

In addition, three interrupt lines (Pin Nos.
49, 50 and 250) have been pre-wired as per-
ipheral I/0 pins. XX is level number as-

signed per system configuration.

Voltage Requirement

This Controller operates on 5vdc#5%.

Power Requirement

This Controller has a maximum power con-

sumption of 8 amps.
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PROGRAMMING

PROGRAMMING CONSIDERATIONS

The Q register designates the equipment to
be referenced and specifies the operation
to be performed upon execution of an

INPUT or OUTPUT instruction.

One Equipment Number and different codes
are used for referencing each one of the

three devices involved.

Figure 2-1 illustrates the Q register

format.
1514 1312 I 109 8 7 6 5 4 3 2 | 0

HEEEEEEE” EEEEN

w

<EQUIPMENT>| <AQ FUNCTION—
FIELD

Fig.2-1. Q Register for I/0 Instructions

The W Field (bits 15 - 11) must always be

zZero.

The Equipment Field (bits 10 - 07) selects
the Controller. This Field code must
match the equipment number setting of the

jumper plugs located on the printed board.
Bit Q06 should always be zero.

Bits Q00 through Q05 specify the operation
to be performed by the Controller in
response to CPU INPUT or OUTPUT

instructions.

Table 2-1 shows the available operations
and their corresponding codes.

Bit Q04 is always zero, except for Clear

Controller and Status - 1 instruction.

Note: There is no Unit Selection. Unit

Selection is done by the A/Q function.
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Upon receipt of a test-type Output
Instruction, the Controller becomes busy,
the Busy Status-1 bit is set and remains
set until test completion. The Controller
becomes busy as well for about 40 usec
(or less) upon receipt of a Clear
Controller Command (the Busy bit is set
for the duration). When the Busy bit is
set, all instructions are rejected by the
Controller except Clear Controller and
Status-1.

Any time one of the test-type AQ
instructions is issued (any CPU Output

or Input instruction with Q03 = 1, Q04 = 0
and Q05 = 1), the Controller enters a
special test-state.

When in the test-state the Controller
accepts only test-type AQ input or output
instructions, except Clear-Controller and
Status-1.

Therefore, when in the test-state, the
Controller does not perform operations

which are related to the devices.

To exit from the test-state a Clear
Controller command must be issued. This
command sets the necessary initial

conditions for normal operation.



TABLE 2-1. INPUT/OUTPUT INSTRUCTIONS

Q05 1 Q04 [ Q03 | Q02 [Q01 Q00 Output Instruction Input Instruction

g 1 [} 2 2 g Clear Controller Status -1

0 0 1 0 0 0 PTR START/STOP CP Status 2

0 0 1 0 0 1 PTR FORWARD/BACKWARD CP Status 3

0 0 1 |0 1 0 PTR CLEAR CP Status 4

0 0 1 0 1 1 PTR CLEAR INTERRUPT CP Status 5

0 0 1 1 0 0 PTR INTERRUPT REQUEST Illegal*

0 0 1 1 0 1 PTR DATA MODE (CHAR./ASSY) Illegal*

0 0 1 1 1 0 Illegal Illegal*

0 0 1 1 1 1 Illegal (Reject Illegal*

1 0 0 0 0 0 PTP START/STOP Illegal¥*

1 0 0 0 0 1 PTP DEVICE FUNCTION Illegal¥*

1 0 0 0 1 0 PTP DATA Illegal*

1 0 0 0 1 1 PTP CLEAR Illegal*

1 0 0 1 0 0 PTP CLEAR INTERRUPT Illegal*

1 0 0 1 0 1 PTP INTERRUPT REQUEST Illegal*

1 0 0 1 1 0 PTP DATA MODE (CHAR./DISASSY) Illegal¥*

1 0 0 1 1 1 Illegal (Reject) Illegal*

0 0 0 0 0 0 Illegal (Reject) Illegal¥*

0 0 0 0 0 1 Illegal (Reject Illegal¥*

0 0 0 0 1 0 CP FEED Illegal (Reject)

0 0 0 0 1 1 CP CLEAR Illegal (Reject)

0] 0 0 1 0 0 CP CLEAR INTERRUPT PTR READ DATA

0 0 0 1 0 1 CP INT REQUEST PTR ASSY. TRANSTER STATION

(1=Not Completed; O=Completed)

0 0 0 1 1 0 CP OFFSET PTR ALARM STATUS

0 0 0] 1 1 1 CP DATA PTP DISASSY. TRANSFER STATION

(1=Not Completed; 0=Completed2

1 0 1 0 0 0 Self Test 1 (Data Path) Illegal¥*

1 0 1 0 0 1 Self Test 2 (FF's and Jumps) Illegal*

1 0 1 0 1 0 Self Test 3 (I/0 Station Illegal*

(Echo)
2-2 89601564 02




TABLE 2-1 INPUT/OUTPUT INSTRUCTIONS

(CONT'D.)

Q03 Q02 Q01 Q00 Output Instruction

Q05 Qo4 Input Instruction
1 0 ; 0 1 1 TEST MODE LOAD FILE ADDRESS ;Illegal*
1 0 1 1 0 0 TEST MODE INT RQST 'Illegal (Reject)
1 0 1 1 0 1 TEST MODE CLEAR INT ‘Illegal (Reject)
1 0 1 1 1 0 Illegal (Reject) A-OUT TEST STATUS
1 0 1 1 1 1 Illegal (Reject) TEST READ FILE

* The PT/CP Controller will reply to these functions;
not be valid.

NOTE:
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# can be either 1 or 0.

A-line data, however, will



Common Functions

These functions apply to all three devices.

Clear Controller_

This function is initiated by a WRITE
signal with Q bits coded as shown in
Table 2-1.

This function 'is always accepted by the
Controller unless a protect violation

occurs.

It clears all internal logic FF's,
registers, File registers, interrupt
requests and response.

For the Paper Tape Reader Logic: Data
Status FF becomes reset, reading is set
in forward direction, character mode and
Stop conditions are set. Assembly
transfer status FF and PTR Transfer
Parity Error FF are reset.

For the Paper Tape Punch Logic: Data
Status FF becomes reset, Character mode
and Stop condition are set. Disassembly
transfer status FF and PTP CA FF are reset.

- For the Card Punch Logic: Data Status FF, Info Ready,
Feed Command and CP Offset become reset. The On
Bus FF is constantly set and is therefore not affected.
Upon receipt of this command, the Controller becomes

busy and remains busy for 40 sec (or less).

Status-1 A-Register bits after this command is issued,
look as follows:

I5 1413 21l 10 987 65 4 3 2 | 0

lele[o]1[oPAF o Jole]o] 0] o]e]

1]
Lo

!' CP EOC

ON BUS
CONTROLLER
PROTECTED

PTP DEV MESSAGE ——
PTP READY
PTR DATA

COMMON INT
BUSY

PTR READY—

Fig.2-2.Status-1 A-Register Bits after Clear
Controller

Note that the value of bits 00, 04, and 15
depend on each device status. The value
of bit 14 depends on the corresponding
jumper position (UPO).

Status-1

This function is initiated by a READ
signal with Q-bits coded as shown in
Table 2-1.

This function is accepted at any time. It

is used to monitor operating conditions of

the Controller and devices.
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The status information is loaded into the

A-Register as shown in Figure 2-3

5 1413121 10 98 7 65 4 3 2 | 0

LTIV AT T T T 1]

CP DATA
‘ ON BUS
L— ¢cp EOC

CONTROLLER
PROTECTED

—— CP READY
PTP D/F
PTP DEV MESSAGE —

PTP READY
PTR DATA
COMMON INT
BUSY
PTR READY—

Fig, 2-3, Status-1l, A-Register Bits

Bits 6, 8, 9 and 10 are ignored by the CPU,

PTR Ready (A00 = 1)

The Paper-tape Reader is connected and

Ready.

The Paper-tape Reader red ERROR lamp lights
and the device becomes Not-Ready if one of

the following conditions occurs:

1. From the time when the DC voltage is
turned on until the START control is
actuated, thereby making certain that
the proper initial conditions for
reading are established.

2. When tape is fed using the FEED
control, thereby indicating that the
tape is being fed without being read.
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4. If an attempt is made to start reading
without having inserted tape into the

reader.

If, for any reason, the tape is under
excessive tension. Example: at the
end of a tape that is taped to the coil

core.

6. When the tape-feed distance stepped
for each character is too short, when
tape feed is too low, etc. That is to
say, when the internal monitoring
system that ensures proper feeding and

reading issues an alarm.

At the time that the PTR device
becomes Not-ready, the PTR Data Status
bit and the PTR AC signal are reset.

Busy (A0l = 1)

The Controller becomes busy during
execution of a Self-Test command or during.
a Clear Controller command. When
executing a Self-Test command, the Con-
troller remains busy until test completion.
When .executing a Clear Controller command,

the Controller remains Busy for 40 usec.

When the Busy bit is set, all AQ instruct-
ions are rejected except Clear Controller
and Status-1 requests.

Common Interrupt (A02 = 1)

This bit indicates that a common interrupt
response was generated by the Controller.
Other bits of Status-1 must be monitored
to determine which device caused the

interrupt and what caused the interrupt.



Note that each one of the three devices
has its own independent interrupt. These
three lines are "ORed" and the resulting
interrupt line is connected to the back
plane on the MP mainframe. This bit is
cleared by a PTR, PTP, or CP Clear
Interrupt command if an interrupt exists
only for the corfesponding device.

PTR Data (A03 = 1)

This bit indicates when set that the
Controller received PTR data and that an
AQ data transfer operating may be per-
formed. The Data Status bit is reset
after a PTR Read Data instruction is

issued by the CPU.

This bit is cleared by PTR Clear, Clear
Controller, and Master Clear.

A necessary condition for this bit to be
set” is the PTR to be in START condition.
PTR STOP condition will not reset this
bit.

PTP Ready (A04 = 1)

This bit indicates that the Paper Tape
Punch device is connected and ready.

The device becomes Not-ready when the tape
is tight or broken. At the time that the
PTP device becomes Not-ready, the PTP Data
status bit and PTP SC signal are reset.

PTP Device Message (A05 = 1)

The device message status bit is related

to the device interface line PTP AM and

indicates, when set, that

a) the device has a message to be trans-
mitted, (this occurs normally when the

device has detected an error after per-

forming a punch data operation).

b) the device signals a positive answer to
the last question posed by the CPU in
the form of a PTP Function Code in=

struction.

The device message may indicate that one or

more of the following occurred:

Tape Low - this is an option feature of the
the device,

Echo Error- Echo check failure sensed by the
device on the last punched char-
acter.

Parity Error- Parity error on received date

sensed.

The device message status bit is valid
(whether set or reset) only when the Data
Function bit is set. It is updated after
every punched data character. It is cleared
when the device answer is negative or when
there is no message to transmit after punch-

ing a character.

PTP Data/Function (A07 = 1)

This bit indicates that the PTP logic of the
controller is ready to receive a Data or a
Function word for the Paper Tape Punch de-
vice. An AQ Data transfer operation may be

performed.

This bit is reset by reply to PTP Data or
PTP Device Function, PTP Clear, Clear Con-

troller, and Master Clear.

A necessary condition for this bit to be set
is that the PTP be in START condition. PTP
STOP will not reset this bit.

CP DATA (All = 1)

This status bit indicates, when set, that a-
Card Punch A/Q Data transfer operation may

be performed.

89601564 02



Data Status becomes first set a few msec. protected instructions are accepted, except
after a CP Feed Request command, when the status requests.

CP device is ready to accept data for

first column punching.

The Data status bit is reset by reply to CP Ready (Al5 = 1)

a Punch Data instruction and set again This status bit indicates that the CP

upon completion of data transfer to the Equipment is Ready and on-line. A Ready

device at each column punching. condition exists when there is a card in
the Punch Ready Station, the CP Equipment

The CP Data Status bit is cleared by CP power supply is in operation, the stacker

Clear, CP Feed, Clear Controller, or is not full, there is no jam condition,

Master Clear. When cleared, Data Status and the interlock is closed. The bit

will become set again only after a new becomes reset when any of the above

feed command. conditions are not met. At the time ghat
the CP device becomes Not-ready, the cp

NOTE: Data status bit, and the CP Info Ready

Counting of the punched columns is and CP Feed signals are reset.
not done by the Controller. This

function is left entirely to the Paper Tape Reader Commands

CPU. The end of a card should be
determined by the CPU either by Reject Conditions
counting columns or by monitoring / All PTR commands are rejected when:

Status-1 bit CP-EOC. -  Protect violation occurs (CPU output

inst ti
On Bus (Al12 =1) instructions only)

This bit will always be equal to "1". It corresponds to - Controller is Busy executing a Self-

the status of the On Bus Flip-Flop (FF64), which is test or Clear Controller command.

i lue '"1" in order to enable
held constant at logical value i PTR Start/Stop

the output of signals to the Card Punch device. _ _
This function is initiated by a Write

signal with Q-bits coded as shown in

Table 2-1.
CP End of Card (EOC) ]
Figure 2-4 shows the A-Register bit

The EOC signal is the feed command definition.

acknowledgement and enable signal as
generated by the device. It indicates 51413 211 10 9 87 6 5 4 3 2

the following information: tzaé?i;?tza;%¥?ﬂéér}d FfﬁfﬁiZ?Péﬁf/}ZZPfﬂ

k————NOT USED—= | k———NOT USED— >

- transition from "1" to "0" indicating

initialization by the CP devi _{o-smp
feed initialization by e evice. | = START

- EOC is set to "1" during step to

. Fig.2-4. P initi
column 80. This indicates that a data 19 TR START/STOP Definitions

word exists to be punched in column 80.

When last column punching is completed, The function is used to allow data transfer.

A/Q data transfer is possible only when the
START condition exists.

CP Info Ready status bit becomes reset.

Controller Protected (Al4 = 1) The STOP condition does not allow the data

This bit indicates that the PT/CP Con- status bit to be set, but does not reset
troller is protected. In this state, only it, if set.

89601564 02 2=7



It should be noted that PTR Clear function
resets the START condition (i.e. leaves
the Controller in STOP condition).

PTR FORWARD/BACKWARD

This function is initiated by a WRITE
signal with Q bits coded as shown in
Table 2-1.

the direction for reading of the device.

This instruction specifies

Figure 2-5 shows the A-Register Bit
definitions.

1514 1312 11 10 9 8 7 6 54 3 2 |

VAN XXX TN Wm

0= FORWARDS
| = BACKWARDS

Fig.2-5. PTR Forwards/Backwards

Bit Definitions

This function is accepted even if the PTR
A bits A00 through A04 and
A06 through Al5 are not used (are ignored

is Not-Ready.

by the Controller).

This instruction directs the PTR to read
in the backward direction when bit A05 is
set, and in the forward direction when AO05
is reset. Direction changes should only
be performed when the Paper Tape Reader
head is positioned in between the punched

data blocks and when STOP mode exists.

The Controller continues in the same
direction until a new PTR Forward/Backward
PTR Clear, Clear

Controller, and MC set reading motion in

Function is accepted.

the forward direction.

PTR Clear

This function is initiated by a WRITE
signal with Q bits coded as shown in
Table 2-1.

This instruction is the Clear Controller
for the PTR logic in the Controller.

Al5 AO7

VAN X A l//A VA 5[7/,1

RESET ALL PTR CONTROL FF's
BUT NOT PTR TRANSFER PARITY ERROR

RESET ONLY PTR TRANSFER PARITY ERROR

Fig.2-6. PTR Clear Bit Definitions

This function clears the PTR Data Status
and the PTR control flip-flops, sets the
reading motion in forward direction, and
leaves the Controller in PTR STOP
condition and in Character mode. Interrupt
status request and response are not

affected.

PTR Clear Interrupt

This function is the Clear Interrupt for
the PTR logic in the Controller. It is

initiated by a WRITE signal with Q bits

coded as shown in Table 2-1.

A bits are not used (ignored by the
Controller).

This function is accepted even if the PTR
device is Not-Ready. This function clears
the PTR Interrupt status requests ‘and

response.

PTR Interrupt Request

This function is initiated by WRITE signal
with Q bits coded as shown in Table 2-1.

This function is accepted even if the PTR
device is Not-Ready. A bits A00 through
A04, A06 and AQ8 through Al5 are not used
(ignored by the Controller).

Figure 2-7 shows the A-Register bit defini-

tions.
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BEGU R RERGIYGY,

NOT READY DATA
INTERRUPT REQUEST

Fig. 2-7. PTR Interrupt Request
A-Register Bits

Data Interrupt Request (A05 = 1)

This function sets the Data Interrupt
Request bit for the PTR. It causes
the interrupt response to be generated
when data transfer may occur, i.e. data
status bit is set. This bit is updated
every time a PTR Interrupt Request

command is issued.

The interrupt response is not cleared by
reply to data transfer. The interrupt
request and response are cleared by PTR
Clear Interrupt, Clear Controller, and

MC.

PTR Not-Ready Interrupt Recuest (A07 =1)

This function sets the Not-Ready Interrupt
Request bit for the PTR. It causes an
interrupt to be generated when the PTR
Device Ready signal is false. This bit
is updated every time a PTR Interrupt

Request command is issued.

" The interrupt request and response is
cleared by PTR Clear Interrupt, by Clear
Controller, or by MC.

Note that if a Not-Ready Interrupt is
obtained and the PTR device becomes Ready,
this interrupt still remains set.

PTR Data Mode (Character/Assembly)

This function is initiated by a Write
signal with Q-bits coded as shown in
Table 2-1.

89601564 02

INTERRUPT REQUEST

This function is accepted even if the PTR
device is Not-Ready. Figure 2-8 shows the

A-Register bit definitions.

I5 14 1211 109 87 6 5 4 3 2 1
lf//i///,i%///,i//%//#’///f//,i VAFWA///V/ZZ

PTR CHARACTER/ASSEMBLY

Fig.2-8. PTR Data Mode Bit Definitions

PTR Character/Assembly (AQ07)

When this bit is reset/(character mode) ,
the data character received from the device
on lines D1 through D8 is transmitted to
the CPU on A-Register lines A00 through

AQ7 (where bit A00 corresponds to D1 etc.).
Bits A08 through Al5 are all zeroes.

When the bit A07 is set (Assembly mode),
data transfer to CPU is 8 to 16 bit
assembly. The first character received
from the device is transmitted to CPU on
A-Register lines A08 through Al5 and the
second character is transmitted on
A-Register lines A00 through A07. The A/Q
channel CHARINPUT line is not activated in
PTR Character/Assembly mode
should be determined when the PTR is in
STOP mode. If START mode exists, the
Controller rejects this command.

either mode.

PTR Read Data

This function is initiated by a READ signal
with Q-bits coded as shown in Table 2-1.

This function is accepted when the PTR data
status bit is set. The data transfer
depends on the Data Mode. When the
Controller is in Character mode, the data
character that is received from the device
appears in A-Register bits A00 through A07,
where bits A08 through Al5 are zeroes.



When the Controller is in Assembly mode,
the data consists of a 16 bit word where
A-Register bits A08 through Al5 contain
the first character, and bits A00 through
AQ7 contain the second character.

PTR Assembly Transfer Status

This function is initiated by a READ
signal with Q-bits coded as shown in
Table 2-1.

This function is accepted at any time. It
is used to monitor data transfer status
when assembly mode is selected. The
status information is loaded into
A-Register as shown in Figure 2-9.

0= COMPLETED _J
| = NOT COMPLETED

Fig.2-9. PTR Assembly Transfer Status

Bit AO0O0 becomes reset when:

a) A 16-bit word has been transferred
from the PTR device,

b) After PTR Clear, Clear Controller, and
MC.

Bit A0O0 becomes set when only the 8 most
significant bits of the 1l6-bit word have
been transferred.

PTR Alarm Status

This function is initiated by a READ
signal with Q bits coded as shown in
Table 2-1

This function is accepted at any time.
This function is used to monitor parity

errors when transferring data to the
Controller.

The status information is loaded into
A-Register as shown in Figure 2-10.

0 =NO PARITY ERROR
| =PARITY ERROR

Fig.2-10. PTR Alarm Status, Bit Definitions

It should be noted that parity error bit
remains set until a PTR Clear Command
(A05 = 1) is issued.

PTR‘Operation

From the time that the Paper Tape Reader
is connected and Ready and START condition
exists, the PTR logic in the Controller
moves between two states:

a) PTR Data Status reset - The Controller
is in process of requesting and
receiving a data character from device.

b) PTR Data Status set - The Controller
contains a data character and is ready
for AQ PTR Read-Data transfer operation.

PTR Data Status bit remains set until data
At that time, PTR
Data Status is reset, and it becomes reset

transfer is completed.

again when new data is received from the

device.

Changes in operating parameters should be
performed (preferably) when in the STOP mode.

Paper Tape Punch Commands
Reject Conditions
All PTP commands are rejected when:

- Protect violation occurs (CPU output
instructions only)

- Controller is Busy

- Controller is in special test state.
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PTP Start/Stop

This function is initiated by a WRITE
signal with Q-bits coded as shown in
Table 2-1.

Figure 2-11 shows the A-Register bit

definitions.

151413 12 1110 9 8 7 6 5 4 3 2

VX g © WAVA@I
f—— NOT USED —{ | = NOT USED ——

{o = STOP
| = START

Fig. 2-11. PTP Start/Stop Bit Definitions

This function is used to allow data
transfer. A/Q data transfer is possible
only when the START condition exists.

The STOP condition does not allow the data
status bit to be set, but does not reset

it, if set.

Note that the PTP Clear function resets the
START condition (i.e. leaves the Controller
in the STOP condition).

PTP Device Function

This function is initiated by a WRITE
signal with Q-bits coded as shown in
Table 2-1.

This function is accepted only when PTP
pata Status bit is set.

Table 2-2 shows the A-Register bit defini-

tions.

Note that the bits A08 through Al5 are not
used.
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TABLE 2-2. PTP DEVICE FUNCTION
BIT DEFINITIONS

A REGISTER FUNCTION

0|0y 0f o 11 00| O Back Stepping
ofojof 1) ofO0|O0|1 Parity Error
ofo|jol 1 ofo0f1]|oO Tape Low

0|0 0f 1| 0] 1|0} O Echo Error

The character specified by bits A00 through
AQ7 is transmitted to the Paper Tape Punch
device on interface lines D1 through D8

(where D1 corresponds to A00).

Back Stepping

Causes the PTP to backstep one character.

Parity Error

Questions the device if its internal parity
error status is present. Device message

status is set for positive answer and reset
for negative answer. Parity error indicates
a data transmission error between Controller

and device.

Tape Low

Questions the device if its internal tape-
low status is present. Device Message
status bit is set for positive answer

and reset for negative answer.

ECHO ERROR

Questions the device if its internal Echo-
Error Status is present. Device Message

status bit is set if answer is positive and
reset for negative answer. The Echo-Error
indicates wrong punching. The device in-
ternal statuses are related to the last

punched character. They are updated after

every new punched data character.



PTP Data

This function is initiated by a WRITE
signal with Q-bits coded as shown in
Table 2-1.

This function is accepted when the PTP

The data transfer
When the Con-

troller is in Character mode, the data

data status bit is set.
depends on the Data Mode.

character is transferred to the Paper Tape
Punch Device from A-Register bits A00
through A07, where bits A08 through Al5
When the
Controller is in Disassembly mode, the

are ignored by the Controller.

A-Register 1l6-bit word is transferred to
the device as two 8-bit characters where

the 8 upper bits are transferred first and

"the 8 lower bits are transferred last.

Figure 2-12 shows the A-Register bit

definitions.

1514131211 10 98 7 65 4 3 2 |

(IIIIITITITITIIT]

FIRST CHARACTER SECOND CHARACTER
TRANSFERRED TRANSFERRED

—_——

Fig.2-12. PTP Data A-Register, Bit
Definitions (Disassembly Mode)

514 1312 1 10 98 7 65 4 3 21 0

a1 1111171 )

V
CHARACTER TRANSFERRED

Fig. 2-13. PTP Data Bit Definitions
(Character Mode)

PTP Clear

This function is initiated by a WRITE
signal with Q-bits coded as shown in
Table 2-1.

This function is the Clear Controller for

the PTP logic in the Controller. A-Register
bits are not used (ignored by the Controller).

This function is accepted even if the PTP
It clears PTP-
control flip-flops, Data Status bit, and

device is Not-Ready.

leaves the Controller in STOP mode and
Character mode (Interrupt status

request and response are not affected by
PTP Clear). It also clears the PTP CA FF

and PTP Disassembly T, status FF.

PTP Clear Interrupt

This function is the Clear Interrupt for
the PTP logic in the Controller. It is
initiated by a WRITE signal with Q-bits
coded as shown in Table 2-1.

A-bits are not used (ignored by the
Controller).

This function is accepted even if the PTP
device is Not-Ready. This function clears
the Interrupt Requests, Response, and

Status.

PTP Interrupt Request

This function is initiated by a WRITE
signal with Q-bits coded as shown in
Table 2-1.

This function is accepted even if the PTP
device is Not-Ready. A-bits A00 through
A04, A06, and A08 through al5 are not used
(ignored by the Controller).

Figure 2-14 shows the A-Register bit
definitions.

IS5 14 13 I 10 98 7 6 5 4 3 2

MW 7 V/V/VW

NOT READY
INTERRUPT REQUEST

DATA/FUNCTION
INTERRUPT REQUEST

Fig.2-14. PTP Interrupt Request
A-Register Bits
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Data/Function Interrupt Request (A05 = 1)

This function sets the Data/Function
Interrupt Request bit for the PTP. It
causes an interrupt to be generated when a
data transfer or Function code transfer may
occur. This bit is updated every time a
PTP Interrupt Request command is issued.

The Interrupt Response is not cleared by
reply to data transfer or to function code
transfer; therefore, a PTP Clear Interrupt
command should be issued prior to every
data or function transfer and a new
request issued (if required) after the

transfer.

The Data/Function Interrupt Request and
Response are cleared by PTP Clear Interrupt,
Clear Controller, or MC.

Hot-Ready Interrupt Request (A07 = 1)

This function sets the Not-ready Interrupt
Request bit for the PTP.
Interrupt to be generated when the PTP
This bit is

It causes an

device becomes Not-ready.
updated every time a PTP Interrupt Request
command is issued. The Interrupt Request
and Response are cleared by PTP Clear
Interrupt, Clear Controller, or MC. Note
that if a Not-ready Interrupt is obtained
and the PTP device becomes Ready, this

interrupt still remains set.

PTP Data Mode (Character/Disassembly)

This function is initiated by a WRITE

signal with Q-bits as shown in Table

2-1. This function is accepted even if the
PTP device is Not-ready. A—bits A00 through
A06 and A08 through Al5 are not used (ig-
nored by the Controller).

Figure 2-15 shows the A-Register bit defini-

tions.

89601564 01

CHARACTER/ DISASSEMBLY:

Fig.2-15. PTP Data Mode Bit Definitions

PTP Character/Disassembly (A07)

When this bit is reset (character mode)

the data character is transferred to the
PTP device from A-Register bits A00 through
A07 where bits A08 through Al5 are ignored
by the Controller.

When this bit is set (disassembly) the
A-Register 16-bit word is transferred to
the device as two 8-bit characters where
the 8 upper bits are transferred first and
the 8 lower bits are transferred last.

PTP Data Mode should be determined when the
PTP is in STOP mode. If START mode exists,
the Controller rejects this command.

PTP Disassembly Transfer Status

This function is initiated by a READ signal
with Q-bits coded as shown in Table 2-1.

This function is accepted at any time. It
is used to monitor data transfer status
when disassembly data mode is selected.

The status information is loaded into
A-Register as shown in Figure 2-16.

0= COMPLETED
I = NOT COMPLETED

Fig.2-16. PTP Disassembly Transfer
Status Bits

Bit AOO0 becomes reset when:

- A 16-bit word has been transferred to the

PTP device,

- After PTP Clear, Clear Controller, and MC.



Bit AO0 becomes set when:

-Only the 8 most significant bits of
the 16- bit word have been transferred
to the device.

PTP Operation

From the time that the Paper-Tape Punch de-
vice is connected and Ready and START con-
ditions exist , the Controller moves bet-

ween two states:

a) Data/Function Status set - the PTP lo-
gic in the Controller is ready *to ac-
cept a data or Function Code Character
for the device.

b) Data/Function Status reset - the PTP
logic in the controller is in process
of transferrimg a data or Function Code
Character to the device .

Changes in operating parameters should be
performed (preferably) when in the Stop
mode.

If a PTP Clear is issued when the data/
function bit is reset, and therefore when
the Controller is in process of transmitting
a character to the device, it may cause loss
of that character without any indication

of that occurrence to the CPU. Care should
be taken when dealing with Device Message
Status; it is valid (whether set or reset)
only when data/function status bit is set.

Card Punch Commands l

-

Reject Conditions
All CP commands are rejected when:

- Protect violation occurs (CPU output
instructions only)

- Controller is busy

- Controller is in special test state.

CP Feed

This function is initiated by a WRITE signal
with Q-bits coded as shown in Table 2-1.
This function is accepted when the CP de-
vice is in Punch Inhibit mode. A-Register

bits are not used ( ignored by the Control-

ler). This function directs the CP to ini-
tiate a feed cycle, to advance the punched
card to the Stacker, and to feed a new card
from the Hopper through the Punch Ready
Station to the punch station. The CP Feed
instruction resets the CP data status bit.
This bit is set again after Feed Acknowledge
signal (CP EOC Status bit becomes reset).
The CP Feed instruction should be issued
only when the CP Data status bit is set to
avoid feeding card before punching last
character in present card. For full card
punching , the CP Feed instruction has to
be issued only after the EOC status becomes
zero and the last data word for the last
column (column 80) has been punched, (CP
Info Ready Status bit reset), and when the
Controller raises again the CP data status
bit.

A.CP Feed request issued while the control-
ler is processing a card prevents further
punching of data on the remaining columns
of that card. When several columns are to
be punched, CP Feed commands for the next
card (if required) should be applied when
data status is set. Error statuses of the
current punched character should be checked
when CP Data bit raises again.

It should be noted that in order to eject
the last card to the stacker, there should
be at least one additional card in the hop-
per since the Controller rejects any CP Feed

command when the hopper is empty.
CP Clear

This function is the Clear Controller for
the CP logic in the Controller. It is ini-
tiated by a WRITE signal with Q-bits coded
as shown in Table 2-1. A-register bits are
not used (ignored by the Controller). This
instruction is accepted even if the Card
Punch device is Not Ready. This function
clears the CP Data Status bit. Therefore,
punching on the present card is no longer
possible. This function also clears the Off-
set Command, Feed Command, and Info Ready
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to device. Note that data to be punched

can be ruined if a CP Clear command is is-
sued while punching is performed.

Therefore this command should be issued only
when CP Data Status bit is set.

CP Clear Interrupt

This function is the CP Clear Interrupt in-
struction for the CP logic in the Control-
ler. It is initiated by a WRITE signal
with Q-bits coded as shown in Table 2-1.
A-register bits are not used ( ignored by
the controlller). This function is accept-
ed even if the Card Punch device is not
ready. This function clears the Interrupt

Requests and Interrupt Response.
CP Interrupt Request

This function is initiated by a WRITE signal
with Q-bits coded as shown in Table 2-1.
This function is accepted even if the Card
Punch device is Not-Ready. A-register bits
A00 through A04, A06, and A08 through AlS5
are not used (ignored by the controller).
Figure 2-17 shows the A-Register bit defin-
itions.

6 5 4|3 21 O
ZWzZzZ222Z
l__Dotu

Interrupt Request

15 14 13 12 11 10 9 8
ZZZZ22777Z

<]

Not Ready _J

Interrupt Request

7

Figure 2-17: CP Interrupt Request

A-Register Bits

CP Data Interrupt Request (A05 = 1)

This function causes an interrupt to be
generated when data transfer may occur, i.e.
when CP status is set. This bit is updated
every time a CP Interrupt Request command

is issued.

CP Data Interrupt Request is cleared by CP
Clear Interrupt, by Clear Controller, and

by MC. The Interrupt Response is not clear-
ed after reply to data transfer; therefore

a CPU CP Clear Interrupt command should be
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issued prior to every data transfer and a
new request issued (if required) after the

transfer.

CP Not-Ready Interrupt Reguest (A07 = 1)
This function sets the CP Not-Ready Inter-
rupt Request bit. It causes an Interrupt
to be generated when the Card Punch device
is Not-Ready. This bit is updated every
time a CP Interrupt Request command is is-
sued. CP Not-Ready Interrupt Request is
cleared by CP, Clear Interrupt, Clear Con-
troller, and MC. Note that if a Not-Ready
Interrupt is obtained and the CP device
becomes Ready, this interrupt still remains
set.

CP OFFSET

This function is initiated by a WRITE signal
with Q-bits coded as shown in Table 2-1. It
is accepted even if the CP device is Not-
Ready.

Figure 2-18 shows the A-Register bit defin-

itions.

1514 1312 1 10 98 7 65 4 3 2 1| 0

LI LTI T T ITT]

<{O=DO NOT OFFSET

I = OFFSET

FIGURE 2-18 CP OFFSET, A-Register Bits

This function (when A07 = 1) directs the CP
device to offset the card meving from the
punch station to the stacker in response to
a CP Feed command. The offset request re-
fers to the card in process.

This bit is reset by the CP-Offset function
with A07 = 0 by Clear Controlller or MC.

In order to offset one card, the followina
steps should be performed before the cor-

responding Feed is executed.

a) Issue a CP Offset A/Q command with bit



AQ7=1.
b) Issue a CP offset A/Q command with bit
AO7=0 (immediately after step 1).

CP DATA

This function is initiated by a WRITE sig-
nal with Q-bits coded as listed in Table
2-1.

A Data word of 12 bits is transmitted from
the CPU via the Controller to the Card
Punch device. This instruction is accepted
when the CP Data status bit is set.

The CPU Data word is transmitted from A-
Register AOO through All, where the bits
Al2 through Al5 are not used (ignored by
the Controller).
dence is listed in Table 2-3,

The bit-to-row correspon-

Table 2-3.
Bits and Row Number

Correlation of A-Register Data

Row Number A-Register Bits
Row 12 (top row) all
Row 11 Alo0
Row O A09
Row 1 A08
Row 2 A07
Row 3 A06
Row 4 AQ5
Row 5 A04
Row 6 A03
Row 7 A02
Row 8 A0l
Row 9 (bottom row) AO0O0

CP Status 2

The CP Status 2 is initiated by a READ sig-
nal with Q-bits coded as shown in Table 2-1.

Figure 2-19 shows A-Register bit definitions.

~
[}
(4]
F S
w
n

1514 13 12 11 109 8
A DA 2 2 0 00 A )

CP PUNCH INHIBIT

II(D

%

FIGURE 2-19: CP Status 2 A-Register BRit
Definition

Bits A0l through Al5 are not used (ignored
by the Controller).

Note that no Alarm Condition will be genera-
ted if this error- occurs;therefore, it is
left for the CPU to check this status for

each punched character.
CP Punch Inhibit (A00=1)

This status bit indicates that the CP de-
vice is in the Punch Inhlibit mode, which
means that FeedvRequests and CP data instruc-
tions are not accepted by the Controller
This
signal is controlled by a pushbutton located

and device, and no punching occurs.
in the CP device.

CP Status 3

The CP Status 3 function is intiated by a

READ
Table 2-1.

signal with Q-bits coded as shown in

Figure 2-20 shows A-Register bit definitions.

514131211 109 87 65 4 3 '2 1 0
X2 N AN K

CP ECHO ERROR——

FIGURE 2-20: CP Status 3 A-Register Bit

. Definition
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Bits A0l through Al5 are not used (ignored OE s ar ﬂq&‘

by the Controller). READ signal with Q-bits coded as shown in

Table 2-1.

Note that no Alarm Condition will be gener-

ated if this error occurs; therefore, it is Figure 2-22 shows the A-Register definitions.

left for the CPU to check this status for

1514 131211 109 87 6 5 4 3 2 |

pach oF mehe Brror (Rooth). . VA X d/%/zi’/df/é%(/gl

This bit indicates that a punch error in
the CP device has occurred. (The Punch HOPPER EMPTY
Echo-Check in the CP device does not agree
with the requested punch data).

Figure 2-22: CP Status 5 A-Register Bit De-
The CP Error status once set will be reset

finitions

after the next Feed Cycle has been initiat-

ed. Bits A0l through Al5 are not used by the
Controller.

CP Status 4

Note that no Alarm Condition will be genera-
The CP “tatus 4 function is initiated by a ted if this error occurs. Therefore it
READ signal with Q-bits coded as shown in
Table 2-1.

Figure 2-21 shows the A-Register bit defi-

is left for the CPU to check this status.

Hopper Empty (A00=1)
nitions.

This status bit indicates that the CP device
5 14 131211 109 8 7 65 4 3 2 1 0 input hopper is empty of cards.

STAND BY%%]

FIGURE 2-21: CP Status 4, A-Register Bit

Definitions

Bits A0l through Al5 are not used by the
Controller.

N-te that no Alarm Condition will be gene-
rated if this error occurs;therefore, it is
left for CPU to check this status for each

punched character.
Stand-by (A00=1)

This status bit indicates that the CP de-

vice is in Off-line mode.
CP Status 5

THe CP Status 5 function is initiated by a
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Test~ Type Commands

These commands are used to test Controller
logic, registers, flip-flops, jump condi-
tions, and data paths.

Upon receipt of ahy of these commands, the
Controller becomes Busy, and the Busy Status
-1 bit is set, remains set until test comp-
letion. When the Busy bit is set, all in-
structions are rejected by the Controller
except Clear Controller and Status 1.

Any time one of the test-type A/Q instruct-
ions is issued (i.e. any CPU Out or Input
instruction with Q3=1, Q4=0, and Q5=1),

the Controller enters a special test state.

When in the test state, the Controller ac-
cepts only test-type A/Q instructions and
rejects any other instructions except Clear
Controller and Status 1.

Therefore, when in the test state, the Con-
troller rejects operations which are related
to the devices. To exit from the test state
a Clear Controller command must be issued.
At this time, all of the internal FF's of
the three devices are reset. This command
sets the necessary initial conditions for
normal operations.

self-Test 1

This function must be preceded by a Clear
controller. This function directs the Con-
troller to check its internal data paths

and ALU. The lower eight bits of the A-Reg- '

ister specify the data to be transferred
along the internal paths of the Controller.
The upper and lower eight bits of the A-
Register specify the data which is to be op-
erated on by the ALU.

Figure 2-23 illustrates the A-Register

format.

1514 13 121110 9 8 7 6 5 4 3 2 | 0
| LTI T T T T TTTTTTT

ALU DATA TRANSFER DATA

\ Vv
A UPPER A LOWER

FIGURE 2-23 Selt-Test 1 A-Register Format

Upon acceptance of this command, the Con-
troller becomes busy and remains busy until
the internal transfers and ALU operations
are completed. At this time busy status is
reset. If busy bit is not reset within 2
msec., this indicates that the Contréller is
defective. After Busy status is reset, A-
out status should be read to determine the
success of the test. The upper 8 bits of
the A-Register should contain Fjg plus the
data that was originally sent in the lower
eight bits of the A-Register in Self-Test 1.
The lower eight bits should contain an ex-
pected result which is a function of the
data originally sent in the upper and lower
eight bits of the A-Register during Self-
Test 1 according to the following equation:
A low=

(((( Aup - 1) x 2 + A low) + 1 - Aup) A low)
or Aup.

Figure 2-24 illustrates the Self-Test 1

result.

1514 13 12 1110 98 76 5 4 3 2 | 0O

HEEEEEEEREEREN

|=—TRANSFER DATA——|<—RESULT OF EQUATION—>

+F|G

"FIGURE 2-24: Self Test 1 Results

This instruction is rejected when the Con-
troller is Busy. In Interrupt Response will
be generated after Busy status becomes res-
et, if a Test Mode Interrupt Request command
was issued prior to this function.

Self Test 1 will also load the 16 file
registers in the following way:
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FILE (0) = Transfer Data + F

FILE (1) = Transfer Data e
FILE (2) = Transfer Data + 1
FILE (3) = Transfer Data + 2
FILE (4) = Transfer Data + 3
FILE (5) = Transfer Data + 4
FILE (6) = Transfer Data + 5
FILE (7) = Transfer Data + 6
FILE (8) = Transfer Data + 7
FILE (9) = Transfer Data + 8
FILE (&) = Transfer Data + 9
FILE (B) = Transfer Data + A16
FILE (C) = Transfer Data + B16
FILE (D) = Transfer Data + C16
FILE (EY = ‘Transfer Data + D15
FILE (F) = Transfer Data + El6

In general, FILE will contain the trans-

(N)
fer data plus (N-1), except FILE (O)Which
will contain transfer data plus F16'

After reading A-Out status, the contents of
the 16 file registers should also be read
and examined for the proper data making use
of Test Load File Address and Test Read
File commands.

Self-Test 2

This function is initiated by a WRITE sig-

nal with the Q bits coded as shown in Table
2-1.

Self-Test 2 checks the Controller internal
F/F's, jump conditions, and Status 1 F/F's.
The A-register is not used for this command.
Upon acceptance of this command, the’ Con-
troller becomes busy until the test is com-
plete. At this time Busy status is reset.
If Busy bit is not reset after 2 msec., it
indicates that the Controller is defective.
For this function, an Interrupt Response
will always be generated at the time that
Busy status becomes reset. This bit is re-

set by a protected Clear Controller command,
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which should follow Self-Test 2. Prior to
the execution of Self-Test 2, a Clear Con-
troller command should be issued in order
to ensure that all status 1 F/F's are in
their guiescent state. Figures -35 and
2-26- illustrate Dynamic status after exe-
cution of Clear Controller and after execu-
tion of Self-Test 2.

514131211 109 87 6 5 4 3 2 |

Le]ele[efo]e]o[e]o o o]0 e o]e ﬂ

FIGURE 2~-25: Status 1 after Clear Controller

1514 13 121110 9 8 7 6 5 4 3 2 | O

[e[efefe] [e[e[e]i[e]ejo[] o ]o]

FIGURE 2-26: Status 1 after Self-Test 2

When the test isbcomplete (Busy status reset)
A-Out status should be read directly follow-
ing the completion of the test to determine
if the test was successful. A-Ott status
ACED16 indicates that the test was success-
ful. A-Out status DEAD16
status indicates that the controller is

or any other
defective.

If A-Out status gives the successful result
(ACEDlG) Status 1 should be read and com-
pared to Figure 2-25. If these are not iden-

tical, the Controller is defective.
Self-Test 3

This function is initiated by a WRITE signal
with Q bits coded as shown in Table 2-1.
This function must be preceded by a Clear
Controller command. This function directs
the Controller to test the data paths inter-
connecting the Controller and PT Relay Sta-



tion. Receivers and Transmitters from the
PT Relay Station to the devices are not
tested.

A-Register bits (8 least significant bits)
specify the data which is to be transferred
along the PT Relay Station.

Figure 2-27 illustrates the A-Register for-
mat.

1514 13 1211 10 9 8 7 6 54 3 2 1 0

HEENEEEEEEEEEE

TEST RESULTS TRANSFER DATA
Vv V
A UPPER A LOWER

FIGURE 2-27: Self-Test 3, A-Register Bit
Definitions

The test results will be available in the
A-Out register (8 most significant bits)
only after Bit Busy becomes reset. If the
contents of the A-Out register do not equal
the data sent,it indicates that the Control-
ler or PT Relay Station is defective. This
instruction is rejected when the Controller
is Busy. An Interrupt Response will be
generated after Busy status becomes reset,
if a Test Mode Interrupt Request command

was issued prior to this function.
Test Mode Load File Address

This function is initiated by a WRITE sig-
~nal with Q-bits coded as shown in Table
2-1.

This function is used together with Test
Mode kead File command to allow CPU to
check contents of File registers. This
function is rejected when the Controller is
Busy. Figure 2-.78 shows A-Register bit
definitions.

T L1

NOT USED ———— = |FILE ADDRESS

FIGURE 2-28 Test Load File

Definitions

Address, Bit

Test Mode Interrupt Request

This function is initiated by a WRITE
signal with Q-bits coded as shown in Table
2-1,

This function is used to generate an Inter -
rupt Response at end of operation of Self-
Test 1 and Self-Test 3.

This function is rejected when the Control-
ler is Busy.

Test Mode Clear Interrupt

This function is initiated by a WRITE sig-
nal with Q-bits coded as shown in Table
2-1,

This function clears the Test Mode inter=-

rupt request and response.

A-QOut Status for Self-Tests

This function is initiated by a Read signal
with Q bits coded as shown in Table 2-1.
This function is used for reading the re-
sults of Self-Tests 1,2, and 3. After ex-
ecution of one of these Self-Tests, the
result will reside in the A-Out Register .
Since this A-Out Register is alszo used for
sending other data on the A-lines, self-
test results should be read directly fol-
lowing the execution of the self- test to

ensure the result.
Test Mode Read File
This function is initiated by a Read signal

with Q bits coded as shown in Table 2-1.

This function is used together with Test
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Mode Load File Address function in order
to check the contents of the File Registers.
Two consecutive file words are loaded into
the A-Register. The lower eight bits will
contain the contents of the file at the
address specified by the Test Mode Load
File Address command. The upper eight A-
Register bits will contain the contents of

the specified file address plus one.
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INSTALLATION AND CHECKOUT

MANUAL CONTROLS

The following removable jumper plugs are
located on the PC board of the PT/CP Con-
‘troller.

Equipment Number Jumper Plugs (Q07 through
Q10)

These four plugs are used to represent any
number from 0 to F; they are used to assign
an equipment number to the Controller. Any
instruction sent by the computer must be
accompanied by an equipment number (Q bits
007 through Q10) that matches the setting
of the plugs.

controller Protector Jumper Plugs (UPO)
One common Protect jumper plug for all
three devices. When inserted, only protec-

ted instructions (except status requests)

. are allowed access to the Controller.

Mode Jumper Plug (JM)

This jumper plug must be inserted for cor-
rect operation of the Controller. This

jumper enables proper operation for special
circuits in the Controller. The special

circuits relate to the Card Punch device.

Maintenance Switches

ON/OFF Switch Operation

When in the "On-Line" position, enables nor-
mal Controller operation.

When in the "Off-Line" position, the Con-
troller is disconnected from the Controller

CPU bus and is placed in a maintenance mode.

The type of "Off-Line" operation which is
performed is a function of Maintenance
Switches positions. .
In the "Off-Line" mode, the Controller does
not respond to any Computer requests (CPU
internal reject).

Operation of Maintenance Switches

The type of "Off Line" operation that is
performed is a function of switches MS1,
MS2, and MS3.
the available "Off Line" operations.
Switches MS1l, MS2, and MS3 can be changed
only when the ON/OFF Line switch is in

The following table shows

the "On Line" position.

TABLE

3-1 Legal Jumper Plug Combinations

JUMPER NAME

FUNCTIONS

Q07 through Q10

Inserted as required to determine Equipment
Number

UPO IN - All devices protected
OUT - Not protected

IM Always In

ALD Autoload Enable
Not Used (in or out)

SB Enable CP Ready Signal
Always In

BP Enable Optional Driver Signal

Always Out

SD0 through SD3

Track Density Selection Jumpers (for CDD
Contoller only)
Not Used (in or out)

UP1 through UP3

Unit Protect Jumpers

89601564 02




TABLE 3-2 OFF-LINE OPERATIONS

Ms3|MS2|MSl| "Off-Line" Operation Performed
0 0 0 Not Used*
0 0 1 Not Used*
0 1 0 CP Triangular Data Pattern
0 1 1 CP All Ones
1 0 0 -PTP Triangular Data Pattern
1 0 1 PTR Backward Motion
1 1 0 PTR Forward Motion
1 1 1 Not Used *

* If any of these combinations is selected,

the Controller will wait until the "On-Line"

mode is set.

The "Off-Line" operation will be performed
if the corresponding device is "ready". On
the contrary, if the specific device is
"not-ready", the Controller will abort the
"off-Line" operation and will remain busy
until the Controller is placed in the "On-
Line" mode. Therefore, the device on which
the maintenance is to be performed should
be made "ready" prior to placing the "On/
Off Line" switch in the "Off-Line" position.
If the device becomes "not-ready" during
the maintenance operation, the operation
will be aborted. To re-start the operation
when the device does become ready, the "On/
Off Line" switch must be flipped to the "On-
Line" position and then once more to the

"Off-Line" position.

Placing the "On/Off -Line" switch in the
"On-Line" position will terminate the main-
tenance operation.

The Controller performs automatically a
Clear Controller command and normal
operation can be continued.

Read Paper Tape Forwards

The Controller will read the paper tape in
the forward direction until:

-the device becomes not-ready,

-"On-Line" mode.

All parity errors are gated off.

Read Paper Tape Backwards

The operation is the same as in Read Paper
Tape Forwards except that the backward di---
rection is used.

Punch Paper Tape, Triangular Data Pattern
The Controller will punch the paper tape
with special data pattern until:

-the device becomes not-ready,

~acceptor message (AM=1)

-"On-Line" mode.

All parity errors are gated off.

Punch and Feed One Card, Triangular Data
Pattern

The Controller will punch the card present-
ly in the punch station with trianguiar
data pattern until:

—-.end of card,

- device becomes not ready

- device punch inhibit,

- "On-Line" mode

If end of card is reached and the CP device
is ready, this specific card will be fed
to the stacker. All punch errors are gated
off. It is assumed for this test that a

card is present in the punch station.

Punch and Feed One Card, Data All Ones
This operation is the same a Triangular
Data Pattern except that data all ones is
used.

Cable Interconnections

Figure 2-1 shows the Controller-Devices con-
figuration. The Controller to PT Relay Sta-
tion cable is shielded twisted pair cable,
20 feet long. It runs directly from the
computer backplane.

The PT Relay Station to Paper Tape Reader

device cable is a single shielded cable, 5

feet long.
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The PT Relay Station to Paper Tape Punch
device cable is a single wire, shielded
cable , 5 feet long.

The Controller to Card Punch device
cable is a shielded twisted pair,cable,
15 feet long. It runs directly from
the computer backplane.
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Maintenance Switches
ON/OFF Line Switch
UPO-All Devices Protected
UP1 to UP3 Are Ignored
SD0-SD3 Ignored by the
Controller

Always Removed

Always inserted
for Card Punch

=

Always inserted
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Figure 3-1.
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THEORY OF OPERATION

Introduction

The Paper Tape Reader/Paper Tape Punch/Card
Punch (PT/CP) controller provides the inter-
face between the MP computer and the Facit
4020 Paper Tape Reader Facit 4070 Paper Tape
Punch and CDC 9290 Card Punch devices.

The MP sends functions or states requests to
the PT/CP controller via the A/Q channel.
The functions received from the MP are
decoded by the PT/CP controller. If the
function requires the operation of any
device, the controller will issue the
appropriate command to the specific device.
The PT/CP controller is a microprogrammed
controller. The hardware is of a general
nature with the firmware providing the means
necessary to interface the three devices.
The controller contains on one standard MP
board a 1K x 16 bit PROM, an ALU performing
logical and arithmetic operations, a

16 x 8 bit register file, auxiliary
registers and other random logic necessary
to read, decode and execute micro-
instructions. Data transfers between the
MP and the controller are made via the A/Q

channel.

Interface, Controller and PT Devices

The Paper Tape Reader and Punch devices
interface with the Controller via the PT

Relay Station.

The Controller to Paper Tape devices inter-
face signals conform to the rules of the
Facit SP1l standard interface for parallel
data transfer which provides for character-
by-character transfer of data from a
"source" to an "acceptor".

When interfacing with the Paper Tape Punch,

the Controller performs the functions of the
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SPl-acceptor while the Paper Tape Reader

device acts as the SPl-source.

Paper Tape Device Types

The Controller interfaces via the PT Relay

Station with the following devices:

1) Facit-4020 Paper Tape Reader equipped
with an SPI interface.

The 4020 line of Readers are able to
handle 5, 6, 7, or 8 track tapes at
reading speeds of 0 to 300 characters

per second.

The 4020 line comprises the following

model versions:

a) Facit 4021 - Top-loaded table top
version, with or without fan-folded
tape handler.

b) Facit 4022 - Front-loaded rack
version, with or without fan-folded

tape handler.

2) Facit - 4070 Paper Tape Punch equipped
with Facit 5117/005 SP1l Interface, able
to handle 5 and 8 track tape, or,
alternatively, 6 and 7 track tape at
punching speed of up to 75 rows per

second.
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Signal Description

7Z - Zero Voltage Reference

The zero voltage reference shall, in each
device, be connected directly to the zero

voltage point.

AO - Acceptor Operable

When the acceptor is operable it shall hold
AO at "1".

When the acceptor is not operable, AO shall
be "0"-
In such a case, the other acceptor signals

are undefined and can assume arbitrary

levels. AC shall herewith be considered

lloll .

SO - Source Operable

When the Source is operable is shall hold
SO at "1".

When the Source is not operable, SO shall
be !loll.

In such case, the other source signals are
undefined and can assume arbitrary levels.

SC shall herewith be considered "0".

SO shall not depend on AO.

AC - Acceptor Control

The acceptor shall request information on
the data wire by changing AC to "1" after -

a) it has ascertained that SC is "0";

b) it is ready to accept information on

the data lines;
c) and AM is valid.

The acceptor shall accept the information
on the data lines after it has ascertained
that sSC is "1". It shall then acknowledge
the received information by changing AC to
"o".
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SC - Source Control

The source shall change SC to "1" after -
a) it has ascertained that AC is "1";

b) it has received AM; and

c) it has sent valid information to the

data lines.

The source shall change SC to "0" after it

has ascertained that AC is "O0".

AM - Acceptor Message

At the same time that the acceptor requests
new information on the data lines, it can
transmit a message to the source using AM.
The source shall keep AM at "0", if this

signal is not utilized.

AM shall be valid before AC is changed to
"1" and remain valid until the acceptor has
ascertained that SC is "1".

CA - Control Available

Normally the source shall hold CA at "O".
When special control status inform is trans-
mitted using signals D1 through D8, the
source shall hold CA at "1". The source
shall hold CA at "0", if this signal is not
utilized.

CA shall be valid before SC is changed to
"1" and remain valid until the source has

ascertained that AC is "0".

P - Parity

0dd parity bit is supplied and shall be
The number of
"1's" in signal D1 through D8, CA and P

transmitted using signal P.

shall thus add up to an odd number.



D1 through D8 - Data Lines -

Data shall be transmitted using D1 through

D8. D1 shall be used to transmit the least’
significant bit. Any signals, D1 through
D8, that are not used shall be held at "O0"

by the source.

D1 through D8 shall be valid before SC is -
changed to "1" and remain valid until the
source has ascertained that AC is "0".

Card Punch Signal Description

- Punch Data Row 1 to 12

Data to device to be punched when Info.

Ready signal is active.

- Read Command

A Feed -

command may be sent to the device at

Initiates one card cycle.

any time.

- - Status

Indicates that motor turn-on has been
completed. Goes to logic "0" one
second after a Feed command. The
absence of a Feed cycle within 15

seconds causes a return to logic "1".

- Busy

Busy signal going to logic "1" indicates
that the punch data has been transferred
to the punch buffer.

- Offset

Offsets a card in process. It must go
to logic "0" prior to the initiation of
a subsequent Feed cycle. Otherwise,

it will refer to the next card.

- Info Ready

Error

Indicates error during punching. By Echo
Check which is generated by a variable
reluctance pick-up which is activated by

a notch in the punch heads.

End of Card (EOC)

This signal is the Feed command acknow-
ledge and enable signal. This line will
go to a logic "0" on a Feed command and
return to a logic "1" when the Feed
command has been accepted by the device.
In punch operation, EOC will go to a
logic "O0" during the step to column 80.
EOC will return to a logic "1" at the

next feed acknowledge.

Punch Select

This line selects Punch for On-Line

operation.

Punch Inhibit

This line indicates when going to "0"
that the punch cycle is inhibited.

Ready

Indicates that the Card Punch equipment
Disabled by

absence of card in Punch Ready Station,

is Ready and On-Line.

misfeed, jam, stacker full, motor circuit

breaker.

Stand-by (STBY)

Indicates that the CP is Off-Line.

Hopper Empty

Indicates absence of cards in the Hopper.

CP Signal Timing

This signal enables the signal column
punch and wait feature of the device.
Absence of this line will inhibit the

punch cycle.

The interface'signals timing is shown in

Figure
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MICROPROGRAMMING CONCEPT

Initialization

Power on, master clear, or clear controller
clears the program counter (PC). Upon
completion of the MC or CC pulse, micro-code

execution of the Clear Controller routine,

whose starting address is zero, will commence.

Three possible conditions can reset the PC

to zero:

1) Master Clear (Power ON or from panel)
2) Clear Controller

3) Start and end points of any OFF-Line

routine

Three types of routines are included in the

micro-code:

1) A/Q command handling routines, regular
and Test Mode

2) Internal controller, device handling

routines

3) Off-Line maintenance routines

Once the clear controller routine has been
executed, the controller enters a loop where
all the internal controller device handling
routines are sampled. This loop
continuously samples the following jump

conditions:

l) A/Q Execute FF set. This flip-flop
will become set whenever an A/Q command
with Q4=0 and the proper equipment code

are received.

2) On/Off line switch. Whenever the off
line maintenance switch is placed in
the off line position this line will go

low (active).
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Whenever any one of the above conditions is
active, an exit will be made from the loop

and the required action will be performed.

Upon receipt of a test-mode command, the
Controller becomes busy, the Busy Status-1
bit is set and remains set until test
completion. The Controller also becomes
busy for about 40 uSeC (or less) upon
receipt of a Clear Controller Command (the
Busy bit is set for the duration). When
the Busy bit is set all instructions are
rejected by the Controller except Clear
Controller and Status - 1.

Whenever one of the test-mode AQ instructions
is issued (any CPU Output or Input instruc-
tion with Q3=1, 04=0 and Q5=1), the
Controller enters a special test-state.

When in the test-state the Controller accepts
only test-mode AQ input or output instruc-
tions, except Clear-Controller and Status-1.
Therefore when in the test-state, the
Controller does not perform operations

which are related to the device.

To exit from the test-state a Clear
Controller command must be issued. This
command sets the necessary initial condi-

tions for normal operation.



A/Q Execute

The (Q bits) lines Q00-Q05 (Function code)
together with the WRITE signal are one

When the A/Q
Execute FF is detected as active by the

input to the A bus selector.

micro-code, the Q input to the A bus

selector is complemented, masked and loaded
directly into the PC.
a 64 way micro program branch.

This preload causes
Each of
the 64 branch locations contains the
starting address of the routine which per-
forms the function whose code is found in
Q00-Q05.

Not all 64 of the function codes are valid.
The branch location of illegal codes
contain a jump to the reject routine. This
routine issues a reject and then jumps back
to the loop.

Regular A/Q Command Handling Routines

These routines are checked for legality to
determine whether they will be accepted
(reply) or rejected. The conditions for

reply or reject for each command are given

in the Cyber 18 PT/CP Controller engineering

specification.

The following is a description of the

regular A/Q command handling routines:

PTR STOP/START - The lower 8 bits of the Z\E
REG® Most
significant bit of the BREG is tested; if
equal to "1" PTR START MODE FF (RAM07) is
set, if equal to "0" PTR START MODE FF is
reset. This function is used to allow
A/Q data transfer is
possible only when PTR START condition

are transferred to the B

data transfer.

exists.

PTR FORWARD/BACKWARD - PTR START mode con-
dition is Lested. If true (PTR START) the
command is rejected. If false (PTR STOP)
the lower 8 bits of the X; are transferred
to the BREG' Bit 05 of the BREG is tested;
if equal to "1" PTRAM FF is set, if equal to
"0" PTRAM FF is reset. This function directs
the PTR to read in the forward direction if
bit B05 = 0 and in backward direction if bit

B05 = 1.

PTR DATA MODE - PTR START mode condition is
tested. If true (PTR START) the command

If false (PTR STOP) the lower
8 bits of the A are transferred to the B
Most significant bit of the BREG
if equal to "1" PTRAY FF is set, if equal to
"0" PTRAY FF is reset. When bit B07
reset (PTR Character Mode) the data character

is rejected.

REG®
is tested;

is

received from the device is transmitted to
the CPU on AREG lines A00 through A07. Bits
A08 through Al5 are all zeroes.

When bit BO7 is set (PTR Assembly Mode) data
transfer to CPU is 8 to 16 bit assembly.

The first character received from the device
is transmitted to the CPU on AREG lines

A08 through Al5 and the second character is

transmitted on A lines A00 through AO07.

REG

PTR CLEAR - The lower 8 bits of the X; are
transferred to the BREG' Bits BO05 and BO07
are tested; if BO5 = 1 PTR PE FF

(PTR Transfer Parity Error FF) is reset;

if B07 = 1 all the PTR control flip-flops

are reset (PTR PE FF is not updated).

PTR CLEAR INTERRUPT - PTR DIRQ (Data
Interrupt Request), PTR NRDYIRQ (Not-Ready
Interrupt Request) and PTR INT. FF's are
reset. INTRSP FF is also reset if and only
if PTP INT and CP INT FF's are reset.
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PTR INTERRUPT REQUEST - The lower 8 bits
of the K; are transferred to the RAM,,
location. In this way PTR DIRQ and

PTR NRDYIRQ FF's are updated according to

the values of bits A05 and AO07.

PTR READ DATA - PTR DATA FF is checked.
If reset, the function is rejected. If
set, the contents of RAM09 is transferred

to the A—OUTL and contents of BF2U is

transferred to the A—OUTU. Then PTRDTFF

(PTR Data FF) is reset.

PTR ASSEMBLY TRANSFER STATUS - The contents

of RAM is transferred to the B Most

08
significant bit of B

REG”
REG 1S tested. If

equal to "1", constant 01l6 is loaded into
A—OUTL;
loaded into A-OUTL.

if equal to "0", constant 0016 is

PTR ALARM STATUS - PTRPE (PTR Transfer
Parity Error) condition is tested. If
equal to "1", constant 0116 is loaded into
A—OUTL; if equal to "0", constant 00

is loaded into ’A-OUTL .

16

PTP STOP/START - The lower 8 bits of the
AL are transferred to the BREG' Most

significant bit of B is tested; if

equal to "1" PTP STAiﬁGMODE FF is set, if
equal to "0" PTP START MODE FF is reset.
This function is used to allow data
transfer. A/Q data transfer is possible

only when PTP START condition exists.

PTP DATA MODE - PTP START mode condition
If true the command is

If false the lower 8 bits of
Most

is tested.
rejected.
the AL are transferred to the BREG'

significant bit of BREG is tested; if
equal to "1" PTPDY FF is set, if equal to

"Q0" PTPDY FF is reset. When bit B07 is

.
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reset (PTP Character Mode) the data

character is transferred to the PTP device
from AREG bits A00 through A07. Bits A08
through Al5 are ignored by the Controller.

When bit B07 is set (PTP Disassembly Mode)
the AREG 16-bit word is transferred to the
device as two 8-bit characters where the

8 upper bits are transferred first and the

8 lower bits are transferred last.

PTP CLEAR =~ All the PTP control flip-flops

are reset.

PTP CLEAR INTERRUPT - PTP DIRQ (Data
Interrupt Request), PTP NRDYIRQ (Not Ready
Interrupt Request) and PTP INT FF's are
reset. INTRSP FF is also reset if and
only if PTRINT and CPINT FF's are reset.

PTP INTERRUPT REQUEST -~ The lower 8 bits
of the XZ are transferred to the RAMO5
location. In this way PTP DIRQ and

PTP NRDYIRQ FF's are updated according to

the values of bits A05 and A07.

PTP DATA - PTP DATA FF is checked. If re~-
set, the function is rejected. If set, the
contects of XTEU are transferred to RAM
and the contents of AINL
to RAMOB. Then PTPDT FF is reset and PTPIR

FF (PTP Info Ready) is set.

OB
are transferred

PTP DEVICE FUNCTION - PTP DATA FF is
checked. 1If reset, the function is rejec-

ted. If set, the contents of AINL are

transferred to the WCREG , PTPDT FF is

reset, PTP CA FF and PTPIC FF (Index CA FF
in RAMg, ) are set.



PTP DISASSEMBLY TRANSFER STATUS - PTPDS
If equal to "1"
constant Ol16 is loaded into A-OUTL; if

condition is tested.

equal to "0", constant 0016 is loaded into

A-OUTL.

CP FEED - Three conditions are checked:
CPRDY (CP Ready), CPPUIH (CP Punch Inhibit)
and CPHOEM (CP Hopper Empty). If the CP
device is not-ready , and punch inhibit, or
hopper empty conditions are true, the
function is rejected. Otherwise control
line CPFEST (CP Feed) is activated and

CPDAT FF (CP Data FF) is reset.

CP CLEAR - All the CP control flip-flops

are reset.

CP CLEAR INTERRUPT - CP DIRQ (Data
Interrupt Request) CP NRDYIRQ (Not Ready
Interrupt Request) and CP INT FF's are
reset. INTRSP FF is also reset if and
only if PTRINT and PTPINT FF's are reset.

CP INTERRUPT REQUEST - The lower 8 bits
of the KZ are transferred to the RAM
In this way CP DIRQ and
CP NRDYIRQ FF's are updated according to
the values of bits A05 and A07.

06
location.

The lower 8 bits of the AL
REG® Bit BO7
=1 CPOFFS FF is reset;

CP OFFSET -
are transferred to the B
is tested; if B

07
if BO7=0 CPOFFS FF is set.
CP DATA - CP DATDAT FF (CP Data) is
checked. If reset the function is rejected.

If set, the contents of AINL
to CWAL and the contents of AINU are trans-
ferred to CWAU.

are transferred

Then CPDAT FF is reset.

CP STATUS 2 -
If true, constant 01

CP PUIH condition is tested.
16 18 loaded into A-OUTL;
if false, constant 0016

A—OUTL.

is loaded into

J,
CP STATUS 2 - CP ECER (CP Echo Error)
condition is tested.
0116 is loaded into A-OUTL;

If true, constant
if false,

constant 00l is loaded into A—OUTL.

6

CP STATUS 4 -~ CP STBY condition is tested.
If true, constant 0116 is loaded into

A—OUTL;
into A—OUTL.

if false, constant 0016 is loaded

CP STATUS 5 -~ CP HOEM condition is tested.
If true, constant Ol16 is loaded into A-OUT
if false, constant 0016 is loaded into
A-OUTL.

L7

Test Mode A/Q Command Handling Routines

The controller has three self tests for

checking hardware via firmware.

Self Test 1 - checks the internal controller
The data

received from the CPU is divided into the

data paths and ALU operations.

upper and lower portions called AU and AL
and transferred via the ALU to the BREG and

BF2_ register. These registers feed the

A aid B side of the ALU, respectively. The
logical/arithmetic operations specified by
the self test 1 equation are performed on
these two register and the result is placed
in the lower portion of the A-OUT register.
The A; data is then transferred and
incremented through all sixteen file
registers and then through all the controller
registers with the A-OUT

destination of the data.

being the final
The CPU can

§)

examine the Self Test 1 result (contained in
the A-OUT register) by reading A-Out status.
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Self Test 2 - checks FF's and jump con-
ditions. Every FF connected to a jump
condition and concerning the PTR, PTP and
CP operation is first reset and checked.
Any active FF will cause the Hex. value
DEAD to be placed in the A-OUT register.
After testing for the reset condition the
FF's are set and then tested for the set
condition. CP FF's activated by control
lines are also tested both in their set and
reset states. If all tested conditions
are in the proper state, the program will

load ACED16 into the A-OUT register.

Self Test 3 - checks data paths inter-
connecting the controller and the PT~Relay
The lower 8 bits of the Kfﬁz
REG (like data to be
punched) and return back to AINU via BREG
(like read data). The CPU can check that
A-OUTy equals A—OUTL by reading A-OUT
Control signals for the PTR and

Station.

are loaded into WC

status.
PTP devices are also checked using the
corresponding FF's and jump conditions.
Any error will cause value 142816/824116
to be placed in the A-OUT register.

Test Mode Load Ram Address -~ The lower
8 bits of Xfﬁz are loaded into the Ram
Address register and also into the BREG’
Then the contents of BREG+1 is loaded into
BFZL (value to be used in test mode Read

RAM command) .

Test Mode Interrupt Request - This
function simply sets PTRPE FF (to be used
as an index FF in special loop for test

mode commands) .

Test Mode Clear Interrupt - This function
resets PTRPE and INTRSP FF's.

89601564 02

Test Mode A-Out Status - This function simply
issues a reply sending the contents of the
controller A-Out register to the CPU.

Test Mode Read RAM - Two consecutive RAM
words are loaded into the A-OUT register.

A-0UT contains the contents of the RAM at
the address specified by the Test Mode Load
RAM address command. A-—OUTU contains the
contents of the specified RAM address plus

one (BF2L).

Internal Controller Device Handling Routines

Common Interrupt - This program controls
the interrupt response line (INTRSP FF).
PTRINT, PTPINT and CPINT FF's are checked.

If all of them are reset, INTRSP FF is reset;
otherwise INTRSP FF is set.

Set PTR AC Signal - This program activates
the PTR AC signal.
are: PTR AC FF reset, PTRDT FF reset,

PTR start condition, PTR SO signal active,

The conditions checked

and PTR SC signal inactive. If any of these
conditions is not true, signal PTR AC remains

inactive (PTR AC FF is reset).

PTR Character Transfer - This program loads
the BREG with an 8 bit character read from

the PTR device.
PTRBF FF (B Register full) reset, PTRAC FF

set and PTRSC signal active.

The conditions checked are:

Parity bit for
this character is also checked and in case of
error, PTRPE FF is set. At the end of this

program PTRBF FF is set.

PTR Character Handling - This program

acknowledges the receipt of data by resetting
PTRAC FF.
PTRBF FF set and PTR start condition.

The conditions checked are:



PTRAY FF is also checked; If PTRBF FF is

reset then constant 00 is loaded into

16

BF2U ; 1f FF PTRBF is set then PTRAY FF is

checked and if found reset, the contents

of RAM09 If PTRPE FF

is found set, the contents of BF2U are not

are loaded into BFZU.

changed.

PTR Interrupt - This program sets INTRSP

FF in the following conditions:

1) PTR SO signal inactive and PTRNRDYIRQ
FF (RAM,, bit 07) set;

04
2) PTRDT FF set and PTR DIRQ FF (RAM04
bit 05) set.
Set PTP Data/Function Status - This program

sets PTPDT FF if the following conditions are
met: PTP Start condition, PTP AC signal
active, PTPSC FF reset, PTPIR and PTP Index
CA FF's reset. If PTPAM signals found
active, PTPDT FF is set without checking
PTPIR and PTP Index CA FF's.
disassembly mode (i.e., PTPDY FF set) and FF

PTPSC is found to be set, PTPDT FF is not
updated.

If working in

Set PTP SC Signal - This program sets
PTPSC FF if the following conditions are met:
PTP Start condition, PTPAC being active and
PTPSC FF being reset.
RAMOA (character to be punched) if trans-
ferred to the WCREG' Status of the PTPDT FF
is also checked. PTP PAR FF is updated

according to the value of PTR LTC signal.

The contents of

PTP Interrupt - This program sets INTRSP FF

in the following conditions:

1) PTP AO signal inactive and PTPNRDY IRQ FF

set;

2) PTPDTFF set and PTPDIRQ FF set.

Set CP Data Status - This program sets
CPDAT FF if the following conditions are
met: CPRDY signal being active, CPPUIH,
CPINF, CPFED and CPBSY signals being

inactive.

CP Interrupt - This program sets INTRSP FF

in the following conditions:

1) CPRDY signal inactive and CPNRDYIRQ FF

set;

2) CPDT FF set and CPDIRQ FF set.

PTR Ready Status - This program resets the
PTR control FF's if signal PTRSO is inactive.

PTP Ready Status - This program resets the
PTP control FF's if signal PTPAO is inactive.

CP Ready Status - This program resets the
CP control FF's if signal CPRDY is inactive.

Off-Line Maintenance

All of the Off-Line Maintenance operations
are initiated by the detection of an active
signal caused by the ON/OFF Line switch
being in the OFF position. An exit is made
from the normal loop to a routine generating
a delay of about one second. Maintenance
switches 1, 2 and 3 are decoded and the
selected operation is performed. Each of
the operations continuously samples the
ON/OFF Line switch. The Clear Controller
routine is executed before and after any

maintenance routine.
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LOGIC DESCRIPTION

A/Q INTERFACE

INPUT-OUTPUT OPERATIONS

The necessary conditions for an A/Q Input or

Output operation are as follows:

1. The equipment code msut match the
equipment number.

2. The W=0 field signal WEO must be active.

3. The Read or Write signal, as required,

must be active.

Equipment Identification

The equipment number is determined by four
jumper plugs individually inserted into (or
removed from) socket terminals marked Q7,

08, Q9, and Q10 at location S8B.
s jumper plug onto the Q7 terminal, for ex-
ample, selects a "1" for that bit. Remov-

Inserting

ing a jumper plug from the Q8 terminal sel-
ects a "0" for that bit, and so on. The

four hexidecimal bits of the eguipment code
are received form the computer on the ADR 8,
ADR 9, ADR 10 and ADR 11 lines at pins 281,
282, 283, and 284 respectively. These four

signals are compared with the equipment code

jumper settings.

Comparison of Equipment Number and Code

The equipment code bits from the computer
are compared to the equipment number jumper
plug settings by a 4-bit magnitude compara-
tor at S9.
the WEO signal is low, (i.e. "A=B in"

(S9-3) is high) the "A=B out" comparator
output (89-6) will go high. The high output
obtained at S$9-6 is the first condition nec-

If the compared bits match and

essary for activation of the A/Q Interface
Sequencer (high level at U4-1).

The W Field

The signal WEO must be low for Read or Write
operations. If the W field=0 condition ex-
ists, then WEO at pin 292 will be low. This
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signal is received and inverted to a high
level by a Schmitt-Trigger inverter T9-11/10;
T9-10 is connected to Comparator "A=B in"
input (S9-3).

The READ Signal

The third condition for a Read operation is
an active (low) READ signal from the compu-
ter at pin 248 (READ SSTB). If READ is ac-
tive then READ at H9-13 will be low, and the
inverter output (READ BUF) will be high at
H9-12. The signal READ BUF is connected to:
the flip-flop "Data In" at T4-12, a "2 input
positive-OR gate" at T5-9 and the A-Bus Sel=
ector at F8-6.

When READ BUF is high, the output of the OR
gate at T5-8 will be high. This provides
the second enable to the 3-input positive
NAND gate at U4-2,

The WRITE Signal

The third conditidén for a Write operation is
an active (low) WRITE. signal from 'the compu-
ter at pin 290. If WRITE signal is active,
then T9-3 will be low and the output of this
inverter at T9-4 will be high. This output
(T9-4) is connected to: an OR gate at T5-10,
a three input positive AND gate at U4-10 and a
a positive two input NAND gate at R2-9.

For a Write operation, the output of the OR

~gate at T5-8 goes high and gives the second

enable at U4-2.

SEQUENCER Enable

If the On-0Off LINE switch (location L1) is
in the "ON" position the Sequencer at ldcat-
ion U3 is able to initiate a sequence of
pulses. The enable is affected by release

of the clear input at U3-1.



The hardware uses a digital filter formed by

two flip-flops of the Hex D type at location

U6. When U4-12 goes high, the OR gate out-
put (T5-11) will also go high. U4-12 is
connected to U6-4; U6-5 will go high after
0 to 50 nanosec (the clock of U6 is 20 Muz).
U6-5 is connected to U6-14; U6-15 will go
high after an additional 50 nanoseconds.

The result is that the signal at T5-13 will
go high 50 to 100 nanoseconds after the
leading edge of U4-12.

POWER-ON Reset

This circuit generates a reset pulse at
C32 is charged through R30; at
this time the inputs T7-2 and U6-1 are low.
NOTE: The UM, UM2, UM3, and UM4 are
external connection points.

Power-On.

The diode D1 is used to discharge the cap-
acitor at Power-Off.

The Master Reset signal from pin 46 is

received at G9-13 (Schmitt Trigger Inverter).

The flip-flops U6-3/2 and U6-13/12 form a
digital filter. When G9-12 is high, U6-3
and T6-5 will also be high. U6-2 will go
high after approximately 50 nsecs, raising
U6-13 to a high level. U6-12 will go high
after an additional 50 nsecs. If the MR
signal at G9-13 is still active after the
delay of 100 nsecs, T6-6 will go low
driving T7-3 low which will in turn
generate a low level at T7-6. The GR
signal (fromT7-6) will drive Ul-3 high
generating the master reset pulse.

CLOCK Circuit

The controller incorporates a 20 MHz X-TAL
The oscillator is built from
Ql and Q2 transistors, T7-9,10/8;
T6-13,12/11 and T6-9,10/8 gates, Yl crystal,

capacitors and resistors.

oscillator.

The output is a
50 nsec pulse with a duty cycle of 50 percent.

Phase Generator

The 20 MHz is the clock input at U6-9. The
flip-flop U6-6/7 and the NAND gate T6-1,2/3
form the 20 MHz divider. The output is a
10 MHz clock.

The connections
U5-5 to U5-6 and U5-7 through T3-13/12 to

U5-4 form the first part of a phase generator.

U5 is a Hex D-type flip-flop.

G2 is a Decoder/Demultiplexer.
1A (G2-2) and 1B (G2-3) are connected to
U5-5 and U5-7; G2-4, 5, 7 and 6 are the
phase generator outputs g0, #1, #2, and #3

respectively

The inputs
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Figure 5-1. Phase - Generator Pulses.

Note: ©Phase pulses ¢$0, ¢1, $2 and ¢3 have a
pulse-width of 100 nsec each.
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Sequencer
Flip-flop U3 is the sequencer used for A/Q
commands.

The sequencer is clocked at 10 MHz.

When the controller receives an A/Q command
(in the ON LINE state), the sequencer input
U3-1 (clear) goes high.

The leading edge of the first 10 MHz clock
pulse (U3-9) initiates the sequencer

operation.

When an immediate reject condition exists,
the Controller generates the Reject signal

at SO0 (U3-10) and the Sequencer stops (Q low

level at U2-10 AND gate determines low at
U3-14 Data Input).

If an immediate reject condition does not
exist, SO causes the generation of S1 (U3-
15).

Pulse S2 is generated when the A/Q command
is a Clear Controller or a Read Dynamic Sta-
tus command. For Clear Controller or Dyna-
mic Status commands, ADR 5 is low {(thus mak-
ing Q4 egqual to 1). AND gate input U2-13 is
high, and Data Input U3-13 (S1°Q4) is high.
If S1°04 is high, the sequencer generates
pulses 52 and S3. The leading edge of pulse
S3 generates the Reply pulse.

yvgit [N N I I N U N Iy S IO I I

10 MHZ

(VER l

SEQ ENB

u3-5 |
SYNC

u3-7 |
DLYD

u3-io

S0

u3-is

Sl

us-i2

s2

u3-2

s3 -

Figure 5-2.

Sequencer Outputs
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Reject Circuit

The A/Q commands with Q4=0 (ADR 5 = high)
cause a reject condition if the controller
is in the busy state.
flop BUSY (Gl-5) is high, U2-5 is high,
U2-4 is high, and AND gate output U2-6 is
high. The flip-flop U6-11/10 and the AND
gate U2-1,2/3 form a digital filter for the
Q4 line.

In this case, flip-

Another condition for Reject is protect
If flip-flop CNTPRT (B1-12) is
high , the controller is protected. An

violation.

unprotected A/Q Write command causes a
protect violation (U4-8 is high). Flip-
flop T4-2,3/5 is the Reject FF. A Reject
condition (T4-2 high) causes the generation
of the Reject pulse at the leading edge of
so.

If the A/Q command requires micro-program
intervention, the program determines if

and when the controller will send a Reject
pulse to the CPU.
line REJ sets the Reject flip-flop (active

In this case the control

low signal at T4-4).
transmitted to the CPU via driver B9-13,12/
11, to pin 220..

Reply Circuit
Flip-flop T4-12,11/9 is the Reply FF. For
A/Q commands with Q4=1, reply condition

The reject pulse is

(T4-12 high) causes generation of the Reply
pulse at the loading edge of S3.

If the A/Q command requires micro-program
intervention, the program decides if and
when the controller will generate a Reply
In this case, the control line RBPLY
sets the Reply flip-flop (active low signal
at T4-10).

pulse.

The Reply pulse is transmitted through
driver B9-9,10/8 to pin 218.
Reject circuits are enabled only at the time
of an A/Q command (T4-13, and T4-1 are both
high).

The Reply and
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Micro-Program Execute Circuit

All A/Q commands with Q4=0 require micro-

program intervention.

Flip-flop T2-12,11/9 is the micro-program
execute FF. The leading edge of Sl sets the
flip-flop when T2-12 is high (Q4=0).

The Clear Controller A/Q command (Q4=1) sets
the RMEXEC flip-flop by an active low pulse
at T2-10.

REJ, RPLY or GR pulse reset the RMEXEC FF
(T1-13 will be low through AND gate U4-3,4,
5/6) .

RMEXEC is connected as a Jump Condition (T1-
14).

Controller Reset

The controller is reset by a GR pulse (T7-6)
or by a Clear Controller A/Q command (Q4=1).

The Clear Controller generates an active low
at R2-8 (NAND gate).
the GR pulse generates a CCMRl active high
pulse at Ul-3 driver output and a CCMRZ and
CCMR3 active low pulse at J2-10 and J2-12
driver outputs.

pulse This pulse, like

A Clear Controller or GR pulse clears the
Program Counter and activates the program

from the first PROM address (00016).

A-Qutput Register

The Multiplexers with Latched Outputs at F4,E3,
E4, and F3 form the A-Output Register. F4

and E3 store the eight least significant bits,
and E4 together with F3
nificant bits of the controller A-channel

store the most sig-

outputs. The ALU output bus is multiplexed
with the Dynamic Status FF's at the input to
the A-out register.



When a dynamic status request is received by

the controller, Q4 is high and the read sig-

nal will be active; S1°Q4 is high and the
multiplexers select the Dynamic Status bits
(F4-10, E3-10, E4-10, and F3-10 will be
high) as the input to the A-Out register.

The exclusive OR gate (R4-1, 2/3) generates
the SPLS pulse. This pulse is transmitted
through E2-9,10/8 and E2-12,13/11 NAND gates
to clock the outputs of the Dynamic Status
FF's into the A-Out register on the trailing
edge of the SPLS pulse.

Under program control the clock for the A-
Out upper and A-Out lower registers is gen-
erated by the destination decoder (K2-11 and
K2-14 respectively) whenever the A-Out reg-
isters are slected as the destination reg-

isters by the micro-program.

A-Out Register Buffer

The A-Out register outputs are driven by in-
verting tri-state buffers at locations ES5,
F5, and B4. The buffers are enabled by out-
put of the NAND gate at B3-6 which places
the A-Out register contents on the A-channel

during A/Q read commands.

A-Bus Selector

The eight-bit A-Bus selector (F9, D9, F8,
D8, D5, and C5) selects the A input to the
ALU during the execution of an inter-regis-
ter micro-instruction. The selector is com—
posed of a 48-line to 8-line multiplexer
with tri-state outputs, 8-bit tri-state buf-
fer for the WC register, and the tri-state
outputs of the RAM. The A-Bus selector is
controlled by the A-Source Decoder.

The following is a list of the inputs to the

A-Bus Selector:

CPU A-Channel inputs, lower 8D1 - BD8’

CPU A-Channel inputs, upper SDY - SD16

CPU Q-Channel inputs EDRI - ADR4,
ADR6 and READ
BUF signal

ROM outputs PRQ - PR7
Program Counter bits 0 - 7

BORegister outputs
WC Register outputs
RAM outputs.

A-Source Decoder

The A-Source Decoder consists of a selector
at location A4 and a decoder/demultiplexer
at location B8. When a jump micro-instruc-
tion is executed, PR15 will be low. This will
select the A input of the selector at A4,
causing IR (from A4-9) to go low and thus
sélecting PRO-PR7 as the outputs of the
multiplexers at locations D5 and C5. Also
the output of the AND gate (F2-6) will be
driven low by the IR signal. This will en-
able the outputs of multiplexers D5 and C5
by placing a low signal on C5-15 and D5-15.
Concurrently the IR signal will drive the
inverter output at B2-12 highj thus disabling
the outputs: 6f the decoder (B8) The decoder
outputs B8-5, B8-6 will go high and will
disable the outputs of the WC register buf-
fers (C7-1, C7-15 and C6-15 will be high)
and will disable the tri-state outputs of
the RAM (A6-8 and A7-8 will be high). With
B2-12 high, the buffer outputs C6-9,5,3 and
7 will be disabled and will also be high.
The function select pins of the ALU (GF7-6,
5,4, and 3) will be high. The ALU M input
(GF7-8 and GF6-8) will be driven high.by
NAND gate output B3—8. With S0 - S3 and M
inputs to the ALU high, the ALU will pass
the PRO-PR7 data to ALU outputs GF7-9, 10,
11 and 13 and GF6-9, 10, 11 and 13.

For an inter-register micro-instruction,
B2-12 is low. The B8 decoder is enabled
and PRO, PRl and PR2 provide the data for
the decoder select inputs (B8~-2,3 and 14).
When the selected source is the RAM, B8-12
is low; A6-8 and A7-8 are low. When the
"Write Character for PTP" Register is the
selected source, B8-11] is low, C7-1, C7-15
and C6-15 are low.
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Program Counter

Three synchronous 4-bit counters (D7, D6 and
B5) provide a ten-bit address for the 1024

word PROM.
its lower eight bits from the ALU/Out bus.

This program counter receives

The two most significant bits are loaded
from a tworbit return address register which
is used for returning from subroutines or
from PRO8 and the output of the RAM Bank
Select F/F (RMBNKS).
selects the input to the two most signifi-
cant bits of the PC.

routine operation, the lower eight bits of

The multiplexer at A4

During a jump to Sub-

the PC are saved in address 0 of the Regis-
ter File (RAM) and the upper two bits of the
PC are saved in the two-bit return address
at A3.
per two bits of the PC are loaded from the
two flip-flops at A3 by the A4 selector. The
lower eight bits are loaded from RAMO.

During subroutine returns, the up-

Receipt of a low signal on the Load PC line
(D7-9, D6-9 and B5-9) will cause the PC to
be loaded on the trailing edgé of §0. The PC
outputs are connected to PROM address and to
A-Bus Selector.

PROM (Programmable Read Only Memory)

The PROM is orgénized as an array of 512

words by 8 bits.

Four PROM's are used to construct a micro-
memory of 1024 words by 16 bits.

The nine address bits of the PROM are pro-
vided by the nine lower Program Counter bits.
The tenth bit of PC selects between the low-
er 512 word bank (CDl, CD3) and the upper
512 word bank (CD2, CD4). When B5-13 is low,
the lower bank is selected (CD1-20Q0, 21 and
CD3-20, 21 are low); when B5-13 is high, the
upper bank is selected (CD2-18, 19 and CD4-
18, 19 are high}.

The 16-bit tri-state outputs of the upper
and lower PROM banks are wire-ORed together.

The PROM PRO-PR7 bits provide an A-source
PROM bits are also

connected to various circuits to generate

for the A-bus selector.

89601564 02

and control microprogram execution.
B-Register

The B-Register (locations E6 and E7) is a
general purpose 8-bit register on the A-side

ALU-out bus data is
multiplexed at the input to the B-REgister

of the controller.

with receivers of input pins 29, 28, 37, 30,
33, 38, 31 and 34.

Flip-flop Gl-6 (SELBREG) slects the input to
The trailing edge of BREGD
pulse (from K2-6) strobes the selected data

the B~Register.
into the register. The B-Register outputs
are connected to the A-Bus Selector. The

B REG 2° (BMDL) and B REG 2/ bits (BMSB) are
connected to jump: conditions at E1-14 and
Fl-1 respectively.

"Write Character for PTP" Register

Two synchronous 4-bit Up-Down counters:at B6
and B7 constitute the WC Register. This
circuit is used as a Down Counter for Delay
Time circuit, and as a register for PTP
Punch Data. During a DELAY TIME operation
teh counter counts down until WCEMPT (B6-13)

~goes low. The WCD pulse loads the WC Register.

The WC Register outputs are connected as an
A-side source through tri-state buffers at
C7 and C6.,
are connected via drivers at A8A, C8B, CYB,
C8A and C9A to pins 7, 18, 12, 14, 15, 19,
This allows the
WC to be used as a data to device register.

Also, the WC-Register outputs

13, 17 and 11 respectively.

The drivers are enabled &nd the Write Data
is placed on the lines only when the ONBUSFF.
flip~-flop (Al-9) is set.

RAM (Random Access Memory)

Two 16x4 clocked RAM's with tri-state latch-
ed outputs (at A6 and A7) constitute the File
of the Controller.

The address of the file is selected by a 4-
bit RAM Address Register. The data to be
written into the file is received from the
ALU-out Bus.

connected as a source to the ALU-A-input.

The RAM tri-state outputs are



An active low RAMD (from L2-9) pulse acts as
a Write pulse at A6-2 and A7-2 during the
time that A6-~7 and A7-7 are held low. The
timing diagram illustrates the operation
mode of the file (Fig. 5-3).

The transition of CP from low to high

caases the contents of the file location sel-
ected by the Address Inputs (A0-A3) to be
strobed into the file Output Register. A
tri-state Output Enable (EO)controls the
Output Buffers. When EO (A6-8, A7-8) is low,
the outputs are determined by the data in
the output register.

RAM Address Register

The quadruple D-type flip—flops at A5 are
used as the RAM Address Register. This
register is loaded from the ALU-out bus with
The load-
ing is executed on the trailing edge of a
RAMADD (L2-11) active low pulse.

the address of the file register.

Arithmetic Logic Unit

The heart of the Cyber 18 Device Controller
comprises an 8-bit ALU (GF7 and GF6). The
ALU is fed on the A-side by the A-Bus Selec-
tor which selects one of eight source A in-
puts. On the B side of the ALU, the B-Bus
Selector selects one of four source B inputs.
The ALU output bus is routed to one of 12
destination registers and to a parity gen-—
erator/checker. The ALU performs sixteen
binary arithmetic operations which are sel-
ected by four function select lines (S0, S1I,
S2 and S3). The function select lanes are
received from the PROM through buffers (C6).
These buffers are enabled during the execu-

tion of an inter-register instruction. In
this case, the Data Selector/Multiplexer
(A4) generates an IR signal: PR15 (A4-1) is
high; PR14 (A4-10) is high; IR (A4-9) is
high.
B2-13/12 and provides an enable for C6-1.
The Internal Carry (GF7-7) is provided by
flip-flop CNALU (Al-12). PR3 is enabled by
the IR signal (B3-9) and inverted (B3-8).
The output of the inverter supplies the in-
put for the ALU (GF7-8, GF6-8).

The inverted Carry Output of the first ALU
(GF7-16) is provided as a Carry Input to the
second ALU (GF6-7).

The IR signal is inverted by inverter

" Parity Generator/Checker

The Controller includes a parity generator/
checker at location R5. The Parity Genera-
tor/Checker is provided with the eight ALU-
out bus bits. The ninth input (R5-4) is the
flip—-flop PARSUP (NT-12).
Parity Generator/Checker (R5-5) is latched
at G5-13/8. G5-8 is connected to jump con-

dition PARLTC (H7-14).

The output of

Carry Out, A=B, and Parity Latch

A 4-bit register at G5 is used as a latch
for the ALU Carry oOutput (G5-2/4), for the
ALU Comparator Output A=B (G5-1/6) and for
the parity bit/error output (G5-13/8).
During the execiuition of an inter-register
micro-instruction, the IR signal will be
high. This will cause the latch load input

(G5-9) to be high. Data is strobed into the

. Yatch with the leading edge of clock phase

P0. The latch data will remain valid until

a new inter-register instruction is executed.

J -

| -
1

g2
— L
93 1 I
cP F
A6-7,A-7-7
A6- z,xxsz L_d

Figure 5-3.
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Timing for Operation Mode of File
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NOTE
The A=B ALU open collector outputs
(GF7-14 and GF6-14) are wired OR to-
gether to give comparison for eight
bits. A pull-up resistor S32 is used

for the wired OR connection.

B-Bus Selector

The Dual 4-line~to-l-line Data Selectors/
Multiplexers at J9, J8, J7 and J6 constitute
the B-Bus Selector. The B sources are CWALS
(CP Write Lower), CWAUS (CP Write Upper),
BF2LS (Buffer 2 Lower), BF2US (Buffer 2 Up-
The PROM bits PR12 and PR13 select

source during the execution of

per) .
the B-side
inter-register micro instructions.

The B-Bus Selector outputs are connected to
the ALU B-inputs.

CWA (CP Write) Register

The synchronous 4-bit Up-Down counters K9,
K8, K7 and K6 constitute the CWA Register.
This register is divided in two sub-regis-
ters: CWA Low (K9, K8), CWA Up (K7, K6).
The inputs of each sub-register are connect-
ed to the ALU~out bus. The CWA Low and CWA
Up outputs provide the inputs for the B-
side selector. The two-bit bank outputs
(L6-3 and L6-2) are connected as Jump Con-
ditions to M1-2 and M1-15 respectively.

The CWA Reigster is used as a Card Punch
Data register during card punching. This
register provides the twelve bits of data
through buffer gates to the connector pins.
The tri-state buffer inverters L8 and L9
receive enable from J3+11 (jumper JM is in-
serted). L8-1, L8-15, L9-1 and L9-15 are
low. The CP data bits are connected at pins
53 through 62, 253 and 254.

NOTE
In the PT/CP Controller, the Jumper
Mode state is always low (the jumper

is inserted).

All of the CP Data bits are active low sig-

nals.

89601564 02

The CWA Sub-registers are loaded from the
ALU-ocut Bus. The CWA Low is loaded when an
active low CWALD ' pulse from K2-13 is pro-
vided to K9-11 and K8-11. The CWA Up is
loaded when an active low CWAUD pulse from
K2-12 is provided to K7-11 and K6-11. Load-
ing of the CWA register is done asynchron-

ously with the counter clock.

Bank Register

The Bank is loaded when an active low BANRKD
pulse from L2-10 is provided to L6-11.
Loading of the BANK register is done asyn-
chronously with the counter clock.

Buffer 2 Register

The Buffer 2 register is composed of foupy 4-
bit registers with multiplexed inputs at M7,
N7, P7 .and R7.
two 8-bit sub-registers called Buffer 2 low
(bits 7 - 0) and Buffer 2 up (bits 15 - 8).
Bits 15 - 8 of the Buffer 1 register are
multiplexed with the ALU-output bus at the
input to Buffer 2 up. Bits 7 ~ 0 of the Buf-
fer 1 register are multiplexed with the ALU-
output bus at the input to Buffer 2 low.
Flip—flop S5-12 selects the input to Buffer
BFZ2LD (X2-10) and
BF20D (K2-9) active low pulses, constitute
the loading pulses for Buffer 2. The out-
puts of the Buffer 2 Register are connected

The register is divided into

Z low and Buffer 2 up.

as sources (Buffer 2 Low — M7 and N7 and
Buffer 2 Up - P7 and R7) to the B-side Sel-
ector. Also the Buffer 2 Register is con-

nected through buffer gates to connector pins.

Bit Counter

The Bit Counter (L3) is provided with a clock
input (L3-2) that is selected by the multi-
Flip-flop ENDLCK (N1-11) is
set; @0 is provided through P3-3/4 and F5-
14/13 to L3-2. A high level at L3-15 indi-
cates that the counter has counted 15 clocks.
To extend the clock counting to 16 clock
pulses, the carry output of the bit counter

(L3-15) is connected to the Data input of the

plexer at P3.



D-flip-flop at N3-13. This carry out exten-
sion is controlled by the micro-program.
Flip-flop ENDLOP (N1l-9) enables Word Sync
flip-flop activity (N3-13 will be high when
flip-flop ENDLOP is set).

N3-9 is connected to B7-4. All 6.4 usec
(16 x 0.4 usec), an active high pulse counts
down the counter (WC register). The Jump
Condition WCEMPT El1-1 indicates that the
coutner is empty.
NOTE
For a Delay Time Operation, the WC
Register is loaded with FF16.

D-Type FF Circuit

This circuit is used to sense the leading/
trainling edge of CP Busy and CPEOC signals.
The CP Busy signal (pin 91) is inverted
first by T9-13/12 and second by R4-9, 10/8
(JM is inserted). Initially flip-flop R3-2,
3,4/5 is set by Control Line CPINST (52-9).
The flip-flop is reset at the leading edge
of CP Busy (R3-2 is low).
to Jump Condition CPINFJC (Rl-1).

The CPEOC signal (pin 92) is inverted first
by T9-9/8 and second by R4-12, 13/11. 1In-
itially, flip-flop R3-12, 11, 10/9 is set by
Control Line CPFEST (M2-9). The flip-flop
is reset at the trailing edge of CPEOC (R3-
R3-9 is connected to Jump Con-

R3-5 is connected

12 is low).
dition CPFEDJC (R1-14).

Destination Decoder

The Decoder/Demultiplexers at L2 and K2 make
up the Destination Decoder. The select in-
puts L2-1,2,3,and K2-1,2,3 are connected to
PR8; PR9 and PR10. DPRIL enables L2-6 and

PR1l enables K2-2 (thus c¢hoosing between the

two decoders); Dest Decoder Enb from the AND
gate (F2-8) enables L2-5 and K2-5. The ac—
tive low pulse to clock the selected destin-
ation is generated when the clock phase ﬁj

enables the L2-4 and K2-4 decoder input. The

Controller uses 12 of 16 Destinations. The

signal destination (active low pulse) enables
the loading of the data into the designated

register.

Control Lines

The Decoder/Demultiplexers at S2 and M2 com-
prise the Control Lines Decoder. The select
inputs S$2-1,2,3 and M2-1,2,3 are connected
to PR8, PRY, and PR10. PRI1 enables S2-6
and PR11 enables M2-6 (thus choosing between
the two decoders); MODE CL/FF from G2-11 De-
coder/Demultiplexer enables S2-5 and M2-5.
The active low pulse of the selected control
line is generated when clock phase #3 enables
the S2-4 and M2-4 decoder inputs.

The PT/CP Controller uses even of the six-
teen control lines. Control Line 15 cannot
be used due to the structure of the micro-

program instruction.

Flip-Flop Network

The eight bit Addressable Latches (A2, S5,
N1l F1, Sl1, Al, and Bl) are multifunctional
devices capable of storing single line data
in eight addressable latches.

The addressable latch address inputs (pins
1, 2 and 3) are connected to PRO, PRl and
PR2 through the inverters G3-1/2, G3-3/4 and
G3-5/6. PR12 determines the data to be
stored: PR 12=1 sets the selected flip-flop;
PR12=0 resets the selected flip-flop.

The Decoder/Demultiplexer at H1l enables the
selected group of eight flip-flops. . PR3,
PR4 and PR5 select the group; PRO, PRI and
PR? select the flip-flop within the group.
Group selection is enabled when the control-=
ler executes a CL/FF micro-instruction. An
active low signal MODE CL/FF enables H1
(H1-5 goes low). The Hl outputs, which are
connected to enable pins (pin 14) of each of
the FF groups, generate an active low pulse
on the selected output pin during the @3
clock phase at Hl-4.
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The groups 1,2,3,4 and 5 are connected to the
CCMRZ signal, and a General Reset (GR) sig-

nal or a-Clear Controller signal clears the
flip-flops in these groups. The groups 6
and 7 are connected only to the GR signal,
thus the Clear Controller command does not
clear these two groups of flip—flops. The
Controller Flip;Flop Network includes a to-

tal of fifty-six flip-flops.

Jump Condition Network

The eight-to-one data selector/multiplexers
Tl, Rl, M1, H3, H7, F1, U7, El, J1 and N2,
the 2-input AND-OR invert gate at M5, the

OR gate at K3-1,2/3, the two inverters at
H2-5/6 and T3-11/10 and the flip-flop at H5
make up the Jump Condition Network.

There are nine groups of jump conditions.
PR10, PR11l and PR12 select the Jump Condi-
tion within one of the nine jump condition
groups. The bits PR10, PR1l and PR12 are
inverted by H2-9/8, H2-11/10, H2-13/12 and
connected to input pins 11, 10 and 9 of the
T1l, R1, M1, H3, H7, Fl, U7 and E1 (jump con-
dition groups 1 to 8) and J1 (group 9).

The jump condition groups 1 to 8 strobe in-
puts are constantly enabled via a connection
to ground. Tﬁe'jump condition Group 9 is
enabled by an active low signal at K3-3
(PRL5 OR-ed with F3).

The PROM bits PR13, PR14 and PR9 select the
The strobe to this
selector (N2-7) comes from K3-3 when the

Jump Condition group.
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controller executes a jump instruction (PR15
The OR gate K3-1,2/3 provides this
strobe signal with @3 pulse. The flip-flop
JGRPY9 (Gl-11l) controls the selecting of jump
When the flip-flop is reset, the
controller selects the jump condition within
When flip-flop JGRPY is
set, the micro-program selects the jump
conditions in group 9 (J1). H2-5/6 inverter
and M5-13,1,9,10/8 gate provide this select-
ion. The state of S/R flip-flop at H5 de-

is low).

condition.

the groups 1 to 8.

pends on the state of the selected jump
condition.
Also this S/R flip-flop at H5 is set by a PCD

(L2-7) active low pulse, whenever the PC is
the destination register for an inter-regis-
The flip-flop output (H5-4)
is inverted by T3-11/10 and provides the Load
The Prow
gram Counter will be loaded with the ALU-out
data and the data selected by the multiplex-

ter instruction.

PC pulse for the Program COunter.

er at A4, thus executing a micro-program jump.
The Load PC signal .is active during the time
interval from the leading edge of clock phase
P3 to the leading edge of the next §2 clock
phase (f2 resets the S/R flip-flop at HS5).

The Controller includes a total of seventy-

two jump conditions.



TABLE 5-1.

INPUTS FROM DEVICE

Signal Name Pin Number Termination Type Receiver Location| Jump Condition

Name and Location
PTR SC 25 220/330 ohms E9-9/8 PTRSC " (H7-1)
PTR SO 22 220/330 H9-5/6 PTRSO (H7-2)
PTR CA 20 220/330 E9-11/10 ,H8-4/13 PTRCA (H7-12)
PTR D1 29 220/330 E8-5/6
PTR D2 28 220/330 E8-3/4
PTR D3 37 220/330 E8-1/2
PTR D4 30 220/330 E9-1/2 B REGISTER
PTR D5 33 220/330 E8-13/12
PTR D6 38 220/330 E9-5/6
PTR D7 31 220/330 E9-3/4
PTR D8 34 220/330 E8-11/10
PTR P 21 220/330 E9-13/12,H8-6/Il PTRPAR (H7-13)
PTP A0 24 220/330 ohms H9-3/4 PTPAO (H7-3)
PTP AC 23 220/330 H9-1/2 PTPAC (H7-4)
PTP AM 16 220/330 H9-9/8 PTPAM (H7-15)
CP BUSY 91 470 ohms T9-13/12 CPBSY (R1-12)
CP ERR 298 470 U9-13/12 CPECER (U7-14)
CP PINH 297 470 U9-9/8 CPPUIH (U7-1)
CP RDY 99 470 Ug8-13/12 CPRDY (R1-4)
CP STBY 95 470 U9-3/4 CPSTBY (U7-3)
CP HE 97 470 U9-11/10 CPHOEM (U7-15)
All input signals from devices are active-low.
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TABLE 5-2. OUTPUTS FROM CONTROLLER TO DEVICES

(Numbers inside parentheses indicate notes)

Signal Name (1) Origin Driver Location Pin Number
PTR AC } PTRAC A9A-1,2/3
PTR AM PTRAM A9B-1,2/3
PTP SC PTPSCFF A9B-6,7/5 10
PTP CA PTPCA A8B-6,7/5 8
PTP P PTPPAR M9B-6,7/5 250
PTP D1 WC B7-3 c8a-1,2/3 11
PTP D2 WC B7-2 C9A-6,7/5 17
PTP D3 WC B7-6 C9a-1,2/3 13
PTP D4 WC B7-7 C8A-6,7/5 19
PTP DS WC B6-3 C9B-6,7/5 " 15
PTP D6 WC B6-2 C9B-1,2/3 14
PTP D7 WC B6-6 Cc8B-1,2/3 12
PTP D8 WC B6-7 C8B-6,7/5 18
(2) CP PUNCH SEL == - ==
CP OFFSET CPOFFS S7A-1,2/3 82
CP FEED Flip~-Flop R3-9 S6A-1,2/3 (4) 81
CP INFO Flip-Flop R3-5 S6A-6,7/5 (4) 85

(3)Punch Data Row CWA K7-2 L8-14/13 62

0
Punch Data Row 1 CWA K7-3 L8-12/11 61
Punch Data Row 2 CWA K8-7 L8-6/7 60
Punch Data Row 3 CWA K8-6 L.8-10/9 59
Punch Data Row 4 CWA K8~2 L9-14/13 58
Punch Data Row 5 CWA K8-3 L9-12/11 57
Punch Data Row 6 CWA K9-7 L9-10/9 56
Punch Data Row 7 CWA K9-6 L9-6/7 55
Punch Data Row 8 CWA K9-2 1.9-2/3 54
Punch Data Row 9 CWA K9-3 L9-4/5 53
Punch Data Row 11 CWA K7-6 L8-4/5 253
Punch Data Row 12 CWA K7-7 L8-2/3 254

Notes:
1. All signals output from the controller to a device are active-low,

2. The Punch Select signal to the Card Punch device is held at the constant logical value
Of HOH-
3. The insertion of jumper JM enables the outputs of the CP Punch Data Rows through

J3-12, 13/11. The constant set of the On Bus Flip-Flop enables the other oit put lines.
See page 2~7.

4. Gate S6A~6, 7/5 (wired-OR to gate S6B-6, 7/5) and gate S6A-1, 2/3 (wired-OR to gate
$6B1, 2/3) are enable by the insertion of jumper JM.
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Unit Protect

The three devices are protected whenever the

UPO jumper is inserted.

The UPO jumper is

located at Pl and is connected to the 4-

input multiplexer at P2.

The inverted out-

put P2-14 is connected to jump condition

UNTPRT (F1-14).

When jumper UPO is removed, all the three

devices are non-protected.

Maintenance Switches

The LS switch is the ON-Off Line Switch and

is connected to jump condition ONOFLN.

the "ON" position, the switch permits normal
In the "OFF" position

the switch disconnects the controller from

controller activity.

the A/Q bus of the computer and places _lLie
controller in the Maintenance mode. In this
mode, the AND gate output U4-12 will be low.
The sequencer input U6-4 will also be low
thus disabling sequencer operation. Con-
sequently, all A/Q commands received will
generate an internal reject.

The type of operation performed is now a
function of the positions of the maintenance
switches (MS1-MS3).

MS1l is connected to jump condition MSW1
(J1-14) .

MS2 is connected to jump condition MSW2
(J1-2) .

TABLE 5-3. MAINTENANCE SWITCH POSITIONS
Ms3 Ms2 MS1l Off-Line Operation
Off Off Off Not Used
Dff Off Oon Not Used
Ooff Oon Ooff CP Triangular Data Pattern
Off On Oon CP All Ones
On Off Off PTP Triangular Data Pattern
On Off On PTR Backward Motion
On On Off PTR Forward Motion
On on On Not Used
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MICRO INSTRUCTION DESCRIPTION

Most of the control logic with the Controller
is implemented by micro instructions contain-
ed with Programmable Read Only Memory (PROM).
This design approach replaces the more con-~

ventional hard-wired random logic.

To understand the Controller's logic the
reader must first understand how the micro-
control section operates and then how to
follow the logical program flow as shown

in the flow charts.

The following description describes the
micro-instruction and their implementation.
The micro-program flow charts are shown in
Appendix A.

JUMP INSTRUCTION

The Microinstruction Repertoire

The microinstruction set is divided into 4

groups:

1. Inter-Register instructions.
2. Load Constant instructions.
3. Control Line and FF instructions.

4, Jump instructions.

The 16 bit microinstruction word is denoted
ROO through R15, where R0O0 is the least
significant bit. Figure 5-4 is a summary
of the various microinstruction group

formats.

RIS RMRB RI2RI RIORY RBR7 R6 RS R4 R3 R2RI RO

[|°IIIJIIHIIIIIIH

MODE kJUMP COND SELECT—— JUMP ADDRESS ——

LOAD CONSTANT INSTRUCTION

RIS Ri4 RI3 RI2RII RIOR9 RB R7 R6 RS R4 R3R2 Rl RO

Lifofoje] [ [T T TTTTTT]

k-MODE — ->{DESTINATION k———— CONSTANT—

INTER REGISTER TRANSFER INSTRUCTION

RS R RIS RIZRIl RIOR9 R8 R7 R6 R5 R4 R3 R2 Rl RO

LDl T 1T [ [sslsalsilsof™] [ [ |

+ MODE-SOURCEl-DESTINATION ALU CONTROL» SOURCE A |-
8

CONTROL LINE AND SET/RESET F/F INSTRUCTION

RIS R4 RI3RE RIl_RIORY R8 R7 R6 R5 R4 R3 R2 Rl RO

Lot [ [T [TeJe[ TTTTT]

kMODE -+ | » CONTROL UNEl« N/A~ FLIP FLOP SELECT |

SELECT

I1=SET
O=RESET

Figure 5-4.
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Inter-Register Microinstruction

Inter-register microinstructions are identi- .

fied by Rl4=1 and R15=1. These instruct-
ions cause data from a combination of two
sources to be sent through the ALU to a
destination register. Various logic and
arithmetic operations, selected by the ALU
cenitrol lines, are performed on the data as
it passes through the ALU. Figure 5-5 il-
lustrates the instruction format.

The source A field bits RQ0, R0l and R0O2,
select one of seven available source A reg-
isters. Table 5-4 provides the Source A
codes.

The Source B field, bits R13 and R12, sel-
ect one of four available Source B regis-
ters. Table 5-5 provides the Source B codes.
The Destination field, bits R08 through R1ll,
select one of 12 destination registers.
Table 5-6 provides the Destination codes.
The ALU Control field bits R03 through RQ7
activate five of the six ALU control lines.
The remaining ALU control line Cn is acti-
vated by a control flip-flop. Table 5-7
provides the ALU operation codes.

RIS RI4R3 RE2 Ril RIORS RS R7 R6 RS R4 R3 R2 Rl RO
DD DL L] [ssIsasifsol®] | | ] -

-moos-isogncq-oesrmxrmh ALU CONTROL *{SOURCEA |«

Figure 5-5. Inter-Register Microinstruction

Format

Load Constant Micro-Instruction

The Load Constant microinstruction, identi-
fied by R13=0, R14=0 and R15=1, loads an 8-
bit character (constant) originating from the
PROM into one of 12 destination registers.
Figure 5-6 shows the instruction format.

Bits RO8 through R11l select the destination
register. Table 5-6 provides the destinat-

ion register codes.

Jump Microinstruction

Jump type micro instructions are identified
by R15=0. Figure 5-7 shows the Jump Micro
instruction format.

The bits R08 through R00 specify the Jump
Address. The 1K PROM is divided into 2 banks
of 512 words each (locations 0-511 are called
the lower bank, locations 512-1023 are called
the upper bank). R08-R00 specify the address
within a bank. The ROM Bank Select (RMBNKS)
F/F, which is set or reset by the Flip-Flop/
Control Line Instruction, selects the bank to

which the jump will be made.

RIS Ri4 RB RI2 Ril RIO R9 R8 R7 R6 R5 R4 R3 R2 RI RO
Lifofofe] [ [T [T T TTTTT]]

j— MODE —| | +DESTINATION ~+———CONSTANT———|

NOT USED

Figure 5-6. Load Constant Microinstruction
Format

RIS Ri4 RI3RI2 Rl RIORS R8 R7 R6 R5 R4 R3 R2 Rl RO

ol TT TP T TTTUTTTTTT]

MODE l-JUMP COND SELE k———JUMP ADDRESS —

Figure 5-7. Jump Microinstruction Format
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The Jump condition select field consists of
bits R14 through R09. There are seventy
two available jump conditions divided into
two groups of sixty four and eight. The
jump condition group (JGRP9) ENB FF, which
is set or reset by the FlipFlop/Control
Line Instruction, selects the group. Bits
R14-R09 select the condition within the
(For the Group of g8, only R11-R09
are valid.) Table 5-11. shows the Jump con-

group.

dition select codes and the corresponding
jump conditions.

There are two types of Jump Instructions:

A) Unconditional Jump: This type is
identified by R14-R09 equal zero. The
program counter bits 8-0 will be loaded
with R0O8-R00. Program counter bit 9
will be loaded with the contents of ROM
Bank select (RMBNKS) F/F.

B) Conditional Jump: If the selected con-

" dition is true, the program counter will

be loaded with R0O8-R00 and the Bank sel-

ect (RMBNKS) F/F. If the selected con-
dition is false, the program counter

will be incremented by one.

Jumping to Subroutines

Jumping to subroutines is a two-step process.
First the return address must be saved, and
then a jump (conditional or unconditional)
must be made to the starting address of the
(The Bank Select (RMBNKS) F/F
must be set according to the bank in which

subroutine.

the subroutine is located prior to the jump.)
Figure 5.8 shows the instruction sequence
necessary for jumping to and returning from
subroutines. P incremented by one (P+l) is
loaded into the register file at address 0
via an inter-register instruction. Address
0 is provided to the File Address Register
(RAMADD) by the hardware. Execution of

this instruction will also cause the upper
two bits of the PC to be saved in flip-flops.
Next, a jump is executed to the starting
address of the subroutine. To return from
the subroutine zero is loaded into the File
Address Register (RAMADD) via a load con-
stant instruction. The contents of RAM 0 is
incremented by one and loaded into the PC.
This causes a jump to the return address
(P+2) . The upper two bits which were saved
in flip-flops are loaded into the upper bit
positions by hardware.

SELECT BANK OF SUBROUTJRE

p ——————p |LOAD [P+i]] TO RAM AT ADDRESS O

~Calling Program

P+1 SUBROUTINE

JUMP TO STARTING ADDRESS OF

This instruction must not be
" T]located in ROM addresses 255,

Return Address = (P+2)

N

256, 511, 512,767, 768 and
1023.

|
\

Starting Address ———————p

Subroutine

LOAD O TO FILE ADDRESS
REGISTER (RAMADD)

Body
Return Sequence

Loao [Ram (0) + 1] To PC

Figure 5-8,.

INSTRUCTION SEQUENCE FOR JUMPING TO AND

RETURNING FROM SUBROUTINES
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The Jump Instruction which causes the jump
to the starting address of the subroutine
cannot be located in PROM addresses 255, 256,
511, 512, 767, 767, .or 1023 due to the
structure of the PC.

Control Line and Set/Reset FF Instructions

These instructions identified by R13=1,
R14=0 and R15=1, are used for setting or
resetting one of the 56 available control
flip-flops and for providing a pulse on one
of 16 available control lines. Both of
these operations can be performed in the
same micro-instruction. Figure 5-9

illustrates the instruction format.

RI5 RI4RI3RI2 R RIOR9 R8 R7 R6 R5 R4 R3 R2 Rl RO

HEEEEEEEEEEEEEEN

kMODE | | »CONTROL LINE[ NOT A FLIP FLOP SELECT -
SELECT  USED

| FF SET
O FF RESET

Figure 5-9. Control Line and Set/Reset FF
Instruction Format

The Flip-Flop Select Field, ROO0 through RO5
selects one of 56 available flip-flops.
Table 5-9 provides the flip-flop codes.

Bit R12=0 resets the selected flip=Fflop.
Bit R12=1 sets the selected flip-flop.

The Control Line Select field selects one
of 16 available control lines which will
be strobed. Table 5-10 provides the control

line codes.

SOURCES = R15 R1l4

TABLE 5-4.

SOURCE A CODES

RO2

ROL ROO

SOURCE A

-+ P O O O O

H ©O O H O O
H H O H O K O

(FILE) RAMS

(WRITE CHARACTER) WCS
(A-LINES LOW) AINLS
(A-LINES UP) AINUS
(B-REGISTER) BREGS
(Q-LINES) QS

(PROGRAM COUNTER) PCS

Source A is the proM in Load Constant
Instruction (R15, R14, R13).

TABLE 5-5. SOURCE B CODES
R13 R12 SOURCE B

0 0 (CWA ) CWALS
0 1 (CWAU) CWAUS
1 0 (BUF 2.) BF2LS
1 1 (BUF 2,,) BF2US
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TABLE 5-6.

DESTINATION REGISTER CODES

DESTINATION MICRg;éggTRUCTION DESTINATION
NUMBER rR11 | R10] R9 RS
0 0 0 0 0 NOT USED
1 0 0 0 1 NOT USED
2 0 0 1 0 NOT USED
3 0 0 1 1 NOT USED
4 0 1 0 0 FILE ADDRESS REGISTER (RAMADD)
5 0 1 0 1 CWAuu (CPU MEMORY BANK) (BANKD)
6 0 1 1 0 FILE (RAMD)
7 0 1 1 1 PROGRAM COUNTER (PCD)
8 1 0 0 0 WRITE CHARACTER (WCD)
9 1 0 0 1 A REG UPPER (AOUTUD)
10 1 0 1 0 CWA LOW (CWALD)
11 1 0 1 1 CWA UP (CWAUD)
12 1 1 0 0 A REG LOWER (AOUTLD)
13 1 1 0 1 BUF 2 LOW (BF2LD)
14 1 1 1 0 BUF 2 UP (BF2UD)
15 1 1 1l 1 B REGISTER (BREGD)
TABLE 5-7. ALU CONTROL CODE INTER-REGISTER MICRO~INSTRUCTION
ALU CONTROL LOGIC ARITHMETIC
s3| s2{ si1| so M=1 M=0, C; =1 M=0, C;,=0
0 0 0 0 A A A plus 1
0 0 0 1 A+B A+B (A+B) plus 1
0 0 1 0 A'B A+B (A+B) plus 1
0 0 1 1 Logic 0 minus 1 (2s comp) zero
] 1 0 0 A'B A plus A'B A plus A'B plus 1
0 1 ] 1 B A'B plus (A+B) A'B plus (A+B) plus 1
0 1 1 0 A+B A minus B minus 1 A minus B
0 1 1 1 A'B A'B minus 1 A'E
1 0 0 0 A+B A plus A°'B A plus A'B plus 1
1 0 0 1 ATB A plus B A plus B plus 1
1 0 1 0 B A'B plus (A+B) A°B plus (A+B) plus 1
1 0 1 1 A'B A’B minus 1 A'B
1 1 0 0 Logic 1 A plus A=2xA A plus A=2xA plus 1
1 1 0 1 A+B A plus (A+B) A plus (A+B) plus 1
1 1 1 0 A+B A plus (A+B) A plus (A+B) plus 1
1 1 1 1 A A minus 1 A
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TABLE 5-8.

FILE REGISTER USAGE

RAM ADD REG

(0) 0 0 0 Return Address
PTR

(1) 0 0 0 INTRPT RSPNS
PTP

(2) 0 0 1 INTRPT RSPNS

(3) 0 0 1 CP INTRPT RSPNS
PTR DATA & NRDY

(4) 0 1 0 INTRPT REQ
PTP DATA & NRDY

(5) 0 1 0 INTRPT REQ
CP DATA & NRDY

(6) 0 1 1 INTRPT REQ

(7) 0 1 1 PTR STOP/START
PTR ASSY

(8) 1 0 0 TRANSFER STAT
PTR SECOND

(9) 1 0 1 CHARACTER REG
PTP

(10)] 1 0 1 INDEX CA
PTP FIRST

anf 1 0 1 CHARACTER REG
PTP SECOND

(12)] 1 1 0 CHARACTER REG

(13)] 1 1 0 N/A

(14) N/A

(15)] 1 1 1 N/A
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FLIP FLOP CODES

TABLE 5-9,

I/0
PIN

50

81
294

82
85
86

87

232

242

249

49

88

PT/LP

PTPCA

PTPCUFF

RMBNKS

PTPDSFF
ECHO

CPDATFF

CPOFFS

PTPPAR [250
ENDLOP

ENDLCK

PARSUP

PTRDTFF
BUSY

SELBREG

JGRP9

INTRSP

PTRAYFF ;293

PTPSTFF
PTRPEFF

PTPIRFF

1
0

0
1
0

0

0
1

1
0
1
0
1

1
0

0

0
1
0

Rl | RO

R2

‘R3

R4

R5

FDD

0

1

F/F GRP

0

2

F/F GRP

F/F GRP

3

4

F/F GRP

0

5

F/F GRP

5-21
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TABLE 5-9.

FLIP FLOP CODES (Continued)

FDD R5 |R4 |R3 |R2 | R1| RO | PT/CP éég
F/F GRP 6 0| 1| of of 1| 1| 1 —_— —
il 1] 0] o 1] 1| o S
2 1] o] of 1] o 1 PTRAM
3 1] o] o] 2] of o PTPSCFF | 10
4 1] 0] of of 1] 1 ONBUSFF | —
5| 1] o] of of 1] o 84
6| 1] 0] o o of 1 PTRAC
71 1| of of of o] o CNALU —
F/F GRP 7 o0} o] of of 1| 1| 1 ‘ 227
1| of o]l of 1] 1] o PTRBFFF | —
2l o} of of 1] of 1 PTPDYFF | —
3] ol of of 1| o] o —
4! o] of of of 1| 1 EOP —
5 0 0 0 0 1 0 PTPDTFF _
6] o of of o of 1 PTRACFF | —
71 o] of o] of o o CNTPRT —
TABLE 5-10. CONTROL LINE CODES
C.L. | R1l1 |R10] R9 | R8 PT/CP
of o 0 0| 0 | NOT USED
1 0 0 0 1 (SET REJECT) REJ
2| o0 0 1| o
3] o 0 1| 1| (SET REPLY) RPLY
4l o 1 0| 0| (RST CP FD&INF) CPFIRT
5/ 0 1 0| 1 —_—
6] 0 1 1| o | (SET INFO) CPINST
71 o0 1 1| 1 | PTRRT
8|l 1 0 o| o _—
9| 1 0 o 1 _
10 1 0 1| o S
11| 1 0 1| 1 —_—
12| 1 1 ol 0| (RT PTP DISASSY) PTPDYRT
13| 1 1 o| 1
14| 1 1 1| 0| (SET FEED) CPFEST
15| 1 1 1| 1| NOT USED
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FLIP-FLOP CODES (Table 5-9)

FF 12: PTPCA - PTP Control Available.
Used when special control status information

is transmitted using signals D1 through D8.

FF 13: PTPCUFF - PTP Cut Program.

Used as an index FF.

FF 14: RMBNKS - ROM Bank Select.

Used to jump between any of the S12 lower
(upper) rom locations and any of the S12 up-
per (lower) ROM locations.

FF 15: PTPDSFF - PTP Disassembly Transfer
Status.

Used to monitor data transfer status when
disassembly data mode is selected.

FF 16: ECHO - Echo.
Used in Self Test 3 A/Q Command to allow
echoed data transfer via the PT Relay Station.

FF 17: CPDATFF - CP Data Status.

Used as a flag for data transfer to the CP
device.

FF 23: CPOFFS - CP Offset.
Used to offset the card moving from the punch

station to the stacker in the CP device.

FF 33: PTPPAR .- PTP Parity Bit.
Used to allow odd parity data transmission
to the PTP device.

FF 34: ENDLOP - Enable Delay Operation.
Used to allow a delay of about 1 second when
entering the Off-Line condition.

FF 36: ENDLCK - Enable Delay Clock.
Used together with FF 34,

FF 37: PARSUP ~ Parity Supplement.

Used for odd parity calculations.

FF 40: PTRDTFF - PTR Data Status.
Used as a flag for data transfer from the
PTR device.

FF 41: BUSY - Controller Busy.

Used to inform the CPU that the controller is
busy executing a CC, Self Test 1, Self Test 2
or Self Test 3 A/Q Command.

89601564 02

FF 42: SELBREG -~ Select B Register.

If this FF is set, B-Register is loaded from
data coming from the PTR device; if this FF
is reset, B-Register is loaded with data
from the ALU.

FF 46: JGRP9 - Jump Conditions on Group 9.
Used to enable jump conditions on group 9.

FF 47: INTRSP - Interrupt Response.

This is the interrupt response line to the CPU.

FF 53: PTRAYFF - PTR Assembly Mode.
Used to select data transfer mode {(Character/
Assembly) from the PTR device.

FF 55: PTPSTFF - PTP Start Mode.
Used to allow data transfer to the PTP device.

FF 56: PTRPEFF - PTR Parity Error.

Used to inform the CPU (PTR Alarm Status A/Q
Command) of any possible parity error on data
transfer from the PTR device.

FF 57: PTPIRFF - PTP Info Ready.
Used as a flag to indicate that a. PTP Data

A7/0 command is issued.

FF 62: PTRAM - PTR Acceptor Message.
Used to select direction of reading in the
PTR device.

FF 63: PTPSCFF - PTP Source Control.
Used to start punching data on the PTP device.

FF 64: ONBUSFF - Enable bus to devices.
Used to enable output drivers.

FF 66: PTRAC - PTR Acceptor Céntrol.
Used to request information on the data lines
from the PTR device.

"FF 67: CNALU - CN ALU.

Used to select logical or arithmetical ALU-

operations.

FF 71: PTRBFFF - PTR B-Register Full.
Used to denote that one data character has
been received from the PTR device.

FF 72: PTPDYFF - PTP Disassembly Mode.
Used to select data transfer mode (character/
disassembly) to the PTP device.



FF 74: EOP - End of Operation.

Used to indicate the END point of Self Test -

1, Self Test 2 and Self Test 3 A/Q commands.

FF 75: PTPDTFF - PTP Data/Function Status.
Used as a flag for data transfer to the PTP

device.

FF 76: PTRACFF - PTR AC Index.
Used together with FF 62.

FF 77: CNTPRT - Controller Protect.
This FF is sampled only after every CC or MC.
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TABLE 5-11.

JUMP CONDITION CODES

R15|R14|{R13{R12| R11|R10| RO PT/CP gég
Jc 10 ol o] o| 1 1| 1| 0 | PTRAYJC (293)
11 0 0 0 1 1 0 0 PTRPEJC —_—
12 oo ol 1 0| 1 | 0 | PPPIRJC —_
13 ol ool 1 o| o | o | prPST3C —_—
14 ol o oo 1{ 10 |———m 291
15 oflofolo 1| 0 | 0 | RMEXEC —_—
15 ol ofl o} o 0| 1]06 | — 92
17 ol of|o]| o o o] o0 [H (ucNDp JuMp) | —
Jc 20 ol 1|0 1 1| 1|1 | cprDY 99
21 ol 1] 0| 1 1|0 |1 —
22 o 1|0 1 0| 1|1 93
23 ol 1] 0] 1 0| 0 | 1 | CPINFJC (85)
24 ol1|]o0fo 1| 1|1 42
25 oj 10| o 1| 0 | 1 | CPFEDJC (81)
26 ol1|0] o 0| 1 |1 | ONOFLN —_
27 of1]01}]0 0| 0 | 1 | cpBSY 91
JC 30 ool 1|1 1011 | — _—
31 o] o| 1] 1 1{0]1 | — N—
32 oo 1|1 o 1|1 | — 35
33 ol o0} 1} 1 0} 0|1 |—— —_
34 ofo| 1o 1( 1)1 | ——v 36
35 ojJo| 1] o0 1{0]1 |— —_—
36 o] o 1] o0 o 1|1 | — —
37 ol o] 11} o0 0| 0 |1 |— 296
JC 40 o] o0} o0 1 1| 1| 1 | EQUAL —_—
41 ol o} 0] 1 1] 0o | 1 | couT —_—
42 o] ol o] 1 ol 11| — 237
43 0|l 00} 1 0| 0|1 | ——70 44
44 oj 0| 0] 0 1] 1|1 | — S
45 ol o] o] o 101 |— 252
46 ol o] o] o o 1|1 | —m 263
47 ol o] o} o 0 0 |1 48
JC 50 ol 1] 1} 1 1| 1| 0 | prPAC 23
51 o 1| 1] 1 1| 0 | 6 | PTPAO (PTP RDY) 24
52 ol 1] 1{1 0| 1| 0 | PrRSO (PTR RDY) 22
53 0 1] 1} 1 o| o | o | prRsC 25
54 o 1| 1] 0 1 1|0 | prepaM 16
55 o] 1| 1] o0 1| o | o | ParLTC _
56 ol 1] 1] o0 0| 1| 0 | PTRPAR 21
57 of 1] 1] o 0| 0| 0 | PrrCA 20




TABLE 5-11. JUMP CONDITION CODES (Continued)

R15}R14|R13(R12| R11|R10|R9 PT/CP ;ég
JC 60 0 1 0 1 1 1 0 —_ 80
61 0 1 0 1 1 0 0 —_——
62 0 1 0 1 0 1 0 PTRDTJC _—
63 0 1 0 1 0 0 0 BMSB .
64 0 1 0 0 1 1 0 PTRBFJC _—
65 0 1 0 0 1 0 0 UNTPRT _
66 0 1 0 0 0 1 0 PTRACJC _—
67 0 1 0 0 0 0 0 PTPDTJIC —_—
70 0 1 1 1 1 1 1 94
71 0 1 1 1 1 0 1 CPSTBY 95
72 o111 o 1| 1] - _
73 0 1 1 1 0 0 1 CPPUIH 297
74 0 1 1 0 1 1 1 CPHOEM 97
75 0 1 1 0 1 0 1 CPECER 298
76 0 1 1 0 0 1 1 98
717 0 1 1 0 0 0 1 —_ 299
JC 80 oo 1{1 1| 1| o| ONBUSJC —
81 0 0 1 1 1 0 0 PTPDSJC _
82 0 0 1 1 0 1 0 PTPSCJC 10
83 0 0 1 1 0 0 0 WCEMPT —_—
84 0 0 1 0 1 1 0 PTPDYJC —_—
85 0 0 1 0 1 0 0 BMDL _
86 0 0 1 0 0 1 0 PTPCUJC e
87 0 0 1 0 0 0 0 CPDATAJC —_—
Jc 90* 0 0 0 1 1 1 0 295
91 0 0 0 1 1 0 0 _ 27
92 0 0 0 1 0 1 0 MSw2 —_—
93 0 0 0 1 0 0 0 MSW3 —
94 0 0 (0] 0 1 1 0 _
95 0 0 0 0 1 0 0 MSW1 —_—
96 0 0 0 0 0 1 0 —_— —_—
97 0 0 0 0 0 0 0 _— —_
* NOTE: JC Group 9- ENB F/F must be set.
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JUMP CONDITION CODES (Table 5-11)

JC 10: PTRAYJC - PTR Assembly Mode.
Used together with FF 53,

JC 1l: PTRPEJC - PTR Parity Error.
Used together with FF 56.

JC 12: PTPIRJC - PTP Info Ready.
Used together with FF 57.

JC 13: PTPSTJC - PTP Start Mode.
Used together with FF 55.

JC 15: RMEXEC - ROM EXEC.
Used to detect the beginning of an A/Q
command.

JC 17: H - High.
Used for unconditional jumps.
JC 20: CPRDY ~ CP Ready.

Used to detect the ready ¢ondition from the
CP device.

JC 23: CPINFJC - CP Info Ready.
Used to detect the starting point of the
punching cycle in the CP device.

JC 25: CPFEDJC -~ CP Feed.

Used to detect the end of a Feed command.

JC 26: ONOFLN - ON/OFF LIne Switch.
Used to detect the position of the ON/OFF

Line Switch.

JC 27: CPBSY - CP Busy Signal.

Used to detect punching time in the CP device.

JC 40: EQUAL ~ ALU A=B,.

Used to detect if the contents of one regis-
ter on the 'A' side equals the contents of a
second register on the 'B' side.

JC 41: COUT - Carry Out.
Used to detect the ALU C-OUT signal value.

JC 50: PTPAC - PTP Acceptor Control.
Used to detect request of information from
the PTP device.

JC 51: PTPAO -~ PTP Acceptor Operable.
Used to detect Ready condition from the PTP
device.
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JC 52: PTRSO - PTR Source Operable,
Used to detect Ready condition from the PTR

device.

JC 53: PTRSC - PTR Source Control.
Used to detect the time when data coming from

the PTR device is ready to be taken.

JC 54: PTPAM - PTP Acceptor Message.
Used to detect a message from the PTP device.

JC 55: PARLTC - Parity Latched.
Used for odd parity computations.

JC 56: PTRPAR - PTR Parity Bit.
Used to check odd parity condition on data
from the PTR device.

JC 57: PTRCA - PTR Control Available.
Used only for Self Tests Operations.

JC 62: PTRDTJC - PTR Data Status.
Used together with FF 40.

JC 63: BMSB - B-Register Bit 27.

Used to check value of most significant bit
of B-register.

JC 64: PTRBFJC - PTR B-Register Full,
Used together with FF 71.

JC 65: UNTPRT - Units Protected.
Used to detect protect condition
three devices (PTR, PTP, & CP).

on the

JC 66: PTRACJC - PTR AC Index.
Used together with FF 76.

JC 67: PTPDTJC - PTP Data Status.
Used together with FF 75,

JC 71: CPSTBY - CP Stand-By.
Used to detect the Stand-By condition in the
CPp device.

JC 73: CPPUIH - CP Punch Inhibit.
Used to detect the Punch-Inhibit condition
in the CP device.

JC 74: CPHOEM - CP Hopper Empty.
Used to detect the Hopper Empty condition in
the CP device.



JC 75: CPECER - CP Echo Error.
Used to detect the Echo-Error condition in
the CP device.

JC 80: ONBUSJC - Enable Bus to Devices.
Used together with FF 64.

JC 81l: PTPDSJC - PTP Data Status.
Used together with FF 15.

JC 82: PTPSCJC - PTP SC Index.

Used together with FF 63.

JC 83: WCEMPT - Word Counter Empty.
Used to detect the time when the contents of
the WC register can be changed.

JC 84: PTPDYJC - PTP Disassembly Mode.
Used together with FF 72,

JC 85: BMDL - B-Register bit 2°.

Used to check the value of B-Register bit

2°,

JC 86: PTPCUJC - PTP Cut Program.
Used together with FF 13.

JC 87: CPDATAJC - CP Data Status.

Used together with FF 17.

JC 92: MSW 2 -Maintenance Switch 2,
Used to detect Off-Line Maintenance Operat-

ions code.

JC 93: MSW 3 - Maintenance Switch 3.
Used to detect Off-Line Maintenance gQperat-
ions code.

JC 95: MSW1l - Maintenance Switch 1.
Used to detect Off-Line Maintenance Operat-

ions code.
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PAPER TAPE RELAY STATION

LOGIC CIRCUIT DESCRIPTION

The PT Relay Station Printed Circuit contains
the logic networks which interface the
Cyber 18 PT/CP Controller with the Facit

Paper Tape Reader and Punch devices.

Paper Tape Reader Connection Circuits

The data (PTR D1~-PTR D8) from the Facit-
received at eight
17, u, s, 15, 1e,

R and P and conform to the requirements of

4020 Paper Tape Reader is
pins of connector J2: T,
the device output signals interconnection
(SP1 interface). The data from Reader is
received by a network of diodes, resistors
and capacitors. In this mode, the input

signals are high and are limited at +5V DC.

The data is transferred through Schmitt-
Trigger inverters (IC 1, IC 2) and inverters
(IC 12, IC 13) to Quad 2-input Multiplexers
(IC 8 and IC 30). Whenever the Select
(IC 8-1 and IC 30-1) are Low, the
PTR Data is transferred to the Multiplexers

inputs

outputs.

This data is inverted and transmitted to the
Controller by the Drivers at locations 9A,
9B, 20A and 20B.

sists of two resistors:

The output network con-
220 Q@ and 330 @

and all output signals to the Controller are
active low. When the Relay Station is in
the Copy mode the "Output to Controller"

Drivers are disabled (Low at the input).

The IC 8 and IC 30 Multiplexer outputs are
connected to IC 5 and IC 16 Quad 2-input

Multiplexers.
is in the Copy mode (IC5-1 and ICl6-1 are

Whenever the Relay Station

Low), the data received from the Reader is
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transferred to IC 5 and IC 16 outputs.

This data is transmitted through the 3-State
Buffers IC 4,

(2.2K to Vcc,

B, Jd, 7, 4, 6,
as Paper Tape Punch Data.

IC 26 and resistor networks
47 Q serial)
5, E and D of J2 connector

to output pins

NOTE

The output resistor networks conform
to the PTP input signals connection

requirements.

The PTR control signals PTR P and PTR CA

are received from Reader at pins 13 and 14
(J2) .
Controller or to the Paper Tape Punch
(pins 8 and C at J2)
the data. The signals are connected to
Multiplexer IC17.

are connected to drivers at location 6B.

These signals are transmitted to the

in the same manner as

The Multiplexer outputs

Whenever the Relay Station executes a Copy,
the PTR P and PTR CA are transmitted through
Multiplexer IC 27 and 3-State Buffers

IC 26, PTR SO
and PTR SC (pins M and N at J2) are received

to the Paper Tape Punch.

at the special networks which are required
by the device output signal connection.
These networks (resistors, capacitor,
feedback resistor)

transistor, inverters,

constitute Schmitt-Trigger circuits.

The PTR SO and PTR SC signals are transmitted
to Controller through Multiplexer IC 17 and
drivers at location 6A. Whenever the Relay
Station executes a Copy, the signals are
transmitted through Multiplexer IC 27,
3-State Buffers IC 26 and resistor networks

to Paper Tape Punch (pins F and H of J2).

The control signals to the Reader (PTR AO,
PTR AM and PTR AC) are transmitted at pins

K, L and 9 of connector J2. The output



networks (two resistors) conform to device
input signals connection requirements. The
output drivers IC3-4/5 and IC3-10/9 are
constantly enabled (IC3-1 is grounded).
IC3-12/11 is disabled for an Echo operation.
In this case, the input at pin "u" of J1
connector is "low", through IC 25-9/8 and

IC 24-9,10/8 (the Copy switch is OFF) IC3-15
is "high" and disables IC3-12/11.

Whenever the Relay Station executes a Copy,
the PTP AO, PTP AM and PTP AC signals are
transmitted from pins J2-10, 12, 11 through
Schmitt-Trigger networks, Multiplexer IC15
and Multiplexer ICl4 to the Reader as PTR AO,
AM and AC.

Whenever the Relay Station interfaces between
the Controller and Reader, the PTR AM and AC
signals are received at Jl-h and d. Through
IC18-3/4 and IC18-11/10 these signals are
connected to the B input of the Multiplexer
ICl4. PTR A0 is the output signal of AND
gate IC24-9,10/8 inverted by ICl3-3/4 and
connected at ICl4-3.
Station executes an Echo operation (IC24-10
is high, IC24-9 is high) the PTR AO to

device is low and the Reader is disconnected

Only when the Relay

from Controller.

Paper Tape Punch Connection Circuits

The control signals from the Punch,
PTP AM, PTP AM and PTP AC are received and
connected as described above, for a Copy

operation.

Whenever the Relay Station interfaces between
the Punch and the Controller, IC15 Multi-
plexer output signals are transmitted through
21A, 21B Drivers and 220/330 9 resistor net-
works to pins Ji-N, M and P.

The data for punching (PTP D1 - PTP D8) is
received from the Controller at pins Jl-k,m
a, z, 1, b, c and j.
connected at the B-inputs of IC5 and IC16
Multiplexers through 220/330 9 resistor

The punch data is

networks and Schmitt-Trigger inverters IC7
and IC18.
in a Copy operation, the data from the

Controller is selected by IC5 and ICl6. The
outputs of these Multiplexers are connected
to output Buffers (IC4, IC26) and to Multi-
plexers IC8 and IC30.

Whenever the Relay Station is not

Whenever the Relay
Station is in an Echo mode, the output
Buffers to Punch (IC4, IC26) are disabled.
IC8 and IC30 output signals are transmitted
to the Controller through Drivers at 9, 9B,
20A, 20B and resistor networks. The control
signals to the Paper Tape Punch PTP P (J1-f),
PTP CA (Jl-e) and PTP SC (J1l-s) are received,
through resistor networks (220/330 @) and
Schmitt-Trigger inverters IC18-5/6, IC18-9/8
and IC25-11/10, at the B-input of Multiplexer
Ic27. The signal at IC24-8 (COPY-ECHO) is
inverted by IC13-3/4 and connected to IC27-10
as PTP SO.
connected through IC26 Buffer and resistor

The Multiplexer IC27 outputs are

networks (2.2K connected to Vecc and 47 Q in
series) to pins 8 (PTP P), C (PTP CA),
F (PTP SO) and H (PTP SC) of connector J2.

In an Echo mode, the outputs to the Punch
are disabled, IC27 outputs are connected
through Multiplexer IC17, Drivers at 6A and
6B and resistor networks (220/330 Q) to the
Controller (pins t, n, r and p of Jl).

The control signals from the Paper Tape Punch
PTP AO, PTP AM and PTP AC are transmitted to
the Controller through Schmitt-Trigger net-
works, Multiplexer IC1l5, Drivers at 21A and
21B and resistor networks (220/330 Q). The
outputs are at pins N, M and P of connector
Jl.
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Connections to Controller

The Controller requests active low signals
from the devices. The signals transmitted by
the Controller are active low. The devices

request and transmit active high pulses.

The Relay Station matches the activity of the
signals between the devices and the Controller.

The signals to and from Controller are con-
nected at connector J1l. The signals from
the Controller are received by resistor net-
works and Schmitt-Trigger inverters. The
signals to the Controller are transmitted by
Drivers with resistor networks at the outputs.
All these resistor networks are formed from
220 © and 330 Q. The signal COPY disables
the outputs to the Controller. In COPY mode
the Contrcller is disconnected from the Relay

Station.

For signal ECHO at Jl-u, the Relay Station
transfers the PTP Data and Control signals
from the Controller as PTR Data and Coéntrol
signals back to the Controller. In ECHOC mode
the Controller is disconnected from the

devices.

Front Panel Switch and Display

On the Front Panel, a LED indicator illumin-
ates whenever the Logic circuit receives

+5V DC.

The Copy switch, whenever it is in the ON
state,determines a Copy mode of operation.

DC COPY
POWER
ON LINE

Figure 5-10. Paper Tape Relay Station Front Panel
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. 220V-0,5AFB
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POWER
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©@.- O

(z —
—
&

®F2

® II5V= TAFB
220V- 05FB

Figure 5-11. Paper Tape Relay Station Rear Panel
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PT RELAY STATION POWER SUPPLY

The power supply consists of a transformer,
a capacitor (CEXT), and a PWA circuit. The
power supply provides the =5vdc for the
Paper Tape Relay Station logic circuit.

The transformer lowers the 230 v/115v AC
voltage to 22.0. A 230v/115v slide switch
selects between the AC power input modes
230 or 115 VAC.

The secondary of the transformer is connect-
ed to an AC to DC rectifier. This circuit
of two diodes CR17 and CR20 and

two electrolytic capacitors C25 and CEXT.

consists

The PWA includes a switching power supply.
Transistor Q9 is switched by an active high
When Q9 conducts the
choke Tl transfers current to the output.

pulse at the base.

The voltage drop across the choke is 25v
(+30v at end 1, +5v at end 2); Tl collects
5/6th of the total energy.
ceases to conduct, the voltage at end 1 of
Tl tends to "-«",

WHenever Q9

_ . dI
V=5%3gE ; 1 + 0
£+ -—C0
dt
V =+ =x

Diode CR29 is a clamping diode and CR21
limits the voltage drop to “-0,7v".

The electrolytic capacitors C22, C23 and C24
form the output filter

Comparator U34-8,9/14, capacitor C20, diodes
CR15 and CR1l6, and resistors R132, R136,
R137, R134 and R135 constitute the power
supply oscillator. The oscillator produces

a triangular wave and negative pulses, at a
frequency of 20 KHz. Comparator U34-6,7/1
compares the triangular wave with the DC con-
trol voltage (U33-9) and produces the pulses

to drive the power supply switch.

Diode CR14 clamps the width of the output
pulses at U34-1.

The pulses at various points of the network

are illustrated in the diagram below:

] 364 BEC. I Il‘lte.l 364 SEC. l!“ SEC.
A
zvS(L'_ 1 M —f ..‘{Eﬁ( _

i T

1
304 l!c.l

_.r_
[T

_'__.
1T

|
e
1]
=
e
]
-
|
|
_ ] __—1——-»—

Figure 5-12. Power Supply Signals

The transistors Q7 and Q6 together with
their networks constitute the driver cir-

cuits for power transistor Q9.

U33 is the voltage regulator of the power

supply.
is based on the fact that the maximum cur-

The current limit operation mode

rent through the main branch (transistor Q9,
choke T1l) is the same as the maximum current
which is transferred by the CR21 clamp diode
circuit whenever Q9 does not conduct.
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The voltage at the junction of R141/R142 is
a reference parameter for the current lim-

iter.

R139 is connected at U33-6; this reference
point has an approximate voltage of 7.2 vdc.
The resistor-network R138 and R139 determ-
ines the voltage at U34-10.

The input at U34-13 goes high and provides
an enable at U33-2. The voltage at Vz (U33-
9) drops down and the width of the output

89601564 02 |

pulses become narrower, and the output

voltage is reduced.

The network formed from U34-4,5/2, transis-
tor Q8, SCR, diodes CR17-CR40, together with
resistors and capacitors provides overvolt-
age protection. Whenever an overvoltage is
present, the SCR shorts the secondary of the
transformer and the fuse at primary will
open. The switching power supply provides
+5vdc at 6A.

5-33/34



MAINTENANCE

Preventative Maintenance

Preventative maintenance is limited to run-

ning dia§nostics.

Operating Adjustments

No operating adjustments are required,
except for the initial setting of the man-

ual control jumpers.

89601564 02

Repair

Maintenance for the PT/CP Controller is to
use diagnostics requiring minimal operator
intervention through the operator's panel to
determine that the Controller is defective.
The defective module should be replaced in

the field and be taken to a depot for repair.
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FLOW CHARTS

PSD =

#@@

RDM

:@
|

RCI

|

RDT

I

PDM
|

PCL

PCI

PIQ

I

@
I

REX
2

Q LINE DECODE
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REX
2

cia
|
COF
|
coT
|
cs2
I
STA
|
ST8
|
sTC

Q LINE DECODE (CONTINUED)
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(OFF LINE)
NO

(ON LINE) YES

MAIN LOOP INTERNAL




SET FF

BUSY BREGD =
BREGS — |
SET FF
@ CNALU
RESET FF
RMBNKS
RESET FF CNALY
SEL BREG
BREGD =
1016 '——l
SET FF
cLC ONBUSFF
2
RAMADD =
BREGS
@ SET FF
CNTPRT
RAMD =
00¢
fcl. RPLY
ciLc
3

CLEAR CONTROLLER A/Q & INTERRUPT
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&
i

RESCT FF

CNTPRT

RESET FF

ECHO

RESET FF

END OP

RESET FF
ENDLCK

RESET FF

PARSUP

RESET FF

JGRPS

cLC

CLC
6

RESET FF

INTRSP

3

RESET FF

PTRPE FF

7

RESET FF

PTRAC

RESET FF

PTRACFF

RESET FF

PTRAM

RESET FF

PTRAYFF

cLC

CLEAR CONTROLLER A/Q & INTERRUPT (CONTINUED)
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RESET FF

PTRDTFF

RESET FF

PTPDYFF

RESET FF

PTRBFFF

RESET FF
PTPDS FF

RESET FF
PTPSCFF

RESET FF

PTPDTFF

RESET FF
PTPCA

RESET FF
PTPCUFF

RESET FF

PTPPAR

RESET FF

PTPLIRFF

RESET FF

PTPSTFF

cLC

RESET FF

CPOFFS

cLC
10

CLEAR CONTROLLER A/Q & INTERRUPT (CONTINUED)
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dcL crrIRT

RESET FF
GCPDATFF

RESET FF

BUSY

1
RESET FF

EOP

(ON LINE)
YES

(oFF LINE) WO |

SET FF

RMBNKS

CLEAR CONTROLLER A/Q & INTERRUPT (CONTINUED)



2 %)

BREGD *
AINLS RESET FF
PTRAC
fcu rrLY
RESET F F
PTRACFF
RA MADD =
07ie qli’
(SET FF @
RAMD =
PTRSTFF) 80,
ves @
no
(RESET FF RAMD =
PTRST FF) 00 4
R8T
2

PTR STOP-START A/Q COMMAND
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RAMADD =
076

BREGD =
RANS

(PTR START)

(REJECT)

(PTR STOP)

PTR FORWARD~BACKWARD A/Q COMMAND

RESET FF
PTRAM




@

RAMADD =
-07q

BREGD =
RAMS

(PTRSTART)

(PTRSTOP)

BREGD=
AlNLS

4 cLreLy

SET FF
PTRAY FF

N0
PTR DATA MODE A/Q COMMAND

A-10

&

RESETFF
PTRAY FF

3
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R?L

{ ct. RPLY

PTR CLEAR A/Q COMMAND

RESETFF
PTRPEFF

RESETFF
PTRAC

RESETFF
PTRACFF

RESET
PTRAM

RAMADD =
074

(RENT PTRST FF)



RESETFF
PTPAY FF

RAMADD =
08,

(RESET PP RAMD =
PTRAS: FF) 00,,

RESET FF
PTRDTFF

RESETFPF
PTRBF FF

@)
)

PTR CLEAR A/Q (CONTINUED)

A-12 89601564 02



89601564 02

@

$cL rPLY BREGD =
RAKS

RAMADD =
04 ¢

Y
{RESET FF'S RAMD =

PTRIS FF & 00,4
PTRIN FF)
RAMADD:
00,4
{RESETFF RAND =
PTRIT FP) 00c
RAKADD =
08¢
RESET FF
INTREP

@

PTR CLEAR INTERRUPT A/Q COMMAND



O

RAMADD =
04

RAND =
AINLS

fcL reLY

&)

PTR INTERRUPT REQUEST A/Q COMMAND
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ROT

PTRDT JC

YES

RAMADD
09

AQUTLD =
RAMS

AOUTUD =
Braus

f oL reLY
RESET FF |
PTROT FF

PTR READ DATA A/Q COMMAND

15



@) av

RAMADO = AOUTLD =
08, Ol e
e feLnpLy

AOUTLD=
008

dcLrPLY

¢

PTR ASSY TRANSFER STATUS A/Q COMMAND
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AOUTLD.=
lll

YES (raL
2
NO
AOUTLD=
00,¢
RAL
2
$ cL. RPLY

PTR ALARM STATUS A/Q COMMAND



feLrmeLy
SET FF
PTPST FF

(pTPSTOP) no.

RESET FF
PTPSTFF

RESET FF
PTPSC FF

¢
e

PTP STOP-START A/Q COMMAND
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(PTP START)

=9

(PTPSTOP) NO

BREGD =
AINLS

fcL rPLY

SET FF
PTPDY FF

RESEV FF
PTPOY FF

=)

PTP DATA MODE A/Q COMMAND



(s | e

§ cL rRPLY |
— mEsETFF :?ET FF
PTPSCFF . PCUFF
RESETFF RESET FF
PTPCA PTPIR FF
RESET FF
PTPPAR
RESETFF RAMADD =
PTPST FF OA ¢
RESET.FF
PTPDYFF
; RAMD = |(RESET PTPIC FF)
00
RESET FF 18
PTPDSFF
RESET FF @
PTPOTFF

PCL
2

PTP CLEAR A/Q COMMAND

A-20
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§ cL RPLY BREGD =

RAMADD=

(RESET FF'S RAMD =

PTPIDFF 00¢
PTPIN FF)

(RESET FF
PTPIN FF) 00

RAMADD=
()Ils

PTP CLEAR INTERRUPT A/Q COMMAND
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o

RAMADD =
05,

B

PTP INERRUPT REQUEST A/Q COMMAND
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RAMADD =
08¢

wWCD=

AINLS

§ cL rPLY

RAMADD =
0Cye

PDT
3

PTP DATA A/Q COMMAND

RAMD =
wCs

RESET FF
PTPDT FF

SET FF
PTPIR FF

¥

RESET FF
PTPCA

A=-23



A-24

PTPDTJC

SET FF
PARSUP

NO

RESET FF
PTPPAR

()

RAMADD =
OA ¢

n RESET FF
PARSUP

RESETFF
PTPOT FF

SET FF
PTPPAR

PDF

PTP DEVICE FUNCTION A/Q COMMAND

PODF
4

(SET FF PTPICFF)

89601564 02



89601564 02

AOUTLD =
Ol

PTPDSJC

AOUTLD =
00 g
PDS
2
}cL RPLY

@
&

PTP DISASSEMBLY TRANSFER STATUS A/Q Command



RESET FF
CPDAT FF

)

CP FEED A/Q COMMAND
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’CL CPFIRT

RESET FF
CPDAT FF

fcL RPLY

RESET FF
CPOFFS

CP CLEAR A/Q COMMAND



(RESET FF'S
CPIDFF,
CPNFF)

(RESET FF
CPITFF)

{ cL RPLY

RESET FF
RMBN KS

—<g]

RAMADD =
06 ¢

RAMADD=
03,4

RAMD =
00¢

RAMADD
Ol

cci

CP CLEAR INTERRUPT A/Q COMMAND

BREGD=
RAMS

RAMADD=
OZIG

BREGD=
RAMS

NO

RESETFF
INTRSP

=

YES

@

b
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S

RAMADD
16

>

CP INTERRUPT REQUEST A/Q COMMAND



A-30

@
|

BREGD =
AINLS

RESET FF
CPOFFS

BMSE YES @

NO

SET FF
CPOFFS

CO OFFSET A/Q COMMAND
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'CLCHNST

Y

CL RPLY

RESETFF
CPDAT FF

CP DATA A/Q COMMAND
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A-32

()

AOUTLD =
o,
YES G‘i’
NO
AOUTLD

Hé-—@?—
@

CP STATUS A/Q COMMAND

)

4 cL REV

)
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AOUTLD =

Ol

CPECER

AOUTLD=
00,6

CP STATUS 3 A/Q COMMAND



D

AOUT LD =
1

cPSTBY YES @

NO

AOUT LD~*

00,

¢
)

CP STATUS 4 A/Q COMMAND

A-34 89601564 02 .



89601564 02

AOUTLD =

Ol

AOUTLD =
00ls

CP STATUS 5 A/Q COMMAND




RAMADD =
Ol RAMADD =
03,6
BREGD =
RAMS
BREGD =
RAMS

o’ I

NO
NO
RAMADD=
02, RESET FF
INTRSP
BREGD»
RAMS

RMEXEC

COMMON INTERRUPT, INTERVAL

A-36 89601564 02



SETFF
INTRSP

(&

COMMON INTERRUPT, INTERVAL (Continued)
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SETFF
PTR AC
SETFF
PTRAC FF
1aC
5
BREGD =
RAMS RMEXEC YES REX
NO
(PTR 8TOP) .
BMSB . uJp
(PTRSTART) g AT

SET PTR AC, INTERNAL
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PTRBF JC
NO

’CLPTRRT

SET FF
PARSUP

PTRPAR

PTR CHARACTER TRANSFER,

INTERNAL

NO

RESETFF
PARSUL

SETFF
SELREG

BREGD=
BREGS

RESETFF
SELBREG

RAMADD=
09|s

IRT



&)

SETFF
RAMD = PTRPE FF

)
- )

<

O

SET FF
IRT PTRBF FF
10
RESET FF
”z" PARSUP

ves ' o
| (1)

—GF

PTR CHARACTER TRANSFER (CONTINUED)
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PTRBF JC

BREGD =
RAMS

PTR CHARACTER HANDLING,

RAMADD =

BREGD=
RAMS

(PTRSTOP)

YES

~

SET FF
PTROT FF

RESET FF
PTRBF FF

RESETFF
PTRAC

RESET FF
PTRAC FF @

INTERNAL



o) | P (%"

(SETFF

RanD = PTRAS FF)
s
@ RAMADD =
o9,

BF2UD =
RAMS

uJpP

)

PTR CHARACTER HANDLING (CONTINUED)
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(RESET FF
PTRAS FF)

89601564 02

PTR CHARACTER HANDLING (CONTINUED)

(SETFF
PTR AS FF)



A-44

RAMADD =

04ls

BREGD =
RAMS

PTR INTERRUPT INTERNAL
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(SET FF

PTRIT FF) R;O““
16
SET FF @

INTRSP

PTR INTERRUPT (CONTINUED)



(PTP STOP)

RAMADD =
OA

(PTP START) YES

SET PTP DATA/I_-F‘UNCTION STATUS INTERNAL
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3)

RESET FF
PTPSCFF

Om6,

SET PTP DATA STATUS (CONTINUED)
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PTPIRJC

BREGD:
RAMS

IPS

SET PTP SC INTERNAL
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(RESET FF
PTPICFF)

SETFF
PTPSCFF

PTPDY JC

NO

YES IPS
12

IPS

uJpP

89601564 02

RESET FF
PTPIR FF

I1PS

WCDs
RAMS

SET FF
PTPPAR

NO

SET PTP SC (CONTINUED)

)



A-50

SET FF
PTPSCFF

CaO

-~

RESET FF
PTPDS FF

SET PTP SC (CONTINUED)

PTPDS JC

SET FF
PTPDSFF
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BREGD=
RAMS

PTP INTERRUPT INTERNAL



RAMADD = YES
02 ¢

(SET FF RAMD =
PTPITFF) 80,¢

8ET FF Q

INTRSP

PTP INTERRUPT (CONTINUED)
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SET CP DATA STATUS,

ms

SET FF
CPDAT FF

INTERNAL



A-54

RAMADD =

BREGD:
RAMS

CP INTERRUPT, INTERNAL
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(SET FF
CPITFP)

RAMADD =
03¢

RAMD =

SET FF
INTRSP

CP INTERRUPT (CONTINUED)



(9

NO

RESET FF
PTRDT FF

RESET FF
PTRAC

RESET FF
PTYRAC FF

PTR READY STATUS, INTERNAL
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RESETFF
PTPDT FF

RESET FF
PTPSC FF

PTP READY STATUS, INTERNAL




CPRDY Yes (1SR Yes @

ICR
NO 2 NO
§ CL CPFIRT @
RESETFF
CPDAT FF

RMEXEC

CP READY STATUS, INTERNAL
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RESET FF
PTPCUFF

BF 2LD:
00

SETFF
ENDLCK

SET FF
END LOP

SETFF
CNALU

BREGD=
FFIs

DLY

DLY
2

DELAY INTERNAL

COMPR
BREGS,BF2LS

EQUAL YES @

WCEMPT

BREGD=
BREGS ~ |

@
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PTPCU JC YES @

NO

(ON-LINE)

ONOFLN

(OFF-LINE)

SET FF
PTPCUFF

DLY
2

RESET FF
CNALU }

RESET FF
PTPCUFF

RESET FF {

ENDLOP

()
)

DELAY INTERRUPT (CONTINUED)
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SET FF
JGR P9 RESET FF

RESETFF
JGRP 9

ONOFLN

SELECT OFF-LINE MAINTENANCE ROUTINE INTERNAL



&)

NO

RESET FF
JGR P9

Co)

—®)

RESET FF

S

9

ORB
I
YES @
YES

NO,
NO
RESET FF )
@ JG RP O
NO @
RESETFF
JGRP 9 @

 o®

SELECT OFF-LINE MAINTENANCE ROUTINE INTERNAL (CONTINUED)

A-62
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PTRSC

YES

/

RESET FF
PTRAC

(OFF-LINE)
NO

(ON-LINE)

OFF LINE PTR FORWARD MOTION
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OFF LINE BACKWARD MOTION
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‘oPP
i

BF 2 UD=
FF,

WCD=
006

SETFF
PTPPAR

oPP
2

SET FF
PTPSCFF

PTPAO

RESET FF
PTPSCFF

OFF LINE PTP TRIANGLE PUNCHING



oPp
8

SETFF
CNALU

COMPR
WCS§,BF2uUs

RESET FF
CNALALU

RESETFF
PARSUP

EQUAL

NO

BREGDs
WCS +wCs

oPP
9

YES

oPpP
2

oPP

WCD =
BREGS

SETFF
PTPPAR

PARLTC

NO,

RESETFF
PTPPAR

OFF LINE PTP

()
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OPP
TYES @

()
)

OFF LINE PTP
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Co)

RESET FF
PTPDS FF

BF2LD »
80,6

BF2UD =
1]

ocT
2

RAMD =
16

BREGD =
00,¢

ocT
3

tq
NO2C)

ocT

.!@.

9 (DE3

8
—'

S

OFF LINE CP TRIANGLE PUNCHING
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PTPDSJC

CWALD:
BREGS

cwayD=
RAMS

ocT
12

f cLcrnst

CPINFJC

NO

CPECER

NO
ocT

SET FF
CNALU
COMPR
WCS,BF 2LS
. RESET FF
CNALU
ocT
10
YES ‘35'
ocT
@ »
BF 2 UD= ‘WeDp s
YES O'gT WCS + | BF2 US
SETFF BF 2 UD:
CNALU FF
YES '€

oCT |
13

OFF LINE CP TRIANGLE (CONTINUED)




ocT
13 ocT
4

COMPR BF 2 UDs
BREGS,BF 2US F 16

RESET FF SET FF

CNALK U CNALU

COMPR
YES @ RAMS,BF 2US

NO
RESET FF
BREGD CNALU
BREGS+ BREGSH

BF2UD s
@

—,

OFF LINE CP TRIANGLE (CONTINUED)
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CPFED JC

OFF LINE CP TRIANGLE

(CONTINUED)
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B

SET FF

PTPDSFF

(—®

OFF LINE CP ALL ONES



BREGD =
SET FF
AINUS
I CNALU
BF2LD=
AWOT BREGD =
BREGS — .|
BF2UD=
BREG
ATNLS o=
BRE 6 S+ BREGY
CWAUD = i
AINLS BREGS=
BREGS $CWAUS
§ cLrPLY y
_____ - RESET FF
T FF
se.usv CNALU
RESEYT FF BREGD=
EOP BREGS+ 1.
STA STA
2 3

SELF TEST 1 A/Q COMMAND

A-74
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CWALD =

BREGD =
BREGS -BF2LS CWAUS
BREGD= WCD=
RREGS A BF2US CWALS
AOUTLD= BF2LD=
BREG=V BF2LS wes
BREGD= RAMD=
Fl 16 BF2LS
STA
- 4
RAMADD = BF2UD=
BREGS RAMS ¢!
CWAUD= BREGD=
BF2US BREGS + |
A
STA STA
5 6

SELF TEST 1 A/Q COMMAND (CONTINUED)




—

n i
RAMD= RAMADD =
00
aFaus 1.
AOUTUD=
BF2uUS

SELF TEST 1 A/Q COMMAND (CONTINUED)

A-76 89601564 02



89601564 02

SET FF
BUSY

*CL RPLY

RESET FF
EOP

RESET FF
PTPCU FF

PTPDS FF

RESET FF |

1

RESET FF
CPDATFF

A

RESET FF
PTRDT FF

8T8

Self Test 2

RESET FF
PTRAY FF

RESET FF
PTPST FF

4

RESET FF
PTRPE FF

RESET FF
PTPIR FF

RESET FF
PTPSC FF

RESET FF

PTRB FFF

A-77



A-78

RESET FF
PTPDY FF

RESET FF
PTPDT FF

RESET FF

PTRAC FF

SELF TEST 2 (CONTINUED)

89601564 02



SET FF

PTPCU FF

"SET FF

PTPDS FF

4

SET FF

CPDAT FF

SET FF
PTRDT FF

\

SET FF
PTRAY FF

SET FF
PTPSTEF

STB

SELF TEST 2 (CONTINUED)

89601564 02



SET FF

PTRPE FF

SET FF

PTPIRFF

SET FF
PTPSC FF

SET FF
PTRBFFF

SET FF
PTPDYFF

SET FF
PTPDTFF

STB

A-80

SET FF
PTRAC FF

SELF TEST 2 (CONTINUED)

89601564 02



A-81

sSTB
23

PTRBFJC

SET FF
ONBUS FF

SELF TEST 2 (CONTINUED)

89601564 02



A-82

RESE FF

ONBUS FF

‘ GNBUSJC
YES
F

{ cL cprRT

SELF TEST 2 (CONTINUED)

§ cL comst

{ cp FeEST

89601564 02
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28
SET  FF
CNALU NO @
YES
COMPR 9
SET FF
BREGS, CWALS
CNALU
RESET FF
BREGD =
GNALU
BREGS¥CWALS
NO eTD | RESET FF
9
CNALU

<>

A

S
S
BMSB
ES

SELF TEST 2 (CONTINUED)



sTB
9
AOUTLD =
NO
AD\g
AOUTLD =
EDg
AOUTUD =
AOUTUD =
()

& ®
@

SELF TEST 2 (CONTINUED)
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WCD= ¥
ATNDS RESET FF
PTR AC ~
’CL RPLY
- RESET FF
SET  FF
ECHO PTPCA
RESET FF § CL PTRRT
EOP e e e e e
RESET FF
PTP PNR
SET FF
BUSY
RESET FF
PTPSC FF
RESET FF
PTRAM
STC
2

SELF TEST 3 A/Q COMMAND

89601564 02

A-85



A-86

Q CL PTRRT

PTRPAR

NO

SET

FF

PTPSCFF

SET

FF

PTRAM

8ET

FF

PTRAC

SET

FF

PTPCA

sTC

$cL pTRRT
SET FF
PTPPAR
YES sTC
8
el
YES |e s1C
. 9

YES @
§ cL PTRRT
CY)

SELF TEST 3 (CONTINUED)
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PTRPAR

SET FF
SELBREG

BREGD:=

BREGS

v

RESET FF

SELBREG

AOUTUD =
BREGS

. STC
{‘ 6

RESET FF

D)

ECHO

STC

SELF TEST 3 (CONTINUED)

AOUTLD =
00 ¢

@)
)




A-88

®

AOUTLD =

418

AOUTUD =
824¢

@)
@

SELF TEST 3 (CONTINUED)

AOUTLD=
28 |

AOUTUD =
1446

89601564 02
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$ cLrPiy

BUF2LD=
BREGS + |

()
(D

TEST MODE LOAD RAM ADDRESS A/Q COMMAND



$ cL reLy

SET FF
PTRPE_FF

D

TEST MODE INTERRUPT REQUEST A/Q COMMAND

A-90 89601564 02
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B,

$ CLRPLY

RESET FF
PTRFE FF

RESET FF
INTRSP

©
(o)

TEST MODE CLEAR INTERRUPT A/Q COMMAND



&)

’ CL RPLY

(%
(e

TEST MODE A-OUT STATUS A/Q COMMAND

A-92 A 89601564 02



)

AOUTLD =

RAMS

RAMADD =
BF2LS

AOUTUD =

RAMS

4 oL reuy

()

TEST MODE READ RAM A/Q COMMAND

89601564 02 A-93



PTRPEJC

YES RET
2
SET FF SET FF
INTRSP CNALU
RET
3
SET FF B REGD =
EOP WCS +WCS
RESET FF
YES
BuSY BMDL @
RET
b ET
NO A
ONOFLN
$ cL R
(ON LINE) g @
s
RESET FF
NO @ @ CNALU

YES _ :
TEST MODE A/Q COMMAND HANDLING

A-94 89601564 02



to)

B REG D=

BREGS + BREGS

> G
YES RET
9

RESET FF

CNALU

bbdo oo b

TEST MODE A/Q COMMAND . HANDLING

89601564 02 : A~95/96



nnnpl
nony
0nnp3
onne
0605
anne
non7
oK
nong
nnln
0011
nole
0013
nnla
nols
0016
nnlv
nnlk
nele
nozo
nngl
nnege
nne3
onza
nnzsy
nnzge6
noz27
0078
nnz9
0030
nn31
0037
np33
nn3s4
nn3s
nn3a
an37
nn3s
nn39
0040
no&4l
0na?
nn43
nnasy
D045
0N046
0047
0048
nNa9
npso0
ons1
npse
0053

89601564 02

|

FESleA

k2
L14
*

PROGRAM LISTING

PAGE 1 ’ DATE: 06/05/77

NAM FESH1RA

45 35 35 35 3 37 3 38 3 4 30 4 48 38 38 37 38 32 3E 37 36 3F 4F 3F 36 46 45 2 P 4E 30 35 48 31 41 48 41 47 30 3 31 35 37 3P 4E 2 38 35 3P 3H 3P 3 3P 3L 3P 2 34T b Sk A4k $F
3% 35 48 3¢ 4t 38 4F 47 38 3 3F 37 30 36 40 30 48 38 31 38 3F 3F 46 4F 3¢ 3k 35 SE 47 3 45 35 34 40 45 3 3 7 48 3 3 37 b SR 31 3 3 38 3 3 3 3 36 37 30 3 3E 3F 2P R 33 I ok

g3
e 80
33
dt
R
28 3t
Rt R4
E1 X -1

i 3

MICHG=-PROGRAM ASSEMKLER e

$e e

PAFER TAPE READER/PAPER TAPE PUNCH/CARD PUNCH CONTROLLER ##
Feble=-A %

3

hu601207 REV=01 R

3

545 44 46 3 3 30 45 6 34 30 48 36 45 41 45 37 30 35 45 40 46 31 20 40 46 AL 4E S0 38 3 45 36 48 35 35 44 45 31 48 35 45 1 4E 33 28 8 35 48 48 45 45 1 47 4640 40 38 40 6 PP 4 A2
3+ 3¢ 35 45 45 3 48 37 3 47 38 47 38 38 3 3E 30 3F 38 3F 3F 3F 3¢ 45 3¢ 41 48 25 35 3F 48 4% 38 3% 3 38 35 38 3 47 35 37 38 38 32 3 3 3F 4F 3F 30 3P 3 37 3b 40 3F 3 46 3F 3 34 3 S 3

3t

Cur

LJrP

Lbc

LADER

SFFCL

E - B -]

MAaC
VU
EMC
MAC
VFD
EMC
MAC
vFD
EmMC
MAC

VFD
EMC
MAC

VFD
EMC

st MACROS DEFINITIONS ##ss

JC s JA CONDITIONAL JUMP=IF 1JCt GO TO 1JA?
N1/Z04X6/1JCY 9 X9/ 1 JAI=START1

JA UNCONDITIONAL JUMP=GO TO YJA?
NT/0eX8/VJA'=START]

DeC LOAD CONSTANT=LOAWD tuv BY 'C!
Na/dBy X4/ 101 9 XB/0CH

DyAD LOAD ADDRESS=LOAD 'D* kY
VALUE OF LAwstl vAD?
NG/SBeX4/DY ¢ XB/1ADV=START]

FFsCL : SET FLIP FLOP & COUNTROL LINE
SET *FF* & PROVIDE PULSE ON sCL?
NG/ BBoXGa/ICLY4N2/0 9 X6/ VFF Y



(Nt
[X1As3s)
ELY
nnsy
NOSK
npsho9
NGAN
nnaAl
67
nner3
nks
nnKs
neA
nneat
NEER
006s
0070
nnvl
TOLGT?
an73
n0T74
0eTs
0nTA
noT77
NNk
G0T9
(G
nogl
nore
nnas
0(Ra
00K5
NNRA
nogy
[11iRats]
008G
anaQ
nn9l
nney
nnoe3
npos
nnGs
no9e¢e
nnav
nnes
nns9
n100
n1e1l
n1oz2
n1e3
nina
0105
0106

B2

FES1eh

~FFCL
i

cLo

SFF

Ca
8B
Ch

CLEAR

_ SETONE

% & * & T X

P
x %

x %

MAC

vF{i
EMC
MAC

vF D
EmC
MAC
vFU
EMC
MaC
VFL
gvC

MAC
VFD
EMC
maC
ViU
EMC
MAC
VFD
EMC
MAC
VFD
EMC
MAC
VFD
EmC
MAC
VFD
EMmC
MAC
VFD
EMC

PAGE 2 NDATE: 06/05/77

FFeCL KESET FLIP=-FLOP & CORTROL LIne
RESET *FF' & PROVIDE PLULSE ON CL!
NG/ FBgXG/1CL Y aN2/0 e X6/ YFF

CL CONTROL LIKE (GNLY)=-
FROVIUFE  PULSE ON 'CL?
Na/SHeXa/1CL Yo NB/SFF

FF SET FLIP FLOH=SET 'FF
N1IO/$S2FCo Xt/ VFF Y

[ 4 RPESET FLIF FLOP=KESET tFF?

cN10/%2BCeX6/FF Y

## INTER REGISTEKR LOGICAL FUNCTIONS ##

SAsD TRANSFER A CAm==>D
NG/BCoeXG /10 4 NS/F1E 4 X3/ 15AY

SAeD COMPLEMENT A SA/m==>D
Na/3Co XG4/ 'V yND/E09 X3/ SAY

SBeD TRINSFER Bt SBe==>[
M2/7$3eX2/'SHY e X4/10" sNR/TAD

SBeD COMPLEMENT Rt SE/===>D
N2/33¢X2/715B1,Xa/01eNB/$50

D CLEAR : 00===>D
NG /SF ¢ X4/ 1DV yNE/$35

D SET TO ONE: FFe==>D
Na/SF ¢ X4/90" 4 N8/ $CH

SA+SBeD OR: SAGOR 4 SRe=m=>l
NP/$53eX2/8SEV" 9 X4/71D1eNS/31Ce X3/ 15A

89601564

02



nynt
N10R
n1e9
n1to
0111
nile
113
nilte
ni1e
nyleé
6117
N1k
119
nizon
nirl
n)1re
n1z3
0n17ea
012es
nize
niz7
n1e8
n1e2v
0130
o N121
n137
0133
0134
n135
n136
n137
n138
n139
0140
nlal
0147
G143
Nl14s
0145
nN146
n147
nl48
nN149
0150
0151
0152
0153
0154
015%
nN156
0157
0158
0159

896016564 02

FES16A

COR

URCA

OWCR

XUR

CXGR
2

ANDAB

CAND

ANDCA

AMDCB
@

* %

AR IR IR - IR - - -

MaC
VFD
EmC
MAC
VFU
EmC
MAC
VFD
EMC
MAC
viU
EnC
mAC

VFU
Eme

- MAC

VFD
EmC
MAC

VFD
EMC
MAC
VFUD
EMC
MAC

VFU
EMC

PAGE

SheShaeU

DATES: 06/05/77

COMPLEMENT OR (NUR) I (SA UN.SH)/=e=>l)

MNP/E34X2/1SHY 4 X4/ DV gNS /524 X3/ 1SAY

SAQSG.U

OR COMPLEMENT b: SA,0K.(SB/)===>u

N2/ D39 X2/9SBY 4 X4/ DY eNS/$109X3/954 0

SAeSBWD

Ok COMPLEMENT A: (SA/) eOR¢SHe==>U

NEe/F3aXZ/VSEY 9 X4/ 1Dy NS /T 1 A9 X3/ 1S

SAsShbel

ShsSHaD

EXCLUSIVE CR: SA.XUR.SRe==>))

N2/ D3 XZ/VSEV 4 XA/ 1D g NS/FC e X3/ 1SA

COMPLEMENT EXCLUSIVE 0OR:
(SAeXUKeSE) /===>D

NP/B39 X2/ 1SEVaXa/0D1 o NS/S124X3/1SA 0

SAQSB,D

AND R B3 SAGANU ¢ SHmm=>0

N2/33eX2/1V'SBY 9 X4/ DY yN5/$169 X3/ 18R

SheSBeD

COMPLEMENT AND (NAND) @
(SALAND 4SB) /m==>D

NZ2/D39X2/1SE1 X4/ 00 ¢NS/FH 9 X3/ 1SA Y

SAeSBLD

AND COMPLEMENT A: (SA/) eANU4SB===>]

M2/E39X2/VSHEY 9 XG /U gNS /449X 3/15A0

SAsSb.D

AND COMPLEMENT B:
SA.ANU.(SB/)--->U.

N2/$39X2/7SBY o X4/ 101 gNS/SE 9 X3/ 1SA Y

## INTER REGISTER ARITHMETIC OPERATIONS ##

FLIP=FLOP CN SHOULD

BE PROPEKLY SET OR RESET
BEFORE AN ARITHMETIC OPERATION
IS EXECUTED,



NYR0
n1el
162
163
]1ha
(i Nala
Al
nled
) AR
Ni1KxG
n17o
n171
n177
niT3
n174
0175
0176
077
cy7e
0179
(1R RA ]
nix]
0182
N1R3
1) Ha
ryR&
[ R
[(R R4
N]RK
01K9
nlyo
niul
01y
0163
0194
n19%
N]1sahA
nyw7
P16k
0199
n20n
neol
npog
0203
nrP0a
nz20%
az06
0207
nPOR
6209
n21o
0211
n2lz

FESLeA

T4

LR

DA

PLUS

4t

MIMGS

Rt

PLUST

e

LSFTI
I

CUOMPK
3
3¢
3t
L4
*
£:4

R ok kX% %k kX%

%

vE L
EmC
mAaC

VL

e

MAC

vE U
EmC
MrC

vE b
£ mC
MuC

VFU
EmC
MAC

VFU

EmC

MaC

VL
EmC
mALC

PAGE 4 DATE: Do/05/77

SheD INCREMENT &2 SA+]===>|
CONDITIOR CN=1
N&4/DCa X4/ V011 gNS/FL 9 X3/ 1SAY

Shev DECREMENT Al SAele==>p
ConDITIUN  CN=Q
Ma/SCe X4/ VDV oND/F1F e X3/ 1SA

ShaSHeU PLUS SA+Stem==>l
CONDITION  Ch=y
N/ D3 eX2/ISHY e X4/ 11UV gNS/$13 02370500

SheSteD MINUS S SHhmSHe==>|!
COMDITION CN=1
ME/BR3e X2/ 1SEY e X4/ TUN gNS /DD e X3/ 1540

SAsSHeL PLUS JHCREMFMNT: SA+SH+]===>1
CONDITIOUN  Chiz]
NP2/ B3a X2/ 0SBV X4/ ¢ NS/F134X3/71540

SheD LEFT. SHIFT: SA+SA=e=>[2
CONDITION Ch=0
MG/ DCoaXb /U yNS/FL1YeX3/1SAY

ShyD LEFT SHIFT INCREMEMT: SA+SA+)-~=>0
CONDITICN Ch=1
MG/DCoXb6/1D1 NS/ 5199 X3/ 1SAY

SheSH COMPK: SA=ShH ¥
CONDITIOUN CN=0
THE RESULT IS SEnNSEL ON Thk
A=B PIN OF Trt ALU. THE LFSTIMATIONM
IS AN UNUSED RPEGISTERS
THEREFORE DATA REMAINS
UNCHAMGED

. 89601564 02 .



FES1en PAGE S} DATE: 06/05/77

P13 VFL he2/R3eXZ/1Sh 1 eNG/%6D e X3/ 1S4
214 EMC
nr1s #
n>1e : 1KAR MAC MeSheSByD INTER REGISTER ARITHMETIL (GLENERAL)
ne17 % THIS IMSTRUCTION COVEKRS . ALL it
nelx * ) AVAILABLE MODES OF AKITHMETLC
n219 # OPERATIONS, ALL 1f MDUES
[ di] #* DEPENL ON THE STATE OF
n221 # THE CN FLIP=FLOP,
P72 % REFFER TO IRAR MOLE DEF,
0223 #* .
0224 w tMY IS THE MODE SYMBOL
0PPR #
NP6 ) VFD MP/33eX2/1SHY g X4/ 1DV g X4/ VMY 4y NL /%14 X3/ 4SA Y
np27 FiiC
nNp7R 3
nNgeZ9 NOOP MAC .
nean #* NO OPERATION

. ne31 ViU N1b/BHRFFF
0732 EMC
0733 SPARE MAC
0734 * SPARE -
0735 # PROM WORD REMAINS UNBURNED
ne3s vFU N16/SFFFF

- 0237 EMC
NP3R 3
0239 #*
0240 # .
0741 * #uat JRAR  MODE DEFINITIONS ##us
0P4? #
n243 n000 EQU MOUEO ($0) MODEO: SA+/+CNe=ew=>D
NP4 nnol EQU MODE]1 (%1) MODE]l: (SA.O0R.SB)+CN===>D
N245% 0002 EQU MODE2 ($2) . MODE2: (SA.O0R, (SB/))+CNa==>y
n246 0003 EQU MODE3 ($3) MODE3: FFFF+CN===>D
0247 0004 EqQU MODES4 ($4) MODE4: SA+ (SALAND. (SE/)) +CNe==>y
np48 0005 EQU MODES ($5) MODES 3
np49 #* (SALORSH)+ {SALAND 4 (SB/) +Chm==>U
0250 2006 EGU MODEA ($6) MODEE: SA=SB=1+CN===>))
nesl 0007 EQU MODET ($7) MODET7: (SALAND, (SE/)=1+CNem=>0
nese 0008 EGU MODEB ($86) MODEE S SA+ (SAANDSE) +CNm==>D
n253 0009 EQU MOUES ($9) MODE9:! SA+SH+CN===>D
02%¢4 000A EQu MODEA ($A) MODEA:
0755 #* (SAGOR, (SB/) )+ (SALANDSB) +CNe==>(
256 nooB EQu MODEB (%B) MODEB: (SAGANDSB) =1+CNewa>U
nes7 nooc EQuU MODEC ($C) MODEC: SA+SA+CNe===>D
n258 000D EQU MODED($D) MODED: (SAAND¢SBE) +SA+CNe==>D
0259 000E EQU MOOLEE ($E) MODEE? (SAeAND, (SK/)) +SA+CNm==>P
0260 000F EQuU MODEF ($F) MODEF ! SA=]4CNe===>0
NP6l #
0262 ® #and DESTINATION REGISTERS ###s
0263 #
0264 non3 EQU NU($3) NOT USED
0?65 0004 EQU RAMADD ($4) RAM ADDRESS

896016564 02



FES1EL - PAGE 6 LATES 06/05/77

N2m6 nens Etois HANKD ($5) HANK

a7 noos EGL FAMD (%€) Kb

(rFE5 nont EQu PCD (7)) PROGFAM COLINTE R

nyeq nuny £ QU wCD ($+) WRITE CHARLCTER FOR RPTPR
neTh 900y EQu AQUTHD (%97 A KEGISTER OUTPUT uvPPER nYTE
0271 NONA EOuU CuhaLD ($A) CP wKITE LOWEWR (& BIT)
CPTp nnpA tuu Cwrub (%) CP wWHITE UPWER (4 RIT)
n=73 nonC t oy AOUTLI($C) A RECISTER OGUTPUT LOvEF =YTE
nFTe none FOu BE UL (%E) FLUFFFR 2 UPFER

nr74a NONF Enu HRPEOD ($F) B REGISTER

PTH anol Etwl) - REZLD (%D) BUFFER 2 LOwEK

P77 s

NP TH # #ed QUURCE A REGISTERS #saw

rP74 3t

AP R nann EQu RAMS (0) Ham

npx] nonl kU wlS(41) WRITE CHaRACTER FOR FTP
npry nung (1Y AINLS (%2) A& LINMES INPOT LUwWEk BSYTE
M3 noes Fou AINJS (+£3) A LINES INPUT UPPER HYTE
Npra AR EGL =REGS ($4) O RECISTER

npHE noos EGU 0S(%5) QG LINES

NP HA a007 o EGU PCS(HT) PRUGKAM COUNTEFR

NnFxy 3

npks s #iatt SOURCE £ REOVISTERS ###

07KY 3

(7G0 0000 b G CWBLS($0) . CP wrITE LOWEK (= B1IT)
npal annl EGU CahJS(+]) CP wKRITE UPPER (&4 HIT)
npcp non3 Fu EF2US ($3) RUFFER 72 UPFER

nz93 nnoe Ewu kreLs($2) BlFFEK 2 LOWRR

0PG4 4

npus i et CONTHOL LINES s#as

nr96 i

nPG7 2001 F Gy RPEJ(%1) SET kEJECT

nPeR nnn3 EGU FPLY ($3) . SeT REPLY

n7Ye9 0one EGU CPFIRT ($4) RESET CP FEED & INFO REAUY
0300 0006 EQuU CPINST (%6) SET CP INFO KEADY :
n3oel nonv EwU RTRRT(F7) RESET & UP=DATE PIRPBR.FIRCA
n30p a0ncC EQu PTPDYRT (%C) HESET PTF DISASSEMrLY MODE
f303 nongE EQu CPFEST ($E) SET CF FEtw

0306 *

nanys i . wtad JUMP CONDITIONS s

0306 i 4

0207 003a LWy PTRSO ($34) JChe PTK SOURCE OPERAKLE

N30 003x £ QU PTRSC($38) JC53 PTR SOURCE CONTROL

n3ng npee EQU PTRACJUC(%22) JCe66 PT® AC INDFY (JC)

n31e 00nE EGU PTRAYJC ($0OE) JCilo0 PTR ASSEMELY MOLE (JC)
n311 ° 0nzZA EQU PTROTUC ($2A) Jiee PTR LeTA STATLUS (uC)

n31e 0032 LWL PTRPAK ($37) JCs6 PTR FARITY BIT

n3i3 0030 EQU PTRCA($30) JC57 PTR CUNTHOL AVARAILA®BLE
n314 noncC kWl PTRPEJC ($0C) JC1ll PTk PARITY ERROF (J()
n315 6026 EQU PTRBFJC (F26) JCé4 PTR b REGISTER FiilLl (JC)
nN31a nn3C FGu PTPAO (%3C) JCh] PTP ACCCEPTOR OPEFRABLE
0317 003E EQU PTPAC($3E) JCs0 PTP aCCEPTOR CONTHOUL

N31¢& nN036 B QU PTPAM($36) JCS4 PTP ACCEFTOR MESSAGE

89601564



nx]19
napp
N3]
N3cr
N33
3724
N3¢5
NARPA
NP7
nN27PE
N379
N33
n33)
n337
n323
N334
1335
NR3A
0337
N334
336
(R4
N341
N347
(1343
0344
n34%
N346
N34y
n3ar
nN349
n3sn
0351
0382
0363
0354
N3K5
(138A
6387
N354
0359
N360
3R]
N3e67
n263
N364
n365
nN36ea
n3n7
N36K
0369
0370
0371

89601564 02

Fesléa

NN1A
REINAR
BB NS
nol1ce
gn20
anhle
nngl
nnes
nni3s
vu39
vk
003y
0n637
anes
ghl0
0nn3a
OC0A
0On1H
073
D606
annh
nony
nono
DRIr4.]
nnla
nnl1eE
0074
onunF
nnnag

nogl
noonl
0025
nnoncC
nneF
nony
anns
noze
103%
001C
nonAa
nn3e
nons
000¢e
nnos
N034
0014
0030
0nz20
0033
002V

k24

b leU
kGl
EG
[T
Euu
Ewu
FUu
[SRST0
[REV]
[ IV
[HV]
WL
Euwu
F
Etu
E Wy
Fwl
EGU
£ QU
EGU
EQu
E WU
twu
Ewu
EQu
EQu
EQU
EQu
EQU

EQU
EQU
£QU
EEQU
FGQu
EQU
EQU
EGU
EQuU
EQU
[A*10]
EQU
EGU
EGU
EGU
EQU
EQu
EQU
EQu
EGU
EQuU

PAGE 1

PTRSCJUC (2 14)
FTPSTUC (50F)
ETRPLYJC ($1A)
PTPOSUL (%1L)
PTPDTJC (%26)
PTPLUJC(%17)
CHRSY (521)
CRINFUC (929)
CPELER(F35%)
CrRPUIH($3Y)
CPRDY ($2F)
CPSTRHRY ($%31))
CPHOFM(%37)
CREEDJC (%2%)
CPIOATUC(%10)
PARLTC(%36)
PTPIRJC (h08)
WCEMPT ($1H)
OMOFLIN($23)
Ml (904)
MSEZ (%NA)
MSEI (F0K)
CouT(s0D)
KMSH ($28)
HVOL($16)
OheUsJC($1ER)
UNTPRT ($26)
EQUAL ($0F)
RMEXEC (%004)

it FLIP=FLOPS

PTRAC($21)
PTRACFF ($01)
PTRAM(§25)
PTRAYFF ($0C)
PTROTFF ($2F)
PTRPEFF (%09)
PTREBFFF ($06)
PTPSCFF ($24)
FTPCA ($35)
PTFPPAR($1C)
PTPSTFF ($0k)
PTPDSFF ($32)
PTPDYFF (%0%)
FTPOTFF (%0¢)
PTPIKFF ($08)
PTPCUFF ($36)
CPOFFS(%14)
CPDATFF (£30)
CNALU(%20)
HMBNKS ($33)
SELBREG($2L)

JChe

JC13

JCha

JCs]

Jie7

Jluk

JCe7

JCes

JC75
JCT73
JCeu
JCT71
JLT4
Jees
Jis7
Jlho
Jlle
JCa3
JCzo
JCoh
JCye
JLY3
JCa1
JCes
JCks
JCun
JCes
JC40
JC15

3t 3 3 3¢

FFe6
FF76
FF62
FF53
FF40
FF56
FFT71
FF63
FF12
FF33
FF55
FF15
FF12
FF75
FEST
FF13
FFe3
FF17
FFeT
FF14
FFag

LBAT

PTE
TP
PTP
PTP
TP
PTE
P
CF
ce
CP
(s
ce
Cr
CP
CP
Pak
PTP

WORD COUNTER EMPTY

G/
MLT
AT
Ma [
Cak

Ed OAR/OR/TT

SC T x (dC
CTaRT LFE |
DISASSEMELY
[ IsASShmry
LaTh STaTus
CHT PrROGRAM
BsLSY STErAL
ItFo BEalY (J
tCHO) ERPOF
FuhCr 1TMHIRTT
Kt rUY
STANDRY
RGPPER EMPTY
FEED (JC)
DETA STATUS |
ITY LATCHED
IO PEADY (

OFF LInE SW1T
NTENANCE Sw]T
MTEMANCE SWIT
NTENARLE SW]T
Y QUT (COMP)

)

JC)

YOUE S (ul)
STHTUS (JL)
(vC)

(ul)

)

Jl)
Jl)

Lr
CH= ]
Ly 7
Cr 3

B KEGISTeErR KIT 2%#37
B RECISTER KIT 2%#b

EMABLE BDUS TO DEVICES

Unl
ALY
KM

TS PROTFCTED
AsH
txeC

(JC)

PTR ACCEPTOR CONTPROGL

PTR

AC INDEX (FF

)

PThk ACCEPTOR MESSAGE

PTh ASSEMELY MOUE

PTR
PTR
PTR
PTP
PTP
PTP
PTP
PTP
PTP
PTP
PTP
PTF
cp

cp

cN

ROM

LATA STATUS
PorRITY ERPOK
B REGISTER F
SC INDEX (FF
CONTROL AVa]
PARITY BIT
START MODE (
DISASSEMHLY
C1ISASSEMBLY
UATA/ZEUNCTIO
INFO READY (
CUT PROGRAM
OFFSET
DATA STATUS (
AlLU

BAMK. SELECT

(FF)
(FF)
(FF)

ULL (FF)
)

LAkLE

FF)

STATUS (FF)
MODE (FF)

t STATUS
Ft)

(FF)

FF)

SELECT b REGISTEF



Fesles FaGE H DATE: 06/0W/71

naTe e M ERGLCr ($19) FF36 FhAGLE wblay CLOCr

(572 DEIe) FGu ON=USFF (§23) Fréeae Etaclt Bus TO BEVICES (FF)
neTa iy = tuti ENOLOP (RTH) FF3a Erthel b DRELAY OPpReT 1o
(TSN IR t U PARSUP ($1H) FE37 ParITY SURPLEMENT

nN37 e a6zt (1Y} SUSY (%2Ek) FFal CUNTHULLER HULSY

n377 02y EGU JGERP9 ($29) Fran JUMP CUNMPITTION O GROIP 9 FF
[ as DR [N INTRER (§7F) Fta?l INTEFRUFPT wESPOLSE

(274 N kU CHT2RT (%00) FETT CONTHROLLER PROTECT

(A a0y bt EOP(%n3) FF7a thu OF OFERATION

(i} 1031 Ewt) FCRU(+31) Fkle £ChO

ke ENT - STakT]

taka 3 e COUTIMNE NavE LAsEL abREVIATIONS ###%

N, it a0sS TEST MOUE A=GUT STAATUIS A/ CUMMalD
nN3aIsT 3 cCl CF CLEAR INTERRUFT A/ZGC COMMBR(

N3INK & CCL Lk CLeak A/ COMMANU

(IR s cul Cr RATA A/ COMMAND

n390 # CFD CF FEED A/Q COMMAND

491 #* CIu CP INTERKRUPT REQUEST a/s( COMMAND
N3Gy i cLC CLEAR CONTRCILLLER A/ COMMapl ARNL TLTLRNAL
(393 i COF CP OFFSET a/zQ COMMAND

rRGe & Cer CPk STATUS 72 hA/G COMMANMD

n49% #* Cs3 CF STATUS 3 4w/ COmMMAND

034hk & (Y CF STATUS 4 A/G CUMMAND

n397 & LSo CP STATUS 5 A/Q COMMAND

N3Gk i oLy DELAYs INTERNAL

n30g i IaC SET PTR ACe INTEPHAL

nann i 1¢D SET CP UATA STATUSy INTERNAL

n&p) R 1CI CP INTEWRUPT, INTERNAL

nang 3 1Cw CUMAON INTERRUFTy INTERNAL

0403 # ICR Ck keoADY STATUSe INTERNAL

rana % D] SET PTP DATA STATUSe INTERNAL

nang * IFI PTP INTEKRUPTy INTERNAL

na ik * TFR FTR READY STATUS, INTERNAL

nanv * - 1PS SET PTP SCe INTERNMNAL

N6k 4 Iwn PTFR CHARACTER HANMULINGs INTekNAL
nang L4 1R{ PTR INTERRUPTs INTERNAL

naln 3+ IRR FTH READY STATUSe TNTERNAL

nell % CIRT FTR CHARACTER TRANSFERs INTERMAL
nalp 3 M P MAIN LOOP ENTRY POLINT

(1775 N B # ueco OFF=LINE CP ALL OMES FPUNCHING

nale #* 0oCT OFF=LINE CP- TRIANMGLE PUNMCHING

nals i OFF SELECT OFF-LINE MAINTENANCE RHOUUTINES IWT.
falr #* OLp OFF=LINE PTP TRIANMGLE PUNCRHING

nal17 * ORR CFF=LINE PTF KACKWwARL MOTION

B-8 89601564



Nulo

(421
na?y
nu?2
na?za
625
(3
0427
N4k
Na?2G
na3n
nall
0632
0433
0434
0635
na3e
na37
04 3R
Na39
- 0640
N&y]
06642
0643
NGtag
0445
0446
na4vy
N44R
N44o

89601564 02

j

FES164

&*
&

=
=

L - I B T N IR R - -

PAGE

#4e ROLTImE NA

ORF
PCI
FCL
PDF
PN
POS
PDT
PIG
Pl
RAL
RAS
KC1
RCL
ROM
RDT
REJ
REP
RET
RE X
RF Y
RIQ
rST
STA
ST8
sTC
TCI
TIR
TLA
TRF

UFF=
PTP
PTR
PTE
PTP
PTP
PTP
ETP
PTP
PTR
PTR
FTR
PTR
PTR
FTR
REJE
REPL
TEST
ROM
PTR
PTR
PTK
SELF
SELF
SELF
TEST
TEST
TEST
TEST

DATE: OQo/05/77

ME LABEL ABKFVIATIONS (CUNT,) #ew

LINE PTH FOKWARD MOTION

CLEAK INTERRUFPT A/G COMMEND

CLEAK A/0Q COMMAND

DEVICE FUNCTION A/N COMMAND

DATA MODE A/G CummamD

UISASSY TRANSFER STATUS A/Q CUMMAND
DATA A/Q COMMAND

INTERRUPT REGUEST A/0G COMManD
STOP=STAKT A/t COMMAND

ALARM STATUS A/N COMMAND

ASSY TRANSFEF STATUS A/Q CuMMANL
CLEAKR INTERRUFT A/N COMMAND

CLEAR A/Q COMMAND

DATA MODE A/G CUOMMAND

READ DATA a/G COMMAND
CT :
Y

MODE A/ COMMAND HANDL ING
EXECUTION (Q==>pPC)
FORWARD=BACKWARD A/Q COMMAND
INTERRUPT REGUEST 4/Q COMMAND
STOP=START A/G COMMAND

TEST 1 A/Q COMMAND

TEST 2 A/Q COMMAND

TEST 3 A/Q COMMAND

MODE CLEAR INTERRUFPT A/G COMMAND
MUDE INTERRUPT REQUEST A/G COMMANU
MODE LOAD RAM ADDRESS A/0 COMMAND
MODE READ RAM A/Q COMMANU



]
hat-p
(AP
nLnhG
Dabkk
14 NF
rawy
YA
HabkC
NGk
04K
Nany
[N ]
Lk g
N4LAY
[R5 oY o
BLeen’d

[N
natn
navl
a7y
ne73
ieTa6
naTs
nale
0477
ng77
naTe
neT7e
nevTy
nae7y
N&eRr0
nNaexn
tan}
N6&1
Nawp
Qb2
N&kH3
N6er4
&RG
X N1
N&RA
0486
Nar7y
(aRK
Nake

rGOON
En0nd

0002
POON3
POOGG

Poons

PONCH

Enon7

POONK

FES) AL

0nool

D0%A

0085

unss
D150

01K7

nian

01D1

nonc

PAGE 10

LATE: O&/05%/777

3 38 30 3F 35 3 e 37 38 3% 4 37 A0 30 S 30 50 45 Bk 30 4E S5 4F 42 38 98 38 35 50 20 25 S 35 48 25 58 4% 9 47 45 45 42 30 28 48 B 4 55 26 46 5% 3 25 36 48 45 9 46 4

3 THE LISTING IHCLUDES THrREER TYPES OF ROGTINES @
" =A/0 COMMAMID HANDLING ROUTINES e wREGULAF abil
3 TEST MNODE .

« =InTExFAaL CONTROLLER DEVICE FANDLIMG ROUTINES.
% =0FF LIivE MeluTeEpanCe ROUTINES.

I TE&EE DEVICES ARE ISNVOLVED ¢

2 -PArER TAPE FERDER (PTR)

% c=PABER TAFE FUNLH (PTP)

* ~CARD PUNCH (CP )

3 THE CORTRCILLER COMMUNICATES WITH THE Pakbr TLPE
3 VEVICES vIA THRE FT=RELAY STATIOM,

3
*

%

S 3t 3 48 37 35 47 45 37 47 3 35 35 38 3% 3r 3% 30 22 58 38 9P 3 4% 6 57 30 50 338 35 47 3458 30 38 38 38 46 3 35 35 30 3 45 35 55 35 40 35 3 35 30 46 3 45 37 45 3% 5 38 36 5 2 5

SR 248 2 3 3 35 3 40 31 35 45 35 36 35 46 4F 88 20 35 40 2 40 F 38 30 3F 30 30 30 40 40 48 38 31 36 45 35 35 05 48 46 8 8 46 46 2 46 48 48 26 45 28 90 3% 3¢ 35 36 48 8 30 41 4 5
# FLL PFOGRAMS ASSHME THAT:

1S NORMALLY kESET
IS NOWMALLY RESET
IS NOKMALLY RESET

# - Fhaz
i - FFa7
3+ - FFeT7
* THEREFO

i SHOULT,

STarT1 UuP

STarTZ LJP
UJP
LJpP
(SN
uJrP

3
UJP

UuP

UJpr

SELKRESG

FRaRSLipP

CNaL U
PEe AT THE

END

OF EACH PROGKFAM THESE FF 1S

HAVE THE skOve SPECIFIED VALURS,
36 35 34 4o 3038 48 SH 3% 4 4 30 30 44 40 30 41 3F 30 28 46 20 35 2145 45 40 SE SH 30 B 55 40 30 40 4 35 38 3 30 30 48 S8 36 35 3 20 4 3 40 38 3% 3¢ 40 40 37 37 96 4 45 49 4 4 4

STh&Tz
CLCl
REJ]
REU]
k0T

KAS]
RAL1

PLS]

JILLEGAL (REJFCT)

ILLEGAL (KREJECT)

3e

3

PTR RFAD DATA A/C COMMAND

PTK ASSY TwanNSFFR STATLS

A/Q CUMMAEND
PTk ALARM STATUS

A/ZQ COmMMAMD

PTP LISASSY TRANSHFER STETUS

A/G CUMMAND
CP STATUS ? A/ CUmMAND

89601564 02



neQn
[IXA)]
nay]
ngal
naouy
4Gz

nages
nags
Nu96h
navyy
NeGR

0500
N800
neny
0e0l
nsne
0502
8503
nsn3

0505
0506
0507
0508
0509

0511
ns11
0812
0512
0813
0513
0514
N514

FES16A

FOGNG 011
POONDA ON0]4

PEONR 001w

PuOOC 3C01
poanh 7253
POOOE 3CoD

POONF N0S3

PCO1Nn RCO1
PO011 6AH3
P0012 8C0O

PNN13 0053

80601564 02

PAGE 11 LATE: 06/05/77
LJpP Cs31 CP STATUS 3 A/w CUMMaND
UJpP Cs4l CP STATUS 4 A/ LUMMAND
UJP CsS51 CP STATUS & A/Q CCMMAND

*%**ﬂ#%%#ﬁ#%&%*#ﬁ#k#**#*###%**#*“#ﬂ*%#**ﬁ%***ﬁ***#Q%*#%%%%%%*%%%#

W . “
A CPk STATUS 2 A/G COMMAND %
#* : &

*ﬁ%%*9*%#***%*%%*Q**%##**hﬁ*&*ﬁ#**%%ﬁ%**G*%%&*#%hﬁﬁ&%%%%%*#%**%%%

Cs21 Loc AQUTLD 01
CJP CPPUIHWREP]
LucC AOUTLDS0O
UJP REP1

*Gﬁ%*ﬁﬂﬁ*&%Q#ﬁ%%Q“&#*##&&ﬁ“%&*%%“ﬁ#%%%**%%##ﬂ#%#%#%*##%##%&#**%*%

% *
& CP STATUS 3 A/Q COMMAND d
#* %

%*%%#Q##ﬂﬂ#*ﬁﬁ%*i**##Q*Q%*##ﬂ%##*%#ﬁ***%&#&*#QQ#“*%Q%G%%*%Q%*%*Qb

CS31 LbC AOUTLDyO1
CJr CPECER,REP]
LDC AQUTLDs0O
uJP REP1



re]#
neYl7
irm -
na]16
Nk

w27
ney?
ne23
[T yegc
(e e
(524
noe

SIS

NP7
ey A
nsrQ
NE30
n&e31

Nns33
533
N534
0834
ne3&s
ne3s
ne36
G536
ns537
na37
AR
(B3
ns39
n&s39
ns4n
ns5a40
NRa]
0584]
n5a42
0542
0543
nK43

vicle
POGTS
=B I

BanY7

POOTR
50019
B(N1A
PONLK
PO01C
PO01D
PONLF
POOTF
POOAZN
pONP1

Pn0P?

FEnlfa

ACG1
TAL 3
rCOO

0onsy

3C01
bS53
&CON
nns3
0n0ss
[VEthote]
0042
onsn

FFFF

PAGE 12 DATE: Vb/085/T77

35 5 45 4 38 28 30 38 40 35 30 30 36 $F 20 3F 3 2 3E 3F 3P I 3r AF - 3E AE P P e A P P B K A e 3P I A AT I GE S Ar WAL AT e e et e B

Rt Lid
i CP STATUS 4 w/t CGMMAND #
4 : 3
45 3F 2F 4 30 42 3F 31 3F 30 3F 3k 36 3% 4% 5k 3F 47 3¢ 3¢ 38 3¥ 3% 38 38 30 I 3P 40 30 30 3P 3F 3F 3F 3F 3% 3¢ $F 3k 3F 3 20 4 3% 3k 3 2 2 6 3 20 97 40 3 4 48 2 30 2 S SR SE S
Csa) Lbc A0UTLD. 0]

CJP T CPSThRYsREF]

Lue AQUTLD O

1WJP FFP1
95 4% 37 45 48 3% 48 30 38 37 3F 35 38 32 35 28 30 3% 3 38 2% b 35 3 35 3F 35 SF 38 4 3¢ 4% 3 9F 3% 30 3E 48 SF SE I8 37 3F 9% 96 3 4F 3F 38 3 36 3 3 3F 2 S 2 T E 4E 3 A 3
3 3
#* CP STATUS o A/L COMMAND w
it 4

35 46 3¢ 48 3¢ 3¢ 9b 3F 3F 3¢ 45 4t 4 48 38 ¥ 87 38 30 38 3 38 38 3¢ 3¢ IF 46 3¢ 38 2k 48 3F 4 38 1 3 3 48 3 3 3k 3 Sk 38 3F 36 3E 36 30 3F 3F 46 37 45 35 3 34 2 o A v e ok

Cs51

LwC

LDC
LuP
Lub
uJP
uJpP
(Jv1 4
SPARE
SPARE

UJpP

ACGUTLD01
CPhOEMsREP]

AOUTLDsOO

REP1

~E Ul ILLEGAL (REUECT)

REJ1 ILLEGAL (REJECT)

A0SO A-OUT STATUS A/G CUMMARND

TEMT " TEST MUDE KEAD FILE A/G COmM,
CFUl CP FEED A/ COMMARD

89601564 02



FE516p PAGE 13 DRTE: 0V6/05/77

N&uw UJF ccrl CP CLEAR &/0 COmMLND

n8as Po6P3 0100

NE LA UJP cclo CP CLEAR INTERKUFT k/f; COM,
Nhaeb PNO2& 0060

n547 UJP 161 CP INTERRUPT KREOUEST A/G Cuit,
N547 POO2S 0O1EDN

nNegp UJP COF1 CP OFFSET a/0 COMMAaND

NR4k BPOO2e O1E2

015646 UJP CiT1 CP DATA A4/G COMMAND

0849 FOOPT 01F7

05850 uJpP - RST1 PTK STUP=STAKRT A/L COMMANU
0550 Poozk Ulaes

nas1 UJpP RFBl PTR FORWOARD=KACKWARD a/Q Cowm,
nv8] PONDPS N]14E

0552 UJe RCL1 PTK CLEAF A/ZG COMMAND

0557 POOZE 015E

LS5 3 uJpP FCI1 : PTR CLEAK INTERRUPT A/ COMM,
N553 POOPK 0l6F

[OSYT UJpP RIO1 CPTR OIMTERRUPT REOUEST a/zu CUW
6554 POOZC N17C .

N85% UJP RDM] PTR LATA MODF A/G COMMAND
nNe55 PNOZD 01%6 .

ne56 UJr REJ] ’ ILLEGAL (REJECT)

ARR6 PONRE 0055

nss7 uJP REJ] ILLEGAL (REJECT)

0887 PONPF 0055

(LY UJprP PST1 PTP STOP=START A/Q COMMaND
0558 POG3Nn 0195

n559 UJP PDF1 PTP DEVICE FUNCTION A/Q COMM,
0559 P003]1 01Ce

ns60 UJP POT1 PTP DATA A/G COMMAND

NS60 POND32 0188

05861 UJP PCL1 . PTP CLEAR A/Q (OMMAND

N%61 PO033 0U1lAl :

nse6e UJP PCI1 PTP CLEAKR INTERRUFT A/G CUOMM,
ns62 PNND34 01AD

n563 UJP PIQ1 PTEF INTERRUPT KREQUEST A/W CO™
n5A3 PNHN3S 0186

0564 uJrP ‘PDM1 PTP DATA MODE A/G COMMAND
0564 PN036 0198

0865 UJP REJ1 ILLEGAL (REJECT)

0565 PON37 0055

0566 uJpP TEML SELF TEST ONF  A/G COMMAaNU
N566 PON38 0Nas

0567 UdJP TEMZ2 SELF TEST TwO A/G COMMAND
0567 P003Y 0046

0568 UJP TEM3 SELF TEST THREE A/u COMMAND
056K P003A 0048

0569 UJpP TEM4 TEST MODE LOAD FILE ADDFPESS
0569 P003B 004A _

0570 * A/Q COMMAND

89601564 02 |‘



na7?
ne7e
n&e73
0874
n574
N&T7%
nNW76
0876
0s77
ne77
08Tk
0678
n&879
ns7Q
NERQD
N8y
ns&1
NsR1
[(1s¥.¥4
NBER?
N&eR3
0983
05k4

- 0584

05H5
nNeKse
NERA
05H6
ns&7
05H7
NHHAR
0588
NRBA9
N5HO
nNs90

0590

nNR"9]
0591
0892
0592
0593
0593
0594
0594
0595
0595’
0596
0596
0597
nsq7
ns98
0598

POC3C

POO3D

FONRE
POO03F
PO04OD
FO0al
PO0&4?
P0043
FliN4s
FO045
POQ46
PG04T
P0048
PG04Y
POD4A
Pn04s
PON4C
PNO4D
PNO4E
PO04F
POOSO
P0051
P0052
PONS3

P0054

FE5164A

0naC

004k

0085
0055
$F33
nooo
BF33
n160
BF33
0obe
BF33
nnCF
8F33
0138
BF33
0163
BF33.
0168
BF33
016A
8F33
016F
C705
B3FF

0056

3*

CCIo

TeEMm]

TEM2

TEM3

TEMe

TEMS

TEM6

TEMT

UdJP

UJP

UJP

uJp

SFF.

UJP
SFF
UUP
SFF
UJP
SFF
uJP
SFF
TN
SFF
INL
SFF
TN

SFF

UJP

SFF
UJP
CA

CcLO

uJpP

PAGE

TEMS

TEM6

REJL
REJ]
HMBNKS
CCI1
RMBNKS
AOS1
KRMHBNKS
STAlL
RMEBNKS
STB1
RMBNKS
sTCl
RMBNKS
TLAL
RMBNKS
TIRL

RMBNKS

TCI11

RMBNKS
TRF1
QS+PCD
RPLY

MLP1

14

DATE: 06/05%/77

TEST MODE INTERRUKT REQUES]

A/GQ COMMAND
TEST MOUE CLEAK INTERFUPT

A/7Q COMMAND
ILLEGAL (REJECT)

TLLEGAL (RFJECT)

89601564 02



06N
0e00
nenl
nNANP
naO3
60
nens
NenNR
NANT
CeNA
0609
0610

nel1?z
nelz
ne13
nA13
nele
nelé
al%
nAl1S

0617
T 0k1H
nelo
0620
0621
neee
0623
n624
0625
nN626h

oeze
ne28
nees
0629
0630
0630
N631
nR31
ne32
n632
0633
633
0634
0634
0635
0635
NA36
0A36

FOGES

PONSR6

POOST

PONSA

E0NS9

POOSA

PDOGK

POOSC

POOSD

POOSE

PONSF

Pon6n

PONG61

P0062

89601564 02

FES1AA

n1FF

sF2E
085D
005E
B3FF
B8F20
AF33
AF 2D
8F10

C4Fq

PAGE 1% UVATES 0b6/09/77

REJ] CLO HEJ

%{Si&{{-ﬁ%b*i?*&*%%i}{:—-H-*&i'r-!}%%*#3*%“*%{?%##9*%*P&ﬁ*#t&i#ib*%*%i?ﬂ&ibikﬁ*’kﬁ%%'}%-&#%%
* &
# MAIN LOOP ENTRY POINT o INTERNAL “
<% i
* THIS POINT IS REAUKEL AFTER EVERY: k4
#* - MASTEP CLEAPR W
* -« CLEAR COMNTKROLLER #*
i - A/G COMMAND i
k4 - it

3t 38 3+ 48 4F 3 4F 25 SF 38 38 38 40 3¢ 3 45 30 31 38 ¥ 38 31 32 35 47 38 25 45 30 38 45 36 35 38 4F 35 30 4r 2 38 38 37 37 38 48 W 38 48 42 238 35 38 46 b 50 30 35 6 48 3T dr Sk 3P 4

MLP1 CJP ONUFLNgNMLPZ JUMP IF ON [ INke
UJP CLCl

mMLP? Cub RMEXECyREX]
UJF ICM]

3841 4% 3¢ 3¢ 4% 1 46 30 3 4 3F 36 38 48 3¢ 37 4F 42 31 35 45 3 30 40 2k 25 33 38 48 I 34 32 28 3F 30 35 4% I 3L 32 3% 3¢ 38 37 48 26 3 38 3 45 3 37 3 3 30 23 3 e 2 dE 40

3

# CLEAR CONTROLLER A/Q COMMANL AMD INTEKNaL 3
£ #
#® THIS POINT IS REACRED: o
#* - AFTER EVERY MASTER CLEAR &
#* - AFTER EVERY A/G CLEAR CONTRULLER COMMANL #
# - BEFORE AND AFTER ANY OFF=LINE KOUTINE 1S EXECUTED #
#* #
L L T L L Lt T R L L L L R ey

cLCy SFF BUSY

(o] RMEXEC,CLC11

LJP cLCiz
cLCil CLo RPLY
CLC12 SFF CNALU
ARFF RMBNKS
RFF SELBREG
LbcC BREGD.$10
cLc2 TA BREGS«RAMADD



Ne38
nNe3R
NE3G
nNe36G
NE40
0640
neal
N6a]
GARLZ
Neap
0NA43
0643
Nkad
Heas
Ne4s
0645
N64k
Neat
0Ra6T
0AR4T
NALR
NAR4GH
0649
0649
0650
nee0
e8]
nAs1
nese
0652
0653
NAS3
0A54
0654
0655
0655
NA56
N6EA
neS7
n6S7
0658
NA5SH
659
n6590
ne60
0660
0661
0661
n6ez
n662
nN66A3
0663

PGNGT
POOKG
POORS
POO6BH
POORT
Pﬂﬂhé
PONAG
POOKA
PO0N6LHE
POGAC
POOARD
POOG6E
POOGF
PONTO
POOT1
POOT?
POO0T73
POOT4
£O0TS
POOTﬁ
POOTT
POOTA
POOT9
POOTA
POOT78

PoO07C

FES]16A

H600
CFFC
LART
0062
AF20
nF23
RFEON
486C
AFOd
aF31
AF13
AF19
AF18
AF29
AF 28
AF 09
AF21
AFO1
AF25
AFo0C
AF2F
AF N6
AF 24
AF 35
AF1C

AF0A

CLC3

CLC4

CLCs

CLCs

cLC7

CLCs

LbC
DA

CuP
uJP

HFF

CupP
RFF
WEF
RFF
PEF
REr
RFF

RFF

RFF

RFF

wFF

RFF

RFF.

KFF

RFF

FaseE 16

RAMD 4 00
BRLESakECD
COUT+CLCq
cLCe

cragy
OMBUSFF
CNTPRT
IMTPRT 4 CLCH
CNTPRT

£ECnd

EHOLOP

EivDLCK

FRARSLP

JGRPG
INTRSP
PTRPEFF
PTRAC
PTRACFF
PTRAM
PTRAYFF
PTRUTFF °
PTREFFF
PTPSCFF

PTPLA

PTPP Ak

PTPSTFF

89601564 02



0rES
NEeRS
NEEF
0ARE
nenT
0NReT
NEAE
NARAK
nARO
NA6HY
ne70
0670
0671
neaTI
[ 4
ChT2
nAT73
0673
0674
ne7e
NATS
NneTS
n676
- 0ARTEH

NeTH
ne79
06HBO
nAR1
GAER?
nNeg3
N6BY4

neBA
NARA
0687
0687
nN688
[VECY-2]
nRA89
N6R%
N690
0690
0691
KRG}
ne9e
NA92
N693
0693

89601564 02

BonTIL
POOTE
POOTH
PGOkN
POOH]
POORE?
POOAT
FOORG
FOOKS
POGRA
PONRT

POORA

POGAY
PO0O&A
PONKE
POOAC
POORD
POORE
PONEF

POOGO

FESl6A

aF 05
AF 3¢
AFQ2
afF 3¢
AF Oy
AFle
A430
AF2E
AFO03

4656

R401
CFFO

5065

PAGE 17 DATES: 06/05/77
CLCY RF ¢ FTPUYFF
FFF PTPDSFF
RFF FTPDTFF
KFF PTPCUFF
RFF PTPIRFF
KEF CFOFFS

CLCICG  KFFCL CPDATFF CPFIRT

RFF BUSY

RFF EOP

cup ONOFLNyMLP]
SFF RMBNKS ‘
UJP DLYl

#ﬁ*a*#*%#%*#*&**“#%#*##Q&%***#***ﬁ#&*ﬁ%*%#**%ﬂ#**##**Q*%&*&#%%%%%
3

COMMON INTERKUPT ¢ INTEKINAL %

%

THIS PROGRAM CONTROLS THE INTERRUPT RESPONSE LINE *
*#&#ﬂ%##*##*&#*#QQ%*#&%%*%%#*&*#*#*%*4*%%%#*#*%**%&#*%h%*%%#*%*%j

X o k%

Icm LDC RAMADD 1

TA RAMS ¢ BREGD

CJp BMSBe ICMa ‘ JUMP IF PTR INTRFT RESFONSE

LbC RAMADD .2

TA RAMS.BREGU

Cuk BMSHEs ICMa JUMP IF PTP INTRPT RESKFONSE
ICMm2 L.bC RAMADD 3

TA RAMS s BREGD



NAYS
(1~Q4
(i~ GF
NARSA
0RGT
nea7
[P
NRGPR
GG
NRGQ
e700
nTOoL

67e0?
0703
n704
G705
0TNA

708
070R
0709
n7nG
0710
0710
n711
0711
n71?
ntrle
0713
0713
n71¢4
0714
n71s
n71s
0716
0716
0717
n717
n71e
0718
0719
0719
n720
n720

B-18

Faeal
FOnupy
POOG3
TS
PAOGS

POO9A

FONGT
PON9R
PO09Y
POGSA
POOSR
F00SC
POOSD
POOSE
POOSF
PONAD
PO0AL
POOAZ

POOA3

FER1kE

SN45
Ak 2R
ORu 2
nng7
HF ¢x

0063

44 A2
54A2
5407
CFFD
509D

00A2

Cubk

KFF

Cub

tJpP

SFF

uJpP

BEMSde1CMa
INTRSP
RMEXECyREX]
1aC1

INTRSP

ICM3

DATE: 06/05/77

JUMP TF CF TINTKPT KESEGRSC
RESET INTERPUPT WRESHFORSE

JUMP IF KOM EXEC

SET INTERRUPT RESPONSE

PSR B g e A A A B A R AR S S A S B S S A R e P P S P S S S e e dr B A e S B S S S S

*
*
*

%

SET PTk AC SIGNAL o+ INTERNAL #

L

%%*Q%*#Q%%Q%%G&*#Q###ﬁ%ﬂ##%%%ﬁ#h%%#&%%#ﬁﬂ##ﬁ&#*QQ%#****%#&%%*%###

IAC1

_Iace

T49F
00A2
7042
BF21
AFD1
0852

NGAG

1AC3

IACa

IACS

CJP
CJuP
LocC
TA

CJUP
uJp
CJpP
uJP
CJP
SFF
SFF
CJpP

uJpP

PTRACJCHIALS
PTRDTJCyIACS
RAMADD 7
RAMS ,BREGD
BMSBeIAC2
1ACS5
PTRSO.IAC3
TACS
FTRSC,IACS
PTRAC
PTRACFF
RMEXECsREX]

IRT1

JUMFE IF PTR DATA STATUS

JuMP IF PTR STAKT MOLE

89601564

02



n7e2
(723
N724
n72s
n7T?2e

677K
N72K
n729
N7y
r730
730
n731
n731
n73e
0737
n733
(733
n73e
0734
n735
0736
n736
0737
6737
N73K
n738
G739
n739
0740
n74n
n741
0741
0747
n74?
N743
0763
0744
n744
0745
n74%
nN746
nT46
0747
0767
0748
0748

89601564 02

PonbLs
FUGAS
PODAA
pPONnAT
FOOAR
POGLSG

POOAA

POCAK
EOOLC
PO0AD
PGOAE
POOAF
POOKD
DONK]
POOR?
POOB3
PONBG
PNORS
POOB6

POGHET

|

FES1AA

4Chb
44nn
0K&2
00kHy
TOAA
NNAGK

5718

nabD
AF18
HE 20
CFFa
AF 20
8409
Ce6F 4
hBha
0085
BF09
BF0O6
AFlH

00Ab

PAGE 19 DATE: 060/065/77

38 G 3t 3p 38 3% 3¢ 45 57 40 38 48 48 38 4r 37 36 3% 47 30 37 28 36 3 35 3F 97 38 3F 38 3¢ 3 3% $F 38 48 35 4 36 48 46 48 48 38 30 38 5 38 37 3% 4% 30 3 3% 46 S 30 Ak 4F 37 3 4F 56 <e ok

3 3
# PTR CHARACTER TRANSFER o INTERNAL i
4 &

34 3% 3% 35 $F 47 3% 48 37 4% 45 3b 4F 38 235 3p 31 3 48 30 38 4 40 38 37 35 3E 38 4 30 $b 30 ¥ 30 3B 48 28 4F 3 37 36 30 31 3 35 45 $F 3 3¢ 38 3 40 5F 3 4F $F $F 5 46 2P 30 2 W SE 4

1RT CJUP PTRIFJCWIRT? JUMP IF B REGISTER FULL
CJF - PTRACJC,IHT3

IkTe CJp KMEXECsREX]
UJpP IkHl

IKT3 CJP FTRSCs IKT4
LJP IRTE

IRT4 SFFCL PARSLPWPTFFT SET PARITY LATCHEL

# RESET & UP=DATE PTRPAK,PTHCA
Cub PTRPAR g IRTT
IHTe  RFF PARSUP
IRT7  SFF SELBREG
TA BREGS ¢ BREGU
RFF SELBREG
Luc KRAMADD 49
IRT8 TA BREGS,RAMD
CJP PARLTC,IFTY
uJP 1RT10
IRTY  S&FF HTRPEFF
IRT10 SFF PTRBFFF
RFF  PaRSUP
UJP IRT2



G750
n781
nyse
n7%3
G754

(756
(AT
0757
nTs7
Hh75H
NT75R
78G9
0756
n7an
0760
0761

nN76A1

n76?
n762
n763
0763
N764
0766
n76es
0765
n766
n766
0TRT
n767
0768
0768
0769
0769
0770
n770
0771

0771

0772
0772
0773
n773
n77@
0774
n77s%
n775%
0776
6776

0777

0777

PROKK
PGORY
BOCRA
POGBE
PRORC
POOKD
POOEE
POOKF
PNOCH
PonCl
PoocC2
PnoC3
POOC4
PpOCS
PONCEA
POOCT
Po0OC8
P0OOCS
POOCA
POOCH
PoOCC

POOCD

FES1AA

4CBA
oocCty
3408
CFFO
1800
1CCYy
8aE00
H407
CFFn
50C3
00C7
BFEF

AF 06

AF21

AFO01
0852
0005
SnCE
8680
56409
CEFoO

00C4

PAGE 20

DATE: 06/0%/77

3F 38 58 38 3F 3F 4F 38 3F 3F 48 3F 46 3¢ 4r 3F 48 30 45 45 42 35 38 3 38 5 48 37 20 3 35 S 3H3F 3 3F 38 3F 2F 3F 36 3E 5F 36 45 45 44 48 38 3 3 38 4 4 32 3 e 4k 3 B e e 3t

3
3
$

4

PTR CHARACTER HANOLING o« INTERNAL L

3*

3¢ 3% 2k 4¢ 3¢ 3t 35 45 40 48 37 3F 3 48 3¢ 35 88 3F 30 4T 34 45 3P $F 38 31 $F 48 38 S 4 3F b 47 $F €8 3 36 4k 3% 35 48 3 3F 48 36 35 48 30 3¢ 34 32 3 4 36 40 8 30 3F 35 I 3 S 40 4

THK1

IRH?

TRH3

IRH4

IRHS

IRH&

IRKHT

IRHY

CJr
LUK
LDC
TA

CuP
CJP
LDC
LbcC
TA

CJP
UJP
SFF
RFF
RFF
RFF
cJpP
UJP
CuP
LDC
LDC
TA

uJpP

PTRBFJCy IKHZ
IKHT
RAMADD 4 &
PAMS 4 BREGD
PTRPEJC s TRH10
PTRAYJC s IRHR
KF2UD, 00
RAMADD 7
RAMS s BRE GO
BMSB 4 IRHS
IRHT

PTRDTFF
PTRBFFF
PTRAC
PTRACFF
RMEXECREX]
IRI1
BMSB 4 IRHY'
RAMD,$80
RAMADD 49
RAMS 4 BF Z LD

IRHE

JUMP JF PTR START MGLE

.JUMP IF PTR ASSEMmMBLY STATUS

SET PTR ASSEMBLY STATUS

TRANSFER ¢TR UPPER BYTE

89601564 02



n774
n779
Nn7THN
0780
NT=1
N7H1
NTRP
N7he
0n7Aa3
7#3
07kaG
NT7Ra
N7THS
0TRS

0787
N7Re
n768G
n7an
n79l

n7a3
079
N79¢«
nN794
n79%
n795
0796
0796
0797
0797
0798
N7GR
n799
0799
0KROO
NR0OO
0801
nRrRe1
NRGP
nEn2
NR03
NDRO3
0804
Y
ng0s
N&805

89601564 02

Ah0lr
FOCCF
rooRn
E0D
I AdF
Foen3s

cennfa

FONLS
Poobe
“0an7
EONDR
PonDu
POODA
PACOB
FoODC
POODL
POGDE
POODF
POOEQN

PONE]

FESIEA

2600
0ObF
tene
HORE
“uCE
HAHO

nosF

B404
CHFD
7409

500C

00DA
eubC

20DA

PAGE 21 DATE?: 0ea/05%/77

TRHS | bC FAMD 4 Gi) RESET PTk‘nﬁstnhLY STATLS
HJP 1KHG

IRH10  Cu¥ PTRAYUCy IRR]1 JuMP  IF PTR ASSEwmELY #UDE
UJP Ivnm3

IWH11  CJUP FMSH IRHY JUMP IF PTH ASSERnlY STHTUS
LUt HaMD 4 %60 SET rTK ASSFMKRLY STATUS
UJF IkHa

‘2}-!?%%***'F'f#*{(-*4‘}*#4'(ﬁ*k%{}**%#ﬂ#*éﬂ'%ﬁ&*%%*i(—#'l?***'ﬁ'{?*%Q%**%**%%#fr%ﬂ"*%%**
L3 £
# PTh IMTERRUFT v INTERNAL . *
kg 3+
ﬂ-s\‘i’}i‘r%*ﬂ-'ll'**4(-*%%{1-4}i'fﬁ'ﬁ’{t**ﬂ'i‘r#%****%***%*ii**%%***ﬂ*##ﬂ*%s“r#**###&%*ﬂ'%%*

P11} LbC PAMADD 94
TA HAMS 4 BRE GL
CJpP FTRSOsIRIZ
CuP BMSBTRI4 JUMP IF PTR NOT ROY INTRPT kG
IRI2 Cup PTRDTUCWIKRIS
IRI3 CJUP RMEXECsREXT
uJrP 101
IRI4 LbC RAMADD 9]
LbC RAMD + 560 SET FTR INTERRUPT RESPUNSE
SFF INTRSP
UuP IRLS
IRIS. Cup BMOLsIkI4 JUuMP IF PTR DATA INTRPDT R
UJP IRI3



FES16AA pPabe 22 DATES: 06705777

NnenT 38 38 3 b 3F 30 3F 3F 3F 3¢ 3¢ 35 37 3F de 3F 3¢ 37 4 9 48 38 4 48 48 38 38 38 3P 30 38 38 38 3F 35 38 38 28 3F 3¢ 36 3k 3F 3¢ 4% 3¢ 3F 97 97 3 3% 2 3% 46 30 3 4 58 3 37 40 38 9 e 3
A~ 3 )
{({k0G i SET PTP DATA/FUNCTION STATUS « IMTFRNAL bt
Gel0 3 M
pp] 1 < 38 4t 38 3¢ 3% 48 3F 4k 3t 3F 3t 3 3¢ 48 47 4¢ $F 38 3% 4% $F 38 3% 48 3% 47 38 3F 3 3+ 48 37 3F 37 ST 3F 28 38 3¢ 42 3% 3F 4F 3 9F 35 b 4F 27 31 3¢ 3% 3F 3k 4% 3k 3k 47 F 3 38 3F 3k 47
f=13 P01 Cupk PTPSTJICL,IPD3 JumpP IF PTP START MOOE

N~K13 POGE? l0ES

nNHla IPD2 CuP - PMEXEC.REX]

0&Fla PNOER Q852

firl& UJP 1FS1

R1% POOFa NNF3

016 1PG3 CJpP PTPAC.IPDS

nelq POOER 7CEH

0RrR17 IPD4 KFF PTPSCFF

NAE1T7 POOER AFP4

S0ATH LIJF 1rDe

fE1P PLOFT O0E3

nei1o IPDS CJP PTPSCUCyIPDZ

nNRl19 POOER 34E3

0R20 CuP PTFAM, IPDT

pPRZ0 POOEY 6CEF

6521 CJP PTPIFJCyIPDZ

%21 PONEL 14ER

nree IPL6 LDC RAMADD 4 $0A

NRZ22 PONER B4OA

0823 TA RAMS ¢« BREGD

nNE23 POOEC CFFO

NeZ4 CJP BmSB,IFDZ JUMP IF PTP IMUEX CA

GR24 POCEDN SNE3

nR2% CJupP PTPDYJC,1PDB

0RZ2% POGEE 2CF1

nR2A IFPDT SFF PTPDTFF :
nge6q POONEF HBFOZ

n&27 uJdp 1PDZ

0Rz7 PNOFQ 0O0ER

NR2H IPD5 cJpP PTPDSJUC,IPD?

oazs POOF1 38ES -

0629 UJP 1PD7 ) '

0R29 POOF2 0CVEF

B-22 g 89601564 02



re31
nR3AP
na33
0834
nPas

NR3T
0r37
NE3R
NA3#
GR39

BO0F3

P00Fa

FEoleA

10F6

0852

NR3G9 FOONFS 0110

NR&4 0
NR&n
NR&1
0Ra]

YY)
NR&?
nR&e3
0843
YA
844
0649
R4S
NR&Ek
0846
0847
NR&47
0R4H
NR4SR
NR49
0R49
0850
NR%Q
0851
0851
nRs2
0852
0R53
n8s3
nes5e
0854
nass
0ReS55
0856
0856
nes7
n8s7
0R5R8
NRS8

POOFe
POOFY
POOF R
POOFY
POOFA
POOFH
POOFC
POOFD
FOOFE
POOFF
PO100O
Pn1nl
Pol1n2
P0103
Pnines

POl05

7CF8
00t 4
34F 4
1501
3404
CFFn
S0FE
00F 4
8600
sF24
00F4
2DoA
AFOB
840C
C8&FO

BF1C

POlo06 6908

POLIOY

POl10R

8860156¢ 02 |

AF1C

BF24

PAGE 23 DATE: 06/05/77

4548 30 35 48 4% 38 28 38 47 38 98 40 47 37 38 38 48 20 41 48 3F 45 30 45 30 28 40 37 31 25 4 38 3 38 4 48 3F S8 2F 4 45 47 48 30 38 32 3 3% 5P 45 38 27 30 45 38 28 4 45 4 30 4 30 3r ab

3=
*
L&

SET PTP SC SIGNAL 4 INTERNAL

23
3t

w

4t 45 30 38 47 b 40 41 38 3k 37 48 38 36 37 38 $F $F 7 34 48 €F 48 31 45 47 31 3 26 38 31 3 30 4 46 38 31 48 48 235 31 4F 98 38 37 4F 35 3F 3¢ 4F 3 36 3¢ 30 47 30 47 38 45 48 55 3 Sk e 30

IPS1

Irse

IPS3

IPse

1Pss

1PSsé6

1PSY

1PS8

IPS9

IPS10

IPS11

CupP
Cubk
LJF
CJP
uJk
Cup
CJP
LbC
TA

CJpP
UJP
LbC
SFF
UJP
CJp
RFF
LbC
TR

SFF

-CJUP

RFF

SFF

PTPSTJUCs1PS3
RMEXECykE X1
1F11
PTPAC.IPS4
Ipse
PTPSCUC, IPS2
PTPIRJCIPST
RAMADD s %0A

RAMS 4 BREGD

BMSH, IPS6 JUMP IF PTP INDEX Ch
1PSZ

RAMD .00 RESET PTP INDEX CA
PTPSCFF

11S2

PTPDYJC4IPS12
PTPIKFF
RAMADD 4 $0C
KAMS 4w CD
PTRPAR
PAKLTC,IPS11
PTPPAR

PTPSCFF

JUMP IF PTP START MGLE



B-24

(iRt
A0
(el
na6]
H562
NRE?
(tiam R
(4¢3
oAy
(i“haG
(isHAR
(ARS
(AR oY)
NRKE

NRAEHK
(HRG
(AT
NRT1
nrR72

0874
neETe
NETH
0RT7S
NaTE
NETE
0RTT
nevr7
0”78
nNR78
NRTY9
NHRT79
(X
NARKEQO
NAB1
nNRK81
naRe
0RR2
NRR3
N8R3
0884
OGRE4
NDRHES
NRKBS
0HARA
N8RE

EN1NY
P1na
Pnlor
Eol1oc
PInD
Po1nE

P01 NF

POILO
PO111
POll2
°n113
POlle
PN115
FOl1lA
POY11T
PN118
P0119
PO11A
PO11E

F011C

FESleh

10F 4
jont
HF 32
3400
Nins
AF 37

n10e

4405
CFFO
7914
5117

4118

17817

UJP

CuP

LUP

PAGE 24 DATE:

IFSe
PTPDSJUC,1PS13
PTRDSFF
KaML[IDySGE
IPSY

PTPUSFF

I»Sy

06/05/77

3545 98 3¢ 38 3¢ 47 4b 38 4F 47 4F 34 48 3r 38 48 3F 30 4E 48 $F 3 37 41 31 38 30 3 35 41 31 25 51 23 37 35 48 28 38 35 30 48 48 3E 48 48 3 45 38 38 3 3F 3% 3F 36 3k 4p 40 38 38 36 47 3F 4

1
3+
k14

PTP INTERRUPT s INTERNAL

>4
i
$*

SF4F 3 46 4F 38 48 35 3F 33 42 31 38 40 38 40 28 40 38 30 41 38 3% 45 48 31 3P 37 3k 38 3 48 4% 31 38 I 35 38 38 35 46 48 35 3 45 3F 3 45 45 34 48 3 ¥ 48 30 3¢ 26 48 47 30 4 48 $F 45 3¢

IPT1

IPI2

IPI3

nase
011D
8402
4680
BF23
0115
2917

0115

IPI4

IPIS

LGC
TA

cupk
CJUP
CJP
CJupP
UJP
LDC

LOC

uJpP
CJr

UJP

RAMADD 45
RAMS ¢BREGD
PTPAQ.IPI2
BMSE,IPI4
PTPDTUCeIPID
RMEXEC,REX]
I1C01

RAMADD 2

.

JUMP IF PTP NOT KLY INTRPT RQ

RAMD +$80 ' SET FTP INTERKUPT RESPUNSE

INTRSP
IPI3
BMDL,IPI6

IPI3

JUMP IF PTP DATA INTRPT RQ

| 89601564 02



(R
NRAG
NRGN
NHY]
nHGy

nra4
I
nHag
NRUS
NRYK
NRAK
nKsg7
nNKy7
NKYGKR
NRYR
0NKGQ
NAYY
nanqo
ng|nn
nanl
0901
nenyg
naoe
nGgoR
ne03
nang
nagos
6906
nGn7
NGNR

0o10
nailn
na1l
n911
ngole
0917
0913
0913
n914
nala
0915
0915
naleée
0916
Go17
0917

896016564 02

FO1ID
FOY1E
PO11F
PO120
Po1el
20177
20123
FO12a
FR175

PO126

P0127
PO12K
P0129
PN12A
PO12R
Pol2C
P0120

FO1PF

FES1RA

o>F20
0NnsS2

nl27

R406
CFFO
SF2B
512E
2132
0852
0134

8403

Pate 2% DATE: Un/05/77

.

3 38 28 35 47 3 40 37 3F 3 3F 4% 38 3% 40 36 37 38 38 36 38 38 38 20 35 40 45 37 38 37 4F 4 36 4 IF 38 SE 28 38 38 38 50 38 30 35 4 2F 38 25 3 46 3% 5F 45 3F 5F 36 48 21 47 4% 3 45 4 3

#* A3
i SET CP DATA STATUS « INTERWGL *
3 %

3 3 48 48 3% 30 31 3b 45 3% 38 30 35 48 38 38 S8 37 38 38 30 38 3¢ 48 47 3 37 2 28 33 37 37 4F b 48 8% 34 3+ 38 28 38 30 45 35 4% 3% 47 38 35 48 45 38 48 45 45 38 3 32 46 48 3 3 30 3¢

ICD1 CJP CPRDY,ICD3
ICbz Cupk RMEXECyREX]
UJp IC11
1CC3 CJpP CPPUTIKF,ICE?
Cuk CPINFJCyICLZ
CJrP CPFEDUC,ICLZ
CJpP CP3SY,ICD4
UdJpP ICue
1Che SFF CPDATFF
UdJpP 1CD2
D A R
st
: CP INTERRUFT o INTERNAL i
# #*

3F 41 48 38 31 48 38 30 30 38 38 30 38 31 3¢ 48 3 31 35 34 48 38 25 30 28 32 3F 38 3F 4 45 38 48 28 3F 25 34 36 26 48 48 38 31 31 15 38 36 34 48 38 25 35 48 48 35 48 28 28 3 26 38 38 3 44 3¢

ICI] LbC RAMADL o &
TA RAMS ¢4 BREGD
CJP CPRDY,IClZ
CuP HMSBeICI4 JUMP IF CP NOT KLY INTRPT wu
ICi2 + CJP CPDATJUCLICISH V
ICI3 CJP RMEXECeREX]
UJr IRR]
ICI14 LbC RAMADD 3



FESLRA PaLGE 26 DATES 06/05/77

rule LGC RAMD  f 8B SET Ck IRTERRUPT wESPOMSE
NG1G FRIPF =480

nLzn SFF INTRSP

nNGZ20 PN130 nEZ2H

(G| UJP 1C13

G2l PO131 0l12C

(97, 1CTI= CuUr nMULs1CT4

nGZz P13z 2yt

063 uJrP ICI3

nu23 Po132 0leC

nera *%##Q%k%%%%#%ﬂ#**Q*%**#%Qﬁ*%#%%#%%*##**%*%%%*&*#%#*%%Q*%ﬁ#%%*%%%*
nGpe %* 3
NYZA * PTR READY STATUS o+ INTEFNAL *
667 * %
NG P K *%ﬁn%%**ﬁﬂﬂﬁ%%ﬂ%*%ﬁ#*%#ﬁ%#%**%*%#**ﬁ#%ﬁ#**ﬂ**#***ﬁ*%*%&%%ﬁﬁﬂ**%*%
pG30 ITRiF1 cupP PTRSO e IRRZ

ne3r PN1334 7534

ra] RFF PTRDTFF

0631 PR13% AFZF

na3p RFF PTRAC

NG32 PO136 AFZ]

ns33 FFF FTRACFF

NY33 PN137 aFNl

nazg4 I1PR? CJP RMEXECosFEX]

NG34 FNOJ3IR 08BS?2

069135 uJP IPR1

NA3% P0139 0134

nNe37 T 3b4r 38 3E 38 4F 34 31 37 51 33 31 38 31 35 41 3 38 85 $F 28 81 38 3 38 3 25 3 25 35 45 38 35 38 2F 3 35 35 48 3 35 32 31 2P 38 48 35 4F 38 35 35 4F 3% 38 48 3¢ 35 35 36 3 3 36 6 3 4
93¢k s ) C#
0939 # PTP READY STATUS s INTEKNAL *
0940 3 : #*
nqal 98 35 38 3¢ 3F 4F 34 4E 3F 48 31 38 34 38 32 38 88 1 43 3F 38 4F 38 38 4% 41 38 30 48 31 25 35 48 38 35 38 35 34 25 3 38 3 35 3 36 35 28 35 48 48 38 3% 48 3¢ 35 3¢ 35 48 4 3F 34 2 44 2+ 34
N943 IPR1 CuP PTPAQ, IPR2

nNe4a3 PN13A 793D :

N4y RFF PTPDTFF

nNQ44 PN13R AFN2

945 ’ RFF PTPSCFF

0945 PN13C AF24

0946k IPR2 CJP RMEXECoREX]

NQ4r PO13D NBS2

0947 UJpP ICR1

0947 PO13E 0N13F

B-26 ‘ | 89601564 02



nGaeq
tasn
0651

nese
(2230}

NoKew
nany
NGna
nusk
naey
(B b
fnaGR
fas59
nG59
094s0
QRN
(GR]
GFR]

na63
=T YA
NGAS
Ne66
noe?

ST
1up9
neTon
neTo
na7l
na71
ne72
ne72
0973
nov3
nNG7a
NG74
ne78
naTys
n97s
nG76
Y77
ne77

Fol3F

Folan

Enje
P014?
Frl1al

Prlas

PO14S
F0las
Ph1a7
FOl14R
POlag
FOl4A
POlar
PGlacC

P01l

89601664 02 |

Fesles

5F43

A&430

arG?
0056
7340

N141

CFoe
K3FF
B407
2680
5056
8600
AFP1
AFO1

nnse

FAGE 27 DATE: 06/05/77

.

3¢ 3% 30 30 3 38 30 4F e G 40 48 SE3b 43 48 5F 46 46 28 38 30 45 48 48 3 50 38 40 38 30 38 20 3 8 88 28 45 36 35 S8 3F 28 26 3% 9% 45 25 4 35 98 92 21 3 52 58 36 47 2 3 5 3 5F 2 4

# @
* CP PEADY STATUS + INTEKNAL #
% 4

3 97 40 4% 38 4 30 30 48 3 S8 4E 30 AY 35 38 SF 3 3 38 36 3F 48 48 38 38 4F 3% 3% 4 46 40 2 38 45 SF 24 3F 38 3 3¢ 4F 45 48 38 38 45 S8 3 48 42 45 45 48 57 48 2 48 3% $F 36 55 24 5F

ICH1 CJP CPRDY,ICP4
ICRrZ RFFCL  CROATFF ¢CPFIRT RESET CP UATA R SET CP FEEU
* AND CP IMFO READLY
ICw3 Cur KMEXECyREX1
UJr MLP1
1CRe CJb CPPUIHCICRZ
LJP ICR3

3% 38 36 30 4 3% 48 38 45 3 3 3F 38 3% 4 5 30 3F 35 3 38 3F 46 3% 35 38 48 31 48 S8 48 46 48 38 48 38 46 35 35 38 S5 38 25 38 38 40 55 48 38 37 97 46 e 8% 95 48 25 36 2L 38 26 <F 5k 50

# ®
* PTR STOP-START A/G COMMAND *
* 1

36 30 40 33 3% 38 45 4 3 38 30 3k 48 30 48 35 38 8 4 40 38 4b 42 57 dF 34 30 9 48 30 38 3k 37 30 26 37 33 38 40 3¢ 45 3 3 35 45 40 3 35 46 26 48 3 36 3 26 % 3 40 48 46 3 2 2 3F 3¢

RST1 CA AINLSHREGD

CLO KLY

Lbce RAMADD 3 7

1.0C HaMD 4580 SET PTR START MUDE

cuP BMSByMLP L

LDC RAMD 400 RESET PTrR START muuE
RST2 RFF PTRAC

RFF PTRACFF

UJP MLP]



no7Q
(G0
nUR]
naxp
nQRr3

ranrg
nGgs
N9k6
nNoLE
NQR7
nGe7
NAKR
(Qk&
L1 ]
nogoe
0990
£6690
0031
nGgaj]
0992
094z

0994
0495
0996
0997
N99K

1000
1000
1001
1001
1n02
1002
1003
1003
1004
1004
1008
1005
1006
1006

Belak
PRlar
Pp1RN
PO151
Pols2
FO183
P01SG

P01S5

P0O156
PO157
PO154
P0159
PO15A

PO15K

PO15C:

FES1e6A

2856
AF25

0056

PAGE 28

DATE: 06/05/77

B AR R I R A A I P A S A R A A A S I S R L S R SR S S e SR e S S A SR S A S S B e St de St ir P e 42 B SE e 4

&
4
4

PTR FORwWARD-BACKWARD A/Q@ COMMAND

*
*
&%

ST S 4 4 AR A I G A I A R R A A S R P A SR R A I P S A I I SR A AP P AP P S S SR AP S B A SR S L S L AP TR 2

PFHY

RFB2

Loc
Ta
CupP
CA
SFFCL
cup
RFF

UJP

RAMADD 7

RAMS 4 BREGD

BMSB,REJ]
ATINLSBREGD
PTRAM,RPLY
BMOL yMLP1
PTRAM

MLPL

JUMP IF PTR START MODE

Tt B AT S L 3R 3 B R S A A S A R I R R S P A AL A PR S S S P AP S S I S S S SR S SRS

#
*
i

< PTR DATA MODE A/Q COMMANUD

%
4
%

3446 3 38 3 38 $F 35 81 31 41 48 47 35 35 31 3% $F 48 3% 33 38 38 38 35 35 35 3 48 38 34 45 31 41 3 35 35 45 48 35 46 45 41 34 45 20 40 & 26 45 4F 26 40 40 30 40 $H 4 40 34 $F 30 41 4 3¢

RDM1

RDM2

LbC
TA
CJpP
CA
SFFCL
CJpP

RFF

RAMADD 7

 RRAMS,BREGD

BMSB,REJ]L

" AINLS,BREGD

PTRAYFF4RELY
BEMSB,MLP]

PTRAYFF

JUMP IF PTR START mMODE

89601564 02



100K
100k

1016
1011
1017
101
101¢

1014
1nln
1n17
1017
1018
1018
Tnla
1010
1020
1620
1021
—-l021
1077
1077
1023
1023
1024
1024
1075
1n79
1076
loze
1027
1027
102¢
1078
1079
1029
1030
1030
- 1031
1031
1037
1032

BL1ED

FG1SE
FG16F
FO1RO
Pr1Al
FO162
#0163
PNiwa
PO1ES
Pnlaa
POIAT
FO1kE
PUl6Y
Falaa
PO168
PO1AC
PO1IAD

FGlek

89601564 02 |

FESLER

GN8A/

CFon2
B3FF
2963
S164
06056
AF 09

aF21

H600
AFOC
B4R
3600
AF2F
AF06

0056

PAGE 29 DATE: 06/05/177

LigP [

4&4‘:4}*###*#“4}#1&%%#ﬂ'&*%***%*(}%#%%ﬂ's‘k‘ll'it'ﬂ'ﬂ'(}n*{%%4('41'*#{?*&%’.}*%ﬁ*##%*%%’k#i&%%

% %
% FTk CLEAKR A/Q COMMANL: #
% *

*{Z'1}%ﬁ'*#‘e{}#4?#*%*{‘(%*%%%%%**%#*#ﬂ'#&****&##}%%#%#%i’r%%{}**%%*#‘:%{‘r%##(}%%i‘ﬁ-i‘!

RCLY CA LTINLSyHBREGD
CLO RPLY
CJpP HMOL o RCLZ
CJr HMS 34 kCLS
uJpP MLP]
RCL2  RFF PTRPEFF
RCL3 REF PTRAC
RFF FPTRACFF
RFF PTRAM
LuC RAMADD« 7
LLC RAMULO0 . RESET PTR START MODE
RCL4 RFF PTRAYFF
A LuC RAMADD o 8
Lbc PAMD 400 RESET PTR ASSEMBLY STATUS
RFF FTRUTFF
KFF PTRBFFF
uJpP MLP]



1036
10358
1034
1037
1034

1040
1040 FOY6F
inel
1661 PO170
1062
1047 FO171
1643
1044
1044 PO1T7
1045
~1065 PP173
1046
1046 FO1T76
1047
21067 POYTS
1048
1048 PG176
1049
1069 20177
1050
1050 P0O178
1051
1051 PO1TY
1057
1n&82 POITA
1053
1053 POYTH
1054
1055
1056
1057
1058

1060
1060 PG17C
1061
1061 PO17D
1062
1062 POLTE
1063
1063 PO1TF

B-30

FES516A

83FF
84064

4600

8401
#5600
B402
CFFO
5056
8403
CFFO
5056
AF28

0056

‘PAGE 30

DATE: 06/05/77

4 38 38 48 3¢ 42 $F 31 6% 48 38 40 3k 25 3 37 3F 45 35 3 48 45 35 42 38 48 3F 45 36 30 SE3F 3 38 $F 4F 3F 45 48 40 $F 48 3 3 30 3F 3% 3 3F 48 38 38 48 41 35 38 5 3 40 24 4 3 30 3 4F

it
k4
3

3

PTR CLEAP INTERRUPT A/Q COMMAND “

*

31 3k g 46 41 45 45 4F 11 4% 47 41 4% 42 32 28 4 47 37 30 30 3 47 3 38 3F 4F 3F 38 3F 36 4F $F $b <8 4F S 45 $F 48 60 38 2 3 38 3 48 3 38 38 3 3r 36 37 3T 32 30 38 31 4F 3 3 3

RPCT]

i

RCIz

RCI3

CLO
LuC
LbC

LbC

LDC

LDC

TA

UJP

RPLY
RAMADD &

KAMUS 00

RAMADD ¢}
RAMD,00
PAMADD;E.
RAMS ¢ BREGD
BMSBoMLP1
RAMADD, 3
RAMS yBREGD
BMgé,MLPl
INTRSP

MLPL

RESET PTR INTERRUPT REGUEST

FOR DATA AND FOR MNOT READY

-

RESET PTR INTERRUFPT RESPUNSE

RESET INTERRUPT RESPONSE

LA e P A I AR S A A AP AP SR S P S P e g S E 2P E A 3 S 3 S P AT I A S A AL A S A R IS A LIPS et

8404
Ce0e
B3FF

0056

%*
#*
*

PTR INTERRUPT REQUEST A/Q COMMAND #*

3+

4

48 4% 45 4341 40 35 ¢k S S8 3t 4087 31 St 48 3% 3¢ 35 35 $F 31 47 31 b 35 3 ST Sb 34 37 31 48 4F 35 3 31 48 35 3% 30 SF A 4 30 30 48 35 3 30 30 30 35 37 30 30 30 4 4P 3 S

RIQ1

RIQ2

Lbc
CA
CLO

UJP

RAMADD » 4
ATNLS s RAMD
RPLY

MLP1

| 88601664 02



Yres
1 hAe
16007
1Rk
10Ky

1671
1071
16727
1072
1073
173
1274
1074
107%
107s
10Tk
TNTA
16077
1077
1n7R
3IA79
108G
10401
1nK2?

1nfa
1rRG
10485
1068
1044
10K6
10RT
10RT
TNRK
10KA
1089
1n&R9
1090
1nan
1091
1061
1n62
1007

FOTE3
POl Rra
FOIns

FPlne

PLIRT
Pnyag
PRIRY
FGlrka
FOTRR
FO1IRC
PO1RG
PO1RE

PO1HF

89601564 02 |

FhEslfe

bR
1HihH
HANG
CCF O
Foan

a3FF

H0nAH

R4nR
CFFQ
SimD
RCOG
B3rF
nNnsh
RCN1
83FF

0056

PAGE 31 VATE: 06/05/77

.
':'ra':--;H'ci‘cﬂ.—-::-(éi:--;’:#:—it—-::--):—s‘:--::‘;H'r-x'c','r-t-{i-s"e-le&'r{i-s‘H‘c-:fi}-l}ur&-ﬁi‘(&i:-*%**{‘«ir%#{‘e%b*%%-;‘r-t'r{:- RR-E SRR R VR R
2% . *
2 PTR REAT DATA A/G COMMAIRL
<

a"r&?#(-%%*&%i&*%*%ﬂv%%'lékﬁ%#dﬂ-*ﬂ-#ﬂ**%#9%##%%%#*%4’(#*#4&##*#{}%%i?%{'«%{t#ﬂh#%ﬂ%%

- 3

T CJpP FTRDOTJUCRIL:TE
UJP - KEJI

LT LbcC HAMAGD 4G
Ta FAMS 4 AQUTLD TRANSFEK PTR SECOMD CHERACTER
Tk B 2US«A0UTUL TRANSFER PTR FIRST (HARAUTEW

KEFCL  FTeLIFF o RELY
LJpP rLPl

-N-5'2'(!--32-%#{k%**#4?4}%1.":?*%-ﬂé*{}4?':(-ik%*i}#*#**#*#**ﬂ"n‘%%%Q%**i:—#%i#%#{'e*%i‘r*b{?%##%*

& &
i PT ASSEMBELY TRANSFER STATUS A/Q COMMAND %
# I

-i:-%%{'e%%i’r%*'ﬁ?-!5-'.?-I.‘-l?-i‘.-%ﬂ-**4}41—%’.}{‘c*%-}}*'ﬂ'%%*%*%**%%i’ra‘}‘h'b**%ﬁi‘:*%#%*#’.’r%****#i’({eﬂ*

wAS] LucC RAamADD 8
TE RAMS ¢RREGL
CJr KEMSB4RASZ JUMP 1F PTR ASSEMELY MCLE
LB LGUTLEOG
CLO ERLY
Uur ML)
HAS? LuC BOUTLDS 0
CLO RPLY
LJpP MLPL



FESLRA ’ PAGE 32 DATE: 06/05/77

.

AR s“r*{:-{.‘{;-ifﬂ{'r&i!ﬁﬂi'e*-N"%ﬁ*f‘r%ﬂ-**%{(-i!-%-li—s‘#*-1}%{?##&-u-{:Nu--}l--l}ﬂ-n-%##%h4}#***41—4}%%*%%%#*#%%
1668 3 . 3+
178F * PTR ALARM STATUS A/Q COMMAND 4
1067 #* #*
1nGKR %%%u%%&%%%%%ﬁ%%%%*%&#Qﬁ%#%****#*####ﬂ-*##*#*#4%%&%#%%#%“*%&*#4‘(%%*9
11600 RALL LGC AQUTLDsO1

1100 FRIwG HCOL

1101 B CJP - PTRPEJCsRALZ JUMP IF PTR PAKITY ERROR

1101 PGI91 1943

1102 LoC AQUTLD 00

1167 20167 #5C00

1103 KAz CcLO RELY

1103 PO193 H3FF ) )

1104 uJP MLF1

1104 PG194 0056

110A 35 48 5 45 4T 31 $8 4 38 36 31 32 28 51 31 47 1 SF 38 45 3k 34 3T 48 35 41 3P 3 38 30 30 38 3 31 40 37 45 45 30 3 48 41 3P 3 40 $E $H 4T 20 33 I AP I E AP L P 3
1107 & . 3
o8 & PTP STOP=START A/Q COMMAND #*
1109 3 . 3
1110 303 3 3 3% 3 41 43 4 35 41 25 31 31 30 43 34 35 35 41 31 35 4 35 3 48 48 35 48 35 3 31 40 30 31 48 45 30 26 45 35 40 40 30 48 20 46 21 38 36 48 48 36 31 3% 38 38 35 38 38 3 3% 3 38 3¢
1112 PST1 CA CAINLSsBREGD

1112 P0n195 CFoz2 '’ ’

1113 SFFCL PTPSTFF,RPLY

1113 P19~ 330A° .

1114 ’ CupP BMSBeMLP1 JUMP IF PTP STAKT MODE

1114 P0O197 5056 ] :
1115 . RFF PTPSTFF

1115 #0019+ AFQA S

1116 RFF PTPSCFF

111~/ PN1GG AFZG .

1117 UJP =~  MLP1

1117 PO19A 0056

B-32 , ' | 89601564 02



111w
110
11721
1172
11-3

1175
1378
1174
117e
1127
1e7
112
11¢=
1179
11ee
11=0
113

1137
Fik3
113a
1135
113«

1135
T13R
1139
1139
1140
1140
11«7
1141
1147
1147
1143
11643
11as4
1144
1145
1145
1146
1146
1147

1147

89601664

IR
CR I
R
SRR RT

=) e

FL1A)
2018z
P@G1A3
201 A
PlilAs
PNl AR
20147
Phl1AR
BalAG

Eelan

i

02 |

Ftalei

AFDS

aF 32

AFQ2

AF3a

AF O

4404

Pubt 33 i LATE: 96/05/77

35 9% Se 3% 3 48 3b 5b SE3F 4 32 9% 4k b 3p 3 30 3% 4e b 55 < e 3

3t 3 38 4k 48 38 4 38 3 48 30 46 30 38 30 25 3 37 3 3 3F 38 S5 SR 48 3F 47 35 SE e 5E 5 40 2% 5F 46 3F 4 8

+ 5
FTP LaTA MODE A/Q CONMMEND d
3 4

30 3E A 4e 3 40 3h 4e 4537 48 47 3 5 3b 3F 3T 4% 88 30 47 45 45 5% 37 35 3 45 SF 48 48 48 82 48 $0 4t 88 35 52 98 S5 45 5P 38 37 25 48 46 52 26 11 48 82 41 46 45 3 236 2 47 24 48 3 48 3¢

LS CJP PTFSTUL FE U] JUMP TF STERT mOht
Ch ATNLSeBREGD

SFFCL  FTROYFF o kPLY

CUP FmSdemlLF]
RETF FTRUYFE
UJP MLP L

S 3 3 3 G 3t 30 dF 48 4b o 35 47 43 b 27 $F 2 b 5 3% 38 35 37 4t 30 3F 4e 48 48 35 38 3F 38 30 38 40 48 S8 28 30 3¢ 98 48 37 2k 47 48 48 3¢ 48 4F A% 37 35 35 48 46 45 3F 98 44 26 2 I

3 *
i FTP CLEAR A/G COMMAND i
3 5
6900 38 5 48 A SR AR 2 e S AR 4 SR 4 e e e S AR AR S 3 4R 3 4 4 20 4r 4E 20 3E 40 45 3H 04 4P SRR A0 4 4 38 9 45 2F 34 2 AR 2L 0

FCL1 RFFCL  FTPSCFFoHFLY

WFF PTPCA

REF PTrPAW

RFF FTPSTFF

RFEF PTPDYFF

REF FTHROSFF

RFF FTPUTFF
PCL2  RFF PTPCUFF

-RFF PTPIRFF

LbC wAMaN) e HNA



11ey
1744
1180
T1mn

1187
11873
1154
1165
1156

116K
1168
1159
1159
1160
1164
1141
1162

He2

1163
1163
1164
1164
1165
1165
116K
116#
1167
1167
1168
1169
1170
1171
11772

1174
1174
1178

S0y A

Bhyac

Plab
AT N

BeYLF

PUIKO
PO
POYIE?
POIR3
FnlFs

PO18s

=TS

FES1EA

AR

[N} e lo)

Aa(rn

IS Y|

Bae
AAN00
#4001
CFFO
S0RA

0177

Lec:

UJpP

PABE 34
HAMU 3 00
MLPL

DATE: 06/05/77

36 40 3% 45 3 4% 45 2 2% 40 28 4 22 38 30 48 48 38 33 38 34 3F 35 3E 48 3F 35 3F 3 48 48 48 38 48 3 28 38 20 31 4 38 3F 30 3 3k 36 34 46 3¢ 3F 38 3k 30§ 3F I 4B 3 e 2k 4 e S A

PTP CLEAR INTERFUPT

L+2

A/Q COMMAND *
3

35 35 38 98 3 4 3 38 2 47 36 28 38 3 38 37 38 30 36 3F 45 37 3k 3F 3% 25 38 3% 30 48 3k 3 38 3 30 36 38 38 3P 3P 3E 30 3k 3k 37 3¢ 36 36 44 $F 7 4r 4F 48 4 35 3 4 b 4 $e e dr dr 3t

PCI1 cLu

LbcC
Lbc
LGC
PLI2 TA
Cub

uJP

.3

K403

1175 FOIKT 017U

3

RPLY \
FRAMADD 5
RAMD 400 RESET PTP INTERRUPT REGUEST
FUR DATA AND FOK NOT REAUDY
RAMAUD ¢ &
T RAMDL 0O RESET PTP TNTERRUPT RESPUNSE
BAMADD,, 1
HAMS s BREGD
EMSBMLP1 JumP IF PTR INTRPT RESPONSE
RCI3
35 4 34 48 4F 3¢ 35 3 35 47 38 35 48 3% 45 48 3% 3P 45 3% 48 35 3 2% 3¢ <8 37 38 38 3¢ 3 46 48 $F 48 3 35 46 35 36 35 35 38 36 3¢ 36 30 3 45 38 51 48 36 35 47 3 48 2EH 3 YL W 3
3
FTP INTERRUFT REQUEST A/G COMMAND i
3

3

{:-x’.‘{!--t.‘%}*%i'r%*1}%-t}{)-n-l}’!?‘l‘-’%*ﬁ*ﬂ'%*‘3‘?%%ﬂ"ﬂ'**%Q%*%#‘r{'c-H--r‘.'*%ﬂ'&‘r*{}’}**%**#*%&&*#*&%%%

-~

FIQl LoC

LJrP

RAMADD 5

PIBGE

, 89601564 02



177
117-
117
1180
1131

1162
1163
11584
1184
]]hfé
]]L:LZ
1116
118n
1187
11R7
11&+
11P%°
1163
11%¢
119n
t1an
1191
111
1107
1167
1163
1163
11494
1164

W] e

i) G

=01k

PelnC

Pl

D] =k

PNy RE

PRYCA

N1

F1Cy

BT

11¢h
1157
1198
11c6
1200

1767
17202
17203
1203
1206
17204
17208
1208

>i1Ca
PGICH
110

FGICT

89601564 02 '.

Firoalen

4 l=n
R
BN
tags
ukOe
~3FF
“an(
Cekl
AF DS

=E R

&1Ch
D05
HE 1R

Caoe

Pr3E 35 DATE: Oe0/05/77

.

* 'Z}(.'--I‘:-32-x‘:-{é~};~-;:-’.i‘-H»s‘i'-?Pi?-:l-iiv)’i‘ii’i}i.\i‘t'."ci'ea'-'-')'.'ﬂ-%'lrs!"G?{Z-*‘.?%%{?*‘l}%%*ﬁ-'N'*#.-’.Zo-;(-ii-*%%%*ii‘ﬁ'}«"i?i&s‘}{'{i‘(i? IR ER+
L3
FTRE LGATA A/9 COMMPANLD W
<+
s’i-%.‘%{‘f11"1?1.‘-%*%%51‘(?-}.‘1}1?11’Q'll'{.‘*'H"3?11-4?#4}"?43‘-}?%%%%**%%*%%1?“(%1‘:%%**‘l?s‘?%*%i?ﬁ%{r{}i}i?ii—(rﬁrii‘

Rt

PoT] CUF PTPITSCskiNTE JukE IF PTP DaTa STaTyS
Ly Rrul
ST Lwl PhAMAL) e SR
Ch AINUSRAaNMD
Ch AINLS Wiy
CL L
Loc QAMADD o % C
PUT3 Tk mLSeRAMD
FFF PIPUTFF
SFF PTEIRFE
KFF BTECA
LuP NS

340 36 2t 38 4 30 36 35 3 9 S 45 4k 30 30 4 3F 5 38 38 46 3 4 4h 30 3 5 3P gb 45 38 38 38 $F 48 3 48 45 45 8 81 <F4F 35 35 38 28 37 35 35 45 3¢ 48 35 3 45 45 26 38 36 4F 26 55 ¢

% 3¢
% _ PTP DEVICE FUNCTION 4/ COMMAND *
L4 +*

3H 38 4E 31 3 4 331 3 2F 2028 31 5 3r 36 47 4 48 48 30 48 3 42 40 48 3 38 30 25 45 35 38 45 38 48 90 31 28 48 38 31 45 46 35 35 48 26 35 35 95 90 46 45 45 28 38 28 48 45 28 46 45 48 3¢

FOF 1 CJF ETRPUTJCaFUFE JUMP IF FTRE DaTA STaTUS
de REJ1

PDF? VSFF FaRrSyP
CA AINLS«wCl



Ftalee -PAGE 36 DATE: 0D6/05/77

1267 SFRel  FTRCAWRPLY

1207 #0710 4338

120% RFF PTHITFF

1206 PEICY akn?

17203 ) SFF PTPPAR

1706 EG1Ce HF1C

1710 PUE 3 CurP PARLTC PUF& JUMP 1F KARITY LATLAED

1210 =01Cs ~GSCL

1711 RFF PTPPAR

12711 P01CC sFYC

1212 FULF &4 LEC - RAMADD+%0A

1212 POYCL Habn

1213 Loc KAMD 98B0 SET PTP INDEX Ck

1213 PalCF XaRA

17214 : FFF PARS{;P

12714 POICE Ar1lH

121% Uop MLP1 !

1215 =10 nose

] 91 7 3E 3 S% 3E SF 4 4F 91 3 47 3F 4F 4F 3 4 3r 38 31 32 38 45 3 68 47 38 41 37 38 31 30 37 45 b 46 37 45 4% $r 36 4% 48 35 38 36 35 48 3 33 3% 48 40 38 45 45 35 3 36 40 4 35 4 3EF 48 3

1714 @ #
S 1219 3 PTF DISASSEMBLY TKANSFER STATUS A/GQ COMMANU #

1220 % ) *

] ??1 T A B A A B R A S G A A R P I P A SR B I AP I L L 4P B I P B 4 I B I L S S SR S AP B SIS B

1223 PCS1 Lue AQUTLD. 01

1223 2010671 =C0l

1274 CJp PTPDSUC,PDSZ

1724 ECINDZ 364

122% ‘ LDC AOUTLD00

12775 FG1D3 #Coo

12726 PLS? CLOU HELY

1272 2011Na RIAFF N

1227 UJP  MLPL

1777 PCICR NOb5

17°¢ 3 e 30 38 3R 30 3y 4P b 4F S5 36 3 3 e 40 e 40 4E 40 20 I L R A 3 S SE I AP 2 2P e B e SE e 48 ST A A ST A A 3 3F 2 2 4 I AP 40 30 3L P 3E 32 3F 31 dE $E SE A 3 3%

1730 % *
1231 # CP FEED A/Q CONMAND #
1232~ #* L
1?‘;3 A A e A RS A A A G S A P A S AR A S A S S I S A B P A AP S S P A e PSP I I S S A ST S P S IS S BN B

1325 CFD1 CJP CrRDY,CFD2 JUNMP IF CF READY
1235 FClDa oFDY ’

B-36 89601564 02



1727
17237
1738
173R
1739
1739
1740
1240
1241
1746l
1242
1742

1764
1745
1746
1747
1748

1250
1250
1781
1752
1252
1253
1253

1255
1256
1287
125R
1259

1261

1261 PC1EQ 8406.'v:

1262

1267 901E1 017D

eeIny
POINR
e01n9
PRINA
L0108

Felpc

FES16A

n55
7255
6ES5
AE3D
B3FF

0056

PO1DL A430

PNIDE A314 .

PO1DF

89601564 02

0056

B L
-5, ’ :;

uJpP
CFDpe CJP
CJP
RFFCL
CLO '

-UJP

PAGE 37
REJL
CPPUIH4REJ]

CPHOEMy REJL

CPDATFF4CPFEST

RPLY

“MLP1

DATE: 06/705/77

JUMP IF CP PUNCH INRIKIT

~JUMP IF CP HOPPEKR EMPTY

RESET CP UATAWSET CP FEEV

L R R R R R G R R RO R O ORI R R O OIS r P 4 4 3 A a4 ST 3L 2P 2 4 8P 8 2 S 3E ¢

L]
i
L

CP CLEAR A/Q COMMAND

b1
4t
4

**ﬂ%Q%QG*“#*h#QﬂQ*Qﬁ#ﬁ#ﬁ9#Gﬁﬂﬁﬁﬁﬁﬂﬁﬁﬁﬁkﬁﬁﬁ*ﬁquﬁﬁﬁﬁ%#*#*Q#&ﬂ%%**#

CCL1 RFFCL CPDATFF4CPFIRT

udp

-]

RFFCL‘ CPOFFS,RPLY

MLP1

RESET CP DATAWPESET CP FEED

AND CP INFO READY

RESET CP OFFSET.SET REPLY

- "CP INTERRUPT REQUEST A/Q COMMAND

*

‘ #Qﬂﬁﬂ##ﬂ@@’##ﬂ#ﬁ*9#*ﬁ*G*%QQQOﬂﬁﬁﬁﬁﬁﬂ#Qﬂ%ﬂﬁﬂﬁ“ﬁﬁﬂﬁ*ﬁﬁ*#QQQ##%9*%%*

|
I

|

clai- . LbC




1066
128
10k
1267
126k

1770
1270
1271
1271
127
1275
1277
1273
1274
177e

127+
1277
1727R
127¢

1760

1Px7
19R?P
1783
19673
1o#e
1784
178K
178
17KA
172A
1287
1287
128R
1788
172%¢6
1799
1260
1260
1791
1701
17262
1252

»1E T
Ll
Falea
ECY-un
Phle
P0YeC
EGI-"
FOlFF
PO1EF

PrIFO

PO1FY

Frmlee

AN
RIS
“r 14

Bt Retal

LSk §h 4n we BF 4R 97 30 0 4 4R 12 4R 4

DATES 06/05/77

CP GHFSET A/G COMMANY

53 4E 4R 42 S 4R 95 o de 3% 50 3F 3 P 3F 303 3F 48 4 SE 36 3 b 98 5 3F 48 42 37 25 37 35 47 37 36 35 40 9F 3 40 2 3 3 Ak A 3

i
It

4

'.‘.-ii'-.’i-’,izt‘ir%-I'f‘w‘ii".!'il‘-i'r-;)\"rir'n"Z‘fu'(s‘%%i'r‘i-‘s-".‘r'l‘fi?'i-‘*%Qﬁ%ﬁ%ﬁ'{‘r%ﬁ;ﬁ#%'f(ﬁﬂi‘({.\-I##{P**i?%*i(’ﬁ*ﬁﬁ-"ﬁri?itﬁ'w

-
1

OF ] T

et +.CL

Cuk

CkF

LidV

I NS e B GL
CRUFES oMLY
o Ss ek ]
CENOFFS

Lkl

55 5 4% 45 30 5b 48 40 9 9p 30 3k 4 37 4 9% 9F 3r 30 30 45 3 5% §e b 31 47 4F 3t 48 30 4b 30 4 3537 4F 26 30 3¢ 48 38 3F 3E 40 36 3 4 3¢ 45 30 3¢ 30 30 A 3¢ 38 3k 47 3 r gk I 4T

3

[

C

RERRELE LR R LR AR tR i o]
uTl CuPk
tiJpP
uTe CA
Ch
cLC
RFECL
uJpP
SHARE
SPAHE
SPARE

SPARE

CF vals A/Q CUMNANU‘

CPUATJCCDTZ

FEJL
AINLSsCuwnalLl
AINUS CwaUD

CPINST

CPUATfFoHPLY

MLPL

3
3
3

e St 45 S $F 4% 38 48 48 3t 3¢ 4 46 48 36 2% 3F 3% 34 38 31 3% 45 30 3F 45 31 2k 3 38 45 3 38 48 3 3F 48 36 3¢ 3¢ 48 3F dr 3F 36 3F 41 4 S 4T

Jumk IF Cr DATA STATUS

SET CF INFO READY

RESET CP

DATASSET

rEPLY

| 89601564 02



124
170
1oan
17068
174A
179k
1707
1207
1758
176x
1769
1PaQ
1300
1300
13M
1301
1302
1302
1303
1303
120¢
13064
1305
1305
1304
130
1?07
1307
130R
1306
1310
1311
1312

1314
1314
1318
1315
1316
1316
1317
1317
1318
1318
1318
1319
1320
1320
1321
1321

S -
FOLFR
PhlFa
Er1FE
201FhA
POLIFT
DO F
PUlfFY
PO1Fa
BRYFR
PO1FC
FOL1FD
EL1FE

POLFF

89601564 02

Froleh
SFARE
FFFF
. SPARE
FEFE
SPARE
FFFF
SPARE
FFEF
SPARE
FFEEF
SPARE
FEFF
SPARE
FFFF
SPARE
FFFF
SPARE
FFFF
SPARE
FFFF
SPARE
FFFF
SPARE
FFFF
SPARE
FFFF i
SPARE
FFFF

B3FF

AF33

H406

8600
8403
84600

8401

CFFO .

St 43 48 31 SF 4k 46 41 Sb 48 47 22 35 40 30 48 47 42 $1 47 4 40 47 31 4 S0 8 $3 31 28 37 4F 47 S5 4P 43 48 88 3% 48 26 31 45 3 31 4 4F £ 48 45 45 25 36 20 45 20 31 46 31 47 36 45 40 4p 3¢

114
L
L3

%ﬂ%a*QQ#*#%ﬁ#b#%ﬁ##*ﬂ*#%*#ﬁ**#b&####%&*#*&#**ﬂ###Q*%%%ﬁ%##k%*&#*%

CCI1 CLO

RFF
LbC .
Lbc
LDC
Lbe
LbcC

“€C12 TA

pAGE 3y

DATES: Do/05/717

CP CLEAR INTERRUPT A/Q COMMAND

REPLY

RMBNKS

RAMADD ¢ &

RA“D}OO

RAMADD 43

" RAMD, 00 -

RAMADD, 1

RAMS4BREGD

RESET CP INTERRUPT REQUESTS

RESET CP INTERRUPT RESPONSE



13238
133%
1332
1330
1340
1340
1341
1341
1347
1342
1343
1343
1344
1344
1345
1345
1346
1346
1347
1347
1347
1348
1346
1349
1350
1350
12351
1351

v
A
N

Fhizon
Br2AF
PoZ1o
Pz
A
PUZ213
Fhzla
PR21%
PGO216
FCPTT
Fogl~
Pp21Y
PaZ21A

PNZ1E

FU S les

TS A

RORAR £t

F36C
1€1 4
ABFF
3017
CFFC
4LAESA
G014

241K

LYl

bLye

DLY3

OLY4

DLYS

DLY6

TA

[T

FFF

LeuP.

RN EAPR T I o |
LA er
KAV S e RRE (9t
ieons et
1uTREP

Mkl

DATE: O6/08/777

JUMP IF RPTw IETRET <ESHUNSE

Jitwir 1F FTe INTHEeT FeESrGNSE

RESET INTERRPURPT HESPONSE

RERE DR AR KRR - %r e 38 I8 30 ¢ 37 45 G <b e 30 SF 30 3 9P 3% 3 3P P 47 9% 35 48 2 50 4P 28 25 20 37 46 b 40 3 0e 4 25 A 4P Sk T 48 30 40 P b de e 3
%

DELAY o INTERNAL *

L4

TH1S PRGGRAY OENERATES A OrLAY OF ABOUT 1 SECOURD. #
GSED wmbs ENTERING THe OFF=LInt CONLITIONS, #

<

REF
[
SEF
SFE
SFF
LoC
COMR
CJP
LOC
CJP
Ca
CJP
UJP

cuP

PTPLUFF
BFZLD00
EnNDLCK
ENDLOP
CNAL Y
BREGD ¢ $FF
BREGS s BF 2LS
EQUALWDLYA
WCOe BFF
WCEMPT,DLY4
BREGS «BREGL
ONOFLNyCLC]
bLY3

PTPCUJCyDLYT

3545 47 4% 25 45 4P 38 48 35 36 96 47 4% 37 45 98 45 3 40 40 4% 47 46 38 45 38 25 35 3 4F 34 38 36 3 36 36 40 A 5E 2% 40 20 35 3 30 3 3H 4 40 3 48 3E A 2 40 3 32 A SR A 3

JumMpP TIF R REGISTER EMPTY

.

JUMP TF WC NOT EMPTY
DECREMENT & REGISTER

JUMP IF U~ LINE

| 89601564 02



Feol6A PAGE 4] DATE: 06/05/77

1241 SFF PTPCUFF

1ART ILpP10 KF3G

yR54 - UJr oLye

134 6021 D013

1345 DLY?7 :RFF CNALU

1368 buz1s AFZO

13k RFF PTPCUFF

13054 4217 AF36 .

1357 RFF ENDLOP

1387 POP2n AF1H

1358 ) UJP 0FF1

1358 PyPzl 0022

13AN 3440 4 48 3 2P 25 ST 3 40 45 45 32 2P 25 28 35 3 31 31 33 30 41 22 35 25 48 35 S8 15 21 45 32 2 25 3 31 45 25 35 €5 35 28 3 35 35 4B 4 3% 35 37 3% 25 38 3 3 2 4 2L 3F 26 E F 2 3E
1361 #* #
1367 # SELECT OFF-LINE MAINTENANCE ROUTINE , INTERNAL *
1363 # . #
1364 * THIS PROGRAM SELECTS THE CORRECT MAINTENANCE ROUTINE i
1365 e ACCL~DING TO POSITION OF MAINTENANCE SwITCHES. *
1366 # .. : ) %
1?57 2 X- X220 -2 -1 X-2.0-2-3-2-X-2-X-2-F-2- T 2-%- 3.2 2 -2 -2 2. X R R R- R R TR R L R R Y
1369 OFF1 - SFF JERPw

1369 POpP2 H#F29

1370 T CJP MSW140FF6

1370 PrP?23 0830 -

1371 IS o "MSw24.0FF5

1371 P0224 142U o

1372 _CJP MSW3,0FF4

1372 Pn22s 1028 o

1373 0FF2 RFF - JGRP9

1373 POP2A 'AF29 e . ST v

1374 . ONOFLNyOFF3 . - JUMP IF ON LINE

1374 P0227 4629 I S .

1375 OFF2.

1375 P0228 0026 S

1376 RMBNKS

1376 P0P29 AF33 S O

1377 : ’ Fe Ko

1378 JGRPG - ¢

1378 P022B AF29 ST L )

1379 : AR § 1Y |- BN o] of o ) Al : OFF LINE CP ALL ONES

1379 PN22C 00A6 IR ' ' :

1380 OFFS ~CJP MSW3,0FF2

1380 P0O22D 1026 - . Coonnoove o

1381 o . RFF . JGRPe: . A

1381 P022E AF29 e o '
1382 o UJP ORBL " o OFF LINE PTR BACKWARD MGTION

*12R2 POSPF 0045

89601564 02 . B-41



B-42

134

1294y D0
A e RN

LT K
1ame

13%h FOPR?
110R7

17 P23
1355

13QF w234
1308

13IRG (3%
1160

1350 POPIF
1361

1391 P23y
13¢2

1357 FN23k

]3sa
139K
139k
1207
1368

1400
1400 PO239
1401
1401 P023A
1402
1402 POP3Y
14023
1463 P0O22C
1406
1404 POP3L
14C%
1408 POF3E
1406
1406 PGP3F
1407
16407 POP40
1408
1408 P0241
1409
146G F02a?
1410

1410 PN243

FES1eA

IR

104

Y

030

74308

0026

T040
RF21
7040
T443
0076
AF?1
46729
0039

4629

CJP

GFFY KFF

LuJdr

NEER (Jw

KEF

[N

PAGE 42

CSe e OFF R
Cw 3« OFF T
JuHPY
areF )
GeTl

Kl seOFF Q2

N

COpPl

DATE: 06

20777

OFF LINE PTKR FOFraARD dGTLul

OFF LINZ

OFF L 1wNc

P TRIANGLE RPUNCHING

#Tr TRIANGLE PUNCHNG

3t 28 4 3 37 3¢ 40 35 $F wo T 4 A0 Sr A e 1!%?1}1?*#‘?*‘(({9%**%'{‘;?ﬂrir\'?ﬂ'&'n‘"(-.rs:{:‘%ﬁ’n‘Q*'&'ﬂ'1}*{:1‘?**%%»}%{?&‘&9*#

44
"
L

B o N S &

PIRrR FORWARD MOT o

L
*
3

-7:-»‘(-%?%:—%%%%#{.‘*'!:{%-:.‘J.H.\%'h--T)'.%%‘.&!!--::-43'.:»8-%.—-2!-ii-'.i-%é%%i}-Z\‘{&*%*ﬂ{‘rﬂ'ﬁhi}i.‘i(--.e-'lbs‘:—%’.’ri‘r%s‘?’.}%#-’k**%%*

ORF 1 CuF
uJe

ORF?2 CJP

ORF3 P
(IRF4 ~LJP
LuP

ORFE  RFF

CcuP

UJpP

0RF6 CJP

LT<SOgUrE2
OFFe
FTRSCyunrS
=T AL

PTRY 0
PTsaURED .
GFFZ

PTRAC
CNOFLNyUFF3
ORF1

ONOF LI e OFF 3

JumpP IF

ON LINE

. 89601564 02



1412
1417

1414
141€
1416
1617
1618

1420
1420
1421
1421
1422
1423
1424
142%
16426

1428
1428
1479
16429
1430
1430
1431
1431
1432
1432
1433
1433

1434

1434
1435
1435
1436
1436
1437
1437
1438
143R
1439
1439
Jda440
fl1440

P0248B

FES1RA

PnP4a NO3D

FRZ45 BF2%

Pozee 0039

PC247 BEFF
PN248 BBOO
PN249 RF1C
PNP4A TB4C
0026
P024C TC4F
PNP4LD 4629
PO24E 004A -
P024F 5c25;
PN250 RF24
P025]1 7C5F
P0252 AF24

PNg53 4629

89601564 02

PADE 43 DATE: 06/05/77

(TN ORF3

EL LR R AL R L L T Y T R R R R R R R R R R R R IR R SRR
# ’ e
* OFF=LINE PTR BACKwWERD MOTIONM #*
# : 2*
A4 35 48 30 4F 3 31 36 45 30 41 30 48 41 38 W 4b 430 0 88 31 40 35 30 55 40 3120 35 48 B0 48 3 3 81 41 41 48 48 40 46 40 46 28 45 48 25 85 S0 48 45 35 35 46 38 45 45 38 20 48 30 41 3

ORB] SFF PTRAM

UJP ORF1

#ﬁ&#*#ﬂ#*#@@ﬂ#_QQQ*ﬁ#*##..ﬂ!#“##ﬁﬂ#*ﬁ.G#*Q#G#QQ####Q#*%#ﬁﬁ###*#%*%*
* ¥
& it
*® *
3P 8 43 4f S 47 42 48 S0 33 43 &5 41 8% 4 0 37 3F 3 4 41 305 47 Fe 00 S $F 47 30 31 €8 S8 31 48 45 48 3 45 45 3p 3 48 28 31 45 2 20 32 2 44 41 45 30 20 5 35 3 8 38 38 3 2 30 3¢

OFF<LINE PTP. TRIANGLE PUNCHING

0PPY1  LDC BF2UD, $FF
opP2 - LDC wCD100
SFF PTPPAR
0PP3  CJUP PTPAD,OPP4
_ UP OFF2
0OPP4 CJP-  PTPAC,0PP6
oPPS  CJP ONOFLN4OFF3
UJP  OPP3 -
0PP6 - CuP PTPAM;OFF2 }f
SFF - PTPSCFF '
oPPT  CuP PTPAC,0PP10
RFF PTPSCFF
cup ANOFLN,OFF3

B8-43



B-44

T&aw?
Yaus
A A e
1442
TatL gy
T6o6
laa-
Tars
A
Taae
Yai?
1407
Tac &
lTaar
14T
14469
14650
Vasn
AR
1481
1452
1as?
14673
14%3
14=6
Va5sa
1485
146K
4SS A
164%A

1488
148Q
14R/0
141
V14642

l1aka
lata
1408
1448
1664
1466
14R7
1667
1468
14AR

EREENS

(e~

ARER

LA

Bisee

BAzRS
Ba2ae

BAFET

FrElen

=t

IR

Pyl

HECN

AL 0]

QYL SR &
WFF
L

JdR

| &ET

Cuk
mtr
[N
A R} R
[
fecl1l CUR

LuP

USRS P RS
Chealliy
PO =S LR
FORL S GFFP
wLS e srEGL
b U S e ()

DT

PeRLTCauPP2

HTEhe

(=22

PTrAG«UFP L]

GLTE:

0N6/05/177

35 3% 3¢ 46 47 38 48 48 25 4% 38 3F <r 4t 47 38 3¢ 3P 3 38 3¢ 2 28 42 3¢ 4F 48 3¢ 28 SF 3¢ 3k 58 90 36 4F 38 3 35 2e 3k 30 5F 37 3% 4 3F 3F e 3 97 30 45 3 37 37 4 2 3 ST e e

CCTl R
TUTR e
Luc
Lbc

L

OFF=-LIME

RF2LD s $50
HE2UD o $FF

FavaDDel

P TrRIaNMOLE PUNCRINO

3
3

3t

e 3 3% 47 4F 38 38 4E 28 3F 3k dp gp $E dE SE e 3B 4 2% 45 36 46 26 28 36 35 2 25 4F 35 28 48 25 25 38 28 38 38 28 3 38 25 44 248 25 2 30 47 3 3P E 3 3 4T IS4 A

89601564 02



1470

1470 POPAS
1471
1471 Pn260
1472

1472 PO2PRA
1473

1473 POPAKK
1474

1474 PO26&C
1478 .
1475 PO2KD
1476

147F PNPAF
1477

1477 PaP6F
1478

1478 RPO2TO
1479
1479 POFTI
16480

14R0 POPT2
1481

1481 P0273
14R2

1482 PPR2T4
1403

1483 P0275 S

1684
1484 P02T6.
1485

1485 P0277

14886
1486 PO2TE
.1487

FESLGA

BAOG
4rF oo
SE6C
026
T2ze
B2Ae
4AQE
4271
0094

3807

1487 P0279 AF;

"1488 .
14RR PO2TA
1689 :
1489 PO27B -
1490 e

1690 POBTC F

1491
C.1&91 P0270

c1e82 T
1492 P0O27E
1493 ... -

1695:P0281 -
a96 L

89601564 02

8F20 -

114 <ontin - 0CTY3

©1493 PO27F F36C -
1484 . . o

T 1494 PU28T

YgesTT

1E84

GCT3

0CTa

0CTS
0CTe
OCT7

neTe

0CTy

LbC
LDC
CuP
uJpP
CUpP:
CJP
CJP
cJp
UJP.
CJP
TA
TA
cLo

cJP

CuP

SFF

- -COMPR

aFzg

RFF
CupP

IA

T8

LUC'i
SFF
COMPR

RFF

cuP

© L LSFTI

PAGE 4B

EE LI I

bl oalre 6
CPHOYLLTY
CFFg
CP2JTnsCFFE
CRINFULeuLTrA
CeroindCetrCT G
CPHEZYLQCLTE
nCTep
PT=4500e0LTZ1]
Ref<aCuht bh
PANS g CwhUL
CrINET
CRINFUCL0CT19
CPELEROFFZ
ChaL

WCSH8F2LS

- CMALUY

‘EQUAL«GCT 1S

WCSeBF2ULID
BF2US.wWCL
HF2UD+SFF
CMALY
BREGS«F2US
CnALY
EQUAL.GCT14

H
H

BREGS 4y bREGD



14wk
1467
1497
140
Tave
1400
1L006
100
]I’.:.“,\
15071
10
1607
1e 6D
18075
1802
1804
180
180+
- ‘!L,"‘L;
1Enk
180&
1207
1807
186R
]kﬂk
jene
18rQ
1|10
1810
1511
1511
1217
1517
1513
15113
1R1¢4
1814
1518
1R18
1516
1516
1817
1517
1818
1519
1619
16810
1820
1820
1821
15721
-1622
=22

B=-46

[N PE~T
Eliypa
[N
EnFaC
[Ty N |
EEA-Fa0
CNTEF
ST
SR -
EnoG;
PrZuR
nﬁ??u
Fre2ss
I
POPGT
POPOxR
Po29u
PP29A

DAFGR

pozaC

-

Faleh

T
A

wr 24

N ln

ar2y

AnKI
kY9
uugh
4h2Y9
anTs
RuFF
QAEAF
NnoTe
St 4l
nnzs

4629

OLT1ae

CCT1™

0CT16

0cT17

OCTla

0CT1Y

OCT20

0CT21

0CT?22

.

GeT23

R ETIPIR EE 4

(ST

B Ve b,
CrRmpag

HE Ziil g vt

Sroel LT

[ N Lt T

o Ta

CiFr ey
ChFPooglasitl Lo
IEF g

CREOY 0T e
Grr e

r GF s Crr s

ACT1E

CRROY S GLT 0

(kr s
AmCF L sliFF 3
eCTLL

.
CwhtisjedrF

Coligtive anF

QeTin

CrrdyeulTrs

rFFZ

OnOF LN OFF
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FES1AA Pao= 47 DATE: 06/n&4/T77

1627 huv O Th

TR T oD LT AGARF

187¢ : ncT?+  CJP CPROVLGCTZ5

1824 FhFsE Skap

187e UJP OFFe

1625 BrpaF ap2e

1RPA CCTes - CUF OHOF LN OFF 3

1EFR ORZA0 4/R74 :

1827 LiJP GCTT

1527 #renl 00sE

P 0CTAR  Gdb CRROY0OCT27

182K FOPep SEAG

1220 Cub GEFE

1820 EAPLR NNPA

1830 ACTPT CJUP OLOFLMOFFR

1830 POPeas 4m2Y

1831 udJdrP 0CTh

1831 PLPes 006D

1_%?'} #?5‘?*%******i‘.-*-l:v-n’it-nnr.-{?-::--.‘1-%***.:—{-i?ﬂ%#':?&-}l’c#%**{}{c#*%*****4&#}%#%*%*4&%*{:—%{:—%&?#%%
13 % 5
153% * OFF=LINE CP ALL ONES PUNCHING 3
1536 # *
]Rfi? SF 35 35 4 4 3T 42 31 43 43 SF 41 31 53 35 30 37 30 3E 4P 38 45 46 45 35 38 45 38 38 40 45 35 3 3 37 38 3 47 3 37 37 3P 48 3P 3 36 38 38 45 20 3F 36 40 46 40 4 35 55 47 45 46 2 4 40 30
1536 ncol SFF PTPOSFF

1539 Pu2as BF32 '

1540 UuJpP 0cT2

1540 POPAT 0064

1541 SPARE

18541 2P0P4R FFFF

1847 ' . SPARE

1542 QP89 FFFF

1843 SPARE

1543 POZAA FFFF ’

1844 SPARE

1844 ©ONn24Ak FFFF ‘

1868 SPARE

1845 POR2AC FFFF

1546 SPARE

1546 PO2AD FFFF

1547 SPARE

1847 PLPAF FFFF

1548 ’ SPARE

1848 PO2AF FFFF

1849 o SPARE

1849 PO2K{( FFFF

15580 SPARE

18550 Pn2K1 FFFF

89601564 02



S e brot  an GaTr: 0p/65/77

<5 4r 5k 3 9F 38 35 3% 3k 3 dr 4R 35 3 "3'2‘ 56 30 30 40 3 b 40 3F S e F AF 3F 3 w“w
4
TECT 0Dk LOFBMARNDIS #
e o
| 5 aNY TI1wb & TEST ¢ GUE COMMAND TS [SSUBWe THE CONTRULLER kS
1-07 i Ee1ReS £ SPECTaL STATE. ) 3
VT W wpRs 1 Ten TeN1 STeToe Tre COMNTROLLER £CCHEPTS OnNLY *
J e G K Te ST TYik w/0 LOMEwrned Abic PEJECTS anY GTherP 10STRUCTION ®
Ve~ 10 * Cave ST Tras COPTRGLLER alle STETUS 1. i
1541 i T ey ! T Fouw Tab TeST STaTcs & CLbs CORTROLLER A0 i3
1542 * Clezarpn]. MuST nE ISSubL,. #
]LA‘J 3 3t
]l:.Ci, LEE b 37 3 98 b 45 30 9 30 30 47 4F de 4 3 ~-)2~-l‘c-;14.’~{:—(1—"»i--l('-;'l-l:-a'i-l,.‘%’,?-}‘:*'F‘t%ﬁ-'2’:4;'-11-%4}%‘(-;:-4&-;?5‘?*-:}5'}{‘:%{':2?%':l-s":
1R Ak 'Il--il-%-li-ﬂ“h'*'l!"uﬂ*‘n'*i:"{}i}*ﬁ'i?i?%i?ﬁa‘?*i‘(ﬁ?{?%ﬂ'i?ﬂ'*‘?‘ﬁ**(l’ﬁ'*ﬁ%ﬂ’**ﬁ'%%*ﬂ'******ﬂ‘%*ﬁ*%*{b*
11:1-7 i +*
- Y Ems 5 SELF TEST 1 a/i LMt ail 3
16RG b3 E3
1570 * THISC FUHCTIGH T2STS Thi CONTRULLER *
1871 #* TmTlskrhl LaTh PATHS AN ALU. i
179 i 4%
] 73 i:-s‘:'s‘:v-:‘eil".i-';«H‘f-l.“;('ib%n%-}}’k52-)(-i'n‘?{@*-}Hr#*%'&'%‘.?**1}%&*%%4?#&%*1"1*%%%%%%%%*(H?**%%*%***
1RTw STa) Cr AINUSeHRECD
167w POZRE CES
1874 Ch ATNUSeHFZLY
]:71’- ‘—‘H.’r"‘—" fn
1877 CA AINLSoHFZUIL
1R77 Prria CEnZ
1R7R ’ TA AINLS.CwaAuD
1878 PA2rL CHEZ .
1879 . SFFCL  HUSYeRPLY
187Q PPrs ni E
1880 RFF gopP
18&N FR2eT aAF03
15841 STA? SEF CNALY
1RRY PN2KR =FP0 .
18R2 LA HREGS e BREGD

1ag2 pPnzra CFFC : .
16813 LSKFT RPEGS«BREGD
18A3 PprPwL OFCC

1566 PLUS RHEGSsCWAUS e BREGD
1886 PO2kR DFQC

188K RFF CNhaLy

18RE DAP=C AF20

18R& 1A KREGSBREGD

188~ PrPFR CFOC

B-48 : ‘ 89601664 02



FES1RA PAGE 49 DATE: 06/05/77

15RR STA3 MINUS  RPEGS.BF2L.S.BREGD

15AR PRPRE EF6C -
1589 T "ANDAE BREGS,BF2US,BREGD
15RQ POPrF FFia _
1590 . Ok BREGS ¢BF2LS«AQUTLD
1590 PnZ2Cn ECE4
1861 LDC BREGD$F1
15091 P0FCY SFF1 ' :
1862 STA4 TA BREGS,RAMADD
1802 PopCe C4fFea
1543 Te BF2USsCwAUD
1803 P23 FBAQ :
1594 STAS T8 ~ CwAUS CWALD
1594 P02C4 DAAQ i ’
1565 TB CwWALS,WCD
1595 P02C5 CBAD :
1896 TA wlS+BF2LD
1596 . P02Ce CODF1
1567 T8 "BF2LS+RAMD
1867 POPCT E6AD
1898 : T IA RAMS « BF2UD
1598 PA2CR CE0B
1599 ) 1A HREGSyBREGD
1898 P0zC9 CFoC
1600 STA6 CJP COUT+STAG
1600 P02CA 1AC?2 ‘
1601 - " LbC ~ RAMADD, 0O
1601 P0O2CH 8400 Pl :
1602 T8 _BF2USyRAMD
1602 P02CC Fo6AD Cm s aa T
1603 . TE . BF2US.AQUTUD
1A03 P02CD F9AD ’ ST T e
1604 o . uJgP - RETY
1604 POPCE 0174 . O AL
1605 R 22 X2 S 2 e e X T LA I R A 2 A e e R 2 R T AT T R A R R A g
1606 & Lo e o
1607 # ) 'SELF TEST 2 A/Q COMMAND *
1608 # o . #
1609 # THIS FUNCTION TESTS THE CONTROLLER ®
1610 A INTERNAL FLIP=-FLOPS AND JumMF CONDITIONS, #
P e g - &+
i:ié : “ ﬂ'####Gt4Hl"%ﬁﬁbﬁkﬁﬂﬂ'“ﬁﬁﬁiﬂﬁiﬁﬂﬁﬁiﬁﬁﬁ*i*##9#’6*##QQ#“%“##*&##Q&#&&*%&
. 1814 ‘ o 8T8, - SFF -
- 1614 PO2CF BF2E I
1615, . S ‘RFFCL - EOPwyRELY, -~ -
1615 P02D0 A303 . L .
D 13 - T CURFFCTUTPIPCUFF U T
1616 P02D1 AF34 I S
1e17

: onomme o RFE
"1617:-P02D2 AF32:: 2

89601564 02 B-49



B-50

1+~149
]A]Q
V620
1720
1471
1+72)
127
Vw77
122
123
1674
1e26
11672K
17K
1A7R
1676
1627
16727
1P -
]L?c
1629
1PC
1430
1A30
1731
131
1R37
1432
1633
1~33
1~34
1A34
1+3%
1635
1436
1636
1637
1627
1438
1638
139
16396
1A40
1/40
1A41
1641
1/47
16642
1643
143
1644
1644

SryaR
(SR I RVA
[N Rl
Breva
pORT
009FR
cp2fG
DRk
WO
EOEGC
vozen
POrOF
=i iel o

POZED

FOPE]

L

POPEE
PO2ET
Pn2ER
PN2EY
Fo2EA
PR2ER

POZEC

FES1en

~F 30

AFPF

b aC

af OA

arnyg

STre

5TH3

STre

STHS

STE®

LFF
Cubk
Uk
CJpP
Cur
CJF
Cub
CJP
Cop
CupP
CQP
CJpP
CcJpP
Cub
SFF

<FF

Cirw s THEE
FTouTEF
PInsYbF
FTESTRr
I
FTPLiwrr
ETrSUrF
S

PTrRUYRY

eTeLTER

PTRLOFF

FTRLHYCeSTRY
FTPo8UCesTRS
CROLTUC$STHG
PTRUTUC«STHY
FPTRaY UG e STy
PTPSTUCSTES
PTRPEJC,STHY
PTRIFJLSTRY
PTPSCJCsSThY
PTHOFJUeSTEY
BETPOYJLSTHS
PTPDTUC,STEG
PTRACJCsSTHY
ETPLLIFF

PTPUSFF

. 89601564 02



FES16A PAGE 51

1666 -SFF CRDATFF

146 PO2ED BF30 :

1667 SFF PTROTFF

1647 PO2FE BF2F

‘1648 SFF PTRAYFF

1648 POREF BFNC _

1A49 T SFF T PTPSTFE

1A49 POFPF0O BF0A

1650 STBT  SFF PTRPEFF

1650 PO2F]1 BF09

1651 - ' SFF PTPIRFF

1651 POPF? 6F08

1652 SFF PTPSCFF

152 PN2F3 BF24

1653 SFF PTREFFF

1653 P02F4 BFO6 g

16564 SFF.  PTPOYFF

1654 PO2FS BF05

1655 SFF PTPUTFF

1655 P02F6 BF02 '

1656 ST6H  SFF PTRACFF

1656 PO2F7 BFO1

1657 CuP PTPLUJC,STBLO
1657 P02F8 . 24FC

1658 STR9  LDC ADUTLD$hD
1658 PN2F9 8CAD

1659 LDC AOUTUD, $DE
1659 PO2FA B9DE :

1660 uJP RETL

1660 PO2FB 0174 .

1661 STRI10 CJP PTPUSJC,STELL
1661 PO2FC 38FE .

1662 UJP . STB9

1662 PO2FD 00FQ :

1663 STB11 CuJP CPDATJUC,STB2
1663 PO2FE 2100 S

1664 . UJP STHI

1664 PO2FF 00FS :

1665 : ST812  CuP PTRDTJCsSTB13
1665 P0300 5502 . o

1666 L. UJP SThY

1666 P0301 00F9 -~ = e

1667 STB13 .CJP . PTRAYJC.STBIls
1667 P0302 1D04 =

166R ©UUP, STB9

1668 P0303 00F9 ~ .~ . ‘
1669 " STB1% CJP . - PTPSTJC,STHEIS
1669 P0304 1106 .- - - :

1670 e U IV | STBY

/'}“167‘0 P0305 00F9 U o '
- 1671 """ STRIE " .CUP  PTRPEJC,STHI®

1671 P0306 1908~ T

§

89601564 02



1673
1473
JrTa
1~74
17w
167
1~7¢
1+ T
1~T77
177
167t
1~78
1/7C
167G
150
16K0
16581
1681
) 1687
16R7
1613
1~R3
16Ka
16864
1KY
1685
16kh
1A=6A
1687
1687
1ARRK
158
109
16KS
1690
1690
1AG1
1691
1687
1692
1693
1603
1694
194
1405
1695
1666
1696
1697
1697
149R
1698

B-52

nE07
PRINH
POXNG
SN ITY
En3nk
Un3n£
Pe3GH
PO30OY
PG3ntk
PO314G
Pn3]1
Pn317
PR31R

PO314

P031& 3

PO3TA
PG317
PO31R
Poale
PO31K
Pn31C
PO31D
PO31F
PO31F

P0O320

FES516A

G0FS
1504
noky
4= C
RETIC]
4DVE

00F9

2010

00F9
+112
NOFY
45146

H6F9

AF23
3019
00F9

H4FF

STh1&

STHYT7

STR1B

STR19

STe?L

STe21

STR?

STB?3

STB24

STRZ2S

STE?G

gk
CuJr
udr
[N
L
Cub
[EN1~
CJP
WJP

Cuvr

LUk
FFE
cJP
uuP
cLo
CcuJk
CJE
CLO
CcLO
cupP
LiuP

CJP

Patbz &8¢

STH
PTRI~CaSTHLT
STow
PTIPSCSC T 1
ST
FTIRDFJCeSTELS
T
PTROYJC3TRPO
ST=v
PTRPUTUCSTER]
ST3Y

PTRALUCySTrHe?

C STo9

OnSUSKF

ONBUSJCSTBY

OGNBUSFF

CheUSJCeSThes

ST89 .
CrFIrT

CPINFJUCySTEY

CPFENJC»STHY

CrINST

CPFEST

CPINFJCsSTBRZE

STs9

CPFEDUCsSTHEZT

89601564

02



1700
1700
1701
1701
1702
1707
17n3
170
17604
1704
170k
170%
1706
170F
1767
1707
1708
170K
1709
1709
1710
1710
1711
1711
1712
1712
1713
1713
1714
1714
1715
17158
1716
1716
1717
1717
1718
1718
1719
1719
1720
1720
1721
1721
1722
1722

89601564 02

POEPR
L(R24
F0325
PO2es
PG227
PORZE
G329
PO32A
FO328
Pa32C
P0O37PD
PO32F
PO32F
PO33n
P0O331
P0332
P0333
P0334
P0335
P0336

P0337

FES16A

VoF9
lezs
0nFa
5120
00F9
292F
00F9
BF20
CFoC
AF20
1AF9
28F9
50F9
8CED
89AC

0174

STR27

STh2Y

STB30

STE31

STk3e

"STBa3

LIuF
LDC
Luc
SFF
COMPR
RFF
CupP
(INT
CuP
UJr
CUP
UJP
CukF
uJrP
SFE
PLUS
RFF
CuP
CJP
CJP
LbC
LbcC

UJpP

Proe 53

STy
HEEGID ¢ $AS
CwALD s hAN
Cnbbuy
BHREGS s CALS
ChaLU
FGUALSThZY
STHY
CLUTHSTBI0
SToY
HMEB45TRE3]
STeS

BMUL «STB32

STEY

CMALLUY

HREGS s CwALLS+BREGD
CNALD

COUT ¢STHY
BMUL s STHY
BMSB,STES
AQUTLDySED
AOUTUD s SAC

PET1



1774
17¢%
174
17677
177¥
172G
1740
1731
1737

173a
17%a
173%
173
173F
1736
- 1737
1737
173R
173K
1739
-~ 1739
1740
1740
1741
1741
1742
1742
1743
1743
1764
1746
1745
1748
1746
174¢F
1747
1747
1748
1748
1749
1749
]7%0
1750
1751
1751
1752
1757
1753
1753

B-54

PRA3G
Bo33a
PO3IA
POAIC
ENEETH
®033F
PO33F
F0340
PO3R&]
PN36?
PG343
Ph344
PN345
P0346
PN34T
P034A
PN34Y
F0344

P0348

FES1ARA

Croz
3331
AF03

“F2E

AFZ1
AF 35
AT1C
7160
aD60
7060
RTFF
6160
6560

BF24

PAGE 54

DATE: 06/05/77

36 3% 4 46 38 25 3% 38 3% 3F 47 3F 5% 35 48 40 3% 40 3 38 <8 4L 3% 50 3% 38 48 38 45 35 35 3 38 36 31 2 48 3 3F 3% SE 45 36 3F 3E 48 30 35 37 40 46 48 3% 58 4 30 3 3 v Gp LA R A

SELF TEST 3 A/0 COMMAND

THIS FUNCTION

TO TEST THE ULATA PATHS INTERCOMNECTING
THE CONTROLLER anb THF PT=RELAY STATION.

DIRECTS THE CONTROLLER

5837 25 35 45 35 45 95 4% 48 3848 3¢ 3% 48 36 26 3t 4 5F 28 45 3 $8 45 35 88 30 41 36 3 3% 30 48 45 3F 4 31 25 48 30 47 3 4k 3¢ 38 48 4F 2647 48 30 30 4 SR 3R I3 P4 A A b

a2TC Ch

SFFCL

HEF
SHF
FEF
RFF
sTcz  KFF

RFF

KFFCL

CJP

CuP

cupP
STC3  CLO
cup
Cop
SFF
SFF
SFF

SFF

STC4 SFFCL

EINLSswCD
ECHU «RPLY
EGP

FUSY

PTPSCFF
PTRAM

PTRAC

PTPCA
FTPPARIPTRRT
PTRSC.STC13
PTPAM,STC13
PTPAC,STC13
PTRRT
PTRCA,STC13
PTRPAR,STC13
PTPSCFF
PTRAM

PTRAC

PTPCA

PTPPARPTRRT

/

89601564 02
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P034C
PO34D
FO34E
PN34F
P0350
P0351
P35z
P0353
P0354
P0355
P0356

P0357

PD35&

P0359
PO35A
PO35R

PD35C

P035D

PO35E
PO3SF
P0360
P0361

P0362°

FES1eA

71%2
84C2y
8914
AF31
8C00
0174
6D54
014D
7056
014D
BTFF

6159

014D

6558
014D
8F2D
CFF&
AF2D
COF4
014F
8Ca1
8982

014F

STCS

STCk

STC7
STCR
STC9

STC10

STC11

STC12

STC13

CuP
LDC
LDC
RFF
LDC

UuP

‘CJP

uJP
CuP .
uJP
cLo
cup
uJP
cJup
uJP
SFF
TR

RFF
TA

uJpP
LoC
LDC

uJpP

PAGE 55

PT=SCeSTLE
AOUTLD » $28
AOUTUDsS16
el
AOUTLDe0O
RET]
PTRPAMLSTCY
STCS

PTPAC,STC10

sTCS

PTRRT
PTRCA,STC11
STCs
PTRPAR,STC12
STCS

SELBREG
BREGS,BREGD
SELBREG
BREGS.AOUTUD
STCe

AQUTLD 541
AOUTUD,$82

STCe

[



FES16A PAGE 5k DATE: 06/05/77

1 77L‘ b 26 b 3% 46 28 4 373 48 35 36 35 37 Sh 4r SF 30 3 38 3% 35 36 95 4 3F 45 3T SE 4% 38 3% 4% 3% 2p 47 26 35 36 3F 45 2 S 4F 3% b 28 30 4E e 3 3P A ST IR R A 3 W T Ar
17~ 3¢ . 3
171 3 TEST MNODE L0OAL RAM ADDRESS A/Q COMMAND *
17+7 i EH
1743 # THIS COMMAND IS USEDL TOGETHER WITH TEST MOUE REALD RAM #
17Ha #* COMMAND TO ALLOW CPU TO CHECK CONTENTS OF RAM REGISTEFS i
17r4 a* 3
17}(& 35 3% 35 35 34 37 28 35 S 48 38 35 37 35 25 38 37 3¢ 38 3F 2 3 3¢ 35 3¢ 3F 28 F 3 28 3F 35 b 45 3 30 38 47 37 38 37 36 2 38 30 4F 38 36 28 38 34 3 3 L 30 45 2 26 3 P L A
17KA TLAL CH AINLSyFAMADD
17H8 PG3ER Can?
1786 Ca ATNLS«BPEGD
1744 PN3FG CFNZ
1740 CLO KPLY
1790 Pr36S n3FF
1791 1A BRELGS BF2LD

- 1761 k03an C0C
1747 uJb RETI]
1782 PGRRT 0174
]793 35 45 38 45 46 4t 3 37 45 38 48 25 4F 38 48 35 € 48 $F 34 35 4F 51 48 45 4F 38 40 38 3P 3¢ 3 4 48 3¢ 3 38 $F 4b 3 48 b 3P 30 3 38 36 3P 47 3 4F 31 3P 2 22 4F 3 4r 26 dr dr b b3t
1794 * ®

7T 1765 # TEST MODE INTERRUPT REQUEST A/ CUMMAND %

1746 * . %
]7Q7 2% 25 35 45 4 35 44 45 38 38 31 35 36 $4 36 35 46 48 45 8 45 3 35 38 3 35 35 3F 31 38 31 35 38 45 45 3 48 20 6 3 35 47 38 30 35 37 45 37 3 2 3 I3 S 3 4T P B e e b r b e dF
1799 TIR] SFFCL  PTRPEFF4RPLY
1799 PA3AK =309 ‘
1R800 uJpP RET1

1800 FNO3A9 0174

180272 P S A 2 R A AR R R R R R R R R R R R R R R R R R R R R L R

1463 i *
1R04 #* TEST MODE CLEAR INTERRUPT A/G COMMAND #
1RN5 # . : *
1806 3445 45 45 4 48 48 3 €2 35 40§ 4 €1 48 41 3 8% 45 31 48 34 3 41 42 38 4% 41 31 45 35 0 40 32 42 48 $1 43 3 45 I8 48 3 40 30 33 47 48 45 30 4 31 44 37 47 30 30 4 3 4F B AR SPAR A
180% TCI1 RFFCL - PTRPEFF,,RPLY

180& PO36A A309

1809 KFF INTRSP

1R04 PN368 AFZB

1510 uJdP RETIL

1R1N PN3RC N1T74

B-56 o 89601564 02



1&12
1813
181«
1815
1R16

1R1R
1&1R
18169
1R]1G

1p21
1872
1R23
1824
1825
1R26
1827
182K

1830
1830
1831
1831
1832
1832
1833
1833
1834
1834
1835
1836
1837

1838

1839

1841
1841
1842
1842
(1843
11843

89601564 02

FES516A

P0O36D HB3FF

PO3RE 0174

PO36F CCFO
PO370 E4AQ
90371.C9F0
P0372 H3FF

P0373 0174

P0374 1976
P0375 0177

P0376 BF28

PAGE &7 DATE: 06/05/77

*
3b 5% 35 48 30 35 4 35 45 38 30 98 30 35 48 4r 31 37 3% 23 45 38 30 36 31 4 37 28 3F 3 31 34 3T 4% 35 36 31 32 34 37 37 35 40 30 4 2% 30 36 3H 2 3 3 40 30 W A e e W Ap I P A

#* %
# TEST MODE A-OUT STATUS A/G COMMAND *
& %

3 45 47 45 37 4% 31 47 47 4 45 31 S8 3F 30 3+ 46 $F 4F 31 <F 3F 4k <0 8 48 47 4 4 4 31 2 42 40 42 47 31 3 37 30 21 30 $F SF 3% 31 31 35 45 35 48 30 7 S 4 4 47 3P 4 2P e 4 S 4 3F

A0S1 CLO RELY

UJpP RET1

R A A e A S e dr A g P A G P A AR S S AR AR AP S P P A P S S AP P S PSP R G St S AT IE LT I S S P4 ISR

i+ R *
#* TEST MODE READ RAM A/Q COMMAND *
Lt ¢
#* THIS COMMAND IS USED TOGETHER WITH TEST MODE LOAD RAM #*
#® ADDRESS COMMAND TO ALLOW CPU TO CHECK CONTENTS GF RAM REG. *
<% 3

$rdr b 4r B 2 e S AR ST R A A4 S AP E A e B AP A PP P S SR S B S PSS S A I I I P SE AL B USRS

TRF1  TA RAMS,AOUTLD
T8 BF2LSsRAMADD
TA RAMS, AOUTUD
CLO RPLY

UJP RET]1

Sb 38 48 45 3F 31 31 25 St $F 31 3% 45 £ 31 45 48 82 35 37 3F 31 33 48 1 41 33 7 $F 41 33 4 8 41 37 35 3 35 34 2F 35 30 41 8P 35 3 31 35 38 40 34 20 4T 3 3030 3 X 3 I IS

® #
# TEST MODE A/Q COMMAND HANDLING #
# : . #*

S A 4y A e BE S S S A Sr AP S R P S RS A P S AP RSP S AP S S S P S ST PP S S P P S SE I S ST

RET1 CJpP PTRPEJC,RET2
UJP RET3 -

RET2 SFF  INTRSP



1245
1R45
1746
1R4H
1847
1847
1RGR
154F
1849
1849
1850
1880
1851
1651
1R&?
1852
1853
1853
- 1#54
1£54
1R85
1855
1R56
N 1R56
1857
1857
1R5R
1R5A8
1859
1859
1860
1860
1R61
1861
1862
1862
1863
1R63
1R64
1R64
1865
1865
1RE6
1R66
1R67
1867
1868
1868
1869
1R69
1A70
1870

B-538

F0377
P037R
PQ379
PO3TH
PO37R
P03TC
PO37D
PO3TE
PO3TF
PO3&D
PO3A1
P0282
PO3R3
P0384
F0385
P0386
P0387
P0O38A
P6389
PQ3RA
PO388B

P03AC

PO3&D

PO38E

PO3RF

P0390

FES16A

BF 03
AF2E
4TTH
0029
097D
0179
cgsos
BF20
CFCo9
2984
HB1FF
AF20
0179
CFcC
2987
0181
AF20
AF33
C705
FFFF
FFFF
F?FF
FFFF
FFFF
FFFF

FFFF

RETS

RETq

RETS

RET6E

RETT7

RETS

RETO

PFF
Cur
uJr

CuP

CcLO
RFF
UJpP
LSFT
CupP
udJpP
RFF

KFF

CA

SPARE

SPARE

SPARE
SPARE
SPARE
SPARE

SPARE

PAGE 58

[0

RSY
ONOFLNGKETS
OFF3
PMEXECoaRETH
rFeTe

GSewnCh
CHALLY

WCS e BrEGD

HMDL o RETH

PEJ

CHALUL

RcT4
hREGSBFREGL
HKMDL W RETO
HETT

CNALL
RMENKS

WSePCD

88601564

02
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1877
1R72

1873

1873
1874
1874
1A7%
1875
1876
187¢
1877
1877
1878
1878
1879
1879
18R0
1880
1881
1RR1
18827
1882
1883
1883
1884
1884
1885
1885
1886
1886
1887
1887
18B8
1888
1889
1889
1890
1890
1891
1891
1892
1892
1893
1893
1894
1894
1895
1895
1896
1896

FN3G)
P0O3927
P0393
P0394
P03y5
#0396
P039T
P0398
P0399
FO3SA
P0O398B
P039C
PO39D
PO39E
PO36f
PO3AD
PO3Al
POSAé
PO3A3
P03A4
PO3AS
PO3A6
PO3A7
P03AS8

P0O3A9

FESlRe

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

FFFF

FFFF

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

FFFF

SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPAFE
SPARE
SPARE
SPARE.
SPARE
SPARE
SPARE
SPARE

SPARE

SPARE

SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE

SPARE

PAGE
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PORAA
PO3AH
PO3AC
PO3AD
PO3AE
pbanF
PO3RN
PO3B1
P03B2
P03R3
PO3B4
P03BS
PN3RA
PO3BY
PO3KA
PN3R9
PO3BA
P03BR
PO3RC
PO3BD
PO3BE
PO3RF
PO3CO
P03C1
P03C?

P03C3

FES16A

FFFF
FEFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

FFFF

SHARE
SPARE
SPARE
SPAKE
SPARE
SPAKRE
SPARE
SPARE

SPARE

>SPAPE

‘SPARE

SFARE
SFARE
SPARE
SPARE
SPARE

SPARE

SPARE

SPARE

SPARE

SPARE

SPARE
SPARE
SPARE
SPAKE

SPARE

PAGE
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1925
1925
1626
1926
1827
1927
1928
l1o28
1929
1929

1930

1930
1631
1931
1932
1932
1933
1933
1934
1934
1935
1935
11936
1936
1937
1937
1938
1938
1939
1939
1940
1940
1941}
1941
1942
1942
1943
1943
1944
1944
1945
1945
1946
1946
1967
1947
1948
1948
1949
1949

- 1950
freso

P0O3C4

P03C5

P03Cs6

PO3CT

Po3cs.

P03CY
PO3CA
P0O3CB
PO3CC
P03CD
PO3CE
PO3CF
P03DO
PO3D1
P03D2
P03D3
P03D4
P03D5

PO3D6

PO3DT

P03D8
P03D9

PO3DA

PO3DB

Po3ncC

P0O3DD

FES16A

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFEF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFEF
FFFF
FFFF
FFFF
FFFF -
FFFF
FFFF
FFFF

i

FFFF -

T

SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE

SPARE

" SPARE
" SPARE

" SPARE

SPARE
SPARE
SPARE
SPARE
SPARE

V‘SPARE
* 'SPARE
~ SPARE
spare
" SPARE

PAGE
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-t

1647
1662
1653
1653
1954
1954
1855
19558
1656
1956
1957
1957
1G5R
1958
1989
1959
1960
1960
1961
1961
1962
1962
1963
1963
1964
1064
1965
1965
1966
1966
1967
1967
1968
1968
1969
1969
1970
1670
1671
1971~
1972
1972
1973
1973
1974
1974
1975
1975
1976
1976
1977
1 1977

PO3DE
PO3NDF
PO3ED
PN3F1
PO3t?2
PO3E3
PO3F4
PO3ES
P03E6
PO3ET
P0O3ES
PO3E9
PO3EA
PO3EB
PO3EC
PO3ED
PO3EE
PO3EF
PO3F0
PO3F1
PO3F2
PO3F3
PO3F4
PO3FS
PO3F6

PO3F7

FES16A

FFFF
FFFF
FFFF

FFFF

FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF
FFFF

FFFF

SPAKE
SPAKE
SPARE
SPAFKE.
SPARE
SPARE
SPARE
SFARE
SPAKE
SEARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPARE
SPAKE
SPARE
SPARE

SPARE

SPARE .

SPARE
SPAKRE
SPARE

SPARE

FpGE

62
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w FES16A FAGE 63 DATE: 06/05/77

.

1979 : SPARE

1679 PO3F8 FFFF

1980 SPARE

1980 PO3FQ FFFF

1981 SPARE

1981 PO3FA FFFF

1982 SPARE

1982 PO3FB FFFF :

1983 SPARE

1983 PN3FC FFFF 4

1984 : SPARE

1964 PO3FD FFFF ‘

108% SPARE

1985 PN3FE FFFF

1986 ) SPARE

1986 PO3FF FFFF

1987 ) END START1
T PGM= 0400 ( 1024) COM = 0000 ( 0) DAT = 0000 ( .. 0)

89601564 02 B-63
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FES]

aA

EOQUIVALENCES

DFF (LINFE

aoeo
0743
nN244
n245%
n246
na267
0248
0250
n2s1
n2%52
0283
0254
0256
0257
0258
0259
0260
0264
0265

n266
0267

0268
0269
0270
0271
n27?2
0273

0274
0275

0276

MODE O
MNODF 1
MODE 2
MODE3
MODFE &
MNDES
MODE 6
MODET
MODER
MODF 9
MODEA
MODEB
MODFC
MODED
MODFE
MNDEF
NU
RAMADD

RANKD
RAMD

PCD
wCD
AOUTUD
CwaLd
CwAUD
AOUTLD

RF 2D
BREGD

RF2LD

VALUE

00FF
0oono
nonl
nonz2
0003
0004
0005
nooe
0007
aons
nnn9
nnna
noob
00oC
nooD
000E
nooF
0003
0006

00n0s
anoe

0oa7
0008
0009
000A
onnB
000C

000E
000F

000D

PAGE

(X3

DATE®

ous17/77

REFFRENCED AT LINE NUMBER

(000°755)
(00000n)
(0nnonol1)
(000002)
(000003)
(000004)
(000005)
(0N0006)
(000007)
(0nnoos)
(000009)
(pooelo)
(noonll)
(n00012)
(000013
(onnole)
(n00015)
(000003)
(000004)

(000005)
(000006)

(000007)
(00000R)
(000009
(000010)
(A00011)
(onnnl2)

(0n0014)
(000015)

(000013}

0636
U8R
1159
1831

0638
1149,
0596,
0854,
1075
12R4.
1285,
050N
1658,
0762
0635
09RR,
1471
18”56

1339.

0686
0910,
1162,

0742
1160
1863

1187.
1603
1480
1481,
0502«
1720,
0776
0639,
1001,
1496,

1466

0689,
0917,
1164,

0774,
1163,

1205
1659,
1517
1518,
0511,
1756,
1428,
0687
1003,
1575,

1576

06920
0971,
1174,

0779
1186

1346,
1721
15544
1578
0513
1759
1467
0690«
1016
1582

1596

0710,
0985,
1185,

0784,
1190,

16429,
1757,
1702

1593

0572
1775
14R9,
0693
1047
1583,

1791

0741
1000,
1189,

0RO,
1213,

1448,
1773,

0524
1830

1491,
0711
1050
1584,

0758,
1075,
1212

0R48,
1317,

1465,
1776,

0533,

1498,
0739,
1085,
1586,

0763
1n>28,
1201,

0B8R2
1319.

1490,
1832

0535,

1502+
0759
1112
1588,

0775
104l
1316,

0919,
1470

1895,

1074

1577
0764
1126,
1589,

0793
1044,
1318,

0972+
1504

1734,

1087

1598

0794
1165,
1591

080N
10464
1320,

0974y
1597«

1851

1090

NA23.
1270
1599,

0822+
1049,
1324

1026
1602

1100

0845,
1321,
1701

0844,
1060«
1468,

1029

1102

0875
1325,
17154

0RS53,
1073,
1592

1042,

1223,

0911
1343,
1771,

0863,
1084,
1601,

1045,

1225,

0969,
1348,
1789,

0874
1167
1788

lo0}

1590

0966
1667
1853
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G9-49

0280

nzal
0282
0283
0284

02RS
0286
0290
n?91
0292
0293
0297
0298

0799
0300
0301
0302
0303
n307
n3o08
0309
n310
0311
0312
n313
0316
0315
0316
0317
n318
0319
0320
0321
0322
0323
0324
0325
0326
0327
0328
0329
0330
0331
0332
0333
0334
0335
0336
0337
0338

FES16A

RAMS

WCs

ATNLS
ATNUS
RREGS

as
PCS
CwWALS
CwauS
RF2US
RFPLS
REJ
RPLY

CPFIRT
CPINST
PTRRT

PTPDYR
COFEST
PTRSO

PTRSC

PTRACU
PTRAYJ
PTRDTY
PTRPAR
PTRCA

PTRPEJ
PTRBFJ
PTPAO

PTPAC

PTPAM

PTPSCY
PTPSTY
PTPDYJ
PTPDSJ
PTPDTY
PTPCUJ
CPRSY

CPINFJ
CPECER
CPPUIH
CPRDY

CPSTHY
CPHOEM
CPFEDY
CPDATY
PARLTC
PTPIRY
WCEMPT
ONOF LN
MSW]

0000

0001
noo2
0003
0004

0005
0007
0000
0001
noo3
ono2
0001
0003

0004
0no6
0007
000C
000E
003A
0n3a
0naz2
000E
0024
0032
0030
nooC
0026
003C
003E
0036
001A
0008
0016
001C
0020
0012
0021
0029
0035
0039
002F
003D
0037
0025
0010
0034
000A
001R
0023
0ons

PAGE

(000000)

(000N01)
(000002)
(000003)
(000004)

(000005)
(oeonoT)
(000000)
(000001
(000003)
(0Nnn02)
(000001)
(000003)

(000004)
(000006)
(0N0007)
(000012)
(000014)
(0nonsa8)
(000056)
(000034)
(000014)
(000042)
(000050)
(000048)
(000012)
(00003R)
(000060)
(000062)
(0000564)
(000026)
(000008)
(000022)
(000028)
(000032)
(0no018)
(0N0033)
(000N&4Y)
(000053)
(000057)
(N0N0&4T)
(000061)
(nonnsSs5)y
(000037
(nooole)
(0nO052)
(000010)
(000024)
(000035)
(000N04)

65

0687,
1050,
1190,
0969,
1186,
0636,
1590,
0596,

1595,
1584,
107S.
1344,
0600,
0597,
1188,
0671,
1286,
0734,

1240,
0714
0716,
0708,
0761,
0709,
0736,
1747,
0T7A0
0728,
0876,
0816
0820,
0619,
0813,
0825,
0828,
0878
1351,
0900,
0898,
0512,
0501,
0894,
0523

0534,
0899,
0914,
0743,
0821,
1347

0612,
1370

0690,
10746,
1443,
098K,
1285,
0639,
1592.
1851,

1704,
1594
1443,
1486,
1855
063) .
1207,
0956,
1482,
1742,

1506.
0795,
0732,
0729,
0781,
0797,
1748,
1766

1101,
0756,
0943,
0840«
1436,
0842,
0837,
0851
0861,
1183,
1630
1477

1475,
1484

0897,
0912

1239

1476,
1782
0856,
0843,

0674,

0693,
1085,
1447,
1003,
1575,
0739,
1599,
1863

1715

1490,
1588,

0970,
12264
1250,
1694

1746,

1695

0930,
1402,
1642,
1634,
1071,
1768

1636,
1639,
1431,
1433,
1744,
1638,
1125,
1640,
1224,
1202,
1657

1483,
0960,
0955,

1507,
1632,
1210,

1637,
,

1349,

DATE !

0711
1165,
1486,
1016y
1576

0742,
1704,

1493,
1590,

098G,
1241,
1691

1753,

1400,
1404,
1684
1667
1633,

1671
1678
1453
1438,
1761
1676
1635,
1680
1479,
1641,

1692,
1238+

1235,

1693,
1663
1450
1674

1374,

08/17/77

0759,
1321,
1489,
1061 .

1344,
1715,

1500
1597,

1004,
1252,

1765

1408
1743,

1665

1841

1745,

1669

1631,

1682

1696

1474

1472,

1698

l408,

0764,
13725,
1596,
1112,

1348,
1771,

1589,
1831

1017,
1271,

1755

1763

1661

1509,

1410,

0776,
1481,
18453

11264

1448,
1773,

1593,

1040,
1287,

1513,

1434,

0794,
1500

1187,

1480,
1791.

1602,

1062,
13144

1520

14640,

0823,
1504,

1205,

1493,
1858

1603

1076
1579,

1524,

1455,

0R45,
1598,

1270,

1496,

1088,
1615,

1528

1511

0854,
1830,

17284,

1582,

1091
1735,

1515,

0875,
1832

1577,

1563,

1103,
1790,

1522

0911.

1578,

1584,

1113,
1799,

1526,

0986,

1734,

1586

1127,
1808,

1530

1001,

1788,

1588,

1138,
1818,

1847

1047

1749

1589

1158
1833
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0339
0340
0341
0342

0343
0344
0345
0346
0347
0351
0352
0353
0354
0355
0356
0357
n3sa
0359
0360
0361
0362

0363

0364
0365
0366
0367
n36e
0369

0370
0371
0372
0373
0374
0375
0376
0377
0378
0379
0380
0381

FES1AA

MSW2
MSW3
couT
AMSB

AMDL
ONBUSJ
UNTPRT
EQUAL
RMEXEC
PTRAC
PTRACF
PTRAM
OPTRAYF
PTRDTF
PTRPEF
PTRBFF
PTPSCF
PTPCA
PTPPAR
PTPSTF
PTPDSF
PTPDYF
PTPOTF
OTPIRF
PTPCUF
CPOFFS
CPDATF
CNALU

RMANKS
SELRRE
ENDLCK
ONRYSF
FNDLOP
PARSUP
BUSY
JGRPY
INTRSP
CNTPRT
EoP
FCHO

000A
0008
0000
0028

0014
001E
002¢
000F
0004
0021
0001
0025
noocC
002F
0009
0006
0024
0035
001C
000A
0032
0005
0002
0008
0034
0014
0030
0n20

0033
0020
0019
0023
0918
0018
002E
0029
o028
0000
0003
no3)

PAGE

(000010)
(000008)
(000013)
(000040)

(000020)
(600030)
(000036)
{000015)
(000006)
(000033)
(000001)
(000037)
(000012)
(000047)
(000009)
(000006)
(000036)
(000053)
(noon28)
(000010)
{000050)
(000005)
{000002)
(000008)
(000052)
(000020)
(000068)
(000032)

(000051)
(000045)
(n00025)
(000035)
(000027)
(000024)
(000046)
(nnoosl)
(000040)
(000000)
(000003)
(000069)

66

1371,
1372,
0640
06RE,
1019,
0804,
1687,
0645

1365,
0614,
0654,
065S,
0656,
0657
0658,
0653,
0659,
0660,
06h1
0662
0663,
066h.
0665,
0667
0669,
0668,
0670,
0671
0632,
1714,
05784
0634,
0649,
0643
0648,
0650,
0628,
0651
0652«
0644,
06T3,
0647,

1384

1380«
1600
0691,
1048
0885,
1669

1446,
0629,
0717,
0718
0989,
1004,
0767«
076454
0746,
0817,
1139,
1113,
0862
1127,
0826,
0852,
1145,
1252,
0902
0642,
1716
0580,
N738,
1340

1686,
1341,
0734,
0672
1369,
0A96.,
0646

1580,
1735,

1345,
1708,
0695,
1051,
0922,

1488,
0697,
0769,
0770,
0991,
1006,
0931,
1021,
0768,
0849,
1193,
0857
1115,
0865,
1129
0944,
1146,
1338,
1271,
0956,
1342,
1852,
0582,
0740,

1638
1357
0737,
1579,
1373,
0699,

1615,
1758

DATE:

1390
1717
0712,
1086+
0990,

1495
0719,
0932,
0933,
1024,
1027
1030
1623,
1031,
0856,
1207,
1140
11641,
1143,
1142,
1144,
1192
1353,
1273

12640
1355,
1856,
0584,
1770

0747,
16164,
1378+
08020

1736,

08/17/77

0765,
1114,
1018,

1503,
0730,
0975,
0976,
1420
1621,
1076,
1650,
1626,
0965,
1741,
1209,
1622,
1464,
1627,
1191,
1626
1356,

1250,
1442,
1861
0586,
1772

1204,
1737,
13R1.
0883,

1845

0773,
1128¢
1712,

1706
0771,
1072,
1023,
1739,
1648
1620
1799,
1653
1116,
1752
1211,
1649
1539,
1654
1208,
1651
1616,

1287,
laca,

0588,

1216,
1846

1386,
0920,

0783,
11664
1718,

0798,
1403,
1629,
1750

1647
1808

1138,
14304
1617,
1628,
1643

1619,
1485,

0590,

1445

1388,
1052

0796,
1272,
1854,

0814,
1407«
165¢

1437,
16449,
1664

165%

1646
1487,

0592,

1391
1327.

08”24,
1323,
1859

0R38,
1740,

1439,

1451,

1492,

0594,

1809,

0846,
1326

0879,
1751

1625

1742,

1494

0633,

1843

0877,
1710,

089S,

1652
1753

16499,

067S,

0913,
1719

0973, 0987, 1002, 1005

0915, 0934, 0966, 0958, 1849

1738, 1749

1501, 1581, 1585, 1703+ 1705

1315 1376, 1862
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L9-49

DEFL.LINE

0382

0478
nso0n
0511
0522
0533
ns78
0580
08R2
117
0586
0588
n59n
n59p
NS94

FES1AA

NAME

STARTL

START?
ce?l
€s31
€sel
€551
ccrn
Anso
TFML
TEM?
TFM3
TEMG
TFMAE
TFMe
TEM7

ANDRESS

0000

anny
noncC
001n
onle
XA Al
nna&4n
noaz
0044
nnae
onag
nnaa
0nac
N04E
nnsn

REFFRENCED AT

0382,
0514,
0551,
0567,
0598,
069K,
0733,
07R1,
Ots18,
0846,
08RG,
0922,
098990,
10R6 .
1194,
1282,
1374,
1405,
1450,
lang,
18204
1631,
1663,
1680,
1707,
1755,
1834,
0677
04RR
0490
0691
N4Q?
nsae
0539
0566
0567
056K
N6869
n572
0574
0540

0477
0523
0552,
0568,
0612
N700,
0736
N7R2,
0R19.
0RGT,
0894,
0923,
0997,
1049,
1202,
1283,
1375,
1406
1452,
1495,
1521«
1632
1664,
16581,
1708,
1760
1841,

DATE ¢

LINE NUMBER

0478,
0525,
0553,
0569,
0613,
0708,
0743,
07R3,
0620,
0850,
0895,
0930,
1002,

-1092.

1203,
1288,
1377,
1408,
1453,
1497,
1522
1633,
1665,
1682,
1709,
1761,
1842,

0479,
0534,
0554,
0572
0614,
07U,
0744,
078S.
0821
0851,
0896
0934,
1005
1101,
1210
1323,
1379,
1409
14544
1503,
1523
1634,
1666,
1643,
1710
1762,
1847,

08/17/77

0480
0536,
0555
0574,
0615,
0712
0748,
0795,
0824,
0856
0897,
0935,
1008,
1104,
1215,
1326,
1380,
1410,
1455,
1505,
15244
1635,
1667,
1684,
1711,
1763,
1R4R,

225 Y
0537,
0556,
0S76.
0629
0713,
0756,
0796,
0825,
0860.
0898,
0943,
1018,
1114,
1224,
1328,
1382,
1412,
1456,
1507«
1575,
16364
1668,
1685,
1717,
1764,
1849,

0482
0538,
0557,
0577
0630,
0714,
0757,
0797,
0827
0861,
0899,
0946,
1019,
1117,
1227,
1345,
1384,
la21.
1472,
1508,
15264
1637,
1669,
1687,
1713,
1766,
1850,

0484,
0539,
0556,
0579.
0640,
0715
0760,
0798
0R7R.
0864 .
0900,
0947,
1020
1125.
1235,
1347,
1385,
1431,
1473,
1509,
1527,
1638,
1670,
16R9,
1717,
1767,
1454,

0486,
0540,
0559,
0581,
0641,
0716
0761
0739,
0829,
0HA6
090]
1955,
1032
112A,
1237,
1349,
1387,
1432,
1474,
1510,
1528,
1639,
1671
1690,
1718,
175K,
1457,

0488,
0543
0560
0583,
0645,
0719,
0765,
0803,
0K3T,
0876,
0903,
0958,
1044,
1130,
1238,
1350
1389,
1433,
1478,
1511,
1529,
1640
1673
1692,
1719,
1769,
1859,

0490,
0545,
0561
0585,
0674,
0720,
0766,
08064,
0838,
0877,
0912,
0959,
1051,
1150,
1239.
1351,
1390
1434,
1476,
1512
1530
1641,
1674,
1693,
1722
1774,
1860

0491,
0546,
0562,
0567,
0676,
0728«
0771
0805
0839,
0R78,
0913,
0960
1053,
1166,
12424
1354,
1392,
1438,
1477,
1513,
1531
1642,
1675,
1696,
1743,
1777,

0492,
0547
0563,
0589,
0688,
0729,
0772,
0813,
0840,
0879,
0914,
0961,
1063,
1167,
1253,
1358,
1400,
1436,
l478,
1514,
1540,
1657,
1676,
1697,
17644,
1792,

0501«
0548,
0564,
0591,
0691
0730,
0773
0R14,
0841,
0880
0915,
0973,
1071,
1175,
1262,
1370,
1401
1438,
16479,
1515,
1600,
16606
1677,
1698,
1745,
1800,

0503,
0549,
0565,
0593,
0695,
0731
0777,
08i5.
0842,
0884,
0916,
0977,
1072,
1183,
1272,
1371,
1402,
1440,
16483,
1516,
1604,
1661,
1678,
1700,
1747,
1810,

0512
0550
0566
0595
0697
0732
0780
0816
0843
0885
0921
0987
1077
11864
1274
1372
1606
1446
1486
1519
1630
1662
1679
1706
1748
1819
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NS94
0597
ne00

061?

0614
0628
0631
n632
0A36
0639
0642
0646
0RaT
n652
n6SA
0,65
0671
06R6
0662
0697
0699
0708
0714
0716
0717
0719
0728
0730
0732
0734
0737
0738
0742
N74%
0746
nTs56
075R
nre2
0763
n7T67T
nT68
0771
0773
0779
nTR1
0TAR3
n7e3
0797
nN798
nAano

FES1AA

REX1
REP]
L) |

MLP1

uMLP2
CLC1
cLC1]
cLcl2
cLce
cLC3
CLC4
cLes
cLCh
cLe?
CLCR
cLeCo
cLCl0
I1CM]
1cve
1CM3
ICMa
1AC1
1AC?
14C3
1ACa
1ACS
IRT]
RT?
IRT3
IRT4
12T6
IRT7
IRTA
1eT9
TRT10
IRH1
1RN?
T1RH3
17H4
T1RH5
1PH6
TRHT
TRHA
1RKHY
TRHID
TRH]1
1011
IR1?
TR13
1RT4

ono2

0053
0055

0056

0058
0054
005D
N0SE
noe62
0nes
0067
no68
on6c
0071
0077
007D
0043
nnas
008F
0093
0095
0087
0090
009F
nnAn
00A2
N0A4
00A6
N0AR
N0AA
00AC
00AD
noRl
00Ra
00RS
00RA
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