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CERTIFICATION

The Hewlett-Packard Company certifies that this product was
thoroughly tested and inspected and found to meet its published
specifications when it was shipped from the factory. The Hewlett-
Packard Company further certifies that its calibration measure-
ments are traceable to the U.S. National Bureau of Standards to
the extent allowed by the Bureau’s calibration facility.

AMD SYSTEM WARRANTY

All Hewlett-Packard electronic measuring systems, including the instruments, peripherals and software,
which are a part thereof, are warranted to be free from defects in material and workmanship for a period of
90 days. HP will repair or replace, at its option, without charge, any items which prove to be defective
during the warranty period. Warranty service will be performed on-site at the customer’s facility in the
United States, Canada, Western Europe, and near other designated HP service facilities, except for loca-
tions which are inaccessible or not regularly served by suitable public transportation. On-site 90 day systems
warranty on all HP instruments is in lieu of the one year return-to-HP warranty described in the individual
instrument manuals. No other warranty is expressed or implied. HP is not liable for consequential damages.

PRODUCT SAFETY
STATEMENT OF POLICY

AUTOMATIC MEASUREMENT DIVISION
HEWLETT-PACKARD CO.

The Automatic Measurement Division (AMD) of Hewlett-Packard Company shall comply with safety stan-
dards published by the International Electrotechnical Commission (IEC) to the fullest extent possible.
Compliance with these standards is occasionally limited by the appropriateness of existing IEC Publications
to particular conditions found in system and subsystem units and certain special applications thereof. To
minimize hazards which may occur as a result of insufficient standards, AMD does supplement IEC require-
ments with certain nationally recognized United States Safety Standards. These standards principally are,
but shall not be limited to, the National Electric Code (NFPA-1971) and Underwriters Laboratories.

Complex computer-based system and subsystem units utilizing both active and passive electronic equipment
are presumed to contain reasonable hazards that cannot be further moderated at a cost compatible with
user needs. Where such hazards may exist, the safety and health of AMD’s customers and employees shall be
protected to the fullest extent possible. This protection may take the form of, but not be limited to
properly placed WARNINGS and USER INSTRUCTIONS.

Unsafe materials, products or conditions resulting from buyer requirements, when these are not considered
as an integral part of the standard AMD product, shall be the sole responsibility of the buyer. This would in-
clude, but not be limited to, cables or connector accessories supplied at buyer request and intended to be
used to interface that standard AMD product with other materials and products, or under conditions not
controlled by AMD.

AMD maintains an active safety program to assure compliance with product safety standards to the fullest
extent possible. This program includes, but is not limited to, safety inspections using AMD procedures
A5951-0532-5 and A5951-0533-5.

For further information or assistance on safety matters, contact your AMD Contracts Administrator.
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SECTION I

GENERAL DESCRIPTION

1-1. INTRODUCTION,

1-2. The HP 12661A Digital Voltage Source (DVS) Interface Kit provides

an interface between Hewlett-Packard Computers and Hewlett-Packard Digital
Voltage Sources or other suitable instruments that can utilize the Card's out-
put bit structure.

1-3. The DVS Program Card uses one I/O slot and address and can address
up to eight peripheral devices (with octal addresses 0 through 7) in random
sequence. The Card will monitor the eight peripheral devices noting the status
of each one and provide the computer with an alarm interrupt, if one should
fail.

1-4. The standard HP 12661A DVS Interface Kit is wired to interface with
saturating (high-level) circuits. The HP 12661A, Option 01 DVS Interface Kit
is wired with optional jumpers to interface with non-saturating (low-level) IC
logic levels. Input and output specifications for both versions are listed in
Table 1-1.

1-5. The HP 12661A DVS Interface Kit consists of the following components:

a. DVS Program Card (HP Part No. 12661-6001 for standard kit) or
(HP Part No. 12661-6002 for Option 01).

b. 48-Pin Connector Assembly (HP Part No. 02116-61178).

c. Diagnostic Program Tape (HP Part No. 20436A).

1-6. DESCRIPTION,

1-7. INTERRUPT CAPABILITY.

1-8. The DVS Program Card will recognize two modes of interrupt from the
peripheral devices it is programming. One interrupt mode is called Timing
(Flag) and sets the Flag Buffer FF. The DVS Program Card is assigned, by
software, to recognize interrupts from the Flag line. Up to eight peripherals

can be parallel connected to the Flag input. This means the DVS Program
Card could cause an interrupt whenever any one of the peripherals has com-

pleted the instructions given to it by the computer.

1-1
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1-9. The second interrupt mode is called Alarms and sets the Alarm Buffer
FF. The DVS Program Card is assigned, by software, to recognize interrupts
from the Peripheral Status lines. The Status lines are jumpered to an OR gate
that can cause an interrupt if one of the Status lines goes down. Program ex-
amination of the eight Peripheral Status inputs (see Figure 1-2) will determine
the faulty unit only if the unit remains faulty. If the peripheral that caused the
alarm returns to normal, the Status Bits return to normal.

1-10. SOFTWARE WORD STRUCTURE.

1-11. The DVS Program Card permits transfer of data between the HP Com-
puter and peripheral devices. Two words are set by the computer for data or
control output. The first word contains 16-bits and the second word, 8-bits.
One 11-bit word is used to transfer data from the DVS Program Card to the
Computer.

1-12. OUTPUT WORDS. Figure 1-1 shows the bit structure of the two output
words. The first 3-bits of the second word (0 through 2) are converted by the
DVS Program Cardto enable adevice command line. These bits aredecoded by a
4 Line (BCD) to 10 Line (decimal) converter which activates one of eight Com-
mand lines. Bit 7 of the second word is called a System Clear Bit and is ac-
tivated when the computer is initially turned on. It is also possible to activate
the System Clear bit if one of the peripheral devices fails. See Section III,
System Clear for details.

1st / r 1T T TP T T T T T
15/14 13 12 11 10 9 8 76 5 4 3 2 1 @
word
Fr T T T Fi I
2rd | 716 5 4 3|21 ¢
[ —
System Command and Line
Clear Address, decoded to

one of eight lines.

Figure 1-1. Output Word Structure

1-13. INPUT WORD. Figure 1-2 shows the bit structure of the input word.

a. Bits 0 through 7 are input status bits (1-bit per device) which show
peripheral device status but do not have storage capabilities.

b. Bits 8 through 12 are not used.

1-2
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c. Bit 13 is the mode of interrupt requested (see Paragraph 1-8). A "0"
indicates the Alarm mode. A '"1" indicates the Timing (Flag) mode.

d. Bit 14 is the System Clear Command Status. A "0" indicates the
Clear Command is OFF. A "1" indicates the Clear Command is ON.

e. Bit 15 is the interrupt mode that has taken place. A "0" indicates
the Alarm mode. A "1" indicates the Timing (Flag) mode.
Not Eed

STl [ 11 [ Irlelslallalls]

7
Mode Request FF Status KPeripheral
Clear System Command Status Status Bits
Mode Control FF Status

Figure 1-2. Input Word Structure

1-14. The DVS Program Card contains both a Mode Request FF (bit 13) and
a Mode Control FF (bit 15), The status of bits 13 and 15 correspond to the
state of these FF's. The Mode Request FF can differ from the Mode Control
FF when an interrupt is generated. For example; the Alarm mode has been
previously set and you decide to change to Timing (Flag) mode. During this
mode change a peripheral fails before the change is completed. The Mode
Request FF would be set and the Mode Control FF would be reset. The mode
of interrupt would not change to Timing (Flag) until the Alarm was cleared or
recognized. If the peripheral [fails during the transition from Timing (Flag)
mode to Alarm mode, the failure will set the Alarm Buffer FF which will cause
an interrupt as soon as the mode is changed to Alarm.

1-3
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Table 1-1.

Section I

DVS Program Card Specifications.

PERIPHERAL DEVICE
INTERFACE LEVELS
AND CODING

Level Coded Data Logic Flag
+V 0 False Not Busy
ov 1 True Busy

OUTPUT CIRCUITS
HP 12661A

HP 12661A, Option 01

INPUT CIRCUITS
HP 12661A

HP 12661A, Option 01

NPN, emitter grounded, collector thru 22K
ohms to +12V. Maximum current to ground =
18 mA.

NPN, emitter grounded, collector thru 22K
ohms to +4.5V. Maximum current to ground =
18 mA.

+V (False)
OV (True)

Open or +5.5V to +12V
Short or -1V to +2.8V

1

Open or +2.5V to +bV = +V (False)
Short or -1V to +1V = 0V (True)

CURRENT
REQUIREMENTS

DIMENSIONS
Width

Length
WEIGHT

Net (Card)
Shipping (Kit)

1.42 A (+4.5V)
137 mA (+12V)
60 mA (-2V)

14 mA (-12V)

7-3/4 inches (196.8 mm)
8-11/16 inches (220.7 mm)

10.5 0z. 298 gm.
4 lbs. 1.8 kg.

1-4
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SECTION II

INSTALLATION AND PROGRAMMING

2-1. INSTALLATION.

2-2. GENERAL.

2-3. Since the DVS Program Card is designed for use with several different
peripheral devices, an interconnecting cable must be prepared for your par-
ticular application. Use the 48-pin Connector Kit furnished and wire your
cable using Table 2-1 as a guide. If more than one peripheral is to be inter-
faced with this card, special attention must be given to the distribution of the
individual lines as well as the common lines. Figure 2-1 shows one method
that can be used to interconnect up to eight power supplies with the DVS Pro-
gram Card.

2-4. Install the card in the computer as follows:
a. Turn off computer power.
b. Openthe computer for access to the I/0 cards.

c. Plug the DVS Program Card into the I/O slot assigned for the
particular computer system.

d. Pass the interconnecting cable through the slot in the computer
and up to the card. Slide the 48-pin connector onto the card and close
the computer.

2-5. OPTIONAL JUMPERS.

2-6. The DVS Program Card contains optional jumpers that allow field selec-
tion of control logic, output logic levels, output bit capacity, and alarm functions.

2-7. As shipped from the factory for use with both the 12661A and 12661A,
Option 01 DVS Interface Kit; the DVS Program Card jumpers are in place or
removed as listed below.

Control Jumpers
(Figure 3-1. Sheet 2, in place as shown)

w1 w4
w2 W5
w3 w6
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Logic Level Jumpers

(Figure 3-1.

w7
w8
w9
w10

12661A

Sheets 1, 2, & 3)

WTA
W8A
W9A
W10A

12661A, Opt. 01

Output Jumpers |

(Figure 3-1.

w11
w12

Sheet 3, removed as shown)

w13
w14

Alarm Jumpers

(Figure 3-1. Sheet 1, in place as shown) -

MC74 0 through 7
MC73 A through D

2-8. CONTROL JUMPERS. These jumpers are for special applications of
the card and are not normally changed from standard. Their functions are:

a. WI1A. This jumper used in conjunction with W11, W12, W13, and W14,
In position W1A, set side of Command Control FF is used as DVS Program
Card command line.

b. W2A and W3A. These jumpers reverse the output of the Timer FF
(MCT77). Used when peripheral device Flag to card is high when busy and low
when not busy.

c. W4A. In this position the jumper will inhibit STF and CLF signals
to the Flag Buffer and Alarm Buffer FF's. It will also inhibit IOI and IOO
signals to the Mode Request FF and would normally be used in conjunction
with W5 and W6 to hard wire card for either Alarm or Timing (Flag) mode
interrupts.

d. W4 replaced by R71 (470Q resistor) to +4. 5V enables STF and CLF
signals to both Flag Buffer and Alarm Buffer FF's at all times. Use of this
resistor also enables IOI and I0O signals at all times but is nullified by W5
and W6.

e. W5 and W6. With W6A in position and W5 replaced by R72 (4709 resistor)
to +4. 5V, card is hardwired in the Alarm mode of interrupt. With W5A in posi-
tion and W6 replaced by R73 (4709 resistor) to +4. 5V, card is hardwired in the
Timing (Flag) mode of interrupt.

2-2
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2-9. LOGIC LEVEL JUMPERS. These jumpers are in position W7, W8, W9
and W10 on the 12661-6001 DVS Program Card used in the 12661A DVS Inter-
face Kit. These jumpers are in position W7A, W8A, W9A, and W10A on the
12661-6002 DVS Program Card used in the 12661A, Option 01 DVS Interface
Kit.

NOTE

W10 and W10A is the same position (-2V).

2-10. When jumpers W7, W8, W9, and W10 are moved to the '"B" position, -12V
is applied to the inverter circuits. This requires replacing all inverter NPN
transistors with PNP transistors and reversing all associated diodes.

2-11. OUTPUT JUMPERS. These jumpers are not normally used. They can
be installed for 24 bits output to a single peripheral device. When these jump-
ers are installed, the Address Decoder (MC14) must be removed from the card.

a. W11 becomes Bit 0 in second output word (see Figure 1-1),
b. W12 becomes Bit 1 in second output word.
c. W13 becomes Bit 2 in second output word.

d. W14 connects output of Command Control FF to Command 5 output.
It may be necessary to move W1 to its A position for correct polarity of command
line to peripheral device.

2-12., ALARM JUMPERS. Eight jumpers numbered 0 to 7 (MC74) are used to
connect Alarm interrupt capability to each Peripheral Status input bit. If an
Alarm interrupt is not desired on a particular input, remove the jumper. With
the Alarm interrupt circuits disconnected, the status of all peripheral devices
can still be monitored through program examination of the Peripheral Status
inputs.

2-13. Four jumpers lettered A to D (MC73) are used to form an OR circuit
that will set the System Clear bit whenever an Alarm condition occurs. Jump-
ers 0 to 3 must be in place for this option.

2-14. PROGRAMMING.

2-15. In this text, the initials PSI will be used to represent the select code of
the DVS Program Card.

2-16. Since the card is program selected by only one select code, simultaneous
input and output operations cannot be performed. The card plugs into any of the
interface card input/output (I/O) slots of the computer and assumes the lower
select code of that slot.

2-3



12661A Section II

2-17. USE OF COMMAND, FLAG, SFS, AND SFC.

2-18. When outputting a program to a peripheral device, two words are re-
quired. The card is first initialized by CLC PSI or CLC #. The structure

of the two words has been previously specified in Section I, Figure 1-1. After

outputting the second word, the following events occur in the sequence given,
each one depending upon the event preceding it.

NOTE

Use of CLC @ will affect other devices being operated
under interrupt,

a. The Command line to the appropriate peripheral device goes true (0V).
b. The peripheral device starts its assignment.
c. The peripheral Flag goes Busy (0V).
d. The Command line to the peripheral device goes false (+V).
NOTE

If the peripheral does not have a '"Flag', the Command
line can be cleared with CLC PSI.

e. Peripheral device finishes assignment and settles or 'times out'.
f. The peripheral Flag goes Not Busy (+V).

2-19. If an SFS instruction is executed, the next instruction will be skipped
only if the device Flag line is high (+V).

2-20. If an SFC instruction is executed, the next instruction W111 be skipped
only if the device Flag line is ground (OV)

NOTE

SFS and SFC are software commands whose only function
is to check status of peripheral device Flag. STF or CLF
commands do not enable or disable SFS and SFC commands.

2-21. SOFTWARE CONTROL OF INTERRUPT CHANNEL (See Figure 2-2).

2-22. Figure 2-2 is a representation of Software control of the Interrupt Chan-
nel. The main points of Figure 2-2 are; how the DVS Program Card is assigned

2-4
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to the Timing or Alarm mode of interrupt; and once the assignment is made
why further instructions have '"NO EFFECT" on the interrupt channel.

2-23. To disable the DVS Program Card interrupt capability prior to inter-
rupt mode assignment, a CLC PSI or CLC @ command is given. If an inter-

upt request occurs during assignment, the card will not interrupt the computer.
The interrupt request will be stored in Flag or Alarm Buffer FF's. Once the
interrupt mode is assigned, the stored interrupt request will cause an interrupt.

2-24. After the interrupt mode is assigned, either Timing or Alarms, an STF
PSI command followed by STC PSI will cause an immediate interrupt. If, in-
stead of the STF PSI command, a CLF PSI command is given, followed by STC
PSI, the Timing or Alarm mode is enabled. Once DVS Card Interrupt is on,
OTA, B PSI or LIA, B/MIA, B PSI commands have "NO EFFECT" on the in-
terrupt channel. See paragraph 2-33 for a short Example Program.

2-25. The following description follows Figure 2-2 starting with a CLC PSI
or CLC @ command. '

CLC PSI Interrupt control FF is cleared which disables the
or interrupt capability and enables the mode of inter-
CLC ¢ rupt assignment.

2-26. At this point a decision must be made on which mode of interrupt is
desired.

OTA/B PSI Mode Request FF is set which assigns the interrupt
channel to a Timing Mode.

or
LIA/B PSI Mode Request FF is cleared which assigns the in-
or terrupt channel to an Alarm Mode.
MIA/B PSI

2-27. After selecting either the Timing mode or Alarm mode, another de-
cision may be made on requesting an immediate interrupt by setting the Flag
or Alarm Buffer FF's (STF PSI), or, clearing any previous interrupt requests
(CLF PSI). A third choice is possible which is not shown on Figure 2-2. The
command STC PSI can be given which will either cause an immediate interrupt
or enable the interrupt mode depending on the status of the Flag or Alarm Buf-
fer FF's.

STF PSI Flag or Alarm Buffer FF is set and a Timing or
Alarm interrupt is requested.

The next machine cycle will set the Flag FF.

2-5
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STC PSI This instruction will cause an immediate interrupt.

2-28. If the decision is made to‘ clear any previous interrupt requests, the
Flag or Alarm Buffer FF's must be cleared.

CLF PSI This instruction clears the Flag or Alarm Buffer
FF's which erases a Timing or Alarm interrupt
request.

At the same time the Flag and Interlock FF's are
cleared. If an interrupt request still exists, the
next command (STC PSI) will gate it through.

STC PSI This instruction enables the Timing or Alarm
interrupt.

2-29. Once the mode of interrupt has been set, the STC command enables the
interrupt and prevents OTA, B PSI or LIA, B/MIA, B PSI commands from
altering the mode. These commands are shown on Figure 2-2 as having ""NO
EFFECT'". At this point in the program these commands are used to output
or input data between the DVS Program Card and computer.

STC PSI Interrupt Control FF is set which enables interrupt.

2-30. The next choice of commands, as shown on Figure 2-2, have '"NO EFFECT"
on interrupt mode assignment.

OTA/B PSI At this point in program, used to input or output
or data. See Figures 1-1 and 1-2,

MIA/B PSI
or

LIA/B PSI
then

STF PSI No effect on Flag or Alarm Buffer FF's.

or The Flag and Interlock FF's are cleared which
CLF PSI closes the interrupt priority string.

The Flag and Alarm Buffer FF's are not affected.

2-31. If, after assigning the mode of interrupt, an interrupt should occur, it is
not necessary to recycle from CLC PSI. The instruction CLF PSI will clear the
Flag and Interlock FF's which again enables the interrupt. Upon initiation of an
interrupt, the Flag Buffer or Alarm Buffer FF's are cleared and the Interlock
FF is set by the Interrupt Acknowledge (IAK) signal. The Interlock FF then pre-
vents additional interrupts until cleared by software (CLF, PSI). A CLF PSI
instruction will not clear the Word Sequence FF's. Therefore, a new first word
cannot be programmed.

2-6
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2-32. To clear the Word Sequence FF's it will be necessary to recycle from
CL((?j PSI. The DVS Program Card will now recognize the next OTA/B as afirst
word.

2-33. PROGRAM EXAMPLE.

2-34. The following sample program illustrates input and output program-
ming through the DVS Program Card using HP Assembler Language.

Label Operand Explanation
CLC PsI, C Enable interrupt assignment and initialize.
LIA PSI Assign inter rupt channel to alarms.
LDA WD1 Load A and B registers with 1st and 2nd
LDB WD2 word output data from memory storage.
JSB OUTPT Jump to output subroutine.

NOTE: If LIA PSI in the above program were replaced by OTA PSI,
the interrupt channel would be assigned to timing.

OUTPT NOP Entry point OUTPUT subroutine.

CLC PSI Initialize Word Sequence Counter.

STC PSI Disable interrupt mode assignment and
Enable interrupt channel.

OTA PSI Output 1st data word.

OTB PSI Output 2nd data word and command
external device to accept the data.

SFS PSI Is external device busy?

JMP * -1 Yes. Jump to previous instruction.

JMP OUTPT, 1 Exit this subroutine.

2-7



12661A Section III

Table 2-1. DVS Program Card 48-Pin Connections.

Signal Pin Signal Pin
Input
Word
Status 0 16 Status 5 19
Status 1 T Status 6 \"/
Status 2 17 Status 7 18
Status 3 U Flag S
Status 4 w
Output (First Word)
Bit 0 D Bit 8 11
Bit 1 5 Bit 9 M
Bit 2 4 Bit 10 N
Bit 3 K Bit 11 12
Bit 4 9 Bit 12 R
Bit 5 10 Bit 13 14
Bit 6 L Bit 14 13
Bit 7 E Bit 15 P
Output (Second Word)
Bit 3 F Command 2 C
Bit 4 J Command 3 7
Bit 5 8 Command 4 3
Bit 6 6 Command 5 A
Bit 7 (System Clear) 15 Command 6 1
Command 0 H Command 7 B
Command 1 2 Ground BB,AA,Z,Y
24,23, 21, 22
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48-pin
Connector Junction
l Boxes
Pr]zvfam Power *
Cfrd /O Cable T Supply Up to 8 power supplies
can be connected in
j this manner.
50-pin
Amphenol Eighth power supply
Connectors does not require
junction box.
Power
> I Supply
l Power
I Supply

Figure 2-1. Recommended Method of Interconnecting

Power Supplies.
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The effect of an instruction XXX PSI on a flip-flop XXXX FF

depends on the status of other flip-flops as shown.

CLC_ PSI

CLcorﬂ STC PSI

INTERRUPT INTERRUPT
CONTROL F F CONTROL F F

CLEARED SET

INTERRUPT
PRIORITY
STRING
CLOSED

PS1
INTERRUPT
ON

PS1
INTERRUPT
OFF

0TA, B PSI ( L{Zn i, PSI
P

( ) LIA PSI
A, ’
OTA,B PSI MIA . or ps ]

MODE MODE
REQUEST F F REQUEST F F
SET CLEARED

TIMING ALARM
MODE MODE
REQUESTED REQUESTED

( STF PSI ) ( CLF PSI ) CSTF PSI ) ( CLF PSI ) ( STF PSI ) ( CLF PSI)

FLAG FLAG ALARM ALARM FLAG F F
BUFFER F F BUFFER F F BUFFER F F BUFFER F F
SET CLEARED SET CLEARED CLEARED

TIMING
INTERRUPT
REQUEST
ERASED

TIMING
INTERRUPT
REQUESTED

ALARM
INTERRUPT
REQUESTED

INTERRUPT
PRIORITY

STRING
CLOSED

ALARM
INTERRUPT
REQUEST
ERASED

_1 _ -1 _
r A r A
' FLAG F F I FLAG F F l FLAG F F FLAG F F INTERLOCK
SET CLEARED SET CLEARED F F CLEARED
——

INTERRUPT
STC PSI E STC PSI ENABLED

INTERRUPT _INTERLOCK INTERRUPT INTERLOCK
F F  CLEARED F F CLEARED

TIMING

INTERRUPT
ENABLED

ALARM

INTERRUPT
ENABLED

Figure 2-2. Software Control of Interrupt Channel 2.10
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SECTION III

THEORY OF OPERATION

3-1. INTRODUCTION,

3-2. This section of the Manual is divided into three main parts. Figure 3-1
is the schematic diagram of the DVS Program Card and is divided into three
sheets. Control Signals; refer to Sheet 2: Input Operations; refer to Sheet 1:
Output Operations; refer to Sheet 3. Located within the main parts are other
operations such as Interrupt, Computer Power On, etc. Figure 3-2 is a typ-
ical Interrupt System Timing diagram to aid in describing Interrupt Operation.
PSI is used in this text to represent the Select Code of the DVS Program Card.

3-3. CONTROL SIGNALS.

3-4. INITIALIZATION.

3-5. Refer to Sheet 2 of Figure 3-1. The DVS Program Card must be in-
itialized by a CLC instruction with a Select Code of §f or with the Select Code
of the interface card. The IOG and Select Code signals gate through MC15 and
MC16 pin 6 to enable the command gates of the card. Output instructions of
OTA and/or OTB follow to output 24 data bits from the A and/or B registers.

3-6. When the card is given a CLC instruction through pin 21, Word Sequence
FF1 and FF2 are cleared. The reset output terminal for FF2 (pin 6, MC46)
goes high (+V). This allows the first I0O signal at pin 20 (caused by the first
OTA/B PSI instruction) to be gated through MC46 pin 8 and MC56 pin 6 to the
Latch inputs of the First Output Word Registers (Sheet 3). This first I0O sig-
nal also sets Word Sequence FF1 by pulling pin 13 MC36 low (0V) which causes
pin 11 of MC36 to go high. When the IOO pulse returns to its normally low
state, pin 13 of MC36 and pin 12 of MC35 go high. This makes pin 1 of MC46
low, which sets Word Sequence FF2 causing pin 12 of MC46 to go high.

3-7.  After the first OTA/B PSI instruction, both Word Sequence FF's are
set. The second IOO signal is gated through inverting MC27 pin 11 and MC37
pin 4 to MC46 pin 13. Both inputs (12 and 13) to MC46 are now high which
causes pin 11 of MC46 to go low which causes pin 8 of MC56 to go high. The
second IOO signal from MC56 pin 8 goes to the Latch inputs of the Second Out-
put Word Registers (Sheet 3). When MC46 pin 11 went low, it pulled pin 12 of
MC65 low which set the Command Control FF.
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3-8. The first 100 signal to the card, as a result of the first OTA/B in-
struction, latches the First Word Output Storage Register FF's (see Sheet 3).
The first word data (16-Bits) is then available to the peripheral device. The
second IOO signal to the card (second OTA/B instruction) latches the Second
Word Output Storage Register FF's. The second word data (8-Bits) is then
available to the peripheral device and the Address Decoder. The Address
Decoder was enabled when the second I0OO signal set the Command Control FF.
The signal from the Command Control FF, together with the address data bits
(second word bits 0, 1, 2 through the Address Decoder), cause a command to
be sent to one of the eight possible peripheral devices.

3-9. As thecommanded peripheral device is accepting data, it will make the
Flag (pin S) low which resets the Command Control FF. When the Command
Control FF resets, the Command line returns to its normally high (off) state.
When the peripheral device completes its operation, the Flag returns to its
normally high (off) state.

3-10. The second IOO signal sets the Command Control FF which, in turn,
sets the Status Flag FF (MC77). While the Status Flag is set, MC67 pin 5 is
low which disables the SFS PSI instruction (pin 25). SFS to the DVS Program
Card means skip the next instruction if the peripheral device Flag Line is
high (+V). When the Flag Line goes low, which resets the Command Control
FF, the Status Flag FF remains set. When the Flag returns to its high state,
the Status Flag FF is reset which makes MC67 pin 5 high and enables the SFS
PSI instruction. The Flag Line, in returning to its high state, generates a
pulse through MC67 pin 8 that makes MC55 pin 9 low and sets the Flag Buffer
FF. This would cause a '""Timing (Flag) interrupt" if the interrupt system and
channel were enabled and assigned to ""Timing''.

3-11. To output additional data to the peripheral devices, the card must re-
ceive a CLC PSI or CLC @ command to initialize the word sequence FF's. If
the card is not reset with a CLC instruction, then every output instruction
(OTA/B) will cause the card to react as if it were a second I00 signal. Erro-
neous data could then be received by one of the peripheral devices.

3-12, INTERRUPT OPERATION.

3-13. Refer to Figure 3-2. The card will recognize two types of interrupt
from the peripheral device it is programming. One interrupt method is called
Timing (Flag) and sets the Flag Buffer FF. This interrupt may request an
interrupt to the computer program to obtain new data from the computer. The
second interrupt method is called Alarms and sets the Alarm Buffer FF. This
interrupt is a signal to the computer that one of the peripheral devices has
failed. Program examination of the Status inputs (see Figure 1-2) will deter-
mine the faulty unit only if the unit remains faulty. If the peripheral that caused
the Alarm returns to normal, the Status Bits return to normal.
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3-14. TIMING MODE. The interrupt channel may be assigned to a "Timing
mode'" using the Flag Buffer FF to generate interrupts. A CLC PSIor CLC @
instruction pulls MC36 pin 5 low which resets the Interrupt Control FF and
enables the channel assignment. If the Interrupt Control FF is reset, an I00O
signal (from OTA/B instruction) will pull MC25 pin 4 low which sets the Mode
Request FF. This makes MC54 pin 2 high which, together with SIR (T5) sig-
nal and the Flag FF being reset, sets the Mode Control FF. When the Mode
Control FF sets it makes MC25 pin 1 high which allows the Flag Buffer FF to
reset on an IAK (Interrupt Acknowledge)signal. In the resect condition, a STF
command will set the Flag Butter FF which pulls pin 9 of MC65 low and sets
the Flag FF. A CLF command will gate through MC17 pin 3, pull pin 2 of
MC66 low and reset the Flag FF. In this "Timing mode', the Alarm Buffer
FF is disabled from the STF, CLF commands and the Flag FF.

3-15. ALARM MODE. The interrupt channel mav be assigned to an ""Alarm
mode' using the Alarm Buffer FF to generate interrupts. If the Interrupt Con-
trol FF is not set, an IOI signal (from LIA/B, MIA/B instructions) will pull
MC15 pin 11 low which resets the Mode Request FF. This makes MC54 pin 2
low which, together with SIR (T5) signal and the Flag FF being reset, resets
the Mode Control FF. When the Mode Control FF resets, it makes MC35

pin 10 high which allows the Alarm Buffer FF to reset on an IAK signal. In
the reset condition, a STF command will set the Alarm Buffer FF which pulls
pin 9 of MC65 low and sets the Flag FF. A CLF command will gate through
MC17 pin 3, pull pin 2 of MC66 low and reset the Flag FF. In this "Alarm
mode'', the Flag Buffer FF is disabled from the STF, CLF commands and the
Flag FF.

3-16. I/O0 INTERRUPT. To insure that input and output instructions do not
assign the interrupt channel to an incorrect mode, the Interrupt Control FF
must be set by a STC PSI instruction. With the Interrupt Control FF set, pin 6
of MC36 is low which inhibits MC25 pin 13 and MC17 pin 10. This prevents the
IOI and IOO signals from changing the Mode Request and Mode Control FF's
which would change the interrupt channel assigrment. The STC command will
also inhibit pins 4,11 and 13 of MC26 and pin 2 of MC15 which will stop the STF,
CLF instructions from changing the Flag Buffcr and Alarm Buffer FF's.

3-17. To generate an interrupt request to the computer, the Interrupt Control
FF must be set by a STC PSI instruction; the I/O Interrupt system must be en-
abled by a STF @ instruction (IEN High); the Flag FF and appropriate Buffer FF
must be set. Then if an interface card (device) of higher priority is not request-
ing an interrupt (PRH line high) the Interrupt Request FF (IRQ-FF) will be set.

3-18. The IRQ FF output provides the FLG (Flag) signal through pin 9 MC87
and the IRQ signal through pin 13 MC87 to the I/O Address Card. These'two
high signals cause a Service Request Address to be enabled to the computer.
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The Flag signal forms an Interrupt signal which is sent to the computer. The
IRQ FF is reset by the ENF signal at time T2 in the computer cycle. This
allows a higher-priority device to request an interrupt. If the Flag FF and
appropriate Buffer FF are still set and no higher-priority devices have re-
quested an interrupt, the IRQ FF will again be set at time T5 (SIR).

3-19. During Interrupt Phase 4, the computer decrements the P-register by
one to ensure that the proper location in the main program will be returned

to after the interrupt is processed. (The P-register was incremented by one
at time T7 of the last machine phase of the main program by the SPC (Step
Program Counter) signal.) Also, the computer places the Service Request
Address (which is always equal to the Select Code of the interrupting device)
from the I/O Address card into the M-register at time T7. This causes the
next instruction to be read from the memory location having the same num-
ber as the Service Request Address (Select Code) during the Fetch Phase
(Phase 1). This location in memory is referred to as the "interrupt location"
and is reserved for that particular device. Example: A device specified by

a Select Code of 10 will interrupt to (i.e., cause execution of the contents of)
memory location 00010. At time T3 of Phase 4, the interrupt system is in-
hibited by the false Enable Service Request signal until the Fetch Phase fol-
lowing the execution of the instruction at the interrupt location. This prevents
interrupts from occurring until at least one instruction has been executed (ex-
cept in the case of JMP, I and JSB, I instructions).

3-20. At time T1 of Fetch Phase 1 the I/O Control Card sends an IAK (In-
terrupt Acknowledge) signal to the DVS Program Card. If the IRQ FF is set,
the IAK signal gates through MC57 pin 8 and resets the appropriate Flag or
Alarm Buffer FF. Since the set-side output of the Buffer FF is ultimately
applied to MC73, resetting the Buffer FF prevents the setting of the IRQ FF
and causing another interrupt. The IAK signal also sets the Interlock FF by
pulling pin 1 of MC35 low and in so doing, disables the interrupt channel on
the DVS Program Card. The Buffer FF's may now be set without generating
an interrupt. A CLF PSI instruction will clear the Interlock FF and allow
the Buffer FF to initiate another interrupt signal. For the CLF PSI not to
clear the Buffer FF, the Interrupt Control FF must be set with a STC PSI
instruction.

3-21. At time T2, the ENF signal resets the IRQ FF. The computer fetches
the instruction in the interrupt location which will usually be a jump to a sub-
routine (JSB,I) instruction, although any legal instruction may be placed in the
interrupt location. The contents of the P-register plus one is stored in the
first location (X) of the subroutine. (Since the previous contents of the first
memory location are destroyed when P+1 is stored, the first instruction of the
subroutine should always be a no-operation (NOP) instruction or equivalent. )
The location of the subroutine (X+1) is placed in the P- and M-registers, and
the computer resumes normal subroutine operation. Thus, the instruction at
location X+1 is the first instruction of the subroutine to be executed. The
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contents of the working registers that were in use in the main program should
be stored when entering the subroutine and restored before exit from the sub-
routine. The exit from the subroutine is made with a JMP, I to location X.
This places the address of the interrupted program instruction in the P- and
M-registers and normal program operation resumes.

3-22. COMPUTER POWER ON.

3-23. When power is initially applied to the computer, the POPIO(B) and CRS
signals are received by the DVS Program Card from the I/O Control Card.
These signals establish initial conditions for the operation of the Card and
cause the SYSTEM CLEAR signal to appear on the output.

3-24. The POPIO(B) signal (pin 17) performs these functions:

a. Clears the Flag FF.

b. Clears the Flag Buffer FF and Alarm Buffer FF.

c. Clears the Mode Request FF which clears the Mode Control FF and
assigns the interrupt channel to the Alarm mode.

d. Sets all output Storage Buffers to Logic ""0' (IOBO is held Low during
this period).

e. ‘Sets the SYSTEM CLEAR to a Logic '"1" (output low).

3-25. The CRS (Control Reset) signal (pin 13) performs these functions:

a. Clears the Interrupt Control FF.
b. Clears both Word Sequence FF's.

c. Clears the Command Control FF.»
3-26. SELECT CODE-CARD ADDRESS.

3-27. A program instruction with the Select Code of the DVS Program Card
directs an Input/Output Command to the Card. The proper Select Code pro-
vides SCL (Select Code Least Significant Digit) and SCM (Select Code Most
Significant Digit) signals to the Card. These signals are enabled by the IOB(B)
(Input/Output Group Instruction (Buffered)) signal. Refer to Volume Three of
the Computer Manuals INPUT/OUTPUT SYSTEM OPERATION, Figure 2-3,

to determine the Select Code number for the Interface Card slot used.
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3-28. INPUT OPERATIONS.

3-29. DATA INPUT.

3-30. See Sheet 1 of Figure 3-1. The Input Storage Register FF's of the
DVS Program Card follow the status of the input lines from the peripheral
device. Each Input Storage Register is automatically set to the state of the
status line during each computer cycle. These input registers account for 8
of the 11 data bits that may be received by the computer from the Card. The
remaining 3 bits are status bits from the Mode Control FF (Bit 15), Mode Re-
quest FF (Bit 13), and System Clear (Bit 14).

3-31. The computer accepts data from the Card by an LIA, LIB, MIA, or
MIB instruction. These instructions generate an IOI signal (pin 24, Sheet 2)
which gates through MC17, MC16 pin 12 to MC97 pin 14 which enables the
data bits to the computer.

3-32. ALARMS.

3-33. The eight Input Storage Registers may be used to cause an ""Alarm In-
terrupt" if an alarm condition (peripheral failure) exists on any of the input
status lines. The appropriate alarm jumpers (0-7) to MC74 must be in
place. When the input status line changes from its high (off) state to its low
(on) state, a pulse is generated through MC75 pin 4 that sets the Alarm Buffer
FF (MC55 pin 4). This will generate an Alarm interrupt if the interrupt sys-
tem and channel are enabled and assigned to ""Alarms'".

3-34. DPeripheral Status 0 line will be used as an example to explain how an
Alarm pulse is generated. When Status 0 line goes low, transistor Q31 turns
off and the input to Input Bit 0 FF (pin 2, MC103) goes high. When the latch
pulse from the SIR line is received at pin 13 of MC103 at time T5 in the Com-
puter Cycle, the set output of the FF (Q) goes high. Since the Alarm FF
(MC93) is not set, its reset output (Q) will also be high. These two high out-
puts will enable the input of MC83 making pin 11 low. If Alarm jumper O is
in place, pin 6 of MC74 will be low making pin 8 high. Pin 3 of MC75 is high
and pin 4 goes low. When MC75 pin 4 goes low, it pulls pin 4 of MC55 low
which sets the Alarm Buffer FF.

3-35. After Input Bit 0 FF is set at computer time T5, the input of Alarm 0
FF (pin 2 MC93) is high. The output of Alarm 0 FF will not change, however,
until the latch input (pin 13, MC93) receives a positive pulse from the ENF
line at time T2 in the next computer cycle. This latch pulse causes the reset
output of Alarm 0 FF (Q) to go low which makes the alarm at pin 11 of MC83
high. Since Alarm O FF is now set, the set output (Q) is high and IOBI0 may be
enabled through MC106 by an IOI pulse from an LIA/B PSIor MIA/B PSI in-

struction.
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3-36. Before another Alarm pulse can be generated from the Peripheral
Status 0 line, both Input Bit 0 FF and Alarm 0 FF must be reset. These FF's
are reset by the input line returning to its normally high state. If the input
line again goes low, another alarm pulse will be generated beginning at time
T5 and extending to time T2 of the next Computer Cycle.

3-317. OUTPUT OPERATIONS.

3-38. Refer to Sheet 3 of Figure 3-1. The output data bits are transferred
from the Computer A or B Register to the DVS Program Card through the
JIOBO (I/O Bus Output) lines. The IOBO signal levels are -0.5V (Logic "0"),
or +2.5V to +4. 5V (Logic '"1'"). There are three types of output circuits: First
and Second Word Output Data Storage, Second Word Command Address, and
SYSTEM CLEAR. Each of these circuits will be explained.

3-39. FIRST/SECOND WORD OUTPUT.

3-40. First and second word output data storage will be explained using
IOBO 3 as an example. A Logic "0" from IOBO 3 (pin 45) is applied to the
inputs of both the output storage FF's (First Word Latch input = pin 7, MC43,
Second Word Latch input = pin 7, MC33). To transfer the Logic 0" to pin k
(first output word bit 3), a positive going latch pulse must be applied to pin 4
of MC43. To transfer the Logic '""0'"" to pin F (second output word bit 3) a
positive going latch pulse must be applied to pin 4 of MC33.

3-41. The positive going latch pulses originate from the Word Sequence FF's
or the POPIO (B) signal (pin 8, MC37) and are passed through pin 6 or pin 8 of
MC56. When the pulse applied to the L input of the latches goes high, the out-
put (Q) of the latch will reflect the inverse of the input. Since the input (pin 7
MC43 and MC33) is held high by IOBO 3 being low (Logic ''0"), the Q output

(pin 8, MC43 and MC33) will go low when the positive going latch pulse is
applied to the L input (pin 4, MC43 and MC33). The Q output (pin 8) will "latch"
in its low state when the latch pulse (L) goes low. When the Q output (pin 8) is
low, the output buffer transistor (Q17 or Q11) will be cut off and the output line
will go high (+V).

3-42, A POPIO(B) signal will apply latch pulses to all the data output stor-
age registers when all the IOBO lines are Logic ''0". This Logic "0" will be
transferred to the data output lines.

3-43. A Logic "1" is transmitted to the output data line in the same manner.
If IOBO 3 goes high (Logic "1"), the input (pin 7 MC43) will go low. When the
Latch pulse (L) goes high, the Q output (pin 8) will go high and latch when the
latch pulse falls. Since the output is high, transistor Q17 will saturate, caus-
ing pin k (Bit 3, first word) to go low (Logic 1", 0V).

3-7



12661A Section III

3-44. SECOND WORD COMMAND.

3-45. The command line Address Code (second word output bits 0,1, 2,
see Figure 1-1) is transferred to the input of the Address Decoder the same
way second word output data is transferred to the output lines. The Address
Decoder is a 4 Line (BCD) to 10 Line (decimal) converter. None of the Com-
mand 0 to Command 7 lines can be activated while pin 2 of MC14 is held high
since this enables a decimal 8 or higher coded output line. Pin 2 of MC14 is
held high while the Command Control FF is clear. When the Command Con-
trol FF is set (from the second IOO signal), pin 2 goes low and the binary
code from pins 1, 14 and 15 determines which output line is activated. The
output command line is held low (Logic '"1'") during the time the Command
Control FF is set. This sends a command signal to the proper peripheral
device. ’

3-46. SYSTEM CLEAR.

3-47. The System Clear output register is similar to the second word data
output registers except it has a Reset terminal (pin 13, MC54). If, through

a software instruction, IOBO 7 goes high, then pin 12 of MC54 goes low. The
second IOO signal (see paragraph 3-7) makes MC46 pin 11 (Sheet 2) low which
is applied to pin 11 of MC54. The Q output (pin 8, MC54) will go high satur-
ating transistor Q29 which causes the SYSTEM CLEAR line to go low (0V).

3-48. A System Clear command is also generated by POPIO(B) signals when
the computer is initially turned on. Also an Alarm input from the input stor-
age registers through jumpers A-D may generate a System Clear command.
The POPIO(B) signal and the alarm pulses are applied to pin 13 of MC54 (Re-
set terminal). This Reset Command causes pin 8 of MC54 to go high which
makes the SYSTEM CLEAR line low (0V).

3-8



12661A

1820-0069
1820-0054 1820-0068 1820-0131 1820-0070 1820-0077
1 1 M 1 1 d 14 1 hd 1
2 2 :&13 2 13 2 13]
3 3 12 3 12 3 12
A 4 11 A 11] A 11]
5 5 10 5 10 5 ___l—l rlo
3 6 9 6 9 6 —-I—.I { | 9
7 7 8 7 8 7 8
1820-0111 1820-0132 1820-0301 1820-0956
1 1 14 1 o 1 14
2 2 @ @13 2 2 13
3 3 12 3 il I—E 3 1K 12
4 4 @ @11 4 4 11]
5 S 10 5 5 1K 10
: : Ej Of gt : 5
7 7 8 7 I 7 B
8 8 e ]
A——

HP NO. 1820- 0054 0068 0069 0070 0071 0077 0111 0132 0301 0956

GND. PIN NO. 7 7 7 7 7 8 7 12 5

Vce PIN NO. 14 14 1% 14 % 16 1 5 12

Vee PIN NO. - - - - - - - - 1

1.

~

3.

Section III

INPUT STORAGE REGISTER (T5) (T2)
*FROM IO | ————— — — — — - FROM FROM FROM FROM FROM TO COMPUTER
DRUICE r .5V (6)MC47 (8) MC4T == (12)Mcl6 (5)MC54 ™ (2)MC54 =
== | A | (Sheet 2) (Sheet 2) (Sheet 2) (Sheet 2) (Sheet 2)
by |
Iy | R67
1K
| |
B8
| I +.5V " +.5V B "% 10B1-13
PERIPHERAL 16 ' |
STATUS 0 CETI 14 . |
9 |83
| e 1081 -15
R70 9
| 1K
| 16 2 16 +e.5V 8 o |26
BIT 0 FF Q ALARM O FF Q @—- 10BI -0
| 13 1] e | 106
I ML wnc 103 q Mc 93 @ 13
—{we 11
| 83
TTrhREEn T 3 15 3 15 14 13 |29
PERIPHERAL [ autE s & ; pir 1w @ ALARM 1 FF @ 2] 10BI -1
STATUS ——=——— Rssa.B.C | 13 13 =] 14 106
|_R32,€32,Q32 L Mc 103 Qq — L Mc93 Q 1
— — —— 3
S
83
_—— 10 6 10 8 30
17 [ saE asa |} Q 9
PERIPHERAL , g | RSSD,EF | . BIT 2 FF . ALARM 2 FF € N 6 | M 10BI -2
STATUS
L R33,c33,Q33J| —1L Mc 103 Qq —L Mmc93 T 10
-=== M), 8
9] 83
- 9 7 9 14 13 |64
v [TsaME A5 A | Q Q
PERIPHERAL 3 gme | RseABC | TR ALt ) FF 2| i¢ 10BI-3
STATUS > | 4 _ 4 L 8 5 6
| _R34.€34,Q34 | L Mmc 103 @ — L Mc 93 Q—’:A H,
[Tk as A 16 2 16
SAME AS A |
ez —nC | mror A 4 v &
STATUS — B, | 13 — E1 1 .
| _Ras.c38,Q38 L Mmc 104 Q Mc 94 T 13 11 w27
————— {7 @—— 10BI -4
84 J*
tvinvidi) 3 15 3 15 14 13 |so
SAME AS A}
PERIPHERAL 519 ™ BT 5 pF Q ALARM 5 FF Q 2 gg IO0BI -5
STATUS —-—-—i R57D.E,F, | 13 13| —u
| _R37.€37,Q37 P—L Mmc 1046 Q —L Mmc 94 Q X s
- MC
2184 )
ety 10 6 10 8 9 | s
SAME AS A}
PERIPHERAL " I | BT e Q ALARM € FF Q 6 | 10s 10BI -6
STATUS ——e=—{ RS7A,B.C, | 4 — W — 5
| _R36.C36.Q3 b—L Mc 106 Q —L Mmc 94 Q 0
_———— MC ), 8
21 84
——— 7 9 7 9 14 13 g
18 l—m AS A | BIT 7 FF Q ALARM 7 FF Q 7 | MC 10BI -7
PERIPHERAL 7 g | RS6D.E,F . P i B 105
L R3S, css,st_! —1L Mc 104 Q — L mcos UQ s
_——— A
84 f*
ALL LOGIC IS POSITIVE-TRUE MC73 )4 4D
TO 2 1 6 b 540
5)MC76 BV N
E— 1S EQUIVALENT TO D— | ( 75 3 4 1 a2
Sheet 2!
| (Sheet 2) \ d 240 -{457 I0BI - 14
SCHEMATIC DIAGRAM FOR RESISTOR
NETWORKS RS59 THRU R63
A QB 2C QD QE QF QG TO
(4) ess
2]
-2v 11.5K11.5K11.5K]11.5K11. 5K11.5K11. 5K (Sheet 2)
1 2 3 4 5 6 1 8 |
SCHEMATIC DIAGRAM FOR RESISTOR | FROM
NETWORKS R39 THRU R58 (8& :cs;.)
eet

*  INDICATES SIGNALS FROM/TO EXTERNAL

DEVICE VIA 48-PIN CONNECTOR.
SIGNALS ARE FROM/TO COMPUTER VIA 86-PIN

6 POSITION JUMPERS
W7A, W8A, WIA FOR
12661A-OPTION 01

ALL OTHER

CONNECTOR.

Figure 3-1. DVS Card, Schematic
Diagram (Sheet 1 of 3)

3-9



12661A Section II

0 FROM 0 4.5V
FROM (2) MC75 TO (13) MC54 TO (14) MC97 (8)MC97  (4)MC75 INPUT FF To (8) MC107 R68 $470
(Sheet 1) (Sheet 3) (Sheet 1) (Sheet 1) (Sheet 1) l;g"szl;llf)s (Sheet 1)
? Y \ A e L3 srq
 — & ren
9 8
POPIO(B) 1L{— i 37) %5;9
R60-5 ‘ -2V
6
2 — — — M85y —a 2 prr
PLAG BUFFER FF | - 3
| | |~ Facer” 1 23 pon
+—2 N\ | 4 9 | 3 9 %361
sin 2 T 11] Mc \s 13 MC65 [ 10 MC 8o | 3) M L6 a8 12 s -3
(15) 1- 10] 55 | 1] MC Y12 2 65 1 4 10) -2v
R61-5 1] e 2 | |
-2y | .
l | [ |
l [
M, 121113 |$V‘nc6| :15 |
10t > 13|MC17 MC16 1 45 14 MC 8 9 110 rax
| L 2] 66 ] MC57
R61-2 T i ; [ -
2 o) L | — %
_——— L —— - -2y
STF % SMc1? 6 Lllimclep> i }2‘2
R59-5 )
- L 2 BT
L. MODE CONTROL q|>
9 10 ¥F .
2 L \ 8 13 2 3 -
cLr 2]Mc17)2 —3@“ of He )8 9Mc25 L MCS4  Q
R59-6 11 /
-2y
scL oo 3 [_ALARM-BllgFER_] L
sar e Nk s T\, Lo\ | s ue Yo
15) MC N MC \6 3
106 (B) ™ {RgoIRE0LRED 3] he )6 +2p Yoot
$-63-8 $-7 5 S
bS ;» I I
2v |_ I
10 8 l l
oot ] 13 2 | B
INTERRI .
| CONTROL FF | 1 Plfg 12 t Z %EA)LI |
2 N
sic 2 1 ' J/ t ~ I
R60-2 [ ) M |3 L —
-2V | I ]
cc A | l
R60-3 | |
-2v | ' — o
13 Lucaplet- | | WeA [ WORD SEQUENCE | [worp SEQUENCE |
GRS > — b FF-1 | | FF-2
R59-2 L —— — I 2 I 13 b9 4
_/
| —
100 Y» |
§R60‘A | 1
-2v 10 s T'i" 6
| )+
* DEVICE S|_ | 14
FLAG i l I
61.,_1 L A
-12v
10 -12v
+4.5V 3% » NOTE: POSITION JUMPERS W7A, W8A, W9A
1 bl > 4.5V FOR 12661A-OPTION 01 45V
+
2 C51=% #C39-49 PINS WITH AN * ARE THE R30
- 48-PIN CONNECTOR
GND g5l la.2uf]t [2.2uf 1K , .
86| + TIMER FF Q ) 5
C50 % # C52 4 W28 X W3A 2, 8 STATUS FLAG QJ
. 47 2.2uf+ 2.2uf L MC77 68 o 10 FF
-2v wl I -2v
8 Q30 1311, MC77 [} 14
43, +12v
+12V 44
SFS
* BBAA | _
zy T -4
GND 54 23—-4-] -2v
22 21

Figure 3-1. DVS Card, Schematic
Diagram (Sheet 2 of 3)
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Section III
FIRST WORD
OUTPUT STORAGE REGISTER N
| —_—— —_— e
| FROM P VOLTAGE SECOND WORD
(6&}:(:‘526) — SIGN OUTPUT STORAGE REGISTER L P, 2 |_sA_P.|E—As—B | @ 5
] Yo 4 .
s> Ve | o
=2
7% 2 3 e [TsnEass | 1
10B0-15 —mm—g- BIT 15 FF Q ’1“33 —— R2:39A,B,C, COMMAND 6
R63-8 13 _ | R I_.CRZ,CZ,Q2 o
1.5k L Mce63 Q —_———
-2v —_—— —— —_———
65 3 15 —— 2 1 o = 5 M 6 M sneass 10 A
10B0 - 14 BIT 14 FF Q SAE As B J s WD2-0 FF  Q |——o0-~ 8| = ’1"5" —| RL:3SD,E,F | COMMAND 5
R62-7 13| —— R26:51A, B, C, |———am—— VOLTAGE 13 — 1 s L/ CR1,C1,Ql
1.5K L Q CR26,C26,Q26 AMPL (MSB) —L Mmc2s — 15 7 | St Sug |
13 MC 63 it nh i | BIT 14 A0 ApbDRESS 4
- " o iy . N aes ] :
1080- 13—y BIT 13 FF Q SE A5 B | 14 DECODER ;13 3[we 4 R6:41A,B.C rg——— COMMAND 4
R62-8 4| ———— | R28:52,8,C, |—mm— VOLT AWPL '  rromrre L wi2 R [ Lcns,cs.qs_‘
1 L Mc63 _Q | CR28.C28,Q28 | 1 e Y 1% 5 L10 -
57 , . o —L mc24 Q 1“ (! | oy e Msaeass 1g 7
1080 ~12 —em—g- st 12 v Q—————— swe as B R ; A2 12 L3¢ ® | R14:45A,B,C, COMMAND 3
R63-7 —_— R27:52D,E,F, p—-mm— VOLT.AMPL J 1 CR14,C14,Ql4
4 = B BIT 12 o Mc LORI4,CL4, Q14
Lox L mMce3 @ (ReTe2r.27 7 9W13 2], bl
- WD2-2 FF Q }—o0-0 _———
55 2 16 — =2 4| ———— 8 v 11 [ 10 f_smzAss-lO c
I0BO- 11 —@m—q- BT 11 Fr Qp————— saE As B 12 b——L Mmc 26 Q 16 . 113 = RS:41D,E,F, [~ = COMMAND 2
R63-6 B T R24:504, B, C, X%Ti?ml' o CR5,C5,Q5 =
_12. 31 L MCc53 Q (CR24,C24,Q24 W14 -
58 3 15 ——— 9 s [saeass 16 2
10B0-10 —m—g- s1r 10 7 QF———— saE as B | N 1), —| R4:40AB,C, |——@m—— COMMAND 1
BIT 10 FF | :50D, E, F VOLT.AMPL s
R62-6 13 | R23:50D,E,F, p—— BIT 10 CR4, C4, Q4 .
L b ws 3 o3, o23. a3 | , =
- : = e R~ Mo ass 18 .
1080 - 9 » st orr Qp———— saEass | M | 3 e 4 { R13:45D,E,F, |——@m——  COMMAND 0
R62-5 4 | — l R21:49D,E,F, "_.'_‘ VOLT . AMPL s - CR13,C13,Q13
1.5K 3 CR21,C21,Q21 BIT 9 LR13.013.Q13
v L Mcs53 Q L CR21.C21,Q21 Y
54 7 9 —-—--——] WD2-7 P Q ’_MASB—,O L5 SYSTEM
I0BO - 8 —m—g BIT 8 FF  Q L [ sae as 11 yorr. AMPL 11 — & R29:53A,B,C, [— —®=—— |
4 | R22:49A,B,C, |——mm— YOLT. L McS Q CR29,C29,Q29 LEAR
L Q CR22,C22,Q22, o —_— T
MC 53 L CR22,C22,Q22, T
6 e
I0BO -7 BIT 7 FF  Q SAME AS B | E PROM FROM FROM TO
4 . =111 | R9:43D,E,F, P VOLT.AMPL 1)%66 (11)Mc46 (12)MC75 (2)Mcro7
L Mc23 Q- CR9.C9.Q9 BIT 7 (Sheet 2) (Sheet 2) (Sheet 2) (heet 1)
2 — ——
10B0 - 6 BT 6 pr Q@ [Msaeass ) L
13 ———-—_J 1 | R19:48D,E, F, |———#m—" VOLT.AMPL 'ﬁ):g?s(
L Mc43 Qf——{R19.,C19.Q19 , BIT 6 (Sheet 2)
1080 - 5 s Q [Msae ass | 10
13 1 | R20:484, B, C, f——wm—s JOLTAMFL
3 0,¢20,Q20 2 —_——
L Mc43 Qf— CR{_C_S ) PV RpE—Y :—s;m AS B M 6 —
R12:444,B,C, — o
—_——— 13 11 S g RANGE
1080 -4 e — Msae ass | 9 L My Q {R12,c12.012 |
G| /|1 | R18:474,B,C, [——-mm— VOLT AMPL I
) CR18,C18, 3 ————
L M43 T Sclsus | w2-5 ¢ Q ;—SAME AS B 8
— R —_— R16:46A, B, C, b——@m——  CURRENT
7 — — — =18 o CR16,C16,Q16 LIMIT-
} MC 33 Q| ! ! RANGE
oo mon i A »
L Mc43 Qp——— RI7,C17.Q17 | S wrarr Q ™ s as B J
2 —_——— | —m 11 | R15:46D,E,F, ——mm—— NI Sh
1080 -2 BIT 2 FF  Q [Tsaz as e | 4 L mMc 33 Q p—————— CRIS5,C15,QL5 |
pB|— 1 | R8:424,8,¢c, p——®— X(I"IE'TZML
Lwy G W W " i .
3 —— G| 1 s | mi1:400,E, 7, —mm —— %Frmr.sn
1080- 1 BIT 1 7P Q [Tsaeass | 5 L Mc33 Q @11,CL1,Qll |
n|l—— R10:43A,B,C, VOLT AMPL ————
L Mc23 Qp————@®10,¢l0,Q10 ,
NOTE: POSITION JUMPERS
7 M emm as s ] W7A, W8A, W9A FOR
- SAME AS B D
To80-0 34 R BT OFF Q) s | R7:42D,E,F, |———®=—— VOLT.AMPL 12661A-OPTION 01
61-6 L Mc23 Qp—— CR7,CTQT _, BIT O (LSB)
1.5k -——
S
HE o - i -1. hematic
® STARTING WITH REVISION CODE B-1031-6, THE CONNECTION OF THE IK RESISTORS Figure 3-1. DVS Card, Schema
! 3
TO THE +4.5V BUS IS OPENED IN THE CIRCUITS FOR COMMANDS O THRU7. REVISION Diagram (Sheet 3 of 3)

CODE WAS A-902- 6. 3-11
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MACHINE TIME

STF &
T2 13 T4 T5 T T7

(ANY INSTRUCTION *)

TO T T2 ) T3 T4 T5 T6

77

.

T0O T

INTERRUPT PHASE 4
T2 T3 T4 75 T6

17

Section II

FETCH OR
EXECUTE ¥%
T0 L T2

ENF
STF &
IEN

SIR

DEVICE FLAG
SIGNAL

FLAG FF
STC

PRL

IRQ SIGNAL

FLAG SIGNAL

ENABLE
SERVICE REQUEST

INTERRUPT SIGNAL
IAK
106
SPC

SET PHASE

—

'
L 1 T 1 L Y Ll

. m

4 L Y
T T ] v T

L]

L
L ] ] Ll

STF INHIBITS

[
ENABLE SERVICE REQUEST":

|
200 |
nSEC !

NOTES:

¥* EXCEPT STF, CLF,STC,CLC, JMPI,AND JSBI.
9% % EXECUTE IF A SINGLE CYCLE INSTRUCTION.

|
] STC INHIBITS

"|ENABLE SERVICE REQUEST!"

INTERRUPT SIGNAL
TO COMPUTER

(V3

Figure 3-2. Interrupt System Timing
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SECTION IV
MAINTENANCE

4-1. DIAGNOSTIC PROGRAM DESCRIPTION.

4-2. The objective of this program is to check the DVS Program Card
and verify that it is operating correctly. This program may also be used
for troubleshooting and diagnostic tests on the card. A peripheral device
is not required for the tests.

4-3. The program consists of a background control program which contains
four task routines. Information controlling message printout and task per-
formance is supplied through the Teleprinter and Switch Register. The first
task routine inserts the address of the DVS Program Card into all I/O in-
structions. The second task routine (INITIAL TEST) checks the Card for
initial conditions and POPIO operation. The third task routine (BASIC TEST)
checks the flag, control, and interrupt circuitry on the card. The fourth task
routine (DATA BUFFER TEST) checks the data buffers and associated discrete
circuitry by outputting combinations of 8 bits, 5 bits and 3 bits.

4-4. HARDWARE REQUIREMENTS

4-5. Hardware requirements to test the DVS Program Card are as follows:
a. Any HP Computer (2114, 2115, 2116).

b. Teleprinter (HP 2752A - modified ASR-33 or HP 2754A modified
ASR-35) and associated interface register.

c. An input device to enter the program into memory (e.g., HP 2737
A/B Punched Tape Reader) and required interface. (Teleprinter may be used.)

d. Four, 48 pin test plugs wired according to Table 4-1. HP Part No.
01251-0335 (not pre-wired).

e. DVS Program Card with optional jumpers in the following positions

Control Jumpers
(Figure 3-1. Sheet 2, in place as shown)

w1 w4
w2 W5
w3 w6

Logic Level Jumpers
(Figure 3-1. Sheets 1, 2 and 3 as shown or Opt. 01)

WT7or A W9 or A
W8 or A W10 (Sheet 3)

4-1
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Output Jumpers
(Figure 3-1. Sheet 3, removed as shown)

w11 w13
w12 w14

Alarm Jumpers
(Figure 3-1. Sheet 1, in place as shown)

MC74 Oto 7
MC73 AtoD

4-6. SOFTWARE REQUIREMENTS,

4-17. Software requirements are as follows:
a. A binary program tape (Diagnostic Test Software HP 20436A).

b. System Input/Output Teleprinter Driver (for example, SIO 8K Memory
HP 20305A).

4-8. DIAGNOSTIC TEST PROCEDURE.

4-9. DVS Program Card.

a. Make sure jumpers conform to paragraph 4-5e.

b. Install test plug number 1.

C. Place interface card (with jumpers and plug) in an 1/O slot of the
computer such that every slot of higher priority has either another I/O card or
a priority jumper card in it. If troubleshooting is to be done it is desirable to
use an extender card between the computer and the interface card.

4-10. Teleprinter
a. Place the Teleprinter Interface card in an appropriate I/O slot.
b. Connect Teleprinter Interface card to the Teleprinter.

4-11. Teleprinter Driver

a. Load the SIO Teleprinter Driver tape into memory using the Basic
Binary Loader.

b. Set Switch register to 000002.

c. Press LOAD ADDRESS.
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Output Lines Tested

Command 0
Bit 0

Bit 1

Bit 2

Bit 3

Bit 4

Bit 5

Bit 6

Bit 7

Bit 8

Bit 9

Bit 10

Bit 11

Bit 12

Bit 13

Bit 14

Bit 15

Bit 3

Bit 4

Second Word  Bit 5
Bit 6

Bit 7

Command 0
Command 1
Command 2
Command 3
Command 4
Command 5
Command 6
Command 7

Table 4-1. Test Connectors

Test Plug No. 1
Pins Shorted

H-S
D-16
5-T
4-17
K-U
9-W
10-19
L-V
E-18

(LSB)

Test Plug No. 2

11-16
M-T
N-17

12-U
R-W

14-19

13-V

(MSB) P-18

Test Plug No. 3

Peripheral Status

Section IV

Input Lines Tested

Flag Line Input

SO W= O

Peripheral Status

SO LWODN-=O

Peripheral Status

B WN = O

Peripheral Status

SO U WN = O
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d. Set the Teleprinter I/O address into the switch register.
e. Press RUN.
4-12. DVS Program Card Verification Program.
a. Load the program into memory using the Basic Binary Loader.
b. Set switch register to 000100 (this is the starting address).
c. Press LOAD ADDRESS.
d. Press PRESET then RUN.

4-13. PROGRAM OPERATION

4-14. The initial test will give valid results only when immediately following
computer power ON or PRESET. POPIO signals from the I/0O backplane cause
the data buffers to be preset to the proper state. If the INITIAL TEST is per-
formed after the other task routines have been entered, it will cause error
printouts. To perform the INITIAL TEST after the other routines have been
entered, push PRESET and restart the program at address 100. The INITIAL
TEST can be skipped by setting Switch Register Bit 3 up.

NOTE
2114A Computers, push Bit 3 to light.

a. The Teletype will print: 12661A DIAGNOSTIC PROGRAM.
b. The Teletype will print: I/O CHANNEL?

c. The operator must type (using the Teleprinter keyboard) the address
(select code) of the DVS Program Card, followed by a line termination (CARRIAGE
RETURN, LINE FEED). To skip INITIAL TEST, set switch 3 up and go to step i.

d. The INITIAL TEST starts at this point. All four test plugs are used.
The teletype will tell you when to change to the next plug. The Teletype will print:
CONNECT PLUG NO. 1 AND PUSH RUN.

e. If an error occurs at any time in the INITIAL TEST, the Teletype will
print OUTPUT = XXXXXX INPUT = XXXXXX, and the computer will halt. Refer
to ERROR CODES (paragraph 4-18). To continue, you must push RUN. When
the first test using plug no. 1 has been completed, the Teletype will print, CONNEC
PLUG NO. 2 AND PUSH RUN.
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f. When the second test using plug No. 2 has been completed, the
Teletype will print, CONNECT TEST PLUG NO.3 AND PUSH RUN.

g. When the third test using plug No. 3 has been completed, the
Teletype will print, CONNECT TEST PLUG NO. 4 AND PUSH RUN.

h. At the completion of the INITIAL TEST, the Teletype will print,
CONNECT TEST PLUG NO. 1 AND PUSH RUN.

i. The BASIC TEST starts at this point. If an error occurs at any
time in the BASIC TEST, the Teletype will print ERROR 0000XX and the
computer will halt. Refer to ERROR CODES (paragraph 4-18). To continue,
you must push RUN.

NOTE

If error is not first corrected, sub-
sequent tests may be invalid.

j- At the end of the BASIC TEST and the beginning of the DATA
BUFFER TEST, the Teletype will print: DATA BUFFER TEST PLUG NO. 1.
PUSH RUN. Since test plug 1 is already installed, it is only necessary to
push RUN. If an error occurs at any time in the DATA BUFFER TEST, the
Teletype will print, OUTPUT = XXXXXX INPUT = XXXXXX, and the computer
will halt. Refer to ERROR CODES (paragraph 4-18). To continue, you must
push RUN.

k. The program now goes through the DATA BUFFER TEST routine,
printing error messages or instructions. Each of four test routines checks a
portion of the Output Buffers by outputting data through jumpers in the test
plugs to the Input Buffers and comparing data output with data input.

1. The Teletype will print END OF DATA BUFFER TEST, and the
computer will halt. This statement is at the end of the DIAGNOSTIC PROGRAM.
If there were no error messages the DVS Program Card is good.

m. To return to the beginning of the program, set Switch 0 up and push
RUN. The program will halt with 102000 in the "T" register (2114A- Memory
Data Register). To start the program again, push RUN.

4-15. PROGRAM CONTROL

4-16. The program is controled by the Switch Register switches 0 to 4.
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Switch 0 Up Throw this switch up at any time to halt at beginning
of program. The program will halt; A, B, and T REGS.
= 102000. (2114 - Memory Data Register) Pushing RUN
will enter Program Operation at 4-14b.

Switch 1 Up This switch will cause a halt at the end of error loop
test.
Switch 2 Up This switch will cause the program to loop around error

for oscilloscope testing.
Switch 3 Up This switch will cause program to skip INITIAL TEST.

Switch 4 Up This switch will cause the program to loop through
entire Basic Test.

4-17. Switches 1 and 2 should be used in conjunction. Switch 1 will allow the
operator to determine where he is in the program by observing the computer
program counter, and let him decide if he wants the next subroutine to loop or
not. Both of these aids can be bypassed by keeping the switches off.

4-18. ERROR CODES.

4-19. Initial Test Errors: If the data to the computer from the interface card
is not the same as an appropriate comparison number (internal to program),
the following code is printed:

OUTPUT = XXXXXXg INPUT = XXXXXXg

OUTPUT is the comparison number and INPUT represents the initial status of
the data buffers. For test plugs 1, 2, and 4, OUTPUT will be 040000, and for
test plug 3, OUTPUT will be 040020. If the error is in bits 13, 14, or 15, it
should appear for all test plugs. These bits indicate errors as follows:

BITS 13, 15 If both are set it indicates that POPIO is not resetting
the Mode Request Flip-Flop (MC 15 pins 8 and 10).

If Bit 13 is set but Bit 15 is not, there is more than one
error. The other errors will be observed in the next
tests.

If Bit 15 is set but Bit 13 is not, this indicates an error
not related to POPIO and will be detected in the next tests.

BIT 14 If not set it indicates that POPIO isnot resetting the

System Clear Flip-Flop (MC 54 pins 8 and 13, MC 75
pins 12 and 13, and MC 76 pins 4 and 6).
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4-20. For test plug 3, the System Clear signal is applied to Bit 4. This Bit
should follow the pattern of Bit 14. If Bit 14is setbut Bit 4 is not, it is probably
a data buffer error which will appear in the Data Buffer Test. If Bit 14 is in
error but Bit 4 is set, it could be a data buffer error, or it could indicate
failure of MC 107 pins 2, 13 and 14.

4-21. In addition to these bits, the POPIO signal strobes zeros from the 1/0
bus to both the first and second word latches. An error in these bits may
indicate a data buffer error or failure of MC 56 pins 1, 2, 6, 8, 12 and 13.

4-22. Basic Test Errors: If an error occurs during the Basic Test, the
Teletype will print the following error code:

ERROR 0000XX

where XX is an octal number between 00 and 45. When an error number is
printed, refer to Table 4-2 for an explanation. Some error codes have corre-
spondingly numbered timing diagrams. Use an oscilloscope to determine the
state of the test point. Approximately +4.5V equals logic ''1" and ground or
OV equals logic '"'0". The notations on the timing diagrams will inform the
operator of the procedure used to diagnose the error.

4-23. Data Buffer Test Errors: If an error occurs during the Data Buffer
Test, the Teletype will print the following error code:

OUTPUT = XXXXXXg INPUT = XXXXXXg

If this happens set the switch register to 3757 and press LOAD ADDRESS.

Then clear the switch register and set switches 1 and 2 to allow program looping.
Press RUN and observe data buffers with an oscilloscope. By noting which input
Bit is in error and checking Table 4-1, it can be determined which data buffer
circuit is bad. The oscilloscope should be triggered from either a CLC or a

CRS command. Refer to the schematic (Figure 3-1 Sheet 2) to determine a
convenient pickoff point for the trigger. The data buffer line should be reset
following the CRS signal and set following the CLC signal.

4-24. An interrupt from any other I/O device at any time will halt the program.
The address of the interrupting device is the last six bits of the T-Register
(2114 - Memory Data Register).

4-25. 1If an error printout occurs and the diagnostic test is continued without
first correcting the error, subsequent tests could be invalid.

4-26. Figure 4-1 inSection 4 is the component location of the DVS Program
Card. Use it as a guide in locating the IC packs for troubleshooting.
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Table 4-2
Error Codes
CODE
NUMBERS EXPLANATION

[l See timing diagram @@

g1 See timing diagram @1

02 See timing diagram 02

g3 This error should occur as @lor #2. See timing diagram #2

04 See timing diagram @4

@5 See timing diagram @5

06 In the halt condition check the following:
MC176-9; MC66-8, 10, 11; MC65-12, 13 are all high
MCT76-10; MC66-9; MC65-11 are all low
This checks that*CCFF was reset with CLC command.

01 This error should occur as 81, 82 or #6.

10 See timing diagram 10

11 Set switch register to #2642 and press LOAD ADDRESS. Clear
switch register then set switches 1 and 2 up and press RUN.
See timing diagram 18. Watch closelySFFF).

12 See timing diagram 12

13 Set switch register to 802664 and press LOAD ADDRESS. Clear
switch register then set switches 1 and 2 up and press RUN. See
timing diagram 12. Watch closely{SFFF).

14 See timing diagram 14

15 This error should occur as 14.

16 See timing diagram 16

17 See timing diagram 17

20 Set switch register to 062772 and press LOAD ADDRESS. Clear
switch register then set switches 1 and 2 up and press RUN. See
timing diagram 17. Watch closely{IFF).

21 This error checks as 2@. IFF not resetting.

22 This error checked as 2@. Watch closely IAK.

23 While computer is halted check that MC36-3 and MC66-4 is low.

MC66-3, 5 and 6 should be high.
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Table 4-2. (Cont'd)
Error Codes
CODE
NUMBERS EXPLANATION
24 Set switch register to @82752 and press LOAD ADDRESS. Clear
switch register then set switches 1 and 2 and press RUN. See
timing diagram 16. Watch closely*ICFF.
25 This error checked as 2@. Should occur as 17. IFF not setting.
26 This error checked as 2@. Should occur as 21. IFF not resetting.
27 This error should occur as 16.
R This error should occur as 23.
31 In the halt condition check the following:
MC55-3, 4, 6; MC45-9, 10, 12, 13; MC35-8, 10; MC64-3, 4, 5;
MC65-3, 4; MC54-6 are all high.
MC55-5; MC45-8; MC35-9; MC64-6; MC65-1; MC54-2, 5, 3 are
all low.
32 This error checked as 2@. Should occur as 17. *IFF not setting.
33 This error checked as 2@. Should occur as 21. *IFF not resetting.
34 See timing diagram 34
35 o timi .
See timing diagram 35 CCFF = Command Control Flip Flop
36 See timing diagram 36, gppp _ giatus Flag Flip Flop
37 See timing diagram 37 ICFF = Interrupt Control Flip Flop
40 See timing diagram 40, ypp | peeiock Flip Flop
41 See timing diagram 41
42 See timing diagram 42
43 See timing diagram 43
44 See timing diagram 44
45 This error should occur as 35 through 44. See paragraph 4-2T7,
SET CONTROL - An additional test loop to check the set control
function. See page 4-21.
MODE ASSIGNMENT - An additional test loop to check the mode
assignment function. See page 4-22,
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4-27, Error 45 should not occur. At this point the program is creating alarm
signals on all eight alarm inputs. Each input has been checked individually (as
errors 35 through 44) and should be caught there. If necessary this could be
checked as done by looking at all points referenced in Figure 4-12,
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SET SWITCH REGISTER BITS 1 AND 2 UP. PUSH RUN AND SCOPE CHECK THE FOLLOWING.

[l wlwl olalowlalals

H
I ]
(SKF): PIN 12 MC86-9.6.8;
MC57.11
O 1
:
| —
MC57-13: MC67-6
]
' ]
| : :
;
(SFS); PIN 25; MC67-4 [ : l
0] ' !
V ]
' i
(10G(R) ADD. ): MC67-3;
MC16-6: MC27-4,13
0 ]
'
' X
I 1
MC16-5; MC15-6
0]

(10G (B)); MC15-4; PIN 15

|

|
(T3): MC76-1; PIN 11
o

1
I T
(SC1.): MC15-3; PIN 16 I :
(o} | h
1 1)
|
' 1
(SCM); MC15-5: PIN 14 J \
0 |
| : :
(SFFF): MC67-5: MCT7-14 ' |
0] ! !
1 1
PINS 13.21,35,38,41:Q30-C: Q13-B: 1 .
MC77-3,7,9: MCT6-8,2: MC37-1,5: | |
MC27-8,5, MC34-4,13,5; ! !
MC14-1,14,15; MC24-8,14,1 (0] T ;
il 1
MC176-9,10,3; MCT7-8: MC66-8.10,11; ! !
Q30-B;Q13-C; (DF): PIN *H, *S: ! !
MC37-2,6; MC27-9,10,6; MC14-13,2; I '
MC24-2,3,7: MC34-2,6,12,3 0 : :
]
! \
MC65-12,13; MC56-9, 10; | T :
MC46-11.6.2,1,5; MC35-11,12; ' I
MC36-8.12.13,9; MC27-11: MC31-3 H I
1 i
1] l
MC66-9: MC65-11: MC46-12,13,3.4: | . X
MC35-13; MC36-11,10; MC37-4: ) !
MC27-12; PIN 20 0 | !
1 1
I I
i 1
(ENF(T2)): MCT7-13: MC47-8 ! | '
MC37-13: PIN 46 | \
0 7 7
| |
) 1
‘ 1 1
MC47-9.10,12.13: MC37-12 1 I ‘
) ! !
i 1
1
I | ‘
(SIR(T5)): MCT7-4; MC47-6; . I
MC37-11: PIN 32 | |
O r Ll
| \
'
I , i
MC47-1,2,4,5; MC37-10 ' I !
6] | \
\ 1
] 1
L) 1
i |
1 1
| I
! :
1 '

Figure 4-1, Timing Diagram for Error §@.
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SET SWITCH REGISTER BITS | AND 2 UP. PUSH RUN AND SCOPE CHECK THE FOLLOWING.

| T | T2 s | o | s | 1t | ™ | 1o N

(SKF): PIN 12: MC86-9,6.8: !
MC57-11; (SFFF): MC67-13;
MC77-15 (0]

MC57-12: MC67-12

(SFC): PIN 5: MC67-1

| e e e e
(I0G(B) ADD, ); MC67-2 —I—_
oA
1

0 —

Figure 4-2, Timing Diagram for Error @1.

\

SET SWITCH REGISTER BITS 1 AND 2 UP. PUSH RUN AND SCOPE CHECK THE FOLLOWING.
I w0 | 7 | 72 | 7 | 7 | 1 | m | ™ | T | otz | 1 |
"

SET SWITCH REGISTER BITS 1, 2, 4. 7. 8, 10 (2626) UP AND LOAD ADDRESS. THEN CLEAR
SWITCH REGISTER AND SET BITS 1 AND 2 UP. PUSH RUN AND SCOPE CHECK THE
FOLLOWING. |

MC46-12,13,10.3,4: MC37-4,1,5: |
MC35-13; MC36-11,10; MC27-12,5.8;
PIN 13,20, and 21.

|
|

1

!

1

MC46-11,8.9.6.5.2,1; MC35-11,12; | |
MC36-8,9.12,13; MC37-2,6,3; |
MC27-11,10, 9.6, ¢} |
1

1

'

]

1

(I0G(B) ADD. ): MC27-4,13,

il B e

'
SET SWITCH REGISTER BIT 2 DOWN AND PUSH RUN (COMPUTER HALTS). SET SWITCH REGISTER BIT 2 UP.
PUSH RUN AND SCOPE CHECK THE FOLLOWING. '

MC46-11,8,12,3,4,5; MC35-12,13; |
MC36-11,10,9,13; MC27-11,9,10,6;
MC37-2.6,3.

MC46-13,10,9,6,2,1; MC35-11; !
MC36-8,12; MC37-1,5,4,
MC21-8,5,12; PIN 13, 20 and 21, O

1
1
T
'
1
|
|
!
]
L
|
1
'
1
|

Figure 4-3, Timing Diagram for Error §2.
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12661A Section IV

SET SWITCH REGISTER BITS 1 AND 2 UP. PUSH RUN AND SCOPE CHECK THE FOLLOWING.

L v | = | 72 | 7 | 7 | v | 1 | m | 1 | m | 1 | 1 |
. t
‘ !
SET SWITCH REGISTER BITS 1 AND 2 UP. PUSH RUN AND SCOPE CHECK THE FOLLOWING. !
i
(SKF); PIN 12; MC86-9,6,8; ) )
MC57-11 | '
O - ~ e e — S——
' 1 1
MC57-13; MC67-6 : :
0 ! .
1
| i :
(SFS); MC67-4; PIN 25 )
0] : i
N ! '
(SFFF); MCT7-14; MC67-5 | !
0 . :
- ' :
MC177-3; MC76-8,10; (TFF); Y - .
MCT7-8. Q30-B; (DF); ! |
PIN *H, *S;Q13-C 0 1 !
] '
(CCFF); MCT6-9; MC66-8; MCT6-2; | | '
MC65-13; (TFF); MCT1-9.7;Q30-C; ! :
Q13-B; MC34-1,4,5,13: MC14-2; () ' '
PIN 35, 38, 41 : ;
MC34-3; MC14-13,1,14,15.5; | T '
MC24-8,14,1,2,3,7; 1 |
MC34-2,12,6 0 ) '
1 '
! : f
MC66-9,10,11; MC65-11; MCT6-3 ! )
X i
(ENF(T2)); MC17-13; I H
MC47-8; MC37-13; PIN 46 0 '
h -
i ’ :
MC47-9,10,12,13; '
MC37-12 0 L.__l I
H '
| ! '
(T3): MC76-1; PIN 11 :
0 i
IF CCFF IS NOT SETTING THERE COULD BE TROUBLE WITH MC46-11,12, OR 13 NOT
GATING A PULSE THROUGH TO CCFF. THIS WOULD NOT BE APPARENT IN THIS LOOP.
. e s .
Figure 4-4, Timing Diagram for Error @4,
SET SWITCH REGISTER BITS 1 AND 2 UP. PUSH RUN AND SCOPE CHECK THE FOLLOWING.
' To T1 T2 T3 T4 TS5 T6 T7 TO T1 T2 T3 i

(SKF); PIN 12; MC86-9,8,6;
MC57-11

MC57-12; MC67-12

(SFC); MC87-1; PIN 5

(SFFF); MC67-13;
MC77-15

o -'o ~-lo -'o —-'o

(I0G(B) ADD. ); MC67-2;
MC16-6

R I U N 1

Figure 4-5. Timing Diagram for Error @5,
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12661A Section IV

SET SWITCH REGISTER BITS 1 AND 2 UP. PUSH RUN AND SCOPE CHECK THE FOLLOWING,

jojn Iz [3 !04“]5 Ie 17 Iojljzirajorﬂsje Jv lo |1 JzJalsfsls Is Jv Io ll lz

(SKF); PIN 12; MC86-9,6.8;
MC57-11

MC57-13; MC67-6

(SFS); MC67-4; PIN 25

R SR [ G S

(SFFF); MC67-5; MC77-14

(10G(B) ADD. ); MC67-3;
MC27-13

|

-lo ~lo ~-lo -lo -lo -

L S _I_r.

(ENF(T2)); MC317-13

=
]

MCT77-3; MCT6-8

|
|

(CCFF); MC76-9; MC66-8;
MC65-13: MC14-2

(CCFF); MC65-11; MC66-9

L

(T3); MC76-1

(TFF): MC76-2; MCT77-9

Il

(TFF); MC76-10; MC77-8

]

(SIR(T5)); MCT77-4

]
]

o —-'0~-'o -'o ~-'o -'lo ~-'o =-'o

MC77-7;Q30-C; MC34-4;
Q13-B

L

(DF); Q30-8; PIN *H, *S;
Q13-C; MC34-3; MC14-13

J

MC66-11; MC76-3

MC65-12; MC56-9, 10
MC46-11; MC37-3; MC21-11:
MC35-12; MC36-13

(100 ADD, ); MC24-4,13;
MC56-8; MC46-10,13,1;
MC37-4; MC35-11

|
T
(100); MC27-12; PIN 20 |

MC46-12,3,4,5; MC35-13; !
MC36-11,10,9: MC66-10;
MC24-2,3,7:MC34-2,6,12 0

o -lo -lo ~lo ~'o -

i
15057

(o]

MC46-9,6,2; MC36-8,12; |
MC14-1.14,15; MC24-1,8, 14;
MC34-1,5,13; PIN 35, 38, 41 0

Figure 4-6, Timing Diagram for Error 1.
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12661A Section IV

SET SWITCH REGISTER BITS 1| AND 2 UP. PUSH RUN AND SCOPE CHECK THE FOLLOWING.

Lol Lol bl o L L Tobe Lo b Lo L LT Lol L L LTl Lo L L)

(SKF); PIN 12; MC86-9,6,8;
MCS57.11

MC57-12; MC67-12

l

(SFC); MC#7-1; PIN 5

(SFFF); MC67-13; MC77-15

—

(I0OG(B) ADD. ); MC67-2

P B S T T

I
[
]
]

(CLC ADD.); MC66-10; MC46-5
MC36-9; MC37-2; MC27-6,9

(cLc), (CLTADD.); PIN 21
MC37-1; MC27-8,5

(ENF(T2)); MC77-13

n

PR, N P

MC77-3; MCT6-8

(

]
LAl
]

(CCYF); MC76-9; MC66-8; MC65-13;
MC14-2,13; (DF);Q30-B; PIN *S, *H;
Q13-C; MC34-3

(CCFF); MC65-11; MC66-9; MC34-4;
MC177-7;Q30-C; Q13-B

|

00 SRR FRUUD ISR (N IR [P A RN I —E_""'"““"’E’” oo -

|

(T3); MCT76-1

-

(TFF); MC76-2; MCT7-9

-

o-lo-lo-lo-lo-lo-lo -lo -lo -lo -lo-lo-lo-lo -

w

(TFF); MCT76-10; MC177-8

(SIR(T5)); MCT77-4

7
]

MC66-11; MC76-3

]

MC65-12; MC56-9,10; MC46-11

MC56-4,5; MC46-8

(100 ADD. ); MC46-10,13;
MC37-4

MC35-12; MC36-13; MC37-3;
MC27-11

(WSFF-2): MC46-12,3 4

(WSFF-2); MC46-9,6,2

(WSFF-1); MC35-13; MC36-11,10

(WSFF-1); MC36-8,12

I 740t J0

MC46-1; MC35-11

~-o-'o -0 -0 -'lo -'o -'o -lo o -'o ~'o —

(2nd WORD LATCH);
MC56-8; MC24-4,13

(o]

TITCaC

RS DRRUU S RSUDU N DU N ——— R

Figure 4-7, Timing Diagram for Error 12,
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12661A Section 1V

SET SWITCH REGISTER BITS 2, 6, 7, 8 UP (2704) AND LOAD ADDRESS,
CLEAR SWITCH REGISTER AND SET BITS 1 AND 2 UP,
PUSH RUN AND SCOPE CHECK THE FOLLOWING,

Lo Lo Lo Lo Lo Lo LuLa Lo Lo s Lo Lo Lo L]

L

(WSFF-1); MC36-11

(CRS); MC36-9; MC37-2,6;
MC27-10

MC37-1,5; MC27-8; PIN 13

o-lo -0 —-lo -

1

L]

1
M

(T3), MC76-1, PIN 11

Figure 4-8., Timing Diagram for Error 14,
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12661A Section IV

SET SWITCH REGISTER BITS 1 AND 2 UP. PUSH RUN AND SCOPE CHECK THE FOLLOWING,

CLC 0 (CRS) CLA oTA CLF sTC

Lslelslelrdolsfafafslsfelrols]a]sfels]elrfols]e]sfels|elafofs]2fafafsfe]ofo]s]z]
! [

(ICFF); MC36-3,4; MC66-4 lo l

(ICFF); MC36-6,2; MC15-2; |
MC26-4,11,13; MC17-10; ]
MC25-13 Y

|
(CRS); MC36-5; MC37-2
o U
|

(STC); MC36-1; MC27-3

(STC); MC27-1; PIN 22

(10G (B) ADD. ); MC17-2,5,13;

)
]
!
7
)
T
b
)
1
T
|
|
|
H
I
.
)
!
)
1
1
ll
MC27-2,4,13 !

(100, ADD. ); MC25-12;
MC37-4

Co3]

MC25-11,4

(MRFF); MC25-6; MC54-2;
MC15-9,10,11; MC26-1,9;
MC9T-§

(MRFF); MC25-5; MC15-8,13;
MC26-5,2,3

(CLF); MC26-10; MC15-1;
MC16-4; MC17-1; PIN 7

MC16-3; MC17-3; MC86-2;
MC35-5; MC26-8; MC45-1

C J

(FRFF); MC45-6,2,4; MC25-3;
MC55-9,10,11,12; MC65-1,2;
(FBFF); MC55-8, 13; MC45-5;
MC65-3,4; MC13-13

(MCFF); MC54-5; MC25-1;
MC55-1; MC107-8

(MCFF); MC54-6; MC35-10;
MC64-5

(FFF); MC66-12,1; MC25-9;
MC65-10

(SRQ); (FFF); MC65-8; PIN 19
MC66-13, 3; MC85-2, 14, 13

(SIR(T5)); MC25-10; MC44-12;
MC54-3; MC13-10

MC25-8; MC44-13

(ABFF); MC45-8,13,12,10;
MC55-5; MC35-8; MC15-12

(ABFF); MC55-6,3,4; MC45-9;
MC64-3; MC26-6; MC75-4

—
]

C

L

(ENF(T2)); MC65-5

(TAK); MC57-9; PIN 10

MCBT-8, MC44-1,
MC35-1; (IFF); MC35-6, 2;

o—-'o-o~-'o -'0o -0 ~-'o -'o ~-'o-'0o -~-'o-+-'0o -lo -'o -lo ~-lo ~-'lo-'o -'o -'o -'o ~-'O

MC44-2; MC25-2; MC35-9;
(IFF); MC35-3,4

(IEN); PIN 8; MC66-5,6;
MCT75-9: MC85-6

MC75-8; MC73-12

(PRH); PIN 23, MC73-9,8;
MC85-8,1,7,9; (IRQFF);
(PRL); PIN 3: MC57-1,2,6
(IRQFF): MC57-3,4,10;
MC87-8,14,9,13; (FLG);
PIN 4; (IRQ); PIN 6
MC57-5; MC37-12;
MC47-9,10,12,13

o —~-o -0 -'o-'o -0 -

l__1

LI LI LJ L L

IF THE PROBLEM CANNOT BE FOUND HERE, THERE ARE TWO OTHER LOOPS AVAILABLE WHICH TEST MODE
SELECTION IN A MORE DYNAMIC WAY. THESE ARE OUTLINED AFTER ERROR 45,

Figure 4-9., Timing Diagram for Error 16,
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12661A

SET SWITCH REGISTER BITS 1 AND 2 UP, PUSH RUN AND SCOPE CHECK

THE FOLLOWING.

CLF CL TA (o] P
ol1|2|sfalslsls Io [+ ]2 ls]aLs els Lol ]2 ] els le [ olo s [2]s L o ls Lslo L L2 |2 Le Is [s |7 Rols |2 Is
(] []

Section IV

TIMING DIAGRAM 17
(PHA?E 4) TSB 10,1
112

als ls |7 Jol1]2 [s]s|sle]7]

(ICFF); MC36~ 3,4; MC66-4; (MRFF); MC25-6; MC15-9, 10, 11;
MC26-1, 9; MC54-2; MC97-8; (PRH); Pin 23; MC73-9, 10; MC85-8

[]
1 (] 1
] : :
0 H ' '
(iCFF); MC36-6, 2; MC15-2; MC26-4, 11, 13; MC17-10; MC25-13; 1 ! N '
(MRFF); MC25-5; MC15-8, 13; MC26-5, 2, 3 o) - : -
= ]
(10G (B) Addressed); MC17-2, 5, 13; MC27-2, 4, 13 é ] f | [ | ' :
1 1 !
|4 ' ' !
]
(100, Addressed); MC25-12; MC37-4 0 E [ . "
1 ' .
]
MC25-11, 4 0- i | ' '
1 ] '
| - [] (]
{CLF); MC26-10; MC15-1; MC16-4; MC17-1; Pin 7 0 J'—L ' !
I ' H H
MC16-3; MC17-3; MC66-2; MC35-5; MC26-8; MC45-1 o- U i H
! [
) '
(MCFF); MC54-5; MC25-1; MC107-8; (ABFF); Pin 8; MC45-8, 13, 12, 10; ! 1 ) T
MC66-6; MC36-8; MC15-12; (IEN); MC66-5 ; MC55-1 01 H ! '
(MCFF); MC54-6; MC35-10; MC64-5; (ABFF); MC55-8, 3, 4; MC46-9; I 9 N ] !
MC64-3; MC26-6; MC75-4 o - - -
| | n 1
(FBFF); MC556-8, 13; MC45-5; MC66-3, 4; MC73-13 o ! | ' [
| ' ' i
[
(FBFF); MC45-6; MC56-10, 12; MC65-2 0 ! L ! | i
[ | '
1
MC55-9; MC67-8 0- ! LI ] !
] , 1 ]
[}
(IFF); MC35-3, 4 o ! ! [
|
(] 1
1 i
(TFF); MC36-6, 2; MC56-2; MC64-4 0 ____.! E L .
]
- )
(ENF (T2)); MC65-5; MC47-8; MC37-13; Pin 46 (.; [ M [ M [ M [
] []
] : 4
]
(T2); MC57-5; MC47-9, 10, 12, 13; MC37-12 0- ] ' || | |l U U
| ] :
]
MC65-8, 9 0- : L ] i
1 i H '
(FFF); MC65-8; MC66-13,3; MC85-2,14,13; (SRQ); Pin 19; S ' i
MC75-8; MC73-12 0 ; ! !
1]
e ] ]
(FFF); MCB6-12; MC66~10; MC25-9; MC66-6; MC75-9; (PRL); | H '
MC85-6, 1,7, 9; Pin 3 0 1 ' N ;
l . N .
MC73-8; MC67-1 0- ! ' !Bj ' 18 '
1 | H ' H |
(IRQFF); MC57-3, 4, 10; MC87-8, 14, 9, 13; (FLG); Pin 4; 1 ! ! 1
{IRQ); Pin 6 o ! . , |
H '
—_ ) ] . ‘ H
(IRQFF); MC57-6,2 0 - ' ' | |
[} ! '
1 H 1 ' 1
(1AK); Pin 10; MC57-9; MC44-2; MC25-2; MC35-9 0 ) ! I -
1 . 1
MC57-8; MC44-1; MC35-1; MC25-3; MC45-4 04 : i L_!
L]

Figure 4-10, Timing Diagram for Error 17,
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12661A

Section IV

SET SWITCH REGISTER BITS 1 AND 2 UP. PUSH RUN AND SCOPE CHECK THE FOLLOWING.

CLC

STF

CLF

STC

|3I4|5|6|7|0|1|2|3|4I5|6|7IOI‘I|2|3|4 |5|6|7|0I1|2|3|4|5|6I7IOI‘l |2|

(10G (B) ADD.);
MC17-2, 5;
MC27-2, 4

(CLC, ADD.);
MC36-5;
MC37-2

L

L |

L

(ICFF);
MC36-3, 4;
MC66-4

(ICFF); MC26-4,
11, 13, MC15-2;
MC36-2, 6

o]
il
o]
o

(STF);
MC26-3;
MC16-2

—ememmeme | me] e - - e -

(o

(STF);
MC55-3;
MC26-6

I

(CLF);
MC15-1;
MC16-4

(CLF);
MC45-12;
MC15-12

(ABFF); MC55-6;
MC45-9;
MC64-3

(ABFF);
MC45-8;
MC55-5

O —

(STC):
MC36-1;
MC27-3

e

o ] e el = - m————— - “"-"-r—' :--" ——ee—em e - - ‘-E -

NP RN S

S e e Y B S I e

Figure 4-11, Timing Diagram for Error 34,
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12661A

SET SWITCH REGISTER BITS 1 AND 2 UP AND PUSH RUN. THE ERROR MESSAGE SHOULD REPEAT.
PUSH RUN AGAIN AND SCOPE CHECK THE FOLLOWING.

THIS TEST MAY ALSO BE DONE BY SINGLE CYCLING THROUGH THE LOOP.
THERE ARE 57 CYCLES IN THE LOOP SO SINGLE CYCLING TAKES TIME.
REFER TO TABLES BELOW FOR PIN NUMBERS AND TIMING.

PIN NUMBERS WITH AN ASTRICK (*) ARE THE 48-PIN CONNECTOR.

—h Il Ll —

TIMING DIAGRAMS
35 THROUGH 44

Section IV

1*'Word Latch, {100);
MC23-4,13; MC43-4,13

(1)

1%'Word Buffer Output

(1)

Output & Input Bit

(T5), Input Bit Latch; T “ ” ” ” ” ” ” ” ” ” “ ” | | ”
MC103-4,13; MC104-4,13 O /

~lo~lo-lo -

F vt

‘
 —y

]
[ e
(1) Input Bit FF o f= A B =
: C ".: - ]
(T2), Alarm FF Latch; ! : L O O O S {1 O
MC93-4,13; MC94-4,13  O- L ! '
I+ [ 14 B
() Atarm FF o.____LJ‘ A = :-J
[ [ I
E = -
(1) Alarm FF Inverted 04 '] [ : |
v )
. b
Alarm Signal, MC55-4; | > = C L
MC75-4; (1) MC74 Input O ] N
[ $
Alarm Signal Inverted; It rb D ’H
MC75-3; MC74-8 ] " )
 e— ! -1
(CLF); MC45-12; MC15- ! ‘“__—” ; I '
12; MC16-3; MC17-3 ot ' \
| . '
(CLF); MC15-1;MC16-4 o H ‘ " -+
N ]
(ABFF); MC55-6; (; f— - |
MC64-3; MC45-9
ERROR NUMBER NUMBER TIME (v SEC)
m OF FOR FOR
35 36 37 40 41 42 43 44 TIME || MACHINE  [2114 OR 2115 2116
1-St Word BIT 0; MC23-8; Q7-B; BIT 1; MC23-14; Q10-B;{ BIT 2; MC23-1; Q8-B; BIT 3; MC43-8; Q17-B; | BIT 4; MC43-11; 018~B;1 BIT 5; MC43-14; Q20-B;| BIT 6; MC43-1; Q19-B; | BIT 7; MC23-11; Q9-B; _CX.QI..ES COMPUTERS CO%
puffer Output Q31-C; MC103-2 Q32-C; MC103-3 Q33-C; MC103-6 Q34-C; MC103-7 Q38-C; MC104-2 Q37-C; MC104-3 Q36-C; MC104-6 Q35-C; MC104-7 A 29 58.0 46.4
utput and Q7.C;PIN * D; Q10-C;PIN * 5; Q8-C;PIN * 4; Q17-C; PIN * K; Q18C;PIN * 9; Q20-C; PIN * 10; Q19-C;PIN * L; Q9-C;PIN * E; - -
lnput Bit PIN * 16; Q31-B PIN * T; Q32-B PIN * 17; Q33-B PIN * U; Q34-B PIN * W; Q38B PIN * 19; Q378 PIN * V; Q36-B PIN * 18; Q35-B B 49 98.0 78.4
Input Bit MC103-16; MC93-2; MC103-15; MC93-3; MC103-10; MC93-6; MC103-9; MC93-7; MC104-16; MC94.2; MC104-15; MC94-3; MC104-10; MC94-6; MC104-9; MC94-7; C 5/8 1.256 1.0
Flip-Flop MC83-12 MC83-2 MC83-9 MC83-4 MC84-12 MC84-2 MC84-9 MC84-4
D 77 3/8 154.75 123.8
2:.‘"';“ MC93-16; MC 106-8 MC93-15; MC106-14 MC93-10; MC96-8 MC93-9; MC96-14 MC94-16; MC95-8 MC94-15; MC95-14 MC94-10; MC105-8 MC94-9; MC105-14
ip-Flop E 25 3/4 51.5 41.2
|?nl::::ez F MC93-1; MC83-13 MC93-14; MC83-1 MC93-11; MC83-10 MC93-8; MC83-5 MC94-1; MC84-13 MC94-14; MC84-1 MC94-11; MC84-10 MC94-8; MC84-5 F 1/8 250 200
MC 74 Input MC74-6; MC83-11; MC74-4; MC83-3; MC74-12; MC83-8; MC74-11; MC83-6; MC74-3; MC84-11 MC74-2; MC84-3 MC74-1; MC84-8 MC74-5; MC84-6
MC73-2 MC73-1 MC73-5

MC73-4
——

Figure 4-12, Timing Diagram
for Errors 35 through 44.
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12661A Section IV

SET SWITCH REGISTER BITS 0, 1, 2, 3, 6, 7, 8, 10 UP (2717) AND LOAD ADDRESS. CLEAR SWITCH REGISTER AND
SET BITS 1 AND 2 UP. PUSH RUN AND SCOPE CHECK THE FOLLOWING,

CLC 0 (CRS) cLF OTA
lsjalslelrlolilalalalsfelrfolrlzlalalslelrbolslz]s

|
N
,
,
(CRS); MC37-1,5; MC21-8; I !
PIN 13 !
O '
:
1
MC36-5; MC37-2,6; I
MC21-10
0

(STC); MC27-1; PIN 22

STC LIB
alslelarfols Jalalalslelnlofr]2)

]
i
i
'
'
'
'

MC36-1: MC217-3

= 5

o]

|
(ICFF); MC66-4; MC36-3,4

0]
(ICFF): MC25-13; MC17-10; |
MC26-13,11,4; MC15-2;
MC36-6.2 0
(CLF); MC26-10; MC15-1; !
MC16-4; MC17-1; PIN 7

[¢]
MC66-2; MC35-5; MC16-3; I
MC17-3

(0]

(I0G(B)); MC27-2,4,13;
MC17-2,5,13; MC16-6

(100, ADD.); MC25-12;
MC46-10,13

MC35-12; MC36-13; I
MC37-3; MC27-11; l
MC25-11,4 0

{100); MC27-12; PIN 20

(MRFF); MC25-6; MC15-9,10.11; |
MC26-1.9; MC54-2; MC97 -8
(MCFF); MC54-5; MC25-1;

MC55-1; MC107-8; MC25-9 o]
(MRFF); MC15-8, 13; MC25-5; !
MC26-5; (MCFF); MC54-6;

MC64-5. MC35-10 o

(SIR(TS)); MC54-3; MC44-12; |
MC25-10) MC47-6: MC37-11.
PIN 32 o

|
MC44-13; MC25-8; MC47-1,2,4,5;
MC37-10 0

(101); MC17-9, 12; MC16-12;
MC97-14,2; PIN 24

—1

L e o

B e E S P B R B e B e

o
[
MC17-11; MC16-13
0o
|
MC17-8
0

Figure 4-13. Set Control Timing Diagram
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12661A Section IV

SET SWITCH REGISTER BITS 0, 2, 3, 4, 6, 7, 8, 10 UP (2735) AND LOAD ADDRESS, CLEAR SWITCH REGISTER AND
SET SWITCH REGISTER BITS 1 AND 2 UP. PUSH RUN AND SCOPE CHECK THE FOLLOWING.

Lo L Lals Lo Lo Lo [ Lo Lo Lo Lo Lo Lol oo Lo Ls s Ls Lo s Losls
o I

o

MC36-5; MC37-2,6;
MC27-10

(ICFF); MC66-4;

MC36-3,4

(ICFF); MC25-13; MC17-10;
MC26-13,11, 4; MC15-2;
MC36-6,2

(I0G(B)); MC27-2,4,13;
MC17-2,5,13; MC16-6

o -

o -

(100); MC27-12; PIN 20

(i00 ABD); MC25-12
MC46-10, 13

o —-'0

(100 ADD); MC35-12; MC36-13;
MC37-3; MC27-11; MC25-11,14

o -

L ]ﬂ

(101); MC117-9,12; MC16-12;

o -

MC97-14,2; PIN 24
(T01); MC15-11; MC17-11,8; |
MC16-13 o

(MRFF); MC25-6; MC97-8;
MC26-1,9, MC54-2; MC15-9

o -
L—

(MRFF); MC15-8, 13; MC26-15;

o -
—

MC25-5
(FFF); MC66-12; MC65-10; !
MC25-9 o]
(SIR(T5)); MC54-3; MC44-12; |
MC25-, o
(STR(T5)); MC54-3; MC44-12; |
MC25-10; MC4T7-6; MC37-11;

PIN 32 o
(MCFF); MC54-5; MC55-1; !
MC25-1 [¢)
(MCFF); MC54-6; MC64-5; !
MC35-10 0

e
- l—.—E ]——»—-———-————-—

il

Figure 4-14, Mode Assignment Timing Diagram
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Figure 4-15. DVS Program Card, Parts Location
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5-‘ .

5-2.

INTRODUCTION

ordering replacement parts.

alphanumerically by reference designation.

provides:

a.
b.

c.

HP part numbers.

A general description of the parts.

Section V

SECTION V
REPLACEABLE PARTS

This section contains a list of information for
Table 5-1 lists parts

It also

Typical manufacturer of the part expressed as

a five-digit code (a list of manufacturers and their
code numbers appears in Table 5-2).

d.
number.

e.

Total quantities used.

Manufacturer's part, stock, or drawing

5-3. ORDERING INFORMATION

5-4. When ordering replacement parts, each part
must be identified by the Hewlett-Packard part num-
ber. To order a part that is not listed in the tables,
include the following information:

a. Instrument model number.
b. Instrument serial number.
c. Description of the part.
d. Function and location of the part.
5-5. Address your order or inquiry to your local

Hewlett-Packard Sales and Service Office (listed at
the rear of this manual).

5-6. If parts are ordered from the original manu-
facturer, a complete description should be included
with each manufacturer's part number. Many num-
bers listed are type numbers only, and descriptions
are needed to facilitate selection.

[ I ()

L (T 1 A [ T

Wonn ([}

[ T 1}

wntn

assembly

motor

battery

capacitor

coupler

diode

delay line

device signaling
misc electronic part

amperes
automatic frequency
control

amplifier

beat frequency oscilla-
tor

beryllium copper
binder head

bandpass

brass

backward wave oscilla-
tor

counterclockwise
ceramic

cabinet mount only
coefficient
common
composition
complete
connector
cadmium plate
cathode-ray tube
clockwise

deposited carbon
drive

electrolytic
encapsulated
external

farads

flat head
Fillister head
fixed

giga (109)
germanium
glass
ground(ed)

IMPG
INCD
INCL

INT

W

[ T T

" [ T T I

oo

o LU T I T T T 1

oo

REFERENCE DESIGNATORS
fuse P = plug v = vacuum tube,
Filter Q = transistor neon bulb,
jack R = resistor photocell, etc.
relay RT = thermistor VR = voltage
inductor S = switch regulator
loud speaker T = transformer w = cable
meter TB = terminal board X = socket
microphone TP = test point Y = crystal
mechanical part U = integrated circuit Z = tuned cavity,
network
ABBREVIATIONS
henries N/O = normally open RMO = rack mount only
hardware ‘NOM = nominal RMS = root-mean square
hexagonal NPO = negative positive RWV = reverse working
mercury zero (zero tem- voltage
hour(s) perature coef- S-B = slow-blow
Hertz ficient) SCR = screw
NPN = negative-positive- SE = selenium
intermediate freq negative SECT = section(s)
impregnated NRFR = not recommended SEMICON = semiconductor
incandescent for field re- = silicon
include(s) placement SIL = silver
insulation(ed) NSR = not separately SL = slide
internal replaceable SPG = spring
SPL = special
oo OBD = order by SST = Stainless steel
kilo = 1000 description SR = split ring
OoH = oval head STL = steel
left hand ox = oxide
linear taper p = peak -
lock washer PC = printed eircuit %3 = :ia,:?:ju;]r;y
logarithmic taper PF = picofarads = 10-1 TGL = toggle
low pass filter farads THD = thread
PH BRZ = phosphor bronze TI = titanium
milli = 10-3 PHL = Phillips TOL = tolerance
meg = 10 PV = peak inverse TRIM = trimmer
metal film voltage TWT = traveling wave
metallic oxide PNP = positive-negative- tube
manufacturer /0 _ ggﬁ:'{"‘}e
:?ﬁ;:ﬁ:‘z POLY = polystrene M = micro = 106
momentary PORC = porcelain
metalized POS = position(s) VAR = variable
substrate POT = potentiometer VDCW = dc working volts
mounting PP = peak-to-peak
‘“‘mylar” PT = point .
PWV = peak working volt- W/ = with
age w = watts
nano (10'9) . wIV = working inverse
normally closed RECT = rectifier voltage
neon RF = radio frequency wwW = wirewound
nickel plate RH = round head or w/0 = without

right hand

5-1



12661A Section V

Table 5-2. Code List of Manufacturers

MFR. NO. MANUFACTURER ADDRESS
01121 Allen Bradley Co. Milwaukee, Wis. 53204
01295 Texas Instruments Inc., Semiconductor Components Div. Dallas, Texas 75231
04404 Hewlett-Packard Company, Automatic Measurement Div. Palo Alto, Calif. 94306
04713 Motorola Semiconductor Prod. Inc. Phoenix, Ariz. 85008
07263 Fairchild Camera & Inst. Corp., Semiconductor Div. Mountain View, Calif. 94040
12040 National Semiconductor Danbury, Conn. 06810
28480 Hewlett-Packard Company Palo Alto, Calif. 94304
56289 Sprague Electric Co. N. Adams, Mass. 01247

5-3/5-4
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APPENDIX A

LISTING
FOR
HP 20436 DIAGNOSTIC PROGRAM
FOR THE
MODEL 12661A
DIGITAL VOLTAGE SOURCE PROGRAMMER
INTERFACE KIT

PAGE @90l

eee1 ASMBsAsLC
#% NO ERRORS*®

Appendix A



Appendix A . 12661A

PAGE @002 #01

vl

£062%12661A UVS PROGRAM CARD DIAGNOSTIC
00B3% Co

VOV4¥*MAKCH 14y 1969

vOVS#

v@06#STAKTING OCTAL ADDRESS = 100

VBT ‘

¢OwB#Tre FOLLOWING SWITCH REGISTER SETTINGS
vo9%*  ARE USED FOR PROGKAM CONTROL -
volo*

@011##81IT v = 1 => HALT AT BEGINNING OF PROGRAM

$ole#BIT 1 = 1 => HALT AT THIS PTe IN PROGRAM

2013#BIT 2 = 1 => LOUOP FOR SCOPE TEST

2214%8BIT 3 = 1 => SKIP INITIAL TURN=-ON TEST

60l15#8IT 4 = | => LOOP ENTIRE BASIC TEST

bolo*

Y WA

DU1B#MAIN PRUGKAM

ovlow

V6l wVoelow ORG 1¢0B ORIGIN OF ABSOLUTE PROGRAM
gul2l vdlow 124118 JMP 115B,1 MAIN PROGRAM L INKAGE
0022 Voldd _ ORG 1¥58

PO23 vAld5 VOLVY6 DEF X FIRST AVAIL MEMORY AFTER PROGRA
P¥z4  Wvlle ORG l1lu8 DEFINES INTERRUPT LINKAGE
PY2s wWdllev ¥B3306 DEF ERROKR ILLEGAL INTERRUPT
G626 vulll YO3440 DEF INTR LEGAL INTERKUPT

P27 wwllS ORG 1158 MAIN PROGRAM LINKAGE
6028 wVllS VV20We DEF PAGEZ DEFINES STARTING PT,
VY29 V2PV v ~ ORG 200uvs PROGRAM STARTING PT.
2030  ¥ZYVL 107700 PAGEZ CLC @sC INTERRUPT SYSTEM OFF
WY3l  dcvdl V164l JSB EOL LINE FEED

PU32  w2vd2 V62164 LDA MLL PRINT 1ST MESSAGE
YV33 2003 V66146 LDB MAU1 12661A VERIFICATION
pY34  V2vd4 114lp2 JSB 1v2B,1 PROGRAM = TTY
0035 VP05 Vleal7 JSB EOL LINE FEED

R036  WCVVE V26413 JMP #+5

PB37 WeveT vbevle V1 LDA #+3 HALT AT BEGINNING
PY3b VLl Y66R12 LDB #+2 OF PROGRAM

¥O39 02911 1087700 CLC ©+C

PV4d V20l2 lovevov HLT o 102000

PR¢]l w2013 V66413 LDB M67 PREPARE

Y42 Y2014 V62404 LDA HIS TRAP

P43 B2vls BT2017 STA #+2 FOR

VeG4  V2V16 V624085 LDA HI ILLEGAL

poasS Vewvll V70010 STA 1vB INTERRUPT
PY4e W22V V36017 I1SZ #-1 FROM

BoaT  wlvll 00200 INA ANY

Boes Q2e2e voedve INB+SZB DEVICE
Vo499 V2023 v26wull JMP #=4

Q050 V2024 Vleall P2 JSB EoL LINE FEED

8Y51 V2025 V62174 LDA ML2 PRINT

POS2 ©v2v26 V66165 LOB MADZ 170 CHANNEL?

Qub3 vevel 1l4lve JSB 102By1 TTY LINKAGE

Oubae v2u3Y Vlosl? JSB EOL

PeSS  p2w3l 6624l LDA RL1 RECEIVE

P56  ¥2id32 V664WVE LDB RAD1 . REPLY

P¥5T  ©2B33 114104 JSB 1v4B,1 TTY LINKAGE KEYBQARD
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PAGE 4923 #01

2058
2059
@060
2061
2062
0063
2064
2065
1Y
20067
9068
0069
20870
8071
9872
gar3
2074
gors
2076
0077
go78
@getqe
0080
2081
0082
9083
2084
oa8se
2086
2987
2088
0089
2099
0091
0992
2093
2094
B¥a95S
2096
8997
po98
0099
vieo
g101
2102
d103
2104
@105
2106
o107
o0l08
0ldg
2110
2111
0112
2113
#1144

- 82034

02035
#2936
92037
02840
92041
02042
02043
92044
92045
82846
82047
92050
92051
92052
92053
82054
02055
02056
82057
02060
#2061
02062
02063
92064
92065
92066

v2v67
02070
82071
82072
82073
g2074
92075
02076
02077
82100
2101
v2le2
02103
92104
02105
92106
921d7
82110
02111
82112
02113
22114
02115
02116
02117
02120
02121
p2l22
62123

216417
062407
gl2ell
052414
826042
0926024
962407
01727
012411
252414
6260590
026024
062407
912412
072615
862407
go1727
812612
001721
032615
872615
816437
962216
886175
114102
016417
102000
817164
863210
go00lp
026127
916616
062264
066243
114102
016417
182000
016616
262306
966265
114102
016417
102000
196500
062416
050001
826114
017340
062339
066307
114102
016417
102000
016616
062216
066175

LIB]

JsB
LDA
AND
CPA
JMP
JMP
LDA

EQL
REP1
MSK1
Cl

L XV
P2

REP1

ALF o ALF

AND
cPA
JMP
JMP
LDA
AND
STA
LDA

MSK1
cl
*e2
P2
REP1
MSK2
ADDR
REP1

ALF s ALF

AND

MSK2

ALF 9 ARS

I0R
STa
Jss
LDA
LDB
JsB

-JSB

HLy

Jse
LDA
SLA
IMP
JsB
LDA
LDB
JsB
JsB
HLT
NEY:
LDA
LDB
JsB
JSB
HLT
LIB
LOA
cPA
Jup
JSB
LDA
LDB
Jse
JSB
HLT
Jss
LDA
LDB

ADDR
ADDR
ADIN
ML3
MAD3
1028,1
EOL

"]

MODE
BIT3

P3
ITEST
MLS
MADS
102B+1
EOL

0
ITEST
ML 6
MAD6
128y 1
EoL

0

"]

c3

1

*e2
DAT
ML7
MAD7
1028+1
EOL

0
ITEST
ML3
MAD3

Appendix A

LINE FEED
CHECK FIRST CHARACTER
FOR VALIDITY
VALID?
YES.
NO.
CHECK
SECOND
CHARACTER
VALID?
YES.
NO.
GENERATE
DIGITAL
VOL TAGE
SOURCE
INTERFACE
ADDRESS

ADDRESS COMPLETE
ADDRESS INCLUSION ROUTINE
PRINT MESSAGE -
CONNECT PLUG
NO.1 AND PUSH RUN
LINE FEED
HALT

SWITCH REGISTER STORAGE

SKIP INITIAL TEST?
YES.
INITIAL TEST PLUG NO, 1
PRINT MESSAGE =
CONNECT PLUG
NO.2 AND PUSH RUN
LINE FEED

INITIAL TEST PLUG NOe 2
PRINT MESSAGE -
CONNECT PLUG
NO.3 AND PUSH RUN
LINE FEED

INITIAL TEST PLUG NO. 3
COMPARISON IN A
IS INPUT CORRECT?
YES.
NO. PRINTOUT ROUTINE
PRINT MESSAGE -

CONNECT PLUG

NO.4 AND PUSH RUN

LINE FEED

INITIAL TEST PLUG NO. 4
PRINT MESSAGE -
CONNECT PLUG
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PAGE 0004 #91

2115
@116
2117
2118
0119
0120
@12l
0122
@123
@124
2125
@126
0127
2123
@129
0130
2131
0132
$133
2136%
0135
0136

0137
@138
9139
9140

gl4al
plac*
0143
pias

02124
02125
02126

02127
02130
02131
92132
92133
02134
82135
02136
©2137
02149
@214l
92142
02143
02144
02145

02146
02147
02150
82151
02152
22153
02154
92155
02156
22157
¥2160
92161
02162
22163
82164

©¥2165
©v2166
p2167
v217¢
02171
62172
82173
v2l74

22175
82176
82177
02200
02201
02202
v2203
02204
02205
02206
02207
g2210

114102
0leel?
102000

016625
017164
063211
000010
826127
063206
200010
102009
¥17533
862346
066331
114102
Plo4l7
102000
026007

002147
030462
033066
230501
020104
944501
043516
047523
852111
041449
950122
047507
251101
046440
P00034

002166
044457
paTasp
041510
040516
247105
046077
200014

282176
B4l1517
047116
842503
052040
950114
052507
020116
930056
620061
020101
047104

P3

MAD1
MES]

MLl

MAaDZ2
MES2

ML2

MAD3
MES3

Jsk
Jss
HLT

Jss
JSB
LDA
SLA
JMP
LDA
SLA
HLT
Jss
LDA
LOB
JSb
JsB
HLT
JMP

DEF
ASC

DEC

DEF
ASC

DEC

DEF
ASC

102841 NO.1 AND PUSH RUN
EoL LINE FEED
"
BAT PERFORM BASIC TEST
MOOE SW REG STORAGE
BITa \
LOOP?
P3
BIT1
HALT?
0
DoIC PERFORM DATA BUFFER TEST
ML8 PRINT MESSAGE = '
MADB END OF DATA
1028 BUFFER TEST
EOL
9
Pl JUMP TO BEGINNING
#e] 1ST MESSAGE
13912661A DIAGNOSTIC PROGRAM
28
*el 2ND MESSAGE
69170 CHANNEL?

12

%e]
169CONNECT PLUG NO. 1 AND PUSH RUN

12661A
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8145
glaet
@147
9148

2149
gl150#%
P151
9152

©¥153
B1S4%
8155
156

g2211
@221e
02213
92214
02215
@2216

02217
02220
02221
w2222
02223
02224
02225
02226
82227
92230
@2231
92232
92233
92234
02235
02236
02237
22240
02241
02242

02243
p2244
02245
02246
paz247
02259
p2251
w2252
02253
02254
#2255
02256
82257
02260
vee6l
¥2262
02263
02264

02265
02266
02267
02270
92271
02272
02273
02274
02275
822176

92012¢
952523
044040
851125
067040
000040

902220
942101
@52101
020102
952506
843105
951040
952105
951524
020120
046125
043440
067117
B27040
030440
50125
951519
@2vl122
952516
000044

002244
941517
847116
042503
852040
950114
0525017
820116
P4T456
820062
020101
047104
820120
852523
044040
951125
847040
000040

002266
241517
gav1l6
842503
852040
050114
852507
g2vlle6
847456
020063

Appendix A

ML3 DEC 32

MAD4 DEF #+]
MES4 ASC 18sDATA BUFFER TEST PLUG NO, ] PUSH RUN

ML4 DEC 36

MADS DEF %+l
MESS ASC 169CONNECT PLUG NO. 2 AND PUSH RUN

MLS DEC 3¢

MAD6 DEF #+1
MES6 ASC 169CONNECT PLUG NOe 3 AND PUSH RUN
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PAGE 9006 #@1

0157
0158+
2159
0le60

plel
glec«
4163
Plea

vl65
0le6*
o167
ol68

0169
0170+
2171
g172

82277
02300
é2301
22302
¢2303
02306
82305
02306

92307
02310
02311
@2312
02313
02314
92315
02316
02317
02320
@2321
82322
22323
92324
@2325
82326
02327
02330

22331
02332
$2333
¥2334
02335
02336
22337
02340
02341
02342

92343

02344
82345
92346

02347
02350
02351
82352
82353
02354
82355
82356

92357
02360
02361
02362
22363

820101
047104
020120
952523
944040
851125
847040
200040

092310
041517
047116
042503
052040
250116
052507
d20116
047456
020064
020101
267104
220120
052523
Q44Rbho
851125
047040
000049

002332
242516
042040
047506
020104
040524
040440
941125
243106
042522
820124
042523
052040
000030

022350
942522
251117
251049
020049
020049
020049
000014

002360
847525
952120
852524
020075

ML6 DEC 32

MAD7 DEF ®e]
MES7 ASC 16¢CONNECT PLUG NO. 4 AND PUSH RUN

ML7 DEC 32

MADE DEF #+1
MESS ASC 12+END OF DATA BUFFER TEST

ML8  DEC 24

MAD9 DEF *+1
MES9 ASC 6+ERROR

ML9 DEC 12

MAD1@ DEF #e]
MES1© ASC 18,0UTPUT = INPUT =

12661A
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PAGE 0007 #81

0173
Pl74%
@175
2176
o177
2178
9179
vl8e
2181
0182
2183
0184
2185
2186
0187+

02364
02365
02366
02367
@237e
82371
02372
#2373
02374
023715
02376
02377
02400
02401
@2492
02403
02404
02405
02446
02407
02410
92411
g24l2
92413
g241é
02415
02416

920040
920040
920040
020040
d20040
020040
044516
950125
052040
920075
920040
020040
920040
920040
goooss
177711
970010
102010
902407
200000
000002
800170
000007
900017
080060
940000
040020

ML19

M6T
HIS
HI
RAD1
REP1
RL1
MSK]
MSK2
MsSK3
Ccl
t2
ok

O1B8*LINE FEEDs CARRIAGE

0189+
219¢
2191
8192
2193
9194
9195
@196
2197
@198
9199
0200
0201
9202
2203
0264
2205
g2o6*

©207%ADDRESS INCLUSION ROUTINE

0208+
0209
0210
@211
0212
0213
0214
9215

02417
p2420
p2421
02422
02423
92424
02425
92426
92427
02430
92431
02432
22433
02434
02435
02436

02437
02440
02441
024642
92443
02444
02445

000000
872430
@76435
do2400
006400
114102
062430
966435
126417
000000
200000
200000
000000
200000
000000
200000

EOL

ASl
As2
AS3
AS4
ASS
8S1
BS2

DEC

ocT
STA
HLT
DEF
ocT
ocT
ocT
ocT
ocY
ocT
ocT
ocT

36

177711
108
108
#e]l

"]

2

170

7

17

60
40000
40020

RETURN

NOP
STA
STB
CLA
cL8
JSB
LDA
LDB
JMP
ocY
ocT
ocT
ocT
ocT
ocT
ocT

090000 ADIN NOP

107700
216610
oT0000
873427
073435
216610

CLC
JSB
STA
STA
5Ta
- JS8

AS1
8BSl

162841
AS1
B8S1
EOLs 1]

SOS8SSsSsSSsS

0+C
INCLU

)
STAL |
STA2

INCLU

Appéndix A

COMPARISON STORAGE 1,244

COMPARISON STORAGE 3

ENTER SUBROUTINE
STORE
A& B
LINE
FEED
TTY
RESTORE
AL B
EXIT SUBROUTINE

ENTER ROUTINE

INTERRUPT SYSTEM OFF

Put DUPLEX REG ADOR
INTO STA INSTRUCTIONS

ADDRESS IN STC XX
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PAGE 0008 »01

p21l6
0217
0218
2219
0220
0221
@222
0223
B224
@225
0226
p2z7
0228
8229
0230
@231
V232
w233
0234
0235
©¥236
0237
¢238
2239
@240
P241
ge4e
0243
244
3245
ve46
Be«7
P24t
@24y
825¢
9251
0252
2253
R2sh4
2255
0256
0257
P258
2259
2260
2261
@262
0263
@264
0265
2266
0267
@268
v269
0270
w2l
par2

02446
82447
02450
02451
p2452
62453
82454
92455
02456
02457
Vw2460
02461
p2462
02463
92464
02465
22466
V2467
02470
02471
82472
©v2473
B2474
02475
v2416
ve4T7
02500
92501
92502
$2503
92504
¥eses
82506
©v2507
¥2510
22511
82512
92513
¥2514
62515
92516
92517
02520
¥2s521
92522
92523
02524
22525
82526
02527
92530
092531
02532
©¥2533
©¥2534
#2535
¥2s536

102700
872724
872757
973100
273111
073124
073464
873476
973520
873575
873644
@73722
016610
102300
272645
072702
973214
073244
V16610
102200
72660
972670
873226
073257
ple6ly
102100
973455
073461
073475
e73s16
16610
103100
@72722
072756
pT2772
V73025
973044
973451
873504
073517
Ble6le
186704
072630
V72637
P12665
973459
073474
873573
973641
200000
973518
73717
0le6lw
107700
73110
73123
216619

STC
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
JS8
SFS
STA
STA
STA
STA
JsSB
SFC
STA
STA
STA
STA
JSB
STF
STA
STA
STA
STA
Jss
CLF
STA
STA
STA
STA
STA
STA
STA
STA
Js8
CcLC
STA
STA
STA
STA
STA
STa
STaA
NOP
STA
STA
JSb
CcLC
STA
STa
JSB

]
STC1
STC2
stc3
siCa
STCS
STC6
STC7
STca
stCy
STCl9@
STC11
INCLU
)
SFS1
sFs2
SFS3
SF34
INCLU
]
SFC1
SFC2
SFC3
SFC4
INCLU

0
STF1
STFe2
STF3
STF4
INCLU

"]
CLF1
CLF2
CLF3
CLF4
CLFs
CLF6
CLF7
CLF8
INCLU

]

CLCl
cLc2
cLC3
CLC4
CLCs
CLCe
cLC?

CcLCY
CLClo
INCLU
0sC
CLCF]
CLCF2
INCLU

DATA

ADDRESS
DATA

ADDRESS

ADDRESS

ADODRESS
DATA

ADDRESS
DATA

ADDRESS IN CLC xXoC

DATA

IN

IN

IN

IN

IN

SFS

SFC

STF

CLF

cLC

XX

XX

XX

XX

XX

ADDRESS IN OTA XX

12661A



12661A
PAGE

@273
0274
8215
p276
0277
@278
@279
8280
ge8l
9282
9283
0286
9285
@286
0287
@288
2289
9290
2291
@292
9293
9294
0295
0296
0297
@298
8299
2300
@301
@302
6303
2304
9305
8306
6307
@308
P399
8310
0311
@312
9313
9314+

00089 #01

02537
02540
92541
02542
92543
g2544
02545
02546
92547
02550
92551
92552
92553
02554
#2555
#2556
02557
02560
92561
92562
92563
02564
©¥2565
02566
092567
02570
22571
p2s72
82573
22574
92575
92576
02577
32600
62601
22602
92603
02604
02605
02606
02607

1026090
072632
072635
972643
072644
872666
972667
072705
972723
872737
0972755
072774
073016
073046
873162
916610
106600
873076
973112
873126
273574
973642
073643
073720
er3721
073761
073762
216610
106500
972107
072617
72725
072740
073077
elée6le
102500
073577
073646
073724
873163
126437

@315 INCLUSION SUBROUTINE

2316%
8317
@318
2319
9320
9321
8322
2323

02610
92611
02612
92613
V2614
02615

000000
162610
032615
036610
1266198
200000

@324*INITIAL TEST

P325%
8326
8327
@328
8329

02616
02617
02620
#2621

000000
106500
062415
050001

INCLU

AUDR

1TEST
L1B2

0TA
STA
STA
STA
5TA
STA
STA
STA
STA
STA
STA
STA
STA
STA
STA
JsB
(O ]:]
STA
STa
STA
STA
STA
STA
STA
STA
STA
Sta
JSB
LIi8
STA
STA
STa
STa
STA
JSB
LIA
STA
STA
STA
STA
JMP

NOP
LDA
10R
Isz
JMP
ocT

NOP
LIB
LDA
CPA

0TAl
0TA2
0TA3
0TA4
0TAS
0TAe6
otA?
0TA8
0Ta9
0TAle
0TAll
0TA12
0TA13
FLAG
INCLU

0781
() -F:
oTB3
0784
07185
o786
o187
oTes
otes
ofele
INCLU

LIBl
LIB2
LIB3
LIB4
LIBsS
INCLY

LIAl
LIAZ2
LIA3
ALRM
ADINs I

INCLUs I
ADDR
INCLU
INCLUy I
"]

Appendix A

ADDRESS IN OTB XX
DATA

ADDRESS IN LIB XX
DATA

ADDRESS IN LIA XX

ENTER SUBROUTINE

LOAD 170 INSTRUCTION @
ADD TO IT SC ADDRESS

INCREMENT PROGRAM

EXIT SUBROUTINE

ADDRESS STORAGE

ENTER SUBROUTINE

READ DATA IN

PLACE COMPARISON IN A
IS INPUT CORRECT?
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PAGE ©@vlv #vl

9330
¥331

02622
©v2623

126616
217340

@332 82624 126616

©333+

P334%BASIC TEST ROUTINE

9335+
8336
8337
9338
0339
¥340
P34l
0342
9343
V344
V345
B346
8347
P348
03494

P350*ADDRESS PSI 2NU WORD

0351
©35¢
9353
8354
8355
0356
0357
¢358
2359
Q369
J361
w362
2363
4364
©¥365
8366
8367
0368+

@369%*ADDRESS PSI 2NU WOKL

0379
@371
9372
9373
@374
P375
9376
9377
p378
@379
2380
p3b1
p382
3383
0384
Y385
2386
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02625
82626
82627
02630
02631
¥2632
92633
02634
¥2635
02636
02637
02640
02641

22642
82643
V2644
02645
02646
V2647
w2650
02651
#2652
42653
V654
82655
02656
82657
p2660
£2661
82662

V663
V2664
2665
02666
2667
v26T7Y
B#2671
wee6Te
02673
02674
V2675
82676
peetT?
2700
02701
@27a2
Ve703

000V00
06730>
D77394
106700
017212
102600
Q17212
003000
102600
V17242
106700
al17212
17272

002400
102600
102600
1823¢¢
V26659
017306
217164
063287
vovYlY
026642
¥63206
¢ovwle
102000
017272
162200
826663
217306

wlil272
VY2400
106700
102600
102600
102200
V17306
V17164
063207
1.1 3Y’]
026664
063206
vovely
lu2noe
wli272
192300
v173¢e6

BAT

cLel

UTAl

OTAZ

CLCe

ENL

UTAJ
OTA4
SFS1

SFC1

ENE

CLC3
UTAS
UTAG6
SFCe

SFSe

JMP
JSB
JMP

NOP
LD8
STy
cLC
JSB
OTA
Jss
CMA
OTA
JsSs
cLC
JsB
JSB

SFS
CLA
OTA
0TA
SFS
JMP
JSB
JsS8
LDA
SLA
JMP
LUA
SLA
HLT
JSu
SFC
JMP
JSs

SFC
JSB
CLA
cLcC
0TA
0TA
SFC
JSB
Jss
LDA
SLA
JMP
LDA
SLA
HLT
JsSs
SFS
JS8

ITEST,I
LAT
ITESTs]

tRKe
ERKR]

STAF1
STAF1

STAF2

STAF1
ERAD

CHK

*ec
ERROK
MODE
BIT2

ENL
BIT1
EKAD

#e 2
ERROR

CHK
ERAD

S8 8 &

ERROR
MODE
8lTe
tNZ
BIT1
ERAD

v
ERROR

12661A

YES, EXIT
NO, PRINTOUT ROUTINE
EXIT SUBKOUTINE

BASIC TEST ROUTINE
INITIALIZE

ERROK NUMBER
DISABLE INTERRUPT
PERFORM STATUS FLAG ROUTINE
ADDRESS DVSI © WITH 1ST wORD
FLAG ROUTINE 1ST WORD

2ND WORD WRONG ADDRESS TO bVSI
FLAG ROUTINE 2ZND WORD

CLEAR WSFF

FLAG ROUTINE TO CHECK CLC
INCREMENT ERROR MESSAGE

ADDRESS DVSI
WITH 2NDO wORD
IS STATUS FLAG CLEAR?
NQ.
YES., SFS=-SKIP-FLAG TEMP SET
STURE SWITCH REGISTER

LOOP?

YES.

NO .

HALT?

YES.

NOe INCREMENT ERROR MESSAGE

IS STATUS FLAG SET?

NO,

YES, SFC~-SKIP-FLAG CLEAR-EKROR

INCREMENT ERROR MESSAGE

ADDRESS DVSI
WITH 2ND WORD
IS STATUS FLAG SET?
NUe SFC=NO SKIP=FLAG TEMP SET
YES.

LOOP?

YES.

NO.

HALT?

YES.

NO. INCREMENT ERROR

IS STATUS FLAG CLEAR?

NOe SFS=NO SKIP=FLAG CLEAR=ERRUK
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9387+

9388%CHECK CRS COMMAND

2389 02704 002400 EN3 CLA
9390 ©2705 102600 OTA7 oTA 0

2391 02706 106700 CLC o

9392 @2767 017164 JS8 MOLE STORE SWITCH REGISTER
@393 02710 063207 LDA BIT2 ‘

@394 @2711 @deovole SLA ’ LOOP?

@395 02712 026704 JMP EN3 YES.

9396 02713 863206 LDA BITI NO.

2397 02714 000010 SLA HALT?

0398 @271S 102000 HLT @ YES.

3399 82716 0817212 JSB STAF] NO, STATUS FLAG ROUTINE
4%

@4@1%CHECK FLAG MODE ASSIGNMENT
0402 02717 802400 P4  CLA

0403 @2720 @17164 JSB MODE STORE SwITCH REGISTER
0404 ©@2721 106700 CLC o ENABLE ASSIGNMENT
04@5 02722 163100 CLF1 CLF o INITIALIZES INTERLOCK
B4 62723 102600 OTA8 OTA ¥ ASSIGN FLAG INTERRUPT
8407 @2724 102700 STCI STC @ DISABLE ASSIGNMENT ~
8408 02725 106500 LIB3 LIB © TEST ICFF WITH ALARM ASSIGN
0409 02726 017164 JSB MODE STORE SWITCH REGISTER
g410 62727 063207 LDA BIT2

0411 92730 000010 SLA LOOP?

9412 ©2731 026717 JMP P4 YES.

0413 02732 863206 LDA BITI NO.

0414 02733 dooolo SLA HALT?

8415 02734 102000 HLT @ ‘

o4les

©417#CHECK ALARM MODE ASSIGNMENT
418 02735 002400 PS CLA

0419 02736 106700 CLC o ENABLE ASSIGNMENT

B420 02737 102600 OTA9 OTA @

P42l @2740 106500 LIiBe LIB @ ASSIGN ALARM INTERRUPT
2422 02741 017164 JSB MODE STORE SWITCH REGISTER
0423 02742 063207 LDA BIT2

B424 82743 000010 SLA LOOP FOR SCOPE CHK?

0425 o244 826735 JMP PS YESe. '

0426 02745 063206 LDA BIT1 NO.

D427 02746 009010 SLA HALT TO CHK MCFFyMRFF?
0428 02747 102000 HLT @

0429*

@430% INTERRUPT AND INTERLOCK TEST

0431 @2750 017272 - JSB ERAD INCREMENT ERROR MESSAGE
0432 02751 017425 JSB IBAD PREPARE ILLEGAL INTERRUPT
9433 02752 102100 STF o ENABLE INTERRUPT SYSTEM
9434 02753 106780 Pe CLC o ENABLE INTERRUPT ASSIGNMENT
0435 02754 002400 CLA '
8436 02755 102680 OTALO® OTA © ASSIGN FLAG INTERRUPT
0437 02756 103100 CLF2 CLF @ CLEAR FBFF

9438 2757 102708 S5TC2 STC @ ILLEGAL INTERRUPT

2439 02760 017164 JSB MODE ) i

0440 02761 182100 STF o ENABLE INTERRUPT SYSTEM
0441 02762 863207 LOA BIT2 ' )

P442 02763 000010 SLA LOOP?

B443 02764 026753 JMP P6 YES.

A-11
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PAGE @012 w0l

Dasl
p445
0446
pos’t
P448
@449
9450
9451
p452
9453
8454
9455
Y
9457
0458
0459
0460
P461
pu62
0463
8464
8465
BL66
9467
p468
P469
Bau70
p4Tl
par2
2473
P47«
P41
da76
P477
@478
24179
P48¢
¢481
B482
9483
g484
P485
@486
487
Y488
0489
0490
2491
2492
0493
494
0495
P496
2497
Pa98
9499
pS00

A-12

02765
82766
@2767
02770
82771
@2172
©e773
22774
027175
02776
827717
83000
23001
93002
3003
v3004
03005
p3006
93007
V3010
23011
#3012
03013
p3vla
93015
03016
23017
Vw3020
V3021
23022
93023
V3024
93025
03826
03027
V3030
83031
030832
93033
03034
23035
¥3036
¥3037
V3040
2304}
V3042
83043
3044
03045
03046
#3047
93050
230151
03052
¥3053
93054
93055

063206
200010
10200¢
e17272
917433
163100
202400
102600
000000
200000
920000
#17306
200000
102109
v17164
063207
¥o0v1d
826772
063206
000019
102000
g17272
217425
206400
202400
102600
000000
000000
182100
po6011
v17272
917433
103100
200000
0000100
P17306
000200
220000
102100
@17164
P67287
004010
927015
V63206
200010
102000
e17272
103100
002400
102600
000000
YoV
000000
01736
1Y LY
102100
17164

CLF3

0TAll

P7
oTal2

CLF4

CLFS

0TAl13

LDA
SLA
HLT
JSB
JsB
CLF
CLA
oTA
NOP
NOP
NOP
JSB
NOP
STF
JSs
LDA
SLA
IMP
LDA
SLA
HLT
Jss
Jss
cLy
CLA
OTA
NOP
NOP
STF

BIT1

ERAD
10K

ERROR

MODE
BIT2
CLF3
BITI

]
ERAD
1BAD

("]

SLBeRSS

Jss
Jss
CLF
NOP
NOP
Jse
NOP
NOP
STF
Jss
LDB
SLB
JMP
LDA
SLA
HLT
Jss
CLF
CLA
OTA
NOP
NOP
NOP
JSB
NOP
STF
Jss

ERAD
10K
)

ERROR

MODE
BIT2

P7
BITI

ERAD

ERROR

MODE

12661A

NO.
HALT?

YES.

INCREMENT ERROR MESSAGE
PREPARE LEGAL INTERRUPT
CLEARS INTERLOCK AND FLAG

2ND WORD TO DVSI SETS FBFF

SHOULD HAVE JUMPED IN INTERRUPT

ENABLE INTERRUPT SYSTEM
STORE SWITCH REGISTER

LOOP?
YES.

NO.

HALT?

YES. '

INCREMENT ERROR MESSAGE
PREPARE ILLEGAL INTERRUPT

SHOULD SET FBFF NO INTERRUPT

ENABLE INTERRUPT SYSTEM
INCREMENT ERROR MESSAGE

PREPARE LEGAL INTERRUPT
CLEARS INTERLOCK TO INTERRUPT

ERROR NO INTERRUPT WHEN FBFF SET
ENABLE INTERRUPT SYSTEM

STORE SWITCH REGISTER

LOOP?

YES.

NO.

HALT?

INCREMENT ERROR MESSAGE
CLEARS INTERLOCK

ASKS FOR INTERRUPT

SHOULD HAVE JUMPED IN INTERRUPT

ENABLE INTERRUPT SYSTEM
STORE SWITCH REGISTER
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2501 83056 063207 LDA
8502 ©3857 000010 SLA
@503 03660 027044 IMP
@504 93061 063206 LDA
@505 03062 000010 SLA
9506 ©3063 102000 HLT
2507 »

@508%FLAG CONTROL AND ALARM CONTROL TEST

9509 083064 063162 LDA
PS10 @3065 @73452 STA
8511 03066 002490 CLA
@512 03667 017446 JSB
8513 03070 063163 LDA
8514 @3071 273452 STA
8515 03072 002400 CLA
@516 @3073 017446 Jss
2517+

2518¢%ALARM OPERATIUN CHECK
8519 ©3074 107700 cLC
0520 ¥3075 0064YP CcLB
8521 03076 106600 O0TBl OTB
9522 ©3477 106509 LIBS LIB
@523 03100 1027¢8 STC3 STC
@524 @3101 102100 STF
@525 ¥3102 063159 LDa
2526 23103 072431 STA
0527 @3104 017272 ALMSB JSB
2528 ¥3105 @17433 LUP  JSB
9529 03106 ¢62431 LDA
g530 93107 164000 LDB
8531 ©3110 107704 CLCFl cLC
9532 93111 10270¢ 5TC4 STC
9533 ©3112 106600 0OTB2 O0TB
8534 ¢3113 000vvoe NOP
0535 @3114 Qveeve NOP
@536 ©3115 000000 NOP
©537 @3116 ©¥17306 JSB
2538 93117 000000 NOP
2539 93120 800000 NOP
8540 03121 102100 STF
@541 @3122 017425 JsB
@542 03123 10770680 CLCF2 CLC
0543 #3124 102700 STCS STC
0544 ©¥3125 0O64VY CLB
#545 ©3126 lp66pe O0TB3 0TH
P546 $3127 @0BYVY NOP
2547 03130 900V0O NOP
@S48 93131 217164 JSB
0549 ©3132 102100 STF
9550 ©3133 063207 LDA
@551 3134 000010 SLA
@552 ©3135 027105 JMP
9553 ©¥3136 V63206 LDA
8554 93137 vovole SLA
0555 93140 102009 HLT
0556 03141 062431 LDA
0557 ©3142 164000 LDB

BIT2

CLFS
BIT1

FLAG
ASSGN

CONTR
ALRM
ASSGN

CONTR

peC

OTBUF
AS2
ERAD
10K
AS2
01
BeC

@

")

ERROR

I1BAD
w.c

MODE
BIT2
Lup

BITI

AsZ
Vel

Appendix A

LOOP?
YES,

HALT?

PREPARE FLAG
ASSIGNMENT

PERFORM FLAG CONTROL ROUTINE
PREPARE ALARM
ASSIGNMENT

PERFORM ALARM CONTROL ROUTINE

DISABLE INTERRUPT SYSTEM

PREPARE WSFF FOR 2ND WORD

ASSIGN ALARM INTERRUPT

DISABLE ASSIGNMENT

ENABLE INTERRUPT SYSTEM

LOAD A WITH ADDRESS OF 1ST ALARM
STORE A

PREPARE LEGAL INTERRUPT

LOAD ALARM INTO B
INITIALIZE INTERLOCKsBUFFER9YWSFF
DISABLE ASSIGNMENT
OUTPUT ALARM '

SHOULD INTERRUPT
AND JUMP +2
ERROR=DID NOT INTERRUPT

ENABLE INTERRUPT SYSTEM

PREPARE ILLEGAL INTERRUPT
INITIALIZE INTERLOCKYBUFFER»WSFF
DISABLE ASSIGNMENT

INITIALIZE DATA BUFFERS

STORE SWITCH REGISTER
ENABLE INTERRUPT SYSTEM

LOOP?
YES,

NO.

HALT?

YES.

NOe LOAD A WITH ALARM ADDRESS
LOAD B WITH ALARM

A-13
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25558 ¥3143 Q06007 INBeSZBIRSS IS 8 AT TERMINATING VALUE?
9559 ©¥3144 126625 JMP BAT,I END OF BASIC TEST EXIT

P560 V3145 002004 INA NO., INCREMENT ALARM ADDRESS
0561 @3146 PT2431 STA AS2

@562 V3147 V27104 JMP ALMSB LOOP WITH NEXT ALARM

2563«

2564 V3150 003151 OTBUF LEF #e] ALARM

vS65> ©3151 GYVeVl Al uCcT 1 oUTPUT

0566 ©¥3152 000VY2 A2 0CT ¢ BUFFER

0567 @3153 00004 A3 0CT «

8568 03154 000010 A4 0CT 1o

8569 93155 dVvA20 A>S OCT <2

@570 V3156 QVGA4Y Ab OCT 4w

€571 83157 vvolve AT OCT lw¥

voTe ©¥316Y vdvlcvy A8 UCT 20

ps73  w3lel 177777 Av OCT 177777 TERMINATION
w574 03162 10260¥ FtLALG OTA ¥

©S75 3163 102500 ALRM LIA ¥

2570%

PST7TT7#SWITCH STORAGE ROUTINE

¥oT78*

2579 3164 YeBYRY MOLE NOP ENTER SWITCH STORAGE ROUTINE
258y Y3165 w7243 STA AS1 STORE A

¥S81l ©3166 102501 LIa 1 EACH BIT FROM

gs8e  ©3167 873205 STA BITO THE SWITCH REGISTER
2583 3170 val3v0 RAR 1S ROTATED TO LEAST
PS84 3171 w73206 STA BIT1 SIGNIFICANT POSITION
¥585 ©3172 vo13¢e RAR AND IS STORED IN ITS
Y586 ¥W3173 ¥73207 STa 8172 RELATIVE LOCATION
p587 V3174 VO1300 RAR

€588 ©3175 473210 STA BIT3

2589 ¢3176 ¥¥1300 RAK

w590 3177 w7321l STA BIT4

€591 w3evs Y6320 LOA BITe HALT AT BEGINNING

2592 3201 vovele SLA OF PROGRAM?

0593  ¥3202 V26007 JMP P1 YES.

2594 ©3203 V62430 LDA AS1 NO. RESTORE A

$595 ©3204 127164 JMP MOQDE I EXIT SUBROUTINE

¥596 Y3205 Bevwvee oBlTv OCT ¢ SWITCH ’

©S97 Y3206 VVeVVY BITL OCT ¥ REGISTER

2598 3207 woevee BlT2 OCT ¢ STORAGE

2599 ¥3210 d0VvvdY BIT3 0OCT @

P6VY ¥3211 QVRRVY BIl4 OCT ¥

Q601w

06¥2#STATUS FLAG 1ST wORD ROUTINE

VeE3e

Vo4 03212 vdddVY STAF1 NOP ENTER SUBROUTINE

V605 03213 vl7272 JSB ERAD STORE ERROR ADDRESS AND ADD ONE
B6V6 V3214 102300 SFS3 SFS ¢ IS STATUS FLAG CLEAR?
0687 ©3215 @173¢6 JSHB ERROR NO,SFS=NO SKIP=STAT FLAG CLEAR
po08 13216 Yl7164 JSB MODE STORE SWITCH REGISTER
P609 vw3217 v632@7 LDA B1T2

G6lo  ©¥3220 V0Vl SLA LOOP?

P61l ¥322]1 V27214 JMP SFSJ3 YESe

P6le w3222 ©¥63206 LDA BIT1 NO.

2613 w3223 Ywdvloe SLA HALT?

v6lé B3224 10cvvY HLT o YES.
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8615 03225 017272 JSB ERAD INCREMENT ERROR MESSAGE
0616 13226 1042200 SFC3 SFC @ IS STATUS FLAG SET?
617 ©@3227 027231 JMP #42 NO,

0618 ©3230 017306 JSB ERROR YES. SFC-SKIP=-FLAG CLEAR-ERROR
2619 023231 017164 JSB MODE STORE SWITCH REGISTER
0620y @3232 863207 LDA BIT2 ’

9621 @3233 @000l SLA LUOP FOR SCOPE TEST?
0622 ©3234 027226 JMP SFC3 YES.

0623 ©3235 063206 LDA BIT1 NO.

9624 ©3236 000010 SLA HALT?

9625 03237 182000 HLT YES.

0626 03240 002400 CLA

0627 ©@3241 127212 JMP STAFl,I  EXIT SUBROUTINE

p628%

P629*STATUS FLAG 2ND WORD ROUTINE

2630+

631 03242 000000 STAF2 NOP ENTER SUBROUTINE

0632 03243 V17272 ' JSB ERAD INCREMENT ERROR MESSAGE
0633 03244 102300 SFS4 SFS @ IS STATUS FLAG CLEAR?
8634 93245 P27247 JMP #42 NO,

@635 03246 017306 JSB ERROR YESe SFS=SKIP=FLAG SET-ERROR
0636 03247 B17164 JSB MODE STORE SWITCH REGISTER
0637 ©¥3250 063207 LDA BIT2

2638 03251 000Vl SLA LOOP?

639 3252 @27244 JMP SFS4 YES,

0640 03253 063206 LDA BIT1 NO.

641 ©3254 ©¥00lY SLA HALT?

642 03255 102000 HLT o YES.

0643 Y3256 Q17272 JSB ERAD NO. INCREMENT ERROR
0644 93257 102200 SFC4 SFC o IS STATUS FLAG SET?
0645 V3260 0173V JSB ERROR NO« SFC=NO SKIP=-FLAG SET~ERROR
0646 V3261 V17164 JSB MODE YESe.

P647 3262 863207 LDA BIT2

0648 23263 P0vVlY SLA LOOP?

2649 @3264 827257 JMP SFC4 YES.

2650 03265 863206 - LDA BlT] NO.

651 03266 @0RV1Y - SLA HALT?

8652 03267 102000 HLT © YES.

0653 03270 202400 CLA

9654 Y3271 127242 JMP STAF2s1  EXIT SUBROUTINE

B655%

0656% INCREMENT ERROR NUMBER ROUTINE

PESTH

0658 ©¥3272 0OVVVd ERAD NOP INCREMENTZERROR STORE ROUTINE
9659 ©3273 @72430 . STA ASl STORE A i
0660 03274 876435 STB BS1 STORE 8

0661 23275 063304 LDOA ERR1 LOAD CURRENT ERROR

0662 93276 013337 STA ERDAT STORE

663 93277 P0V200Vs INA INCREMENT ERROR

V664 03300 @73304 STA ERR1 STORE NEW NUMBER

665 3301 @62430 LDA aSl RESTORE A

p666 93302 V66435 LDB 8BSl - RESTORE 8

8667 93303 127272 JMP ERAD,I EXIT

2668 03304 2000vd® LtRR1 OCT o ERROR STORAGE

6669 03305 20PVVY EtRRZ OCT ¢ INITIAL ERROR

p6T0+
P6T1I*ERROR PRINTOUT ROUTINE

A-15
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ERKROR NOP
LOA BITC
SLA
JMP E1]
CLF ©
LOA ERVDAT
ALF
AND MSK3
JSB +2NUM
STB MES9+3
LDA ERDAT
ALF sALF
KAL ¢ RAL
JSB <« Z2NUM
STB MESS+4
ALF
RAL o AL
JSb +2NUM
STB MES9+S
LDA MLY
LDB MAD9
JSH 1¥2By1
LDA ERDAT
HLT o

il JMP ERRORs1

ERDAT OCT o

O744+#DATA BUFFER ERRUR PRINTOUT

geTcw

Q673 @¥3306 200BRY
p6Ta Y3307 V63207
¥6e75 ©3310 0000lw
676 ©¥3311 27336
8677 93312 103100
Y678 23313 ¥63337
PE6T9 @331« V1TV
vo8Y ©331S ©12413
V681  ¥W3316 V17406
0682 @3317 076353
0683 83320 063337
2684 Y3321 velret
P685 3322 pvl222
P68B6 ©¥3323 ©vWlT406
2687 ©3324 276354
V688 93325 001700
Wo8Y9 Q3326 pol2z2
2690 93327 017406
v691 23330 976355
V692 3331 062356
w693 B3332 V66347
0694 3333 114102
9695 ©¥3334 Y63337
0696 Y3335 1@20v9
p697 93336 127306
Y69 ©¥3337 00VVRY
0699#

P7014%

P70v2 @3340 000000
D703 V3341 076436
¢cTvs V3342 PT2433
B705 ©3343 pA1700
706 ©@3344 Pl2413 -
707 @3345 017406
6Tud ©3346 PT76365
@709 ©3347 V62433
7190 ©3350 ¥P1727
P711 ©3351 @0le222
0712 23352 w1146
D713 ©3353 076366
@714 03354 001700
8715 ©3355 @oleee
2716 ©@3356 Q17406
@717 ©¥3357 076367
@718 @3360 062436
¢719 ©3361 001700
R72¢ Y3362 012413
8721 ©3363 V17406
@722 ©3364 P16377
@723 w3365 062436
@724 w3366 Q01727
V725 ©€3367 0vlz2e22
2726 €3370 V17406
2727 ©3371 076400
@728 93372 ¥O1T00

A-16

DAT NOP
STH
STA
ALF
AND

JSH

BS2
AS4

MSK3

o 2NUM
STB MES10+5
LDA AS4
ALF o ALF
RALsRAL

JSB <+2NUM
STB MESlu+6
ALF

RAL s RAL

JSB <« 2NUM
STB MES10+7
LOA B52

ALF
AND
JSb

MSK3

« 2NUM
STB MES10+15
LDA BS2
ALF s ALF
RALyRAL

JSB «2NUM
ST8 MES14+16
ALF

ERKOR SUBROUTINE

DISABLE INTERRUPT SYSTEM
LOAD ERROR NUMBER IN A
PACK

ERROR
NUMBER
AND
STORE
1T IN THE
ERROK
ME SSAGE
BASIC TEST
ERROR
MESSAGE
EXIT

ERROR NUMBER STORAGE

OUTPUT/INPUT PRINTOUT ROUTINE

STORE B
STORE A
PACK
OuTPUT
WORD
AND
STORE
1T IN
THE
ERROR
MESSAGE

PACK
INPUT
WORD
AND
STORE
“IT IN
THE
ERKROR
MESSAGE
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2729 03373 e0l222 RAL s RAL

0730 Y3374 D17406 JSB «2NUM

P731 ©3375 076401 STB MES10+17

@732 03376 062402 LDA MLl PRINT ERROR MESSAGE

@733 03377 066357 LDOB MAD1o OUTPUT = INPUT =
@734 03400 114102 JSB 102Bs

0735 ©3401 016417 JSB EOL LINE FEED

0736 ©3492 102000 HLT @ HALT AFTER ERROR

@737 83403 062433 LDA AS4 RESTORE A

0738 Q3404 066436 LDB BS2 RESTORE B

0739 03405 127340 JMP DATs1 EX1T SUBROUTINE

DT40%

@T41%PACK TwO ASCII NUMBERS SUBROUTINE

D742

8743 03406 Q0VVVVO «2NUM NOP ENTER SUBROUTINE

0744 ©3407 @72434 STA ASS STORE A

0745 03410 001323 RAR s RAR FORMAT

B746 03411 vol300 RAR ' FIRST

0747 03412 0lc4ll AND MSK2 NUMBER

@748 ©3413 932414 IOR Cl

@749 03414 @@1727 ALF 9 ALF

750 ©3415 870001 STa 1 STORE IT IN B REG

P751 V3416 062434 LOA ASS FORMAT

P752 03417 @l2412 AND MSKZ2 SECOND

753 03420 032414 IOR Cl NUMBER

P754 ©¥3421 03000l IOR 1 ’ PACK BOTH

B755 3422 070001 STa 1 NUMBERS INTO B

0756 1¥3423 V62434 LDA AS5 RESTORE A

P757 Y3424 127406 JMP «¢NUMsI  EXIT SUBROUTINE

Q7Su# ‘

P759# ,
076y ©3425 Yovewd 1BAD NOP ILLEGAL INTERRUPT ROUTINE
8761 03426 V63432 LDA ERJMP STORE ERROR

0762 03427 D700V STaAl STa © ROUTINE IN DVSI ADDRESS
0763 03430 V02400 CLA ' '
B764 3431 127425 JMP IBAD,I EX1T SUBROUTINE

2765 13432 11411¢ ERJIMP JSB 1108yl IBAD STATERENT

p766%

PT6T*

P768 ¥3433 000000 10K  NOP LEGAL INTERRUPT ROUTINE
0769 ¥3434 063437 LOA SuOK STORE LEGAL JUMP

0770 ©3435 Q70000 STA2 STA @ ROUTINE IN DVSI ADDRESS
@771 3436 127433 JMP IUK, I EXIT SUBROUTINE

9772 03437 114111 SBO0K JSB 111891 10K STATEMENT

P773%

PTT74%

BTTS  ©3440 VVOVVY INTR NOP LEGAL JUMP ROUTINE

8776 03441 V63440 LDA INTR EQUIVALENT '

OTT7 V3442 pU2P04 INA TO A

@778  0W3443 YB2004 INA JMP %42

BT79 03444 073449 STA INTR IN DVSI ADDRESS
7808 ©3445 127440 JMP INTRs1 EXIT TO NEW ADDRESS
p7B1%

p782#%

@783 Y3446 VVOVYY® CONTR NOP INTERRUPT CONTROL SUBROUTINE
0784 23447 002400 CLA USING STF AND STC 1o TEST

@785 ©3450 1067v¥0 CLC4 CLC ¢

A-17
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103100
102621
17272
017425
102100
0000V
VYLV
102100
10210v
el7272
017433
102700
VYVYLY
YooY
17306
VoYYV
102100
vwlr2712
Y17425
loeTue
1021uv
lo2700
QVYoYY
VOVOVY
1210
wl7272
Pl7433
103100
(") 1"
VLVLLVEe
v1l7306
Vo0V
"X 12%]
102100
vl17272
Vl7425
1v67v0
102100
103106
102700
VOVNVY
vl7104
102100
w3207
Vovelo
vers1s
w63206
vwovYly
1¥2vvo
1274406

CLF6
ASSGN

STF

STFe

STCo

CLCS
STF3
STC7

CLF7

CLCy
STF«
CLF8
STCs

V83T#UATA BUFFER TESTS

A-18

P786 3451
2787 V3452
P788 23453
2789 03454
@790 ¥3455
791 03456
792 03457
w793 03460
A794 3461
P795 Q3462
@796 Y3463
V797 V3464
w798 43465
V799 23466
P8V V3467
9881 V34Tv
PBwe Y371
VBB3 V3472
PBPe V3473
BOS Y3474
Y8V6 03475
R80T 23476
Bwevs V3477
wHYY V3540
vBlyw w3591
¥vBll ©V35w¥?e
. vBle 03543
813 03504
YBla  v35¥5
¥8l5  ©¥3546
v8l6 3547
w817 @351
w8l 3511
¥w8l9 Y3512
vuB2e V3513
0821 Y3514
822 w3515
Y823 Y3516
824+ V3517
vBeS v352v
pHe6  ©v3s21
827 V3522
w828 V3523
w829 Y3524
P83v 3525
@831 v3526
Y83¢ 03527
Y833 ©3%3v
QB34 ¥3531
w835 V3532
¢836%
¢B38#
Ye3dy ©¢3533
2840 V3534
vB4]1 93535
@84z 23536

VYYdvid
107 7ww
vwbl24cl
ne6217

LUIC

CLF
0Ta
JsB
J58
STF
NOP
NOP
STF
STF
Js8
JsB
STC
NOP
NOP
Jsy
NOP
STH
Jog
Jss
CLC
STF
STC

NOP

NOP
STF
JsSs
JSu
CLF
NOP
NOF
JSB
NOP
NOP
STF

JSHB
JSs
CLC
STF

CLF
STC
NOP
JSi
STF
LDA
SLA
JMP
LDA
SLha
HLT
JMp

HOP
CLC
Loa
LDOb

ExAD
I8AD

MODE
]
BITe

CLCY
BIT]

"]
CONTR1

AaC
ML4
MAU&

12661A

ASSIGNS FLAG UR ALARM MODE
INCREMENT ERRQOR MESSAGE
PREPARE ILLEGAL INTEKRRUPT

NO INTERRUPT CONTROL NOT SET

ENABLE INTERRUPT SYSTEM

TO RESET FBFF IF INTERRUPTS
INCREMENT £RROR MESSAGE

PREPARE LEGAL INTERRUPT

SHOULD INTERRUPT (INTERLOCK SET)

ENABLE INTERRUPT SYSTEM

" INCREMENT ERKRUR MESSAGE

PREPARE ILLEGAL INTERRUPT
ENABLES STF

SETS FuFF

INTERLOCK STILL SET NO INTERRURT

ENABLE INTEKRUPT SYSTEM
INCREMENT ERROR MESSAGE
PREPARE LEGAL INTERRUPT
CLEARS INTELUCK SHOULD INTERRUPT

FBFF CLEAR? INTERLOCK SET?

ENABLE INTERRUPT SYSTEM
INCREMENT ERROR

PREPARE ILLEGAL INTERRUPT
ENABLES STF

SETS FBFF

CLEARS FBFFs INTERLOCK
SHOULDNT INTERRUPT

STORE SWITCH REGISTEK
ENABLE INTERRUPT SYSTEM

LOOk?

YES.

NQe«

HALT?

YES.

EXIT SUBROUTINE

DATA OUT/IN COMPARE ROUTINE
DISABLE INTERRUPT SYSTEM
PRINT MESSAGE =

DATA BUFFER TEST PLUG NO,1
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PAGE 2019 wel

9843
2844
9845
8846
0847
2848
0849
8850
8851
0852
2853
9854
@855
2856
0857
p8s8
2859
2860
8861
9862
2863
0864
2865
2866
2867
2868+
2869+
@870
2871
@872
2873
9874
2875
2876
2877
2878
0879
@88¢
2881
p882
0883
8884
2885
0886
0887
2888
0889
0890
0891
2892
0893
0894
889s
2896
2897
2898
2899+

93537
23544
03541
035642
23543
03544
23545
03546
03547
03550
23551
03552
03553
#3556
03555
03556
03557
03560
83561
93562
83563
83564
#3565
83566
03567

©3570
93571
23572
03573
03574
03575
03576
03577
03600
03601
23602
03603
03604
03605
03606
23607
23610
03611
83612
03613
03616
83615
¢3616
03617
63620
23621
83622
03623
23624

114102
016417
102004
967755
V77765
#6574¢
075743
875742
865745
877623
Q17570
062264
#66243
114102
V16417
162001
067755
077765
065740
P75743
117776
267756
77623
017578
027625

2OVLV0Y
8271757
065742
106700
106606
102700
017766
102500
831751
072432
gi7164
063207
200010
027757
863206
200010
102000
066432
061743
055743
027616
017340
061743
251746
127570
202004
071743
671742
027572

START

PT1

CLCe
0184
STCY

LIAL

JSB
JSB
HLT
LD8
sT8
LOB
ST8
1:]
LDB
s18
JSB
LDA
LD8
JS8
Js8
HLT
LOB
ST8
LDB
STy
Jss
Lo8
sT8
Jse
JMP

NOP
JMP
LDB
cLC
018

1028, 1
EOL

LOOP3
LOOP
INITI1
COMPR
ouTt
COND1
COND
START
MLS
MADS
1¥28s1
EOL

LOOP3
LOOP
INITI
COMPR
TST2s1
COND2
COND
START
suolIC

PT2
ouT
(]
0

STC o

Jss
LIA
I0R
STA
JsB
LDA
SLA
JMP
LDA
SLA
HLT
LDB
LDA
CcPB
JMP
JsB

- LDA

Cconb

CPA
JMP

INA

STA
STA
JMP

DELAY
]
MSK4
AS3
MOLE
BIT2

PT2
BIT1

"]

AS3
COMPR
COMPR
#*e2

DAT
COMPR
END1
START, I

COMPR
ouT
PTi

Appendix A

PUSH RUN
LINE FEED

TEST LOOP CONDITION

LOAD INITIAL
OUTPUT FOR COMPARISON
AND STORE

FIRST TEST CONDITION

EXECUTE 1ST TEST
PRINT MESSAGE -
CONNECT PLUG NO. 2
AND PUSH RUN
LINE FEED
HALT TO CONNECT PLUG NO. 2
TEST LOOP CONDITION

LOAD INITIAL OUTPUT

FOR COMPARISON - STORE
SET Up END PTS AND CONTROLs TEST
SECOND TEST CONDITION

EXECUTE 2ND TEST
JUMP TO TEST 354 ROUTINE

DATA BUFFER SUBROUTINE

CLEAR DATA BUFFERS

PLACE OUTPUT WORD IN B REG
DISABLE INTERRUPT

OUTPUT B TO DvsI

DISABLE MODE ASSIGNMENT

TIME DELAY FOR BUFFERS TO SETTLE
PLACE IOBI WORD IN A REG

MASK BITS 1551413

CHECK SWITCH REGISTER

LOOP FOR SCOPE TEST?

YES.

NO.

HALT TO SET SW REG?

YES.

LOAD INPUT IN B

LOAD OUTPUT COMPARISON IN A
OUTPUT = INPUT? ~

YES.

NOe ERROR PRINTOUT

IS THIS THE LAST TEST?
YES. EXIT SUBROUTINE
NO. NEXT OUTPUT WORD

1ST OR 2ND TEST CONDITION
NEXT OUTPUT

A-19
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PAGE 002y #91

PIYve#

0901
09072
2903
VoV«
©vIvsS
[AET])
0907
WL X]
T/
¥ole
goll
vw9le
@913
vw9l4a
915
pylo
6917
w918
0919
©92v
b921
v9ee
v9e3
¥924
£925
w926
0927
928
©¥929
P93¢
ue 3l
v93e
2933
3934
V935
0936
w937
9938
¥939
Vo4
2941
294¢
¥943
2944
P94S
V946
0947
2948
2949
2950
$P9S51
2952
2953
954
w955
0¥956

V3629
3626
03627
w3630
03631
¥363¢
23633
Vw3634
¥3635
03636
w3637
Y364y
H3641
Vw364l
36643
Ww3b44s
©¥3645
d3646
3647
0w365¥
v3iesbl
3652
3653
vw3654
Vw3659
V3656
3657
Y366y
V3661
w3662
¥3663
V3664
D3665
Y3666
3667
w3679
Vw3671
w3672
©w361/73
03674
©3e7s
¢3676
yw3677
Yw370v0
vw3iTevl
Vw372
V37403
W3Tde
Y3795
w376
037v7
W3Tliwv
3711
w3712
©3713
wille

062306
066265
llaluc
wlesl?7
102003
VweT753
V77765
V65 T4
@75744
15742
vwi5743
¢ooTar
lo6700
lvehvw
lvebow
lvz7v0
vl/766
locesvn
wid«32
vi7lex
ne32v7
Vowolo
werlrs’t
vobi3lvo
ool
1vlevdw
66432
v6l744
Vwoblas
ullvbu
wvl7iaw
wWb1743
v31751
wSlrat
vlilldl
Wocdd4
w71743
vw3li5¢
11744
wes 743
Vebucd
LvOvwuw
Ww1574c¢
Ve 1549
VW6233vu
vbo 3/
llalue
d16417
locwwi
WweT154
17165
wos 741
c15Tar
0bl753
V71704
165764

SUOIC

PT3
cLc7?
0TH>
Qibtio
STClw

LIAZ

FINLIS

FiS

LUA
LU
JoSu
Jot3
HLT
Lo
ST
Lop
ST
STy
STe
LDb
cLC
ulb
ulb
STC
JSu
LIA
STa
JSB
LDA
sLA
JMP
LUA
SLA
HLT
Lug
Lua
CPt
JMP
J5B
LUA
Lok
CPA
JMP
LiNA
STa
T0K
STA
LUt

ML6
MAL 6
lucesl
EOL

LOOP ]
LOOP
INIT
Crr
ouT
CUMFR
uuT

"4

¥

("

"]
UelLAY
A
ASJ3
MUODE
BlTe

P12
81Tl

v

ASJ3
kR
CPR
el
uAT
CUMFR
MSK4
Enbe
FINIS

COMPK
MSKS
CPR
COMPR

BLSedL>

BLS
STb
JMP
LDA
LDB
JSb
JsSb
HLT
Lob
STl
LoB
oTH
LDA
STa
LOb

QuT
PT3
ML7T
MAD7
1veBo |
tuL

7
Loor2
LOOP
INIT
uuT
CMPBF
ALCMP
AUCMP o ]

12661A

PRINT MESSAGE -
CONNECT PLUG NU. 3
ANU PUSH RUN

HALT TO CONNECT PLUG NO, 3
TEST LOOP CONDITION

SET UP AND
STORE 187
QUTPUT FOK
COMPAK ] SON
LOAD
AND
ouTPUT
2ND wWyRD
DISABLE MODE ASSIGNMENT
TIME DELAY FOR BUFFERS 10 SeTTLt
PLACE I0Bl1 WORD IN A RtG
STORE INPUT
CHECK SWITCH REGISTEK

LOOP FOUR TESTING?

YES.

NO.

HALT?

YES.

LOAD INPUT IN B

LOAD OUTPUT COMPARISON IN A
OUTPUT = INPUT?2

YES, ,

NO. ERROK PRINTOUT

Is THIS THE LAST TEST?
YES.
NO, INCREMENT COMPARISON

MASK BIT 4
STOKE IN OUTPUT COMPARISON
SHIFT COMPARISON
QUTPUT FROM POSITIUNS
0-4 TO 3-7 AND STORE
IN OUTPUT LOCATION
NEXT OUTPUT

"PRINT MESSAGE -

CONNECT PLUG NO. «
AND PUSH RUN

HALT TO CONNECT PLUG NO, 4
TEST LOOP CONDITION

SET UP AND STORE
1ST OUTPUT WORD
LOAD ADDRESS OF 1ST
COMPARISON WORD AND STORE
LOAL OUTPUT COMPARISON INTO g
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PAGE

2957
9958
2959
896¢
2961
2962
2963
R964
0965
2966
Y67
2968
2969
@970
2971
@972
973
0974
@975
0976
977
2978
@979
2980
2981
982
2983
2984
2985
2986
0woBT*
9988
989
©999
9991
w992+
2993
2994
0995
P996
¢997
2998
0999
1200%
1001+
100¢
1003
lvos
1005
10v6
1007
1908
1009
1810%
1211+
1012
1213

o2l 80l

93715
w3716
03717
03720
B3r2l
93722
83723
V3724
83725
03726
p3727
Vw3730
03731
03732
03733
03734
03735
©3736
w3737
w3749
¥3741
W3Ta2
Vw3743
¢3T44
Y3745
3746
BW3T7aT
83759
V3751
0375¢

¥3753
#3754
03755
3756

Vw3757
03760
w3761
w3762
¢3763
V376«
63765

w3706
Vw3767
v3770
03771
©3772
w3773
V3774
Vw3775

B3776
V4000

V75744
265747
1867pv
106600
lvboyw
102700
17766
102500
72432
17164
d63cv7
¥00¢1lv
82775/
vWos32V6
Vovple
102v00
Ywe6432
Vol744
¥WSH 744
pwol74c
VW1734y¢
voS5 742
55750
127533
Yobvvs
D757«c
volT764
Vo2vds
vw71764
verria

veT164y
veT714
271512
117776

YYo4vP
lo67ve
106600
1060600
VoRvALY
QibYvvY
weisie

Vwodvvo
072432
vwe3775
Y34y
vw21771
0é6cu3?
127766
17776y

P04V IY

CLCle
0Tb7
0TBs
sTCll

LIAS

LUOP]
LOuPZ
LOOP3
CONLZ2
P12
oTBY9
oTBlY
LOOP

DELAY

TImME

IsTe

STB
LDbB
CLC
0Tl
OTB

CPR
ouT
("]
(]
(/]

STC ¢

JSt
LIA
STA
Jss
LOA
SLA
JIMP
LDA
SLA
HLT
LDB
LDA
CPB
JMP
JsB
LD8
cPB
JMP
INB
STH
LOA
INA
STA
JMP

JMP
JMP
JMP
JSb

LB
CLC
0T8
0Tv
NOP
NOP
JMP

NOP
STA
LDA
isZ
JMp
LDA
JMP
uCT

VEF
ORG

DELAY
o
AS3
MOUE
BIT2

PTe
slTl

"]

AS3
CPR
CPR
*e7
DAT
ouT
ENL3
DUICs1

ouT
ADCMP

AUCMP
PTS

PT3
PTS
PT1
TST2s 1

s s8sS

PT1

AS3
TIME

)]

#e]

AS3
DeLAY, I
-c

TESTe
4o0dB

Appendix A

LOAD

AND

VUTPUT
2ND WORD

DISABLE MODE ASSIGNMENT
TIME DELAY FOR BUFFERS TO SETTLt
PLACE I0B1 wOrRD IN A REG
STORE INPUT

LOOP FOR TEST?

YESe.

NG e

HALT?

YES,

LOAD INPUT IN B

LOAD OUTPUT COMPARISON IN A
QUTPUT = INPUT?

YESe

NO. ERROR PRINTQUT

IS THIS THE LAST UATA WORD?
EX1T SUBROUTINE
NO. INCREMENT

AND STORE
NEXT

COMPARISON

WORD

NEXT QUTPUT

CALL TESTZ
LOOP ENTRY POINT

Tu CLEAR THE
DATA BUFFERS

ENTER SUBROUTINE
STORE A

LOAD TIME DELAY
COUNT TO TIME

- THEN CONTINUE
RESTORE A

TEST2 LINKAGE
ORIGIN OF TEST2

A-21
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PAGE

1414
1015
1016
1017
1018
1019
1020+
1021
1022+
1023
1824
1025
1026
1827
1028
1029
1030
1031
1832
1033
1034
1835+
1036
1837
1038
1239
1040
1041
1042
1043
1044
1045
1046%
1047+
1048

0022 w#dl

04000
P01
04002
04003
04004
4005

04006

01740
81749
gl741
01742
01743
01744
01745
€l1746
01747
01750
¥1751
91752

91753
#1754
21755
v1756
v1757
gl760
P1761
01762
©v1763
01764

¥20000
065743
0@5727
875762
006420
126008

160000
12v000
090000
200000
200000
071742
160377
160837
120007
160009
200020

PO1754
160001
l60002

160004

160010
120020
120049
120100
120200
000000

##  NO ERRORS*®

A-22

TESTR

INITL
INIT
ouT
COMPR
CPR
COND1
END1
END2
END3
MSK&4
MSKS

CMPBF
D1
b2
03
D4
LS
L6
D7
L8
ADCMP

NOP
LOB

COMPR

BLF sBLF

ST8
CLb
JMP

EQu

ORG
ocT
oct
ocT
ocT
ocT
STA
ocT
ocT
ocT
ocY
oCT

DEF
OCT
oCT
oCT

_0CT

ocT
ocT
oCT
ocrt
oCT

END

out
TEST2s1

+*

17408
160009
120000
0

v

]

ouT
160377
1606037
120207
16000¢
20

#Ql
160001
l16v002
l6vpvs
160010
l2vuee
120040
124100
12vcvv
2

12661A

ROUTINE TO SHIFT I0BO BITS
FROM POSITIONS @-7 TO
POSITIONS 8-15
STORE 1080 IN OUTPUT STORAGE
EXIT
FWAM - IST wD AVAIL MEM.
DATA STORAGE

INITIAL VALUE 1080
10B0 OUTPUT WORD STORAGE

TERMINATING VALUE 3 BITS

BIT 4 MASK



UNITED STATES

ALABAMA

8290 Whitesburg Dr., S.E.
P.0. Box 4207

Hunstville 35802

Tel: (205) 881-4591

TWX: 810-726-2204

ARIZONA

2336 E. Magnolia St.
Phaenix 85034

Tel: (602) 244-1361
TWX: 910-951-1330

5737 East Broadway
Tucson 85711

Tel: (602) 298-2313
TWX: 910-952-1162

(Effective Dec. 15, 1973)
2424 East Aragon Rd.
Tucson 85706

Tel: (602) 889-4661

CALIFORNIA

1430 East Orangethorpe Ave.
Fullerton 92631

Tel: (714) 870-1000

TWX: 910-592-1288

3939 Lankershim Boulevard
North Hollywood 91604
Tel: (213) 877-1282

TWX: 910-499-2170

6305 Arizona Place
Los Angeles S0045
Tel: (213) 649-2511
TWX: 910-328-6148

1101 Embarcadero Road
Palo Alto 94303

Tel: (415) 327-6500
TWX: 910-373-1280

2220 Watt Ave.

Sacramento 95825
Tel: (916) 482-1463
TWX: 910-367-2092

9606 Aero Drive
P.0. Box 23333
San Diego 92123
Tel: (714) 279-3200
TWX: 910-335-2000

COLORADO

7965 East Prentice
Englewood 80110
Tel: (303) 771-3455
TWX: 910-935-0705

CONNECTICUT
12 Lunar Drive
New Haven 06525
Tel: (203) 389-6551
TWX: 710-465-2029

FLORIDA

P.0. Box 24210

2806 W. Oakland Park Blvd.
Ft. Lauderdale 33307

Tel: (305) 731-2020

TWX: 510-955-4099

P.0. Box 13910

6177 Lake Ellenor Dr.
Orlando, 32809

Tel: (305) 859-2900
TWX: 810-850-0113

GEORGIA

P.0. Box 28234

450 Interstate North
Atlanta 30328

Tel: (404) 436-6181
TWX: 810-766-4890

HAWAII

2875 So. King Street
Honolulu 96814

Tel: (808) 955-4455

ILLINOIS

5500 Howard Street
Skokie 60076

Tel: (312) 677-0400
TWX: 910-223-3613

INDIANA

3839 Meadows Drive
Indianapolis 46205
Tel: (317) 546-4891
TWX: 810-341-3263

LOUISIANA

P. 0. Box 840

3239 Williams Boulevard
Kenner 70062

Tel: (504) 721-6201
TWX: 810-955-5524

ELECTRONIC

SALES & SERVICE OFFICES

MARYLAND

6707 Whitestone Road
Baitimore 21207

Tel: (301) 944-5400
TWX: 710-862-9157

20010 Century Blvd.
Germantown 20767
Tel: (31) 428-0700

P.0. Box 1648

2 Choke Cherry Road
Rockville 20850
Tel: (301) 948-6370
TWX: 710-828-9684

MASSACHUSETTS
32 Hartwell Ave.
Lexington 02173
Tel: (617) 861-8960
TWX: 710-326-6904

MICHIGAN

23855 Research Drive
Farmington 48024
Tel: (313) 476-6400
TWX: 810-242-2900

MINNESOTA

2459 University Avenue
St. Paul 55114

Tel: (612) 645-9461
TWX: 910-563-3734

MISSOURI

11131 Colorado Ave.
Kansas City 64137
Tel: (816) 763-8000
TWX: 910-771-2087

148 Weldon Parkway
Maryland Heights 63043
Tel: (314) 567-1455
TWX: 910-764-0830

*NEVADA

Las Vegas

Tel: (702) 382-5777
NEW JERSEY

1060 N. Kings Highway
Cherry Hill 08034

Tel: (609) 667-4000
TWX: 710-892-4945

W. 120 Century Rd.
Paramus 07652

Tel: (201) 265-5000
TWX: 710-990-4951

NEW MEXICO

P.0. Box 8366

Station C

6501 Lomas Boulevard N.E.
Albuquerque 87108

Tel: (505) 265-3713

TWX: 910-989-1665

156 Wyatt Drive
Las Cruces 88001
Tel: (505) 526-2485
TWX: 910-983-0550

NEW YORK

6 Automation Lane
Computer Park
Albany 12205

Tel: (518) 458-1550
TWX: 710-441-8270

1219 Campville Road
Endicott 13760

Tel: (607) 754-0050
TWX: 510-252-0890

New York City

Manhattan, Bronx

Contact Paramus, NJ Office
Tel: (201) 265-5000
Brooklyn, Queens, Richmond
Contact Woodbury, NY Office
Tel: (516) 921-0300

82 Washington Street
Poughkeepsie 12601
Tel: (914) 454-7330
TWX: 510-248-0012

39 Saginaw Drive
Rochester 14623
Tel: (716) 473-9500
TWX: 510-253-5981

5858 East Molloy Road
Syracuse 13211

Tel: (315) 454-2486
TWX: 710-541-0482

1 Crossways Park West
Woodbury 11797

Tel: (516) 921-0300
TWX: 510-221-2168

NORTH CAROLINA
P.0. Box 5188

1923 North Main Street
High Point 27262

Tel: (919) 885-8101
TWX: 510-926-1516

25575 Center Ridge Road
Cleveland 44145

Tel: (216) 835-0300
TWX: 810-427-9129

330 Progress Rd.
Dayton 45449

Tel: (513) 859-8202
TWX: 810-459-1925

6665 Busch Blvd.
Columbus 43229
Tel: (614) 846-1300

OKLAHOMA

P.0. Box 32008
Oklahoma City 73132
Tel: (405) 721-0200
TWX: 910-830-6862

OREGON .
17890 SW Boones Ferry Road
Tualatin 97062

Tel: (503) 620-3350

TWX: 910-467-8714

PENNSYLVANIA

2500 Moss Side Boulevard
Monroeville 15146

Tel: (412) 271-0724

TWX: 710-797-3650

1021 8th Avenue

King of Prussia Industrial Park
King of Prussia 19406

Tel: (215) 265-7000

TWX: 510-660-2670

RHODE ISLAND
873 Waterman Ave.
East Providence 02914
Tel: (401) 434-5535
TWX: 710-381-7573

*TENNESSEE
Memphis
Tel: (901) 274-7472

TEXAS

P.0. Box 1270

201 E. Arapaho Rd.
Richardson 75080
Tel: (214) 231-6101
TWX: 910-867-4723
P.0. Box 27409
6300 Westpark Drive
Suite 100

Houston 77027

Tel: (713) 781-6000
TWX: 910-881-2645

231 Billy Mitchell Road
San Antonio 78226
Tel: (512) 434-4171
TWX: 910-871-1170

UTAH

2890 South Main Street
Salt Lake City 84115
Tel: (801) 487-0715
TWX: 910-925-5681
VIRGINIA

P.0. Box-6514

2111 Spencer Road
Richmond 23230
Tel: (804) 285-3431
TWX: 710-956-0157

WASHINGTON
Bellefield Office Pk.
1203 - 114th SE
Bellevue 98004

Tel: (206) 454-3971
TWX: 910-443-2303

*WEST VIRGINIA
Charleston
Tel: (304) 345-1640

WISCONSIN

8431 W. Beloit Road
Suite 117
Milwaukee 53227
Tel: (414) 541-0550

FOR U.S. AREAS NOT
LISTED:

Contact the regional office near-
est you: Atlanta, Georgia...
North Hollywood, California. ..
Paramus, New Jersey . . . Skokie,
Ilinois. Their complete ad-
dresses are listed above.
*Service Only

CANADA

ALBERTA

Hewlett-Packard (Canada) Ltd.
11748 Kingsway Ave.
Edmonton TSG 0X5

Tel: (403) 452-3670

TWX: 610-831-2431

Hewlett-Packard (Canada) Ltd.
825 - 8th Ave., S.W.
Suite 804

Calgary
Tel: (403) 262-4279

BRITISH COLUMBIA
Hewlett-Packard (Canada) Ltd.
837 E. Cordova St.

Vancouver 6

Tel: (604) 254-0531

MANITOBA

Hewlett-Packard (Canada) Ltd.
513 Century St.

Winnipeg

Tel: (204) 786-7581

TWX: 610-671-3531

NOVA SCOTIA
Hewlett-Packard (Canada) Ltd.
2745 Dutch Village Rd.

Suite 210

Halifax

Tel: (902) 455-0511

TWX: 610-271-4482

ONTARIO

Hewilett-Packard (Canada) Ltd.
1785 Woodward Dr.

Ottawa K2C 0P9

Tel: (613) 255-6180, 255-6530
TWX: 610-562-8968

Hewlett-Packard (Canada) Ltd.

50 Galaxy Blvd.
Rexdale

Tel: (416) 677-9611
TWX: 610-492-4246

QUEBEC
Hewlett-Packard (Canada) Ltd.
275 Hymus Boulevard

Pointe Claire H9R 167

Tel: (514) 697-4232

TWX: 610-422-3022

Telex: 01-20607

Hewlett-Packard (Canada) Ltd.
2376 Galvani Street

Stefoy GIN 4G4

Tel: (418) 688-8710

FOR CANADIAN AREAS NOT
LISTED:

Contact Hewlett-Packard (Can-
ada) Ltd. in Pointe Claire.

CENTRAL AND SOUTH AMERICA

ARGENTINA

Hewlett-Packard Argentina
S.AC.e.l

Lavalle 1171-3°

Buenos Aires

Tel: 35-0436, 35-0627, 35-0341
Telex: 012-1009

Cable: HEWPACK ARG

BOLIVIA

Stambuk & Mark (Bolivia) LTDA.
Av. Mariscal, Santa Cruz 1342
La paz

Tel: 40626, 53163, 52421
Telex: 3560014

Cable: BUKMAR

BRAZIL

Hewlett-Packard Do Brasil
I.LE.C. Ltda.

Rua Frei Caneca 1119
01307-Sao Paulo-SP

Tel: 288-7111, 287-5858
Telex: 309151/2/3

Cable: HEWPACK Sao Paulo

Hewlett-Packard Do Brasil
ILE.C. Ltda.

Praca Dom Feliciano, 78
90000-Porto Alegre-RS

Rio Grande do Sul (RS) Brasil
Tel: 25-8470

Cable: HEWPACK Porto Alegre

Hewlett-Packard Do Brasil
1.E.C. Ltda.

Rua da Matriz, 29

20000-Rio de Janeiro-GB

Tel: 266-2643

Telex: 210079 HEWPACK

Cable: HEWPACK Rio de Janeiro

CHILE

Héctor Calcagni y Cia, Ltda.
Casilla 16.475

Santiago

Tel: 423 96

Cable: CALCAGN! Santiago

COLOMBIA
Instrumentacién

Henrik A. Langebaek & Kier S.A.

Carrera 7 No. 48-59
Apartado Aéreo 6287
Bogota, 1 D.E.

Tel: 45-78-06, 45-55-46
Cable: AARIS Bogota
Telex: 44400INSTCO

COSTA RICA

Lic. Alfredo Gallegos Gurdién
Apartado 10159

San José

Tel: 21-86-13

Cable: GALGUR San José

ECUADOR

Laboratorios de Radio-Ingenieria

Calle Guayaquil 1246
Post Office Box 3199
Quito

Tel: 212-496; 219-185
Cable: HORVATH Quito

EL SALVADOR

Electronic Associates
Apartado Postal 1682

Centro Comercial Gigante

San Salvador, E| Salvador C.A.
Paseo Escalon 4649-4° Piso
Tel: 23-44-60, 23-32-37
Cable: ELECAS

GUATEMALA
IPESA

Avenida La Reforma 3-48,
Zona 9

Guatemala

Tel: 63627, 64736

Telex: 4192 TELTRO GU

MEXICO

Hewlett-Packard Mexicana,
S.A. de C.V.

Torres Adalid No. 21, 11° Piso
Col. del Valle

Mexico 12, D.F.

Tel: 543-42-32

Telex: 017-74-507

NICARAGUA

Roberto Terén G.
Apartado Postal 689
Edificio Terdn

Managua

Tel: 3451, 3452

Cable: ROTERAN Managua

PANAMA

Electrbnico Balboa, S.A.

P.0. Box 4929

Ave. Manuel Espinosa No. 13-50
Bidg. Alina

Panama City

Tel: 230833

Telex: 3481103, Curunda,

Canal Zone

Cable: ELECTRON Panama City

PARAGUAY

Z. ). Melamed S.R.L.

Division: Aparatos y Equipos
Medicos

Division: Aparatos y Equipos
Scientificos y de
Invsstlgacion

P.0. Box 676

Chile, 482, Edificio Victoria

Asuncion

Tel: 4-5069, 4-6272

Cable: RAMEL

PERU

Compaiiia Electro Médica S.A.
Ave. Enrique Canaual 312
San Isidro

Casilla 1030

Lima

Tel: 22-3900

Cable: ELMED Lima

PUERTO RICO

San Juan Electronics, Inc.
P.0. Box 5167

Ponce de Leon 154

Pda. 3-PTA de Tierra

San Juan 00906

Tel: (809) 725-3342, 722-3342
Cable: SATRONICS San Juan
Telex: SATRON 3450 332

URUGUAY

Pablo Ferrando S.A.
Comercial e Industrial
Avenida ltalia 2877
Casilla de Correo 370
Montevideo

Tel: 40-3102

Cable: RADIUM Montevideo

VENEZUELA
Hewlett-Packard de Venezuela

WA,
Apartado 50933
Edificio Segre
Tercera Transversal
Los Ruices Norte
Caracas 107
Tel: 35-00-11
Telex: 21146 HEWPACK
Cable: HEWPACK Caracas

FOR AREAS NOT LISTED,

CONTACT:
Hewlett-Packard
Inter-Americas

3200 Hillview Ave.

Palo Alto, California 94304
Tel: (415) 493-1501

TWX: 910-373-1267

Cable: HEWPACK Palo Alto
Telex: 034-8300, 034-8493
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EUROPE

AUSTRIA
Hewlett-Packard Ges.m.b.H
Handelska 52/3

P.0. Box 7

A-1205 Vienna

Tel: (0222) 33 66 06 to 09
Cable: HEWPAK Vienna
Telex: 75923 hewpak a

BELGIUM
Hewlett-Packard Benelux
S.A./N.V.

Avenue de Col-Vert, 1,
(Groenkraaglaan)

B-1170 Brussels

Tel: (02) 72 22 40

Cable: PALOBEN Brussels
Telex: 23 494 paloben bru

DENMARK
Hewlett-Packard A/S
Datavej 38

DK-3460 Birkerod
Tel: (01) 81 66 40
Cable: HEWPACK AS
Telex: 166 40 hp as

Hewlett-Packard A/S
Torvet 9

DK-8600 Silkeborg
Tel: (06) 82-71-66
Telex: 166 40 hp as
Cable: HEWPACK AS

FINLAND
Hewlett-Packard Oy
Bulevardi 26

P.0. Box 12185

SF-00120 Helsinki 12

Tel: (90) 13730

Cable: HEWPACKOY Helsinki
Telex: 12-15363 hel

FRANCE
Hewlett-Packard France
Quartier de Courtaboeuf
Boite Postale No. 6
F-91401 Orsay

Tel: (1) 907 78 25
Cable: HEWPACK Orsay

Hewlett-Packard France
Zone Aéronautique
Avenue Clement Ader
F-31770 Colomiers

Tel: (61) 86 81 55
Telex: 51957

Hewlett-Packard France
Agence Régionale

Hewlett-Packard GmbH
Vertriebsbiiro Hamburg
Wendenstr, 23

D-2000 Hamburg 1

Tel: (040) 24 13 93

Cable: HEWPACKSA Hamburg
Telex: 21 63 032 hphh d

Hewlett- Packavd GmbH

Boulevard Ferato-G ra
Boite Postale No. 11
F-13100 Luynes

Tel: (47) 24 00 66

Telex: 41770

Hewlett-Packard France
Agency Régionale

63, Avenue de Rochester
F-35000 Rennes

Tel: (99) 36 33 21
Telex: 74912 F

Hewlett-Packard France
Agence Régionale

74, Allée de la Robertsau
F-67000 Strasbourg

Tel: (88) 35 23 20/21
Telex: 89141

Cable: HEWPACK STRBG

GERMAN FEDERAL
REPUBLIC
Hewlett-Packard GmbH
Vertriebszentrale Frankfurt
Bernerstrasse 117

Postfach 560 140

D-6000 Frankfurt 56

Tel: (0611) 50 04-1

Cable: HEWPACKSA Frankfurt
Telex: 41 32 49 fra

Hewlett-Packard GmbH
Vertriebsbiiro Boblingen
Herrenbergerstrasse 110
D-7030 Bdblingen, Wiirttemberg
Tel: (07031) 66 72 87

Cable: HEPAK Béblingen

Telex: 72 65 739 bbn

Hewlett-Packard GmbH
Vertriebsbiiro Diisseldorf

Vertri

Mellendorfer Strasse 3
D-3000 Hannover-Kleefeld
Tel: (0511) 55 06 26

Hewlett-Packard GmbH
Vertriebsburo Nuremberg
Hersbruckerstrasse 42
D-8500 Nuremberg

Tel: (0911) 57 10 66
Telex: 623 860

Hewlett-Packard GmbH
Vertriebsbiiro Miinchen
Unterhachinger Strasse 28
ISAR Center

D-8012 Ottobrunn

Tel: (089) 601 30 61/7
Telex: 52 49 85

Cable: HEWPACKSA Miichen

(West Berlin)

Hewlett-Packard GmbH
Vertriebsbiiro Berlin
Wilmersdorfer Strasse 113/114
D-1000 Berlin W. 12

Tel: (030) 3137046

Telex: 18 34 05 hpbin d

GREECE

Kostas Karayannis

18, Ermou Street
GR-Athens 126

Tel: 3230-303, 3230-305
Cable: RAKAR Athens
Telex: 21 59 62 rkar gr

IRELAND

Hewlett-Packard Ltd.

224 Bath Road

GB-Slough, SL1 4 DS, Bucks

ITALY
Hewlett-Packard Itahana S.p.A.
i2

PORTUGAL
Telectra-Empresa Técnica de

Via Amerigo Vesp
1-20124 Milan

Tel: (2) 6251 (10 lines)
Cable: HEWPACKIT Milan
Telex: 32046

Hewlett-Packard Italiana S.p.A.
Piazza Marconi, 25

1-00144 Rome - Eur

Tel: (6) 5912544/5, 5915947
Cable: HEWPACKIT Rome
Telex: 61514

Hewlett-Packard italiana S.p.A.
Vicolo Pastori, 3

1-35100 Padova

Tel: (49) 66 40 62

Telex: 32046 via Milan

Hewlett-Packard Italiana S.p.A.
Via Colli, 24

1-10129 Turin

Tel: (11) 53 82 64

Telex: 32046 via Milan

LUXEMBURG
Hewlett-Packard Benelux
S.A/N.V.

Avenue de Col-Vert, 1,
(Groenkraaglaan)

B-1170 Brussels

Tel: (03/02) 72 22 40
Cable: PALOBEN Brussels
Telex: 23 494

NETHERLANDS
Hewlett-Packard Benelux/N.V.
Weerdestein 117

P.0. Box 7825

NL-Amsterdam, 1011

Tel: 020-42 77 77, 44 29 66
Cable: PALOBEN Amsterdam
Telex: 13 216 hepa n|

NORWAY
Hewlett-Packard Norge A/S
Nesveien 13

Box 149

Eléctricos S.a.r.l.
Rua Rodrigo da Fonseca 103
P.0. Box 2531

P-Lishon 1

Tel: (19) 68 60 72

Cable: TELECTRA Lisbon

Telex: 1598

SPAIN

Hewlett-Packard Espaiiola, S.A.
Jerez No 8

E-Madrid 16

Tel: 458 26 00

Telex: 23515 hpe

Hewlett-Packard Espaiioia, S.A.
Milanesado 21-23

E-Barcelona 17

Tel: (3) 203 62 00

Telex: 52603 hpbe e

SWEDEN

Hewlett-Packard Sverige AB

Enighetsvigen 1-3

Fack

$-161 20 Bromma 20

Tel: (08) 98 12 50

Cable: MEASUREMENTS
Stockholm

Telex: 10721

Hewlett-Packard Sverige AB
Hagakersgatan 9C

$-431 41 Miindal

Tel: (031) 27 68 00/01
Telex: Via Bromma

SWITZERLAND

Hewlett Packard (Schweiz) AG
Ziircherstrasse 20

P.0. Box 64

CH-8952 Schiieren Zurich
Tel: (01) 98 18 21/24

Cable: HPAG CH

Telex: 53933 hpag ch

Hewlett-Packard (Schweiz) AG
9, Chemin Louis-Pictet

TURKEY

Telekom Engineering Bureau
Saglik Sok No. 15/1
Ayaspasa-Beyoglu

P.0. Box 437 Beyoglu

TR- Isunhul

Tel: 49 40

Cable: TELEMA'"ON Istanbul

UNITED KINGDOM
Hewlett-Packard Ltd.

224 Bath Road

GB-Slough, SL1 4 DS, Bucks
Tel: Slough (0753) 33341
Cable: HEWPIE Slough
Telex: 848413

Hewlett-Packard Ltd.
‘“The Graftons’
Stamford New Road
GB-Altrincham, Cheshire
Tel: (061) 928-9021
Telex: 668068

Hewlett-Packard Ltd’s registered
address for V.A.T. purposes
only:

70, Finsbury Pavement

London, EC2A1SX

Registered No: 690597

SOCIALIST COUNTRIES
PLEASE CONTACT:
Hewlett-Packard Ges.m.b.H.
Handelskai 52/3

P.0. Box 7

A-1205 Vienna

Ph: (0222) 33 66 06 to 09
Cable: HEWPACK Vienna
Telex: 75923 hewpak a

ALL OTHER EUROPEAN

COUNTRIES CONTACT:

Hewlett-Packard S.A.

Rue du Bois-du-Lan 7

P.0. Box 85 -

CH-1217 Meyrin 2 Geneva
Switzerland

Tel: (022) 41 54 00

Cable: HEWPACKSA Geneva

Tel: Slough (0753) 33341 N-1344 Haslum CH-1214 Vernier—Geneva d
Telex: 60048 pogelcanger e 38 Cable: HEWPIE Slough Tel: (02) 53 83 60 Tel: (022) 41 4950 Telex: 224 8
Hewlett-Packard France Tel: (0211) 63 80 31/38 Telex: 848413 Telex: 16621 hpnas n Cable: HEWPACKSA Geneva
Agenee Regional Telex: 85/86 533 hpdd d Hewlett-Packard Ltd. Telex: 27 333 hpsa ch
4 Quai des Etroits The Graftons
F-69321 Lyon Cedex 1 Stamford New Road
Tel: (78) 42 63 45 Altrincham, Cheshire
Cable: HEWPACK Lyon Tel: (061) 928-9021
Telex: 31617 Telex: 668068
AFRICA, ASIA, AUSTRALIA
ANGOLA ETHIOPIA Blue Star, Ltd. Yokogawa-Hewlett-Packard Ltd.  The Electronics Instrumenta- TAIWAN

Telectra-Empresa Tecnica
de Equipamentos Electricos
SARL
Rua de Barbosa Rodrigues,
42-1°
P.0. Bax 6487

Luanda
Cable: TELECTRA Luanda

AUSTRALIA

Hewlett-Packard Australia
Pty. Ltd.

22-26 Weir Street

Glen Iris, 3146

Victoria

Tel: 20-1371 (6 lines)

Cable: HEWPARD Melbourne

Telex: 31 024

Hewlett Packard Australia
Ltd.

31 Bndge Street
Pymble,

New South Wales, 2073
Tel: 449 6566

Telex: 21561

Cable: HEWPARD Sydney

Hewlett-Packard Australia
Piy. Ltd.

97 Churchill Road

Prospect 5082

South Australia

Tel: 44 8151

Cable: HEWPARD Adelaide

Hewlett-Packard Australia
Pty. Ltd.

Casablanca Buildings
196 Adelaide Terrace
Perth, W.A. 6000

Tel: 25-6800

Cable: HEWPARD Perth

Hewlett-Packard Australia
Pty. Ltd.

10 Woolley Street

P.0. Box

Dickson A.C.T. 2602

Tel: 49-8194

Cable: HEWPARD Canberra ACT

Hewlett-Packard Australia
Pty. Ltd.

2nd Floor, 49 Gregory Terrace
Brishane, Queensland, 4000
Tel: 29 1544

CEYLON

United Electricals Ltd.
P.0. Box 681

60, Park St.

Colombo 2

Tel: 26696

Cable: HOTPOINT Colombo

CYPRUS

Kypronics

19 Gregorios & Xenopoulos Road
P.0. Box 1152

CY-Nicosia

Tel: 45628/29

Cable: KYPRONICS PANDEHIS

African Salespower & Agency
Private Ltd., Co.

P. 0. Box 718

58/59 Cunningham St.

Addis Ababa

Tel: 12285

Cable: ASACO Addisababa

HONG KONG

Schmidt & Co. (Hong Kong) Ltd.
P.0. Box 297

Connalight Centre

39th Floor

Connaught Road, Central

Hong Kong

Tel: 240168, 232735

Telex: HX4766

Cable: SCHMIDTCO Hong Kong

INDIA

Blue Star Ltd.
Kasturi Buildings
Jamshedji Tata Rd.
Bombay 400 020
Tel: 29 50 21
Telex: 3751

Cable: BLUEFROST

Blue Star Ltd.

Sahas

414/2 Vir Savarkar Marg
Prabhadevi

Bombay 400 025

Tel: 45 78 87

Telex: 4093

Cable: FROSTBLUE

Blue Star Ltd.
Band Box House
Prabhadevi
Bombay 400 025
Tel: 45 73 01
Telex: 3751
Cable: BLUESTAR

Blue Star Ltd.
14/40 Civil Lines
Kampur 208 001
Tel: 6 88

Cable: BI.UESTAR

Blue Star, Ltd.
7 Hare Street
P.0. Box 506
Calcutta 700 001
Tel: 23-0131
Telex: 655
Cable: BLUESTAR

Blue Star Ltd.
Blue Star House,
34 Ring Road
Lajpat Nagar

New Delhi 110 024
Tel: 62 32 76
Telex: 2463
Cable: BLUESTAR

Blue Star, Ltd.

Blue Star House
11/11A Magarath Road
Bangalore 560 025
Tel: 55668

Telex: 430

Cable: BLUESTAR

1-1-117/1

Sarojini Devi Road
Secunderabad 500 003
Tel: 763 91,7 73 93
Cable: BLUEFROST
Telex: 459

Blue Star, Ltd.

23/24 Second Line Beach
Madras 600 001

Tel: 23954

Telex: 379

Cable: BLUESTAR

Blue Star, Ltd.
Nathraj Mansions
2nd Floor Bistupur
Jamshedpur 831 001
Tel: 38 04

Cable: BLUESTAR
Telex: 240

INDONESIA

Bah Bolon Trading Coy. N.V.
Dijalah Merdeka 29
Bandung

Tel: 4915; 51560

Cable: ILMU

Telex: 08-809

iRAN

Multi Corp iInternational Ltd.
Avenue Soraya 130

P.0. Box 1212

IR-Teheran

Tel: 83 10 35-39

Cable: MULTICORP Tehran
Telex: 2893 MCI TN

ISRAEL

Electronics & Engineering
Div. of Motorola Israel Ltd.

17 Aminadav Street

Tel-Aviv

Tel: 36941 (3 lines)

Cable: BASTEL Tel-Aviv

Telex: 33569

JAPAN
Yokogawa-Hewlett-Packard Ltd.
Ohashi Building

1-59-1 Yoyogi

Shibuya-ku, Tokyo

Tel: 03-370-2281/92

Telex: 232-2024YHP

Cable: YHPMARKET TOK 23-724

Yokogawa-Hewlett-Packard Ltd.
Nisei Ibaragi Bldg.

2-2-8 Kasuga

Ibaragi-Shi

Osaka

Tel: (0726) 23-1641

Telex: 5332-385 YHP OSAKA

Yokogawa-Hewlett-Packard Ltd.
Nakamo Building

No. 24 Kamisasazima-cho
Nakamura-ku, Nagoya City
Tel: (052) 571-5171

Yokogawa-Hewlett-Packard Ltd.
Nitto Bldg.

2-4-2 Shinohara-Kita
Kohoku-ku

Yokohama 222

Tel: 045-432-1504

Telex: 382-3204 YHP YOK

Chuo Bldg.

Rm. 603 3,
2-Chome

1ZUMI-f CHO

Mito,

Tel: 0292 25-7470

KENYA

Kenya Kinetics
P.0. Box 18311
Nairobi, Kenya
Tel: 57726
Cable: PROTON

KOREA

American Trading Company
Korea,

1.P.0. Box 1103

Dae Kyung Bldg., 8th Floor

107 Sejong-Ro,

Chongro-Ku, Seoul

Tel: (4 lines) 73-8924-7

Cable: AMTRACO Seoul

LEBANON

Constantin E Macndis

P.0. Box 7.

RL-Beirut

Tel: 220846

Cable: ELECTRONUCLEAR Beirut

MALAYSIA

MECOMB Malaysia Ltd.

2 Lorong 13/6A

Section 13

Petaling Jaya, Selangor
Cable: MECOMB Kuala Lumpur

MOZAMBIQUE

A.N. Goncalves, Lta.
162, Av. D. Luis

P.0. Box 107
Lourenco Marques
Tel: 27091, 27114
Telex: 6-203 Negon Mo
Cable: NEGON

NEW ZEALAND
Hewlett-Packard (N.Z.) Ltd.
94-96 Dixon Street

P.0. Box 9443

Courtenay Place,
Wellington

Tel: 59-559

Telex: 3898

Cable: HEWPACK Wellington

Hewlett-Packard (N.Z.) Ltd.
Pakuranga Professional Centre
267 Pakuranga Highway

Box 51092

Pakuranga

Tel: 569-651

Cable: HEWPACK, Auckland

NIGERIA

The Electronics Instrumenta-
tions Ltd. (TEIL)

144 Agege Motor Rd., Mushin

P.0. Box 6645

Lagos
Cable: THETEIL Lagos

tions Ltd. (TEIL)
16th Floor Cocoa House
P.M.B. 5402
Ibadan -
Tel: 22325
Cable: THETEIL Ibadan

PAKISTAN

Mushko & Company, ttd.
Oosman Chambers

Abdullah Haroon Road
Karachl 3

Tel: 511027, 512927

Cable: COOPERATOR Karachi

Mushko & Company, Ltd.
388, Satellite Town
Rawalpindi

Tel: 41924

Cable: FEMUS Rawalpindi

PHILIPPINES

Electromex, Inc.

6th Floor, Amalgamated
Development Corp. Bldg.

Ayala Avenue, Makati, Rizal

C.C.P.0. Box 1028

Makati, Rizal

Tel: 86-18-87, 87-76-77,
87-86-88, 87-18-45, 88-91-71,
83-81-12, 83-82-12

Cable: ELEMEX Manila

SINGAPORE

Mechanical & Combustion
Engineering Company Pte.,
Ltd.

10/12, Jalan Kilang

Red Hill Industrial Estate
Singapore, 3

Tel: 647151 (7 lines)
Cable: MECOMB Singapore

Hewlett-Packard Far East
Area Office

P.0. Box 87

Alexandra Post Office
Singapore 3

Tel: 633022

Cable: HEWPACK SINGAPORE

SOUTH AFRICA

Hewlett Packard South Africa
(Pty.), Ltd.

Hewlett-Packard House

Daphne Street, Wendywood,

Sandton, Transvaal 2001

Tel: 407641 (five lines)

Hewlett Packard South Africa
(Pty.), Ltd.

Breecastle House

Bree Street

Cape Town

Tel: 2-6941/2/3

Cable: HEWPACK Cape Town

Telex: 0006 CT

Hewlett Packard South Africa
(Pty.), Ltd.

641 Ridge Road, Durban

P.0. Box 99

Overport, Natal

Tel: 88-6102

Telex: 567954

Cable: HEWPACK

Hewlett Packard Taiwan
39 Chung Shiao West Road
Sec.

overseas Insurance

Corp. Bldg. 7th Floor
Taipei

Tel: 389160,1,2, 375121,
Ext. 240-249

Telex: TP824 HEWPACK
Cable: HEWPACK Taipei

THAILAND

UNIMESA Co., Ltd.

Chongkoinee Building

56 Suriwongse Road

Bangkok

Tel: 37956, 31300, 31307,
37540

Cable: UNIMESA Bangkok

UGANDA

Uganda Tele-Electric Co., Ltd.
P.0. Box 4449

Kampala

Tel: 57279

Cable: COMCO Kampala

VIETNAM

Peninsular Trading Inc.

P.0. Box H-3

216 Hien-Vuong

Saigon

Tel: 20-805, 93398

Cable: PENTRA, SAIGON 242

ZAMBIA

R. J. Tilbury (Zambla) Ltd.
P.0. Box 2792

Lusaka

Zambia, Central Africa
Tel: 737

Cab|

93
: ARJAYTEE, Lusaka

MEDITERRANEAN AND
MIDDLE EAST COUNTRIES
NOT SHOWN PLEASE
CONTACT:
Hewlett-Packard
Co-ordination Office for
Mediterranean and Middle
East Operations

Piazza Marconi 25
1-00144 Rome-Eur, Italy
Tel: (6) 59 40 29

Cable: HEWPACKIT Rome
Telex: 61514

OTHER AREAS NOT
LISTED, CONTACT:
Hewlett-Packard

Export Trade Company
3200 Hillview Ave.

Palo Alto, California 94304

TWX: 910-373-1267
Cable: HEWPACK Palo Alto
Telex: 034-8300, 034-8493
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