OBS0LeET7TE

l1

Al

HEWLETT hp; PACKARD

OPERATING AND SERVICE MANUAL

2152A
FLOATING POINT
PROCESSOR

oy O

oPY

ii’:ﬂﬁ k

13 -

CONT .
DG & _;‘.2.;.14."34‘.5

HEWLETT-PACKARD COMPANY
11000 WOLFE ROAD, CUPERTINO, CALIFORNIA, US.A.

Printed: SEPT 1970

02152-90004



. Model 2152A

Table of Contents

TABLE OF CONTENTS

Section

1 GENERAL INFORMATION
1-1. Introduction ..............
1-4, General Description ........
1-15. Compatibility . ............
1-17. Identification .............
1-21. Specifications . ............

I INSTALLATION AND OPERATION
2-1. Introduction ,............
2-3. Unpacking and Inspection ... ..
2-5. Mounting ................
2-7. Installation and Cabling ......
2-9, Installing EAU Controller in
2116 Computer ........
2-11, Installing EAU Controller in
2115 Computer. . ... ....
2-13. Connecting Cables .. .... ..

2-19. Performance Check ......
2-21, Operation................
2-22, Power On and Power Fail . ..

2-25, Operating Procedure ......

I PROGRAMMING INFORMATION
3-1, Indroduction .............
3-3. Instruction Coding . .........
35, DataFormats .............
3-12. Instruction Definitions .......
3-14. LDD (Load Double) .......

3-186. LDF (Load Floating) ...... :

3-18. LDX (Load Extended) . ... ..
3-20. STD (Store Double). . .. ....
3-23. STF (Store Floating) ......
3-25, STX (Store Extended) . ... ..
3-21, ADF (Add Floating) .......
3-29. ADX (Add Extended) ......
3-31. SBF (Subtract Floating) .
3-34. SBX (Subtract Extended) ..
3-36. MPF (Multiply Floating) . . . .
3-38. MPX (Multiply Extended). . . .
3-40. DVF (Divide Floating). ... ..
3-42. DVX (Divide Extended) . .. ..
3-44. ABX (Absolute) ..........
3-46. ENX (Entier) ...........
3-48, CMX (Complement) .......

3-50. CSX (Cosine) ........... .

3-52. SNX (Sine) .............
3-54. TNX (Tangent) ..........
3-56. ATX (Arctangent) .......
3-58. HCX (Hyperbolic Cosine) .
3-60. HSX (Hyperbolic Sine) .....
3-62. HTX (Hyperbolic Tangent) . . .
3-64. AHT (Archyperbolic Tangent).
3-66. EXX (Exponential) ........
3-68. LNX (Natural Logarithm) . ..
3-70. SRX (Square Root) ........
3-72, FIX (Round to Nearest

: Integer) . ..... e e
3-14, RNX (Round to 24 Bits) . . ...

3-3

3-3
3-3
3-3
3-4

3-4
3-4
3-4
3-4
3-4

3-4
3-4

3-4
3-4
3-5
3-5

Section Page
3-76. MPY (Multiply Integer) . . . . . 3-5
3-78. DIV (Divide Integer) . . ... .. 3-5
3-80. DLD (Double Load). .. ..... 3-5
3-82. DST (Double Store). .. ..... 3-5

3-84. ASR (Arithmetic Shift Right). . 3-5
3-86. ASL (Arithmetic Shift Left) .. 3-5

3-88. LSR (Logical Shift Right) ... 3-5
3-90. LSL (Logical Shift Left). . . . . 3-5
3-92, RRR (Rotate Right). .. ... .. 3-7
3-94, RRL (Rotate Left). ... ... .. 3-7
3-96. Extended Floating Point Numbers 3-7
3-105. Error Conditions . .. ...... .. 3-7
3-107. No Response . .......... 3-9
3-109. Underflow ............. 3-9
3-112. Overflow .............. 3-9
3-117. No Resolution . .......... 3-9
3-119. Divide by Zero .......... 3-9
3-121, Improper Variable . .. ..... 3-9
3-123. Improper Opcode . ... ... .. 3-9
3-125. Comparison of ENX, RNX, FIX . 3-13
3-130. Power Fail . ... ........... 3-13

THEORY OF OPERATION
FLOATING POINT PROCESSOR UNIT

4-1. ScopeofSection............ 4-1
4-5. Imtroduction ............. 4-1
4-19. FPP Detailed Theory ...... .. 4-3
4-23. FPP Clock and Timing . ... ... 4-4
4-27. Read-Only Memory ......... 4-4
4-32. Instruction Register ......... 4-4
4-37. ROM Addressing .......... 4-5
4-39. . Conditional Branching .. ... 4-5
4-43, Unconditional Branching . ... 4-6
4-46. JSBControl ............ 4-6
4-50. Constant Call ........... 4-7
4-56, Indirect Addressing ...... 4-7
4-58. A-Register/Shifter/Adder ... .. 4-7
4-81. B/C/D Arithmetic Sections ... 4-10
4-86. In/Out Transfer Sequence .. ... 4-10
4-91. Power Supply ............. 4-10

THEORY OF OPERATION
EXTENDED ARITHMETIC UNIT

CONTROLLER

5-1. ScopeofSection............ 5-1
5-5. Introduction .............. 5-1
5-20. Phase 1 Operation .......... 5-4
5-27. TST Operation ............ 5-6
5-40. STD Operation ............ 5-8
5-50. TLD Operation ............ 5-10
5-62. FPF Operation ............ 5-12
5-70. EAU Functions ............ 5-15
5-82. Operation Cycle Counter . . . ... 5-16
5-93. Multiplication ............. 5-19
5-95. Multiplication Theory ... ... 5-20
5-112, Multiply Logic. . ......... 5-23
5-149. Division . . ... ... ......... 5-26

5-151, Division Theory ......... 5-26



Table of Contents Model 2152A

TABLE OF CONTENTS (Continved)

Section Page Section Page
5-176. Divide Logic . . . ......... 5-28 6-9. Voltage Checks and Adjustments. . 6-1
5-221. Double Ioad . ............. 5-33 6-12. +10V Adjustment .......... 6-1
5-235. Double Store . ............. 5-33 6-14, +4.75V Adjustment . ....... 6-2
5-250. Shifts and Rotates ......,... 5-35 6-16. -2V Adjustment . ... ....... 6-2
5-251, General ............... 5-35 6-18. Power Fail Threshold
5-262. Arithmetic Shifts . . . .... .. 5-37 Adjustments . ............ 6-2
5-275. Logical Shifts . .......... 5-38 6-21. +4.75V Limit Adjustments. ... 6-2
5-2717. Rotates. . . ............. 5-38 6-23. -2V Limit Adjustments . . . ... 6-2

) 6-25. Replacement of Capacitor

VI  MAINTENANCE Assembly A5....... e 6-3
6-1. Introduction .............. 6-1
6-3. Access to Assemblies ....... 6-1 VII MAINTENANCE DATA

6-7. Preventive Mainienance ...... 6-1 7-1. Introduction ... .. [ 7-1

ii



List of Illustrations

LIST OF ILLUSTRATIONS

2152A
Figure Title Page
1-1 HP 2152A Floating Point Processor

and Accessories .............. 1-0
1-2 Floating Point Processor as a

Calculator .................. 1-1
2-1 Interconnecting Cabling ........... 2-2
3-1 FPPDataFormats .............. 3-2
3-2 Examples of Shifts and Rotates .. .. .. 3-6
3-3 Normalization, Decimal Example . .. .. 3-7
3-4 Ranges of Extended Floating Point

Numbers ................... 3-8
3~6 Examples of ENX, RNX,and FIX ... .. 3-12
4-1 Processor Section . .............. 4-1
4-2 Basic FPP Operations ............ 4-2
4-3 Clock Timing .................. 4-4
4-4 Instruction Execution Timing .. ...... 4-5
4-5 Addressable Reading by Shifter ...... 4-8
4-6 A-Shifter Selection Process. .. ...... 4-9
4-7 Power Supply Block Diagram . . ...... 4-11
4-8 Voltage Limit Ranges . . ... ........ 4-12
4-9 Line Fail Sensing ............... 4-13
4-10 ROM Instruction Coding ........... 4-15
4-11 FPP Block Diagram " .. ........... 4-15
5-1 Controller Section . . ............. 5-1
5-2 Basic EAU Controller Operations . . . . . 5-2
5-3 Instruction Decoding Process ....... 5~2
5-4 Phasel Flowchart............... 5-5
5-5 Phasel Timing ................. 5-5
56 TSTFlowChart................. 5-7
57 TST Timing ................... 5-7
5-8 STDFlowchart ................. 5-9
5-9 STDTiming ................... 5-9
5-10 TLD Flowchart . ................ 5-11
5-11 TLD Timing . ... ............... 5-11
5-12 FPF Flowchart . ................ 5-13
5-13 FPFTiming ... ................ 5-13
5-14 Presetting and Clocking the Counter . 5-17
5-15 - Equivalent Logic of J-K Flip-Flop .... 5-17
5-16 Decimal Multiplication . ........... 5-21
5-17 Binary Multiplication ............. 5-22
5-18 Decimal Division . . .............. 5-27
5-19 Binary Division ................. 5-29
5-20 Effects of ShiftSignals ............ 5-35
5-21 Shift Operations ................ 5-36
5-22 EAUBlockDiagram . ............. 5-39
5-23 Multiply Cyecle 1 ... ............. 5-41
5-24 Multiply Cycle 2 ................ 5-43
5-25 Multiply Cyele 3 . ............... 5-45
5-26 Multiply Cycle4 ................ 5-47
5-27 Multiply Cycle5 ................ 5-49
5-28 DivideCyclel ............... .. 5-51
5-29 DivideCycle2 ................. 5~53
5-30 DivideCycle3 ................. 5-55
5-31 DivideCycle4 ................. 5-57
5-32 DivideCycle5 ................. 5-59
5-33 Divide Cycle 6 ..... e e e e 5-61
5-34 Double Load Cyclesland2......... 5-63
5-35 Double Load Cycles3 and4......... 5-65
5-36 Double Store Cyclesland2......... 5-87

Figure

5-37
5-38
5-39
5-40
5-41
5-42
5-43

Title

Double Store Cycles 3 and 4
Arithmetic Shifts, Phase 1
Arithmetic Shift Loops
Logical Shifts, Phase 1
Logical Shift Loops
Rotates, Phase 1
Rotate Loops
Location of Adjustments
EAU Timing Card, Parts Location View.
EAU Timing Card, Logic Diagram . . ..
EAU Logic Card, Parts Location View. .
EAU Logic Card, Logic Diagram
EAU Interface Card, Parts Location View
EAU Interface Card, Logic Diagram . . .
Test Card A7, Parts Location View . ..
Test Card A7, Logic Diagram
ROM Address Card A8, Parts Location
View
ROM Address Card A8, Logic Diagram .
Read-Only Memory Card A9, Parts
Location View . . ... ... e e e e e
Read-Only Memory Card A9, Logic
Diagram....................
D-Register Card A10, Parts Location
View
D-Register Card A10, Logic Diagram . .
D-Shifter Card All, Parts Location
View
D-Shifter Card Al1l, Logic Diagram . ..
C-Adder Card Al2, Parts Location
View
C-Adder Card Al2, Logic Diagram
B-Shifter Card A13, Parts Location
View
B-Shifter Card A13, Logic Diagram . ..
B-Adder Card Al4, Parts Location
View
B-Adder Card Al4, Logic Diagram. . .
A-Shifter Card Al5, Parts Location
View
A-Shifter Card A15, Logic Diagram . ..
A-Adder Card Al16, Parts Location
View
A-Adder Card A16, Logic Diagram. ..
FPP Interface Card Al7, Parts
Location View . . ... ...........
FPP Interface Card Al7, Logic
Diagram
Regulator Card A2A3, Parts Location
View
FPP Power Supply, Schematic Diagram .
Backplane Wiring Diagram
Entry Routine Flowchart . .. ... .....
Entier/Fix/Load/Load I/Round
Flowcharts . ... ..............
Add/Sub/Abs/Neg Flowcharts
Overflow/Normalize Flowcharts
Multiply/Initialize Flowcharts

...........

...........

.......

......................

......................

......................

......................

............

......................

......................

......................

...................

......................

.........

.......



List of llustrations

2152A

LIST OF ILLUSTRATIONS (Continued)

Figure Title Page
7-37 Division Routine Flowchart .. ........ 7-40
7-38 Sin/Cos/Tan/Hyper Prescale Flowcharts . 7-41
7-39 Sin Resolver Flowchart ............ T-42
7-40 Arctan Routine Flowchart .. ......... 7-43

7-41 Hyperbolic Prescale Flowchart . ...... 7-44

iv

Figure Title Page
7-42 Sinh/Cosh Resolve Flowcharts . ... .. .. 7-45
7-43 Ln/Arctanh/Sqt Prescale Flowcharts ... 7-46
7-44 Arc Hyper Resolve Flowchart . ... .. .. 747
7-45 Diagnostic Routine Flowchart . ....... T7-48



2152A

LIST OF TABLES

Title Page
Floating Point Processor Specifications 1-3
Instruction Coding .. ............ 3-0
Error Conditions ............. . 3-10
ROM Addressing Modes .......... 4-6
X-Register Transfer Sequence . ... .. 4-10
ROM Instructions . . ............. 4-14
Test Conditions . .............. 4-15
Instruction Grouping ............ 5-2
Instruction Group Coding ......... 5-5
IOCodes .......... . 5-8
ErrorCodes . ... .. ... 5-13
Extended Arithmetic Unit Machine

Coding . ... ..o v i i v i i vt nn 5-15
Count Sequences for AS/LS/RO ..... 5-18
Count Sequences for MPY/DIV/DLD/

0 4 5-19
MP1 Logic Equations . ........... 5-41
MP2 Logic Equations . ........... 5-43
MP3 Logic Equations ... ......... 5-45
MP4 Logic Equations . ........... 5-47
MP5 Logic Equations . ... ........ 5-49
D1 Logic Equations . ............ 5-51
D2 Logic Equations . ............ 5-53
D3 Logic Equations . ............ 5-55
D4 Logic Equations . ............ 5-57
D5 Logic Equations ............. 5-59
D6 Logic Equations . .:.......... 5-61
DL1/2 Logic Equations . . . . ....... 5-63
DL3/4 Logic Equations . ......... . 5-65
DS1/2 Logic Equations . .......... 5-67
DS3/4 Logic Equations . .......... 5-69
Arithmetic Shift Equations (1) ... ... 5-71
Arithmetic Shift Equations (2) ...... 5-73
Logical Shift Equations (1) ........ 5-75

i

Table

5-26
5-27
5-28
6-1
7-1
7-2

-3

List of Tables

Title
Logical Shift Equatlons (2) ........
Rotate Equations (1) . e
Rotate Equations (2) . .. ..........
DC Voltage and Current Specifications .
EAU Timing Card, Replaceable Parts .
EAU Logic Card, Replaceable Parts . .
EAU Interface Card, Replaceable Parts
Test Card A7, Replaceable Parts . . . .
ROM Address Card A8, Replaceable
Parts. .. .. .. ..o i i i
Read-Only Memory Card A9,
Replaceable Parts
D-Register Card A10, Replaceable
Parts
D-Shifter Card All, Replaceable
PartsS. .« . v v i e e
C-Adder Card Al2, Replaceable
PartS. . v o v e v v i e e e
B-Shifter Card A13, Replaceable
Parts
B-Adder Card Al4, Replaceable
Parts
A -Shifter Card A15, Replaceable
Parts
A-Adder Card A16, Replaceable
Parts
FPP Interface Card Al7, Replaceable
Parts
Regulator Card A3, Replaceable
Parts
Replaceable Chassis Parts
Contents of ROM
Mnemonic Listing of ROM Contents .

............

....................

....................

....................

....................

....................

....................

..............



Section [

2152A

FtosrTING POINT
PEOCESS OR
UNIT

=

S,

EXTENDED ARTHMETIC UNIT
CONTROLLER

EAU TIMING CARD
HP Part No. 02152-40002

EAY LOGIC CARD
A fPart Na, 02152- 6008

fAU-INTEN\'A(E CARD ;
HP Part No. 021§2-60013

e b et hnrom

STAMDANRD ACCESSOXIES
AND SERVICE ITEMS

AL POVIER (ABLE
R‘P et by,

FI120-134Y
& TR

RACK MOUNT KT
HP fart No.
060~ 0179

A
1
i :

TNPUT/OUTPYT

EXTENDER
POWER COMTROL CABRLE CABLE CARLE
HY Part No. HE Faet N, e et Mo
02150 -6org 02 - 40022 oz - 6097

ENTENDER  ROARD
HP et No.
021h~C0YY

TEST CABLE
4P P‘Jlr( A}a.
0252 - COO2S™

N()‘t &I\O\un
Software and f’{auua‘j

Figure 1-1. HP 2152A Floating Point Processor and Accessories

1-0



2152A

Section I

SECTION |
GENERAL INFORMATION

1-1. INTRODUCTION

1-2, This operating and service manual covers
general information, installation, operating and pro-
gramming information, theory of operation, main-
tenance procedures, and replaceable parts lists for
the Hewlett-Packard 2152A Floating Point Processor.
(See figure 1-1.) Two theory of operation sections
are included, one for the processor unit itself (sec-
tion 1V) and one for the controller (section V), The
remaining sections treat the processor and control-
ler as a single entity.

1-3. For brevity, this manual will frequently use
the abbreviation FPP to designate the Floating Point
Processor, and the term FPP unit to designate the
processor exclusive of the controller (i. e., only the
circuitry physically contained within the cabinet
module).

1-4, GENERAL DESCRIPTION.

1-5. The HP 2152A Floating Point Processor
extends the hardware computing capability of the
2115/2116-series computers to include high-speed,
extended-precision mathematical and trigonometric
functions. Precision is increased to 40 bits of man-
tissa with 8 bits of exponent, which is equivalent to
an accuracy of 12 decimal digits. Processing time
is reduced to the range of 50 to 100 microseconds
for floating-point add/subtract/multiply/divide and a
range of 20 to 200 microseconds for the trigonometric
functions. '

1-6.  The extended precision is accomplished
through the use of a 48-bit accumulator. The instruc-
tion set includes triple-store and triple-load opera-
tions to transfer the triple-length quantities between
this accumulator and three consecutive memory loca-
tions.

1-7. The greatly increased speed is accomplished
through implementation of 13-field microprogram-~
ming of the algorithms, operating from a read-only
memory. The algorithms for this application employ
unique efficiency techniques of firmware program-
ming, reducing the:amount and complexity of the
hardware required while affording the increase in
speed. Additionally, the FPP is interfaced through
the EAU controller directly to the computer CPU,
rather than through the I/O system. By increasing
the speed of the data transfers in this manner, over-
all system speed is also further increased.

1-8.  To provide compatibility with double+precision
data which may be used in conjunction with the b;riple-
precision capability of the FPP, the instructionjreper-
toire includes instructions which will automatically
perform the necessary format conversions. Both

integer and floating-point double precision data may
be used.

1-9. In addition to the 30 floating-point instructions
provided by the FPP unit, the extended arithmetic
unit (EAU) controller adds 10 double-length integer
operations, including long shifts and rotates. For
these 10 instructions, the operand data and results
are given in the computer A- and B-registers. The
FPP unit is not involved. However, all 40 instruc-
tions comprise the repertoire of instructions added
to the system by the HP 2152A Floating Point Proces-
sor.

1-10. Functionally, the FPP can be regarded as a
calculator under the control of a computer. In the
same way that a human operator manually uses a
free-standing calculator, the computer enters a
number into the unit, then issues a command (equiva-
lent to pressing a button) which says, for example,
"'calculate the sine of this number. ' Analogous to
the huntan operator example, the answer appears in
far less time than the computer would have taken to
calculate it. Thus the benefits to the computer are
the same as the benefits derived from a calculator by
a human operator: speed and efficiency.

1-11, As shown in figure 1-2, the computer controls
the FPP unit by instructions issued to the EAU con-
troller installed in the computer mainframe. The
commands from this controller initiate specific firm-
ware routines (programs permanently stored in the
FPP read-only-memory). These routines are re-
sponsible. for interpreting the commands, executing
the commanded function, and transferring data in and
out of the unit.

1-12. One typical mode of operation was mentioned
above; i. e., load data into the unit, then command the
unit to execute a function (such as sine) on that data.
The input data goes into the X-register of the KPP

COMPUTER
MEMORY
x"ly'l
INSTRUCTION
L SNX ]
FLOATING POINT PROCESSOR UNIT
EAU ICOMMANDS IFIRMWARE
CONTROLLER IROUTINES
DATA
X REGISTER

Figure 1-2. Floating Point Processor
as a Calculator

1-1



Section I

unit; then, when the unit signals the controller that the
function has been executed, the answer resides in the

X-register, replacing the input data. The X-register
is a triple-length register (48 bits).

1-13. A second mode of operation uses two operands.
The first operand is initially loaded into the X-regis-
ter. Then the instruction is issued to, for example,
add the quantity y to the contents of the X-register.
Since y is in memory, the controller must fetch this
second operand (two or three memory words), then
send it to the FPP. This is followed by an add com-
mand, which tells the unit to add the two numbers.
Again, the answer appears in the X-register of the
FPP.

1-14. Since, in both cases, the answer does not
automatically return to the computer, a final store
instruction is necessary in order to transfer the
result to computer memory. Thus a complete
instruction sequence for an add operation would
typically consist of:

LDX x
ADX y
STX z

1-15. COMPATIBILITY,

1-16. 1In general, the HP 2152A Floating Point
Processor may be used with any Hewlett-Packard
computer that is wired to accept the Extended Arith-
metic Unit option. This excludes the 2114-series
computers, and HP 2116A Computers with serial
prefixes of 74'1- or lower. The FPP power supply
includes circuitry necessary to operate with the com-
puter power fail circuits, including the restart option.

1-17. IDENTIFICATION,

1-18. Hewlett-Packard uses four digits and a letter
(0000A) for standard instrument model designations.

2152A

Options installed as factory modifications to a stand-
ard unit are identified by a three digit suffix following
the model designation (0000A-000). If the model num-~
ber and option suffix on your unit do not agree with
those on the title page of this manual, there are differ-
ences between your unit and the unit described in this
manual. These differences are described in change
sheets and manual supplements available at the near-
est HP Sales and Service Office,

1-19, A two-section eight-digit serial number (000-
00000) located on the rear panel identifies each unit.
The first three digits are a prefix number used to
identify a particular unit configuration. This prefix
does not change unless unit changes are made. The
last five digits identify each specific unit. If the
serial number prefix on your unit does not agree with
that shown on the title page of this manual, there are
differences between your unit and the unit described
in this manual. These differences are described in
change sheets and manual supplements available at
the nearest HP Sales and Service Office.

1-20, Printed-circuit card revisions are identified
by a letter, a date code, and a division code stamped
on the card (e.g., A-1055-22). The letter code iden-
tifies the version of the etched trace pattern on the
unloaded card. The date code (four middle digits) re-
fers to the electrical characteristics of the loaded
card. The division code (last two digits) identifies
the Hewlett-Packard division that manufactured the
card. If the date code stamped on the printed-circuit
card does not agree with the date code shown on the
schematics in this manual, there are differences
between your card and the card described in this
manual. These differences are described in manual
supplements available at the nearest HP Sales and
Service Office.

1-21. SPECIFICATIONS,

1-22, Specifications for the HP 2152A Floating Point
Processor are listed in table 1-1, '
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Section I
Table 1-1. Floating Point Processor Specifications
OPERATIONAL SPECIFICATIONS
Number of Instructions: 6  Transfer instructions (Load/Store)
I 8 Triple-length floating point arithmetic
16  Function instructions (trigonometric, etc.)
10 Double-length integer arithmetic and shifts
40 Total
Data Types: Extended Floating Point (39 bits mantissa, plus sign; 7 bits exponent,
plus sign)
Floating Point (23 bits mantissa, plus sign; 7 bits exponent, plus sign)
Double-word Integer (32 bits)
**Execution Times (microseconds, maximum):
LDD  Load Double (integer) 40 ATX Arctangent 100
LDF Load Floating Point 30 HCX Hyperbolic Cosine 125
LDX Load Extended Floating Point 30 HSX  Hyperbolic Sine 125
STD Store Double (integer) 27 HTX Hyperbolic Tangent 200
STF Store Floating Point 16 AHT  Archyperbolic Tangent 125
STX Store Extended Floating Point 16 EXX  Exponential 125
ADF  Add Floating Point 43 LNX Natural Logarithm 125
ADX  Add Extended Floating Point 43 SRX  Square Root 100
SBF Subtract Floating Point 50 FIX Round to nearest Integer 11
SBX Subtract Extended Floating Point 50 RNX Round to 24 Bits 14
MPF  Multiply Floating Point 100 MPY Multiply Integer 19*
MPX  Multiply Extended Floating Point 100 DIV  Divide Integer 21*
DVF Divide Floating Point 100 DLD Double Load (A-/B-reg) 6*
DVX  Divide Extended Floating Point 100 DST Double Store (A-/B-reg) 6%
ABX  Absolute Value 20 ASR  Arithmetic Shift Right 8*
ENX Entier 17 ASL Arithmetic Shift Left 8*
CMX Complement 20 LSR  Logical Shift Right 8*
CsX Cosine 160 LSL  Logical Shift Left 8*
SNX Sine 160 RRR Rotate Right 8*
TNX Tangent 225 RRL Rotate Left 8*

*Computer cycle time of 1. 6 microseconds assumed (e.g., 2116-series)

**Execution times shownassume the following:

1.

All operands normalized (except for
_ per operand.

LDD); if otherwise, add 12 microseconds

No indirect addressing; if otherwise, add 1.6 microseconds per level of in-

direct addressing.

No direct memory access (DMA) transfers; if otherwise, add 3.2 microseconds

per transfer
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Table 1-1. Floating Point Processor Specifications (Continued)

ELECTRICAL SPECIFICATIONS

Interface Logic Levels (at FPP unit data connector):

Input Data and Encode

"1 gtate +1. 25V or more positive (+2. 5V nominal)
"0 state +0. 5V or more negative (-0. 5V nominal)

Output Data and Flag

"1 state +2. 25V or more positive (+2.5V nominal)
"0'" state -0. 36V or more negative (-0.5V nominal)

Test Logic Levels (at test board A7)i

Input Data and Encode

1" gtate +2. 0V or more positive (+2. 5V nominal)
"0 gtate +0. 9V or more negative (-0. 5V nominal)

Output Data and Flag

1" state +2. 5V or more positive (+2. 5V nominal)
"0'" state +0. 4V or more negative (-0, 5V nominal)

Command Interlocks:

1. OPC (Opcode) command, or ENC (Encode) command, may be given to FPP
unit (""1") only if{ FLG (Flag) from FPP is 1", Loads input lines into FPP
unit, .

2. ENC may not go to "0'" until FLG from FPP goes to '"0"". Acknowledges load.

3. ENC or OPC may not go to "1' again until FLG goes to ""1"". Signifies FPP
operation complete; X Register contents are present on FPP output lines.
(Computer requires that the time interval from FLG "0" to FLG "'1'" be no
less than 0.5 microsecond. )

Power Requirements:

FPP Unit

115 volts ac +10% (approximately 4 amperes), or
230 volts ac +10% (approximately 2 amperes).
Line frequency, 48 to 66 Hz
Power, 500 watts maximum,

EAU Controller (3 cards)
7.7 amperes from +4. 5V supply
5.2 amperes from -2V supply

PHYSICAL SPECIFICATIONS (FPP Unit)

Environmental Limits:

Temperature: 0° to +55°C (+32° to +131°F)
Relative Humidity: To 95% at +40°C (+104°F)

Heat Dissipation: 1700 BTU/hr maximum

2152A
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Table 1-1. Floating Point Processor Specifications (Continued)

Section I

Ventilation: Forced air intake at rear, exhausted through side panels near front. 400
cubic feet per minute.

Weight: 86 1b (39 kg), net

Dimensions:

Width: 16-3/4 inches (425 millimeters); rack mounting kit increases width to 19
inches’' (482 millimeters) ’

Panel Height: 12-1/4 inches (311 millimeters)

Depth Behind Panel: 22-3/8 inches (568 millimeters)

Depth Overall (including handles): 24-3/8 inches (619 millimeters)

Recommended, Air Exhaust Clearance at Sides: 2 inches (50 millimeters) minimum

Recommended Cable Clearance at Rear: 5 inches (127 millimeters) minimum
Cable Lengths:

Input/Output Cable: 15 feet (457 centimeters)

Power Control Cable: 15 feet (457 centimeters)
AC Power Cable: 88 inches (223 centimeters)

1-5
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Section II

SECTION |11

INSTALLATION AND OPERATION

2-1. INTRODUCTION.
2-2. This section contains information on unpacking

mounting, connecting, and operating the HP 2152A
Floating Point Processor.

2-3. UNPACKING AND INSPECTION.

2-4, If the shipping container is damaged upon re-~
ceipt, request that the carrier's agent be present when
the unit is unpacked. Inspect the unit for damage
(scratches, dents, broken parts, etc.). If the unitis
damaged and fails to meet specifications, notify the
carrier and the nearest Hewlett-Packard Sales and
Service Office immediately. (Sales and Service Of-
fices are listed at the back of this manual.) Retain
the shipping container and the packing material for
the carrier's inspection. The Hewlett-Packard Sales
and Service Office will arrange for the repair or re-
placement of the damaged unit without waiting for any
claims against the carrier to be settled.

2-5. MOUNTING.

2-6. The FPP unit is designed for bench installation
or mounting in a standard 19-inch rack. To mount the
FPP unit in a rack, follow the instructions contained
in the rack mounting kit (part no. 5060-0779) furnished
with the unit. All necessary hardware is furnished as
part of the rack mounting kit.

2-7. INSTALLATION AND CABLING.

2-8.  Connecting the FPP unit to the computer
consists of two steps: installing the EAU controller
cards in the appropriate slots in the computer, and
then connecting the interconnection cables. The fol-
lowing paragraphs describe the installation of the
EAU controller cards in 2116-series computers
(paragraph 2-9) and 2115-series computers (para-
graph 2-11), followed by the interconnecting cabling
information and a performance check.

2-9. INSTALLING EAU CONTROLLER IN 2116
COMPUTER.

2-10. To install the EAU controller cards in a 2116
series computer, proceed as follows:

a. Press the POWER switch, located on the
front panel of the computer, to switch power off.

b. Open the computer front panel to gain
access to the card cage.

c. Install the 02152-60011 EAU Logic Card
into slot number 110 in the middle rack of cards.

d. Install the 02152-60012 EAU Timing Card
into slot number 109 in the middle rack of cards.

e. Install the 02152-60013 EAU Interface Card
into any desired I/O slot (203 through 218).

NOTE

The EAU interface card has no
interrupt capability and therefore
has no priority significance; this
card need not be immediately
adjacent to the other interface
cards (as is normally required
for priority continuity). The card
simply occupies an I/0 slot to
have access to the I/O buses. It
is normally not addressed, except
during diagnostic testing. Also
note that this card may not be in-
stalled in an I/O extender, as
cable limitations require close
proximity to the EAU timing

card.

f. Proceed to paragraph 2-13.

2-11. INSTALLING EAU CONTROLLER IN 2115
COMPUTER.

2-12. To install the EAU controller cards in a 2115-
series computer, proceed as follows:

a. Set the POWER switch, located on the
front panel of the computer, to the off position.

b. Remove the computer top panel to gain ac-
cess to the card cage.

c. Install the 02152-60011 Logic Card into
slot number 17 in the front rack of cards.

d. Install the 02152-60012 Timing Card into
slot number 16 in the front rack of cards.

e. Install the 02152-60013 EAU Interface
Card into any desired I/O slot (114 through 121 in
rear rack of cards). Refer to the note regarding
priority, addressing, and use of extenders in para-
graph 2-10.

f. Proceed to paragraph 2-13.

2-13. CONNECTING CABLES.

2-14,
normal gperation.

There are three cables to be connected for
(See figure 1-1.) The fourth

2-1
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cable supplied (a short extender cable) is used for
test purposes only.

2-15. Figure 2-1 shows the cabling interconnections
for both the 2116- and 2115-series computers. Note
that the input/output cable (02152-60022) has two con-
nectors on one end and a single connector on the other
end. Connect the single-connector end, as shown, to
the top edge connector of the FPP interface card in the
FPP unit. Then connect the other end to the edge
connectors of both the EAU timing and interface cards
as shown.

2-16. Connect the power control cable from J2 on
the rear panel of the FPP unit to the power control
connector of the computer (J2 on a 2116-series com-~
puter or J4 on the power supply of a 2115-series

2152A

computer). If there are other extenders in the sys-
tem, such as I/O extenders, connect the power con-
trol cable from any such extenders to J3 on the rear
panel of the FPP unit. (Internally, J2 and J3 are
directly jumpered, pin to pin.)

2-17. Before connecting the ac power cable, ensure
that the 115-/230-volt switch and the fuse value are
correct for the power source to be used. The access
procedure is as follows:

a. Slide the clear plastic cover of the ac
input power module to the left. (The cover cannot
move unless the power cable is removed. )

b. Remove the fuse by pulling on the tab
marked FUSE FULL.

CABLE CONNECTIONS
FOR 2116 - SERIES COMPUTER POWER CONTROL
CABLE FROM OTHER
2 EXTENDER UNITS, IF ANY
2116 COMPUTER (NOT PART OF 2152A ACCESSORIES)
EAU
INTERFACE
INTEF \ .02160-6018 “ " .
\
== AC
POWER
[« . 8120-1348
. v
02152-60022 ROy
-
FPP
£EAU . INTERFACE
INTERFACE —~"""" CARD
CARD
POWER CONTR
CABLE CONNECTIONS CABLE FROM OTHER
FOR 2115 - SERIES COMPUTER EXTENDER UNITS, IF ANY
(NOT PART OF 21524 ACCESSORIES)
/l
AU
INTERFACE
LCARD
2115 COMPUTER
. 2 43
0216260022 J1
i - -AC
e ‘:‘. ; POWER
'
by [¢/ " 8120-1348
Vol i
=4 1 at
EAU '02150-6018 HAA
TIMING ~—e__| -
CARD
R FPP
y INTERFACE
CARD
2161A POWER SUPPLY
Figure 2-1. Interconnecting Cabling
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¢. I necessary, slide the arrow indicator to
the correct voltage setting for the power source (115
or 230 volts ac). (The indicator cannot move unless
the fuse is removed.)

d. Insert the correctly rated fuse for the line

voltage (6 amperes for 115V, or 3 amperes for 230V).

e. Slide the clear plastic cover back to the
right.

2-18. Now connect the ac power cable (8020-1348) to
the ac power receptable of the ac input power module
and plug the cable into the power source.

2-19. PERFORMANCE CHECK.

2-20. Following completion of the installation pro-
cedure, performance should be checked by running
the diagnostic tests as outlined in the Manual of
Diagnostics. If the test portion of the diagnostic
program is completed without error, the installation
is complete.

2-21. OPERATION.

2-22. POWER ON AND POWER FAIL.

2-23. To place the HP 2152A Floating Point Pro-
cessor in operation, switch on power at both the FPP

Section II

unit and the computer. The power fail interlocks re-
quire that both units be on before either can become
operational.

2-24. In the event of a power failure in either the
FPP unit or the computer, the power fail logic in the
computer is activated. In most cases, depending on
computer model and type of power fail option installed,
this causes an interrupt to a location where the entry
of a power fail subroutine is stored. The subroutine
must be written so as to include saving the contents
of the FPP X-register in addition to saving the con-
tents of the computer registers. Use the STX (Store
X) instruction to save the contents; in a subsequent
restart (if the computer has this optional feature),
restore the X-register contents by using a LDX (Load
X) instruction, referencing the same location used
for STX.

2-25. OPERATING PROCEDURE.

2-26. There are no further operating procedures or
precautions. Once placed in operation, the HP 2152A
Floating Point Processor becomes an extension of the
computer CPU. The net effect is to add 40 instruc-
tions to the basic repertoire of the computer. Section
III defines these instructions and discusses some con-
siderations in their usage.
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Table 3-1.

Instruction Coding

2152A

TRIPLE LOAD AND
STORE

TRIPLE PRECISION
FLOATING POINT
ARITHMETIC

FUNCTIONS

DOUBLE PRECISION
INTEGER ARITHMETIC
(A-/B-Registers)

DOUBLE WORD
LOAD/STORE/SHIFT
(A-/B-Registers)

*n = number of shifts in
binary coded deci-
mal (0 = 16 shifts)

z
%
é
%
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11]10]9
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STD
STF
STX

ADX
SBF
SBX

DLD

100
100
100

100
100
100

bt ek ek

000

000
000
000

100

000
001
000

010

001
001

000

110
100
001

010
011

000
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Section III

SECTION 11}

PROGRAMMING INFORMATION

3-1, INTRODUCTION.

3-2. This section provides machine language pro-
gramming information for the floating point processor.
Specifically, this includes instruction coding and in-
struction definitions, plus an explanation of data
formats and error codes. For software documenta-
tion refer to separate programming manuals furnished
with the FPP software.

3-3. INSTRUCTION CODING.

3-4. Table 3-1 lists the machine codes for each of
the 40 FPP instructions. The arithmetic and load/
store instructions require an operand and therefore
use two words of memory. The first word is the 16~
bit instruction code, and the second word is the 15-
bit address reference (plus an indirect address bit).
The remaining instructions, which are shift and func-
tion instructions, require no operand and therefore
use only one word in memory.

3-5. DATA FORMATS.

3-6.  Various instructions in the FPP repertoire use
one of three possible data formats, and in some cases
perform conversions from one format to another.
These characteristics are given in the instruction
definitions, beginning at paragraph 3-12. The follow-
ing paragraphs compare the three data formats, and
describe the conversions between double and triple
precision floating point formats. See figure 3-1.

3-7. DOUBLE WORD INTEGER. As shown in the
upper box of figure 3-1, the double word integer for-
mat represents only whole numbers (binary point
assumed at the right of the value), using 31 bits for
the value and one bit for the sign. This format uses
two computer words, and permits an equivalent deci-
mal range of numbers from -2, 147, 483, 648 through
+2, 147, 483, 647. When stored in memory, the
most significant data word is stored in the location
addressed by the operand word of an FPP double-
word instruction (either directly or indirectly), and
the least significant data word is stored in the next
higher memory location. When represented in the B-
“and A-registers of the computer, the B-register
contains the most significant data word, and the A~
register contains the least significant data word.

3-8. FLOATING POINT. Like double word integer,
floating point numbers require two computer words,
and when stored in memory the most significant

word occupies the first addressed location (or the B-
register when loaded into the registers). However,
the mantissa is assumed to be a fractional value
(binary point at the left), and has only 23 bits of sig-

nificance. This is equivalent to a decimal range of
-8,388,608 through +8,388,607. The 7-bit ex-
ponent extends the range by effectively moving the
binary point right or left; the range of exponent pow-
ers; in decimal, is -128 through +127. Note that the
second word of the floating point format is split, such
that bits 8 through 15 are the eight least significant
bits of the mantissa, and the remaining eight bits are
the exponent and exponent sign.

3-9. EXTENDED FLOATING POINT. The only
difference between extended and double-word floating
point formats is the addition of one computer word

(16 bits) to the length of the mantissa. Since the com-
puter registers cannot contain this triple-length word,
it is representable only in memory (3 locations used)
or in the FPP unit (which has 48-bit registers).

3-10. FORMAT CONVERSIONS. As shown in the
lower box of figure 3-1, the conversion from double-
to triple-length format consists of splitting the second
word of the double-word format between bits 8 and 7,
and inserting 16 zeros as the least significant bits

of the mantissa in the triple-word format. Note that
8 of these zeros are present in the second word of the
triple-word format, and the remaining 8 are in the
third word. The reverse conversion, from triple-

to double-length format, consists simply of trunca-
ting the 16 least significant bits of the mantissa. This
means removing bits 7 through 0 of the second word,

and bits 15 through 8 of the third word.

3-11. The conversions between integer and extended
floating point formats (not illustrated) are more com-
plex. Briefly, the process is as follows. For con-
version to integer, the mantissa is arithmetically
shifted right while the exponent value is correspond-
ingly increased (one increment per shift) until the
exponent equals +31. If bit 15 is a ""1" (implying 1/2),
the quantity in bits 16 through 47 is incremented by 1;
this rounds the integer to the nearest whole number.
Bits 8 through 15 are set to 0", and bits 16 through
47 comprise the integer value. The reverse conver-
sion, integer to extended floating point, consists of
filling in zeros for bits 8 through 15, setting the
exponent to +31, and then normalizing the result.
(Normalization is discussed later, in paragraph 3-99.)

3-12. INSTRUCTION DEFINITIONS.

3-13. From a programming standpoint, the addition
of the HP 2152A Floating point Processor to the com-
puter effectively adds a third accumulator, designa-
ted the X-register. This register can be loaded,
manipulated, and its contents stored in memory in
the same way as the A- and B-registers in the com-~
puter. The following instruction definitions make this
assumption.

3-1
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DOUBLE-WORD INTEGER (32 bits)

1514

Sian

FLOATING POINT (32 bits)

15 1%
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Figure 3-1., FPP Data Formats
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3-14. LDD (LOAD DOUBLE).

3-15. Load the double-word integer from addressed
memory location m (and m + 1) into the X-register
and convert it into an extended floating point number.
The extended floating point result occupies the X-
register on completion of the instruction.

3-16. LDF (LOAD FLOATING).

3-17. Load the floating point number from addressed
memory location m (and M + 1) into the X-register
and convert it into an extended floating point number.

3-18. LDX (LOAD EXTENDED).

3-19. Load the extended floating point number from
addressed memory location m (and m +1 and m + 2)
into the X-register.

3-20. STD (STORE DOUBLE).

3-21. DEFINITION. Convert the extended floating
point number in the X-register into a double-word
integer and store in addressed memory location

m (and m + 1). The integer value occupies.the 32
most significant bit positions of the X-register on
completion of the instruction, and bits 1 through 5 of
the exponent field are set to "1'" (decimal 31).

3~22. COMMENTS. The conversions can cause an
overflow condition (error code 2, overflow set); refer
to paragraph 3-112. Setting the exponent field of the
X-register to 31 permits any succeeding instruction
to use the X-register contents as a floating point
quantity. (If the result is not a normalized quantity,
it will automatically be normalized as partt of the
cxecution sequence of the succeeding instruction. )

3-23. STF (STORE FLOATING).

3-24. Convert the extended floating point number in

the X-register into a floating point number and store in

addressed memory location m (and m + 1). The con-
version is accomplished by truncating the mantissa to
24 bits. The original extended floating point value in
the X-register is not changed.

3-25. STX (STORE EXTENDED).

3-26. Store the extended floating point number in the
X-register in addressed memory location in (and m + 1
and m + 2).

3-27. ADF (ADD FLOATING).

3-28. Load the floating point number from addressed
memory location m (and m + 1) and convert it to an
extended floating point number; then add to the current
value in the X-register. The extended floating point

Section III

* result of the addition occupies the X-register on

completion of the instruction. Overflow or under-
flow error conditions can result; refer to paragraphs
3-110 and 3-113.

3-29. ADX (ADD EXTENDED).

3-30. Add the extended floating point number from
addressed memory location m (and m +1 and m + 2)
to the current value in the X~register. The extended
floating point result of the addition occupies the X-
register on completion of the instruction. Overflow
orunderflow error conditions can result; refer to
paragraphs 3-110 and 3-113.

3-31. SBF (SUBTRACT FLOATING).

3-32. DEFINITION. Load the floating point number
from addressed memory location m (and m + 1) and
convert it to an extended floating point number; then
subtract from the current value in the X-register.
The extended floating point result of the subtraction
occupies the X-register on completion of the instruc-
tion.

3-33. COMMENTS. Overflow or underflow error
conditions can result either from the subtraction or
from initial values of the X-register. Refer to para-
graphs 3-110, 3-111, and 3-113,

3-34. SBX (SUBTRACT EXTENDED).

3-35. Subtract the extended floating point number in
addressed memory location m (and m + 1 and m + 2)
from the current value in the:/X-register. The ex-
tended floating point result of the subtraction occupies
the X-register on completion of the instruction.
Overflow or underflow error conditions can result
either from the subtraction or from initial values of
the X-register; refer to paragraphs 3-110, 3-111,
and 3-113.

3-36. MPF (MULTIPLY FLOATING).

3-37. Multiply the extended floating point number in
the X-register by the floating point number in ad-
dressed memory location m (and m + 1), The ex-

" tended floating point result of the multiplication

occupies the X-register on completion of the in-
struction. Overflow or underflow error conditions
can result; refer to paragraphs 3-110 and 3-113.

3-38. MPX (MULTIPLY EXTENDED).

3-39. Multiply the extended floating point number

in the X-register by the extended floating point num-
ber in addressed memory location m (and m + 1 and
m + 2). The extended floating point result of the
multiplication occupies the X-register on completion
of the instruction. Overflow or underflow error con-
ditions can result; refer to paragraphs 3-110 and
3-113.

3-3
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3-40. DVF (DIVIDE FLOATING).

3-41. Divide the extended floating point number in
the X-register by the floating point number in ad-
dressed memory location m (and m + 1). The ex-
tended floating point result of the division occupies
the X-register on completion of the instruction.
Error conditions due to overflow, underflow, or
divide-by-zero attempts can result; refer to para-
graphs 3-110, 3-113, and 3-120.

3-42. DVX (DIVIDE EXTENDED).

3-43. Divide the extended floating point number in
the X-register by the extended floating point number
in addressed memory location m (and m + 1 and m +
2). The extended floating point result of the division
occupies the X-register on completion of the instruc-
tion. Error conditions due to overflow, underflow,
or divide-by-zero attempts can result; refer to para-
graphs 3-110, 3-113, and 3-120.

3-44. ABX (ABSOLUTE).

3-45. Calculate the absolute value of the extended
floating point value in the X-register; i.e., if the
content of the X-register is negative, convert to
positive. Overflow can result if the negative number
is the maximum negative value; refer to paragraph
3-114.

3-46. ENX (ENTIER).

3-47. Calculate the entier of the extended floating
noint value in the X~register. The calculated result
replaces the original contents of the X-register.
Refer to paragraph 3-125 for comparison of entier,
RNX and FIX instructions.

3-48. CMX (COMPLEMENT).

3-49. Convert the extended floating point value in
the X-register to its two's complement. Overflow
or underflow error conditions can result; refer to
paragraphs 3-111 and 3-114.

3-50. CSX (COSINE).

3-51. Calculate the cosine of the value in the X~
register, where the value is expressed in radians as
an extended floating point number. The result of the
cosine calculation replaces the original value in the
X-register. Excessive complete rotations of the
expressed angle can result in a no-resolution error
condition; refer to paragraph 3-118.

3-52. SNX (SINE).

3-53. Calculate the sine of the value in the X~regis-
ter, where the value is expressed in radians as an
extended floating point number. The result of the
sine calculation replaces the original value in the X-

3-4
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register. Excessive complete rotations of the ex-
pressed angle can result in a no-resolution error
condition; refer to paragraph 3-118.

3-54. TNX (TANGENT).

3-55. Calculate the tangent of the value in the X-
register, where the value is expressed in radians as
an extended floating point number. The result of the
tangent calculation replaces the original value in the
X-register. Error conditions can result from exces-
sive complete rotations of the expressed angle (no
resolution) or from attempts to calculate the tangent
of angles equal to odd values of II ; refer to para-
graphs 3-118 and 3-120.

3-56. ATX (ARCTANGENT).

3-57. Calculate the arctangent of the value in the
X-register, where the result is expressed in radians
as an extended floating point number in the X-register.

3-58. HCX (HYPERBOLIC COSINE).

3-59. Calculate the hyperbolic cosine of the extended
floating point number in the X-register. The result
of the hyperbolic cosine calculation replaces the
original value in the X-register. Overflow or under-
flow error conditions can result; refer to paragraphs
3-111 and 3-116.

3-60. HSX (HYPERBOLIC SINE).

3-61. Calculate the hyperbolic sine of the extended
floating point number in the X-register. The result
of the hyperbolic sine calculation replaces the original
value in the X-register. Overflow or underflow
error conditions can result; refer to paragraphs
3-111 and 3-116.

3-62. HTX (HYPERBOLIC TANGENT).

3-63. Calculate the hyperbolic tangent of the extended
floating point number in the X-register. The result of
the hyperbolic tangent calculationreplaces the original
value in the X-register.

3-64. AHT (ARCHYPERBOLIC TANGENT).

3-685. Calculate the hyperbolic arctangent of the ex-
tended floating point number in the X-register. The
result of the hyperbolic arctangent calculation re-
places the original value in the X-register. An
improper-variable error condition results if the
argument value is equal to or greater than 1; refer
to paragraph 3-122.

3-66. EXX (EXPONENTIAL).

3-67. Calculate the exponential of the extended
floating point number in the X-register. The result
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of the exponential calculation replaces the original
value in the X-register. Overflow or underflow error
conditions can result; refer to paragraphs 3-111 and
3-116.

3-68. LNX (NATURAL LOGARITHM).

3-69. Calculate the natural logarithm of the ex-
tended floating point number in the X-register. The
result of the logarithm calculation replaces the
original value in the X-register. An improper-vari-
able error condition results if the argument value is
zero or a negative number; refer to paragraph 3-122.

3-70. SRX (SQUARE ROOT).

-3-71. Calculate the square root of the extended
floating point number in the X-register. The result
of the square root calculation replaces the original
value in the X-register. An impropér-variable
error condition results if the argument value is a
negative number; refer to paragraph 3-122.

3-72. FIX (ROUND TO NEAREST INTEGER).

3-73. Round-off the extended floating point number

in the X-register to the nearest integer value. The

result remains an extended floating point number and

replaces the original value in the X-register., The

. number of bits affected depends on the exponent
value. A comparison of FIX, RNX, and ENX instruc-

tions is given in paragraph 3-125.

3-74. RNX (ROUND TO 24 BITS).

3-75. Round-off the extended floating point number
in the X-register to 24 bits of precision. An over-
flow error condition can result if the maximum posi-
tive number is rounded-off in the positive direction;
refer to paragraph 3-115. A comparison of RNX,
FIX, and ENX instructions is given in paragraph -
3-125.

3-76. MPY (MULTIPLY INTEGER).

3-T7. Multiply the 16-bit integer value in the com~
puter A-register by the 16-bit integer value in ad-
dressed memory location m. The result is a double~
word integer occupying the computer B- and A~
registers, with the B-register containing the sign bit
and most significant 15 bits of the quantity.

3-78. DIV (DIVIDE INTEGER).

3-79, Divide the double-word integer in the combined
B- and A-registers of the computer by the 16-bit
integer value in addressed memory location m. The
result is a 16-bit integer quotient in the A-register
and a 16-bit integer remainder in the B-register. An
overflow condition can result from an attempt to
divide by zero or from a dividend which is too large
for the divisor. Refer to paragraph 3-106.

Section III

3-80. DLD (DOUBLE LOAD).

3-81. Load the contents of addressed memory
location m (and m + 1) into the computer A- and B-
registers, respectively.

3-82. DST (DOUBLE STORE).

3-83. Store the double-word quantity in the computer
A- and B-registers into addressed memory location
m (and m + 1),

3-84. ASR (ARITHMETIC SHIFT RIGHT).

3-85. Arithmetically shift the combined contents of
the computer B- and A-registers right, n places.
The value of n may be any number from 1 through 16.
The sign bit is unchanged, and is extended into bit
positions vacated by the right shift. Data bits shifted
out of the least significant end of the A-register are
lost. See ASR example in figure 3-2.

3-86. ASL (ARITHMETIC SHIFT LEFT).

3-87. Arithmetically shift the combined contents of
the computer B- and A-registers left, n places. The
value of n may be any number from 1 through 16.
Zeros are filled intovacated low order positions of
the A-register. The sign bit is unchanged, and data
bits are lost out of bit 14 of the B-register. If one of
the bits lost is a significant data bit ('1" for positive
numbers, "0" for negative numbers), overflow'will be
set; otherwise, overflow will be cleared during execu-~
tion. See ASL example in figure 3-2. Note that two
additional shifts in this example would cause an error
by losing a significant "1".

3-88. LSR (LOGICAL SHIFT RIGHT).

3-89. Logically shift the combined contents of the
B- and A-registers right, n places. The value of n
may be any number from 1 through 16. Zeros are
filled into vacated high order bit positions of the B~
register, and data bits are lost out of the low order
bit positions of the A-register. See LSR example in
figure 3-2.

3-90. LSL (LOGICAL SHIFT LEFT).

3-91. Logically shift the combined contents of the
B- and A-registers left, n places. The value of n
may be any number from 1 through 16. Zeros are
filled into vacated low order bit positions of the A-
register, and data bits are lost out of the high order
bit positions of the B-register. See LSL example in
figure 3-2.

3-92. RRR (ROTATE RIGHT).

3-93. Rotate the combined contents of the B- and A-
registers right, n places. The value of n may be

3-5
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any number from 1 through 16. No bits are lost or
filled in, Data bits shifted out of the low order end
of the A-register are rotated around to enter the high
order end of the B-register. See RRR example in
figure 3-2.

3-94. ‘_RRL (ROTATE LEFT).

3-95. Rotate the combined contents of the B- and A-
registers left, n places. The value of n may be any
number from 1 through 16. No bits are lost or filled
in, Data bits shifted out of the high order end of the
B-register are rotated around to enter the low order
end of the A-register.

3-96. EXTENDED FLOATING POINT NUMBERS.

3-97. Internally, the FPP processes all data as
normalized extended floating point numbers. The
FPP instructions will convert the input data if the
data is not already in this form.

3-98. This requirement of using only normalized
numbers means that a number can be too small for
processing, as well as too large. Figure 3-3 illus-
trates this case. The example uses positive decimal
numbers, and is equivalent to the binary magnitudes
representable in the FPP unit.

3-99. As shown in figure 3-3, normalization consists
of shifting the mantissa left to eliminate any zeros
between the decimal point and the first non-zero digit,
while the exponent is correspondingly reduced by sub-~
tracting 1 for each shift. In the upper example in
figure 3-3, there are two zeros between the decimal
point and the digit 8. Therefore two left shifts are
necessary, and the exponent is reduced from -31 to
-33. In the lower example, the number is too small
to be normalized, resulting in an underflow condi-
tion. The mantissa is shown shifted left seven posi-
tions, which reduces the exponent to its smallest
possible value, -38. (This is equivalent to the
smallest binary exponent of -128.) No further left
shifts can therefore be made, and there is still one
zero left between the decimal point and the digit 8.

NORMALIZATION
Mantissa Exponent
+ .008000000000 -31 (10-31)
+ .800000000000 -33 (10-33)
UNDERFLOW
(Cannot be normalized)
Mantissa Exponent
+ .000000008000 -31 (10-31)
+ .080000000000 -38 (10-38)

Figure 3-3. Normalization, Decimal Example
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3-100. Figure 3-4 defines the ranges of valid binary
numbers that can be processed by the FPP unit. The
shaded areas define overflow and underflow ranges.
In the VALUE column, the mantissa is enclosed in
parentheses, followed by the exponent outside of the
parentheses.

3-101. Note that 0 (middle line of the figure) is rep-
resented by all zeros in both the mantissa and the
exponent. Positive numbers are shown above this
line, and negative numbers are shown below this
line. Inthe far right column, the exponent values
are shown increasing in both directions from the
zero line, from the smallest representable value
(~128) to the largest (+127). Nonrepresentable ex-
ponent values, smaller than -128, are also under-
flow conditions, but this situation is not considered
in the figure.

3-102. For each finite value of exponent, the man-~
tissa is assumed to go through its complete cycle of
valid values. In approximate terms, the positive
mantissa cycles from +1/2 to +1, and the negative
mantissa cycles from -1/2 to -1. More precisely,
the positive range is from +1/2 to the .largest pos-
sible fractional number under the value of 1. The
negative range is from the largest possible fractional
number below (more negative than) -1/2 to -1.

3-103. The significance of +1/2 and -1/2 in deter-
mining mantissa ranges is a result of the normali-
zation requirement, which dictates that there will
be a significant digit immediately to the right of the
binary point. This automatically eliminates all
numbers between +1/2 and -1/2, including the exact
value of -1/2, but excluding 0 and +1/2.

3-104. Figure 3-4 can also be applied to double-
length floating point numbers, which may be used
externally to the FPP unit. The only difference is
that, since there are 16 fewer bits of mantissa, the
three appearances of -39 as a power of 2 when ex-
pressing the VALUE of the mantissa would be
changed to -23.

3-105. ERROR CONDITIONS.

3-106. After execution of most FPP instructions,
overflow should be checked for a possible execution
error. Those instructions which can result in an
error will set the overflow bit, and most of these
will load an error code into bits 10, 9, and 8 of the
computer A-register. These three bits are read as
an octal digit to identify the code, as listed in table
3-2. Table 3-2 lists the possible types of error that
can occur for each of the 40 instructions. (A table
of error codes is also given in section V.) The
following paragraphs discuss the various types of
errors.

3-107. NO RESPONSE.

3-108. An error code of 0 in the A-register following
an affirmative overflow error check indicates that
the FPP unit is not returning Flag signals and is ,

31
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therefore disabled or not connected. Since the FPP
unit is not used in the execution of the last ten in-
structions listed in table 3-2, response checks
cannot be programmed for these instructions.

3-109. UNDERFLOW.

3-110. The floating point add, subtract, multiply,
and divide instructions will produce an underflow
error indication if the result can not be normalized;
i.e., the result falls in one of the shaded areas in
figure 3-4 immediately adjacent to zero. If the
input data is not normalized, the instruction will
normalize the operands before beginning the compu-
tation; if the numbers are too small to be success-
fully normalized, the instruction will attempt nor-
malization as far as possible and then proceed with
the computation. The answer will be correct except
that the sign bit of the exponent will be incorrect
(complemented).

3-111. The CMX, HCX, HSX, and EXX instructions
check the pre-execution contents of the X-register
for a value which, when altered by the instruction,
would produce a result which cannot be normalized.
Similarly, the subtract instructions (SBF and SBX)
check if subtrahends from memory are at the mini-
mum positive value; this would produce an underflow
when converted to negative form during execution.
However, as in all underflow conditions, the compu-
tation will proceed, and only the sign bit of the
exponent will be incorrect.

3-112. OVERFLOW.

3-113. The floating point add, subtract, multiply,
and divide instructions will produce an overflow
error indication if the result exceeds the largest.
positive or negative number which can be represented;
i.e., the result falls in either the top or bottom
shaded areas in figure 3-4. Answers will be correct
except for the sign bit of the exponent (will be com-
plemented). However, the divide instructions, DVF
and DVX, can produce one exception to this general
rule: if the dividend is +126 or +127 and the divisor
is ~127 or -128, the resultant exponent will be in-
correct. In this case, the exponent value will equal
the original value of the dividend, plus two. This
produces a rollover to an apparent negative exponent
of ~-128 (if the original was +126) or -127 (if the
original was +127).

3-114. The subtract instructions (SBF, SBX) also
check the subtrahend from memory before execution
begins. If the subtrahend is at the maximum negative
value, an overflow will result when the number is
converted to positive form during execution. Simi-
larly, the CMX and ABX instructions check the pre-
execution contents of the X-register for maximum
negative value; overflow will result when the number
is converted. However, in all four cases (SBF,
SBX, CMX, ABX) execution will proceed, and only
the sign bit of the exponent will be incorrect
(complemented).
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3-115. The RNX instruction will produce an overflow
if the number is at the maximum positive value and
then is rounded upward. This will cause rollover to
the maximum negative number.

3-116. Overflows resulting from STD, FIX, HCX,
HSX, and EXX produce results which are generally
unpredictable, making it difficult or impossible to
reconstruct correct answers.

3-117. NO RESOLUTION.

3-118. The CSX, SNX, and TNX instructions allow
expressed arguments to include complete rotations
of the angle. These whole rotations use up part of
the available floating point bits, leaving fewer bits
to express the fractional part of the rotation for the
computation. When the number of whole rotations
reaches about 238/ 2, there is not sufficient reso-
lution left to express angles in increments smaller
than 90 degrees. The no-resolution error code
indicates this condition.

3-119. DIVIDE BY ZERO.

’

3-120. If the divisor for DVF or DVX instructions is
zero, the division will not be attempted, and the error
code of 4 will indicate this condition. Also, in the
TNX computation of tangent, odd numbers of quarter
rotations (1/4, 3/4, etc.) would result in a divide-by-
zero condition (sin = 1, cos = 0). This is also indi-
cated by an error code of 4. The sine value (1) will

-remain in the X-register on exit from the instruction.

3-121. IMPROPER VARIABLE.

3-122. Attempts to calculate the square root (SRX) of
negative numbers, or the natural logarithm (LNX) of
zero or negative numbers, will not be executed, and
will leave the X-register unchanged. Attempts to
calculate the archyperbolic tangent (AHT) of numbers
which are +1 or greater will also not be executed,

and will usually leave the X-register unchanged; the
exception is that the attempt to calculate archyperbolic
tangent of -1 will result in clearing the X-register to
zero.

3-123. IMPROPER OPCODE.

3-124. Undefined opcodes given to the FPP unit will
cause the instruction to be ignored, and will indicate
rejection by an error code of 6.

3-125. COMPARISON OF ENX, RNX, FIX.

3-126. The ENX, RNX, and FIX instructions all
alter the representation form of an extended floating
point number, without changing its value. The dif-
ferences in effects are illustrated in figure 3-5 and
are explained in the following paragraphs.

3-9
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Table 3-2. Error Conditions
INSTR |55k T FRROR CONDITION X-REGISTER CONTENTS
LDD None
LDF None
LDX None
STD 2 Overflow X < -231, or Not predictable
x=2 Not predictable
STF None
STX None
ADF 1 Underflow See note 1 Correct, except exponent sign
bit is complemented
2 Overflow See note 2 Same as underflow effect
ADX 1 Underflow See note 1 Same as above
2 Overflow See note 2 Same as above
SBF 1 Underflow See note 1, or Same as above
x = (1/2) 2128
2 Overflow See note 2, or Same as above
x = -2-128
SBX 1 Underflow See note 1, or Same as above
: x = (1/2) 2-128
2 Overflow See note 2, or Same as above
X =-2 Same as above
MPF 1 Underflow See note 1 Same as above
2 Overflow See note 2 Same as above
MPX 1 Underflow See note 1 Same as above
2 Overflow See note 2 Same as above
DVF 1 Underflow See note 1 Same as above
2 Overflow See note 2 See paragraph 3-113
4 Divide by Zero | Divisor =0 Unchaged
DVX 1 Underflow See note 1 Same as ADF underflow
2 Overflow See note 2 See paragraph 3-113
4 Divide by Zero | Divisor = 0 Unchanged
ABX 2 Overflow X = -2127 Same as ADF underflow
ENX None
CMX 1 Underflow x = (1/2) 2'128 Same as ADF underflow
2 Overflow X = -212’7 Same as ADF underflow
CsX 3 No Resolution | |x|= = 238 Unchanged
SNX 3 No Resolution [x]= = 238 Unchanged
TNX 3 No Resolution |x|= = 238 Unchanged
4 Divide by Zero | x = 2k + 1) 7/2 Sine remains in X (= +1 or -1)
for k=0, 1, #2..,
ATX None
HCX Underflow X <-88 Same as ADF underflow
Overflow x > 88 Not predictable

2152A
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Table 3-2. Error Conditions (Continued)

Section III

POSSIBLE ERRORS

ERROR EFFECT ON

INSTR CODE ERROR CONDITION X-REGISTER CONTENTS
HSX Underflow x < -88 Same as ADF underflow
2 Overflow x > 88 Not predictable
HTX None
AHT 5 Improper jx|= 1 Unchanged, unless x = -1;
Variable then contents will = 0.
EXX Underflow x<-87.3 Same as ADF underflow
Overflow x> 87.3 Not predictable
LNX Improper x=0 Unchanged
Variable
SRX 5 Improper x<0 Unchanged
Variable .
FIX 2 Overflow X< ~231, or Not predictable
X = 231 Not predictabie
RNX 2 Overflow zZ = 2127 Same as ADF underflow
INSTR POSSIBLE ERRORS CONDITION EFggg;fSlggRg-/ B-
MPY None
DIV Overflow Dividend/Divisor = Zgi, Not predictable
or <2 Not predictable
Divide by Zero Divisor = 0 Unchanged
DL.D None
DST None
ASR None
ASL Arithmetic Overflow Significant bits lost
LSR None
LSL None
RRR None
RRL None
Notes: 1. Underflow result is in the range 0 < z < (1/2)2 }igs or
0 >z = (-1/2)2

127

2. Overflow result is f ?2127‘ , or

3. All instructions except last 10 (MPY through RRL) can also produce a no-
response error condition, implying that the FPP unit does not respond to
the instruction. Error code = 0.

4, x
z

o

Contents of X-register before execution.
Contents of X-register after execution.

3-11
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3-127. ENX. Entier is simple truncation of the
fractional part of a number. As shown in the upper
box of figure 3-5, this is accomplished by noting the
value of the exponent (8 in the example) and saving
that number of places in the most significant part of
the mantissa. The remaining bits of the mantissa
are cleared (to zeros). As shown by the numeric
graph on the right side of the box, the effect for
positive numbers is to reduce the X-register con-

tents (if there is a fraction) to the integer-only value.

For negative numbers, since the representation is
in two's complement form, the value becomes the
next more negative integer (even if there is no
fraction).

3-128. RNX. Rounding an extended floating point
number to 24 bits of significance implies that a
specific number of bits (16) will be cleared. Before
these bits are cleared, however, the most signifi-
cant bit of those to be cleared is examined. If this
bit is a '"1"", indicating for positive numbers that the
part of the number to be cleared represents a value
of 1/2 (or more) of the least significant bit of the

saved part, the saved part is incremented by +1. "As

shown by the numeric graph, if the cleared part of
a positive number is 1/2 or greater, the value is
rounded upward (not necessarily to an integer);
otherwise, the value is rounded downward. If the
cleared part of a negative number is -1/2 or more
negative, the value is rounded in the negative direc-
tion; otherwise, the value is rounded in the positive
direction. Note that if all 23 significant data bits
were ''1's" before execution, rounding upward (in-
crementing by +1) would -cause rollover; unless an

Section III

overflow condition exists, the instruction will éuto-
matically renormalize the number.

3-129. FIX. Rounding an extended floating point

number to the nearest integer involves two steps:
conversion to integer, and rounding. The lower box
in figure 3-5 shows both steps. First, the mantissa
is shifted right while the exponent value is incre-~
mented, once per shift, until the exponent equals
+31. Then the most significant bit of the eight bits
to be cleared is examined. If this bit is a ""1", the
saved part is incremented by +1. For positive
numbers, the 1" bit indicates a fraction of 1/2 or
greater; for negative numbers, it indicates a fraction
smaller than 1/2. After rounding, bits 8 through

15 are cleared. As shown by the numeric graph, if
the cleared part of a positive number is 1/2 or
greater, the saved part is rounded to the next higher
integer; otherwise the number is reduced to the
integer-only value. If the cleared part of a negative
number is -1/2 or more negative, the value is
rounded to the next more negative integer; otherwise
the number becomes the integer-only value.

3-130. POWER FAIL.

3-131. When the HP 2152A Floating Point Processor
is installed in a computer system, the power fail
subroutine must be revised to save the contents of

the X-register (STX). If the computer has the op-
tional restart feature, restore the X-register contents
with LDX.

3-13
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Section IV

SECTION IV

THEORY OF OPERATION
FLOATING POINT PROCESSOR UNIT

4-1. SCOPE OF SECTION.

4-2. As shown in figure 4-1, a complete HP 2152A
installation consists of a floating point processor
unit, external to the computer and a controller
installed internally in the computer. This section of
the manual contains theory of operation of the floating
point processor unit. Section V of this manual con-
tains the EAU controller theory.

4-3, Included in the floating point processor unit
are 10 logic cards (including an interface card), a
test card, and a power supply. The test card is used
only in diagnostic procedures, and is not described
in this section; the description and use of the test
card are included in the Manual of Diagnostics.

4-4, Paragraphs 4-5 through 4-90 describe the
floating point processor logic, including the interface
card. Paragraphs 4-91 through 4-111 describe the
power supply.

4-5. INTRODUCTION.

4-6. The floating point processor has two basic
modes of operation, one for two-operand routines,
and one for function routines. (The load and store
routines are considered to be interface control
routines, and are discussed with the EAU controller
in section V.) Figure 4-2 illustrates these two basic
‘modes of operation.

Figure 4-1.

4-7. In the figure, note that the three registers,

A, B, C, together comprise what was earlier called,
for simplicity, the X-register. Each of the three
registers has 48 bits for data (mantissa), and also
has 8 bits for an exponent byte (E) and 8 bits for a
shift control byte (S). Since the C-register has no
facilities for shifting, the C shift control byte is used
to receive the opcode from the EAU controller.
Shaded areas in the figure indicate the location of
operands at the start of the operations. The following
paragraphs outline the two basic modes.

4-8. FUNCTION ROUTINES. The function routines,
defined earlier in this manual, calculate trigonomet-
ric and other mathematical functions on a quantity
previously loaded into the floating point processor
unit. Box A of figure 4-2 illustrates the operations
involved.

4-9, The operand quantity x is assumed to exist in
the FPP B-register. The operation begins when the
EAU controller decodes the fact that the current
instruction is of the function type. The controller
then puts the opcode (least significant 8 bits of the
instruction) on the interface data lines and issues an
OPC (Opcode) command to the FPP unit.

4-10. The FPP unit, which operates under control
of firmware programs in the ROM (read-only
memory), cycles in a wait mode as long as it is in the
ready state, looking for a command such as OPC.
(The other command is ENC, discussed under two-

THIS SECTION

DESCRIBES FLOATING POINT PROCESSOR UNIT

FPP
POWER

SUPPLY FLOATING

POINT
PROCESSOR UNIT

FPP
INTERFACE
CARD

Processor Section
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Figure 4-2. Basic FPP Operations
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operand routines.) When the ROM program detects
the presence of OPC, it loads the opcode data into

the S byte of the FPP C-register. Then the ROM
identifies the type of operation by decoding the opcode
bits, and branches to the appropriate function routine.
The opcode is now no longer needed.

4-11. As the program proceeds, the value in the’
FPP B-register is manipulated according to the
algorithm for the particular function, using all three
registers. At the end of the routine, the final answer
resides in the FPP B-register, and a FL.G (Flag)
signal is sent back to the EAU controller. The FLG
signal indicates that the unit is ready for further
commands, having completed the last issued com-
mand.

4-12. The FLG signal, incidentally, has no associa-
tion with the computer flag and interrupt system. It
is simply an interface signal between the FPP unit
and the EAU controller. The FLG signal indicates
to the EAU controller that it should allow the com-
puter to proceed to the next instruction.

4-13. If an error occurs during the calculation, or
if the opcode is improper, an ERR (Error) signal is
simultaneously sent back to the EAU controller with
the FLG signal. This will set the computer Overflow
flip-flop, which may then be tested by an SOS or SOC
instruction. Also, the error code will appear in the

computer A-register, where it may be checked by an .

error routine. It is the user's option to decide what
to do about an error condition. In general, it may be
said that the FPP unit will attempt the calculation,
rather than abort, even if input values will result in
an error. The FPP unit will provide the best answer
it can, along with the error indication. This allows
the programmer some flexibility to reconstruct
correct answers from results which normally could
not be represented. The exception to this generali-
zation is that divisions by zero will not be attempted.

4-14, TWO-OPERAND ROUTINES. The two-operand
routines take two values, one that was previously
loaded into the FPP unit, and one that exists in
memory, and operate on these numbers in some
specified way. The operations include: adding the
two numbers together, multiplying one by the other,
subtracting, and dividing. The value in memory
may be either double-length or triple-length; the
value in the FPP unit (and the answer) will always be
triple-length. Box B of figure 4-2 illustrates the
operations involved.

4-15. Initially the quantity x is assumed to-exist in
the FPP B-register. (It may have been left there as
the result of a previous instruction, or it may have
been loaded by a load instruction. The load instruc-
tions operate similarly to the following procedure,
except that the opcode simply causes the loaded FPP
C-register contents to move up into the FPP B-regis-
ter.) The operation begins when the EAU controller
decodes the fact that the current instruction is of the
two-operand type. The controller first fetches one
word of the three-word operand (y) from memory.

It then puts this data word on the interface data lines
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and issues an ENC (Encode) command to the FPP
unit,

4-16. As mentioned previously, the FPP unit, under
control of the ROM programs, continuously searches
for ENC or OPC commands as long as it is in the
ready state. When the ROM program detects the
présence of ENC, it loads the data word (in two 8-bit
bytes) into the high order third of the FPP C-regis-
ter.

4-17. After the second byte has been loaded, the
FPP unit sends a FLG signal back to the EAU con-
troller, indicating readiness for the next word of y.
The EAU fetches this next word from memory and
repeats the process: the word is placed on the inter-
face data lines, ENC commands the FPP unit to load
these two bytes, and another FLG signal is issued to
again repeat the process for the third and final time.

4-18, At the end of the three-word transfer, the
quantity x is in the FPP B-register and the quantity
y is in the FPP C-register. The FPP unit now needs
to be told what to do with these numbers. Thus the
entire process described above under function rou-
tines must now be added on. In brief, the procedure
is:

a, The FLG signal allows the EAU controller
to issue OPC.

b. The FPP unit loads the opcodeinto the FPP
C-register.

c. The ROM program interprets the opcode
and branches to the appropriate function routine (add,
subtract, ete.).

d. The function routine calculates the answer,
and leaves it in the FPP B-register.

e. A final FLG back to the EAU controller
tells it that the FPP unit is ready for further com -
mands.

f. In case of error, an ERR signal causes
setting of the Overflow flip-flop and loading of the
computer A-register with the error code.

4-19. FPP DETAILED THEORY.

4-20. The remainder of this section describes in
detail the procedures described above (up to para-
graph 4-90), plus a description of the FPP unit power
supply (paragraphs 4-91 through 4-111), All logic is
positive-true. The high (or true) state ranges from
+1.25 to +2. 5 volts; the low (or false) state ranges
from -0.5 to +0. 5 volts.

4-21. BLOCK DIAGRAM. The block diagram (figure
4-11) at the end of this section can remain folded out
for convenient reference throughout this part of the
section. Facing the block diagram are two tables and
a figure which provide supporting information: the
detailed coding of the instruction register, definitions
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of the ROM instructions, and a list of tests used for
branching decisions. These tables and the figure
should be referred to frequently, since definitions will
not be given within the descriptive text.

4-22. LOGIC DIAGRAMS. The logic diagrams for
the FPP unit are given in section VII, Since the logic
itself is comparatively simple (at the gate level), the
logic diagrams will generally not be referred to in
these discussions. Specific signal names have been
given on the block diagram, facilitating direct refer-
ence from a function on the block diagram to the com-
parable function on the logic diagrams. Wiring lists
and signal indexes and signal tracing from board to
board.

4-23. FPP CLOCK AND TIMING.

4-24. The clock generator for the floating point pro-
cessor unit operates at a rate of 5 MHz (200-nanosec-
ond period) supplying a 100-nanosecond clock signal,
and its complement, to the FPP logic. The clock gen-
erator is located on the FPP D-register card.

4-25. The complemented clock signal (Clock) allows
the clock cycle to be split, so that an active bit may be
loaded into a register in the first 50 nanoseconds and
perform its function in the second 50 nanoseconds.
This high-speed feature employs a master/slave pair
of flip-flops for each bit. (See figure 4-3.)

cLoLH F"‘ 100 NS - ““:L_,ﬂ.-...w.ﬁﬁJ
3 ,
corE | oo —o]
Lo aex
|
DATA 1 (], _mrorer | Save ._..: |
FF FF I ,I
| Losic |
| |
]
b
PATA 2
Figure 4-3. Clock Timing
4-26. Note that the Clock signal latches the master

flip-flop, and Clock latches the slave flip-flop. The
master flip-flop loads the data bit (Data 1) at the start
of the Clock signal, and about 45 nanoseconds later
Clock transfers the bit to the slave flip-flop. (There
is a slight offset between clocks.) The output of the
slave flip-flop can then be used in the logic without

the possibility of resultant actions (Data 2) affecting
any conditional inputs that determined the setting of the
master flip-flop. :
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4-27. READ-ONLY MEMORY.

4-28, The read-only memory (ROM) is essentidlly a
diode encoder. A certain combination of signals on

" the input lines (address) is applied to a diede matrix,

activating a certain combination of output lines (con-
tents). The FPP ROM has nine input lines (RAO through
RA8), thus allowing 512 addresses (29), and 48 output
lines (RO through R47), giving a word length of 48 bits.

4-29. The ROM constantly reads out whatever con-
tents are enabled by the nine address lines. ROM
itself is not strobed. Instead, the ROM output lines
are clocked into either the instruction register (nor-
mally) or the D-register (if the preceding instruction
contained a constant call). All words in ROM are
either instructions or constants. For start-up pur-
poses (power-on), ROM is always forced to start at
address 0.

4-30. The FPP ROM contents are listed in two sep-
arate tables in section VII of this manual. This first
table gives the octal printout of the logic 1/0 bit, pat-
tern for each address. The second table lists the
contents in the form of mnemonics and constants.

4-31. Physically, the matrix is contained in 24
microcircuit packages on a single printed circuit
card. Each package accepts 8 of the 9 address lines
and has 4 of the 48 output lines. (See logic diagram,
figure 7-10.) The ninth address bit (RA8) selects
either the high half or low half of ROM by enabling
one of the two ranks of packages. The lower rank of
12 packages is enabled when RA8 is 0" and is there-
fore active for address 0 through 255 (decimal). The
upper rank of 12 packages is enabled when RAS8 is 1"
and is therefore active for address 256 through 511.
The output of the two ranks are "or'-tied together.

4-32. INSTRUCTION REGISTER,

4-33. The instruction register is clocked to load the
ROM output every 200 nanoseconds. As explained
previously (figure 4-3), the data word is loaded into
the master flip-flop (of the instruction register) by
the block signed and into the slave flip-flop by Clock.
Therefore, at Clock time, the contents of the instruc-
tion register are applied as command lines to various
points throughout the logic (see block diagram).
Loading the instruction register has occupied one
clock cycle. See figure 4-4 (time intervals 1 and 2).

4-34. As soon as the instruction is in the slave latch
of the instruction register (2), execution begins. A
typical execution would read a pair of bytes and add
them during Clock time (2) and store the result during
the next Clock time (3) into the master rank of the
specified register. The next Clock (4) would transfer
the stored result from master to slave, where it may
be used (read) by the next instruction. Notice that
there is a time overlap, and the second instruction
has-already been loaded from ROM (3) and execution
has begun (4).

4-35. Since addresses are not automatically incre-
mented after instruction execution, each instruetion
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Figure 4-4., Instruction Execution Timing

must specify where the next instruction is to be ob-
tained. This is done during time interval 2, either
directly by the contents of the BP and BL fields, or
indirectly by the branching or JSB logic (discussed in
succeeding paragraphs).

4-36. Detailed coding of the instruction register,
plus definitions of the instruction fields, are pre-
sented facing the block diagram. Physically, the
register is split up and located on three separate
cards: ROM address card, D-register card, and FPP
interface card.

4-37. ROM ADDRESSING.

4-38, The floating point algorithms require consider-
able flexibility for branching from one area of ROM to
another. The following paragraphs describe the vari-
ous modes employed to specify the next address
within a current instruction. All addressing modes
are tabularized in table 4-1 for convenient reference;
this table may be referred to throughout the following
discussions.

4-39. CONDITIONAL BRANCHING.

4-40. By instruction, the ROM address may be
caused to branch to one or the other of two specified

addresses, dependent on a certain condition being
either true or false. One of 16 conditions may be
selected for the true/false test by the TS field of the
instruction. These conditions are numbered TO
through T15. (See table 4-4.)

4-41. The block diagram shows the sources of sev-
eral, but not all, of the test inputs; for example, OPC
and ENC from the computer, selected outputs of the
A, B, Cadders, and certain count values of the byte
counter. Note that these signals are applied as one
input to a three-input gate in the conditional branching
block. (This gate represents a series of gates per-
forming this function.) The second input to the gate
is the decoded test number, and the third is the BRN
signal (also decoded from the instruction register)
which must be true for all branching instructions.

4-42. The output of the three-input gate in the condi-
tioned branching block will be either true or false,
depending on the condition of the test input. If true,
the upper of the two other gates in the block will be
enabled; if false, the lower gate will be enabled.
Therefore, if the test is true, the four least signifi-
cant bits of the ROM address (line) will take the value
of the BL field; if the test is false, line will take the
value of the BP field. (The page value remains un-
changed, since the current page value is stored:by the
MP register, and read out by the three-input gate that
is enabled by BRN and TRU.) It follows, therefore,
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Table 4-1. ROM Addressing Modes

NEXT ADDRESS

MODE PAGE LINE
Unconditional
Branching (TS = 0) BP BL
Conditional
Branching
TS True MP (Current Page BL
TS False MP (Current Page BP
Indirect and
Constants
IND CS (4-17) Cs (0-3)
Bit8 =0
CON CS (4-7) Cs (0-3)
Bit 8 = AD9
JSB and Return
JSB BP BL
(JSB and RTN (If JAR = 0, save MP in FP) (If JAR = 0, save TS in FL)
complement JAR (If JAR =1, save MP in GP) (If JAR =1, save TS in GL)
after execution) )
RTN If JAR =0: GP If JAR =0: GL
If JAR =1: FP If JAR =1: FL

that conditional branches may be made only to one of
any two lines on the current page.

4-43. UNCONDITIONAL BRANCHING.

4-44, Most of the instructions in ROM call for condi-
tional branches. However, it is also possible to spe-
cify an unconditional branch. This simply gives ROM
the next address, regardless of test conditions. One
example of usage would be to cause execution of two
or more instruction words in a sequential series.

4-45. The page and line values are given by the BP
and BL fields, respectively. The transfer is accom-
plished by coding BRN and TRU in the instruction.
This enables the first of the three gates in the uncon-
ditional branching block, which in turn enables BP
and BL onto the page and line address lines.

4-46. JSB CONTROL.

4-47, The JSB instruction is an unconditional branch
with two special provisions: a specific address value
is stored, allowing return from subroutine completion
to a desired address, and register switching is pro-
vided to allow one level of JSB nesting.

4-48. The decoded JSB signal enables BP and BL
onto the page and line address lines (in the uncondi-
tional branching block), the same as described
earlier when BRN and TRU were enabled for the
unconditional branch. The same JSB signal also

4-6

loads the current page value into either the GP or FP
register (depending on the current state of the JAR
flip-flop), and loads a return line value from the TS
field into either the GL or FL register (also depend-
ing on the JAR flip-flop state). The TS field is used
for line specification since its normal usage (for con-
ditional branches) does not apply for JSB. The net
result is that a return address is stored in either GP
and GL or FP and FL. Since the stored page value is
always the current page value, it follows that sub-
routine returns must be to the same page that con-
tained the JSB call. Furthermore, since only four

of the five page bits are stored, both the call and the
return must be in the lower half of ROM (addresses 0
through 255). The subroutine itself, however, may
be located on any page, specified in the BP field.

4-49. After the return address has been stored (on
block), the JAR flip-flop toggles to its complementary
state (on block). The initial state of JAR is random,
and it is immaterial whether the G or F pair of regis-
ters is the first selected; the important fact is that
JAR toggles after each occurrence of JSB or RTN.
Assume for this discussion that the JAR flip-flop was
in the set state and therefore has loaded the return
address into GP and GL. It then toggled to the reset
state. In this state (note the four output gates of JSB
Control), an RTN signal would read the GP/GL con-
tents onto the address lines and then toggle the JAR
flip-flop back to the initial set state. 1If, however,
another JSB were issued before an RTN (note the four
input gates), a second return address would be loaded
into FP and FL. The JAR flip-flop then toggles to the
sct state, so the first RTN will read back this second
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return address, thus ensuring a return from-the
nested subroutine before going into position for re-
turning from the "outer' subroutine. Any number

of nested subroutines may be called out and com-
pleted before returning to the outer routine, provided
they occur in succession; since storage is provided
for only two return addresses, only one level of -
nesting can exist at a given time.

4-50. CONSTANT CALL.

4-51. As mentioned previously, all words in ROM
are either instructions or constants. Instructions
are loaded into the instruction register, and con-
stants are loaded into the FPP D-register (48 bits).
To obtain a constant, the ROM program must first
load the address of the desired constant into the CS
byte of the C-register, and then issue an instruction
containing the CON code in the BC field. Since CS
contains only 8 bits (and the ninth bit is forced to a
"1'"), constants must be in the upper half of ROM
(addresses 256 through 511).

4-52. The CON signal enables the CS byte onto the
ROM address lines, stops Clock for one cycle only,
and enables a special clock that loads the addressed
ROM contents into the D-register. At this point,
reference should be made to the D-register logic
diagram. When the CON bit (R21) is detected, it is
loaded by TS (equivalent to Clock) into the master
CON latch. At Clock time, the bit is transferred to
the slave latch and inverted by U92B to disable Clock
at U72B. (Note that Clock is not affected.) The low
input to pin 6 (input control code = 01) causes the
master latch to clear, so that at the next Clock CON
will go false. This, inverted to true by U92B, re-
enables Clock. The net result is that one Clock pulse
has been inhibited, temporarily halting program exe-
cution while the constant is being read.

4-53. Note, however, that the TS clock has con-
tinued to run, and this clock, enabled during the in-
terval that CON is high, loads ROM bits RO through
R47 (the constant) into the D-register.

4-54. 1If a series of constants is called, the CIC bit
(R38) may be used to increment the constant address
in CS. The purpose of the CKC flip-flop (which, like
the CON flip-flop, is clocked by TS) is to assume the
function of the CIC flip-flop (disabled in the absence
of Clock) during the CON cycle. Note that this fea-
ture applies only for CS addresses below 24 (decimal).
These 24 locations provide a table that results in a
numerical convergence after 25 steps. The S24 sig-
nal inhibits CIC for addresses 24 or higher in order
to conserve ROM space. The program may continue
to call for constants and keep issuing the CIC com-
mand, but in effect the contents of location 24 will
continue to be read on each further eall.

4-55. The CON signal, which goes off the board at
pin 82, goes to the ROM address card for addressing
the constant, On the ROM address card, note that
CON is "or"-tied with the Indirect command line
(IND); refer to next paragraph.

Section IV

4-56. INDIRECT ADDRESSING.

4-57, IND enables the 8-bit CS byte onto the ROM
address lines, For IND alone, the low half of ROM

is addressable (0 to 255) since the ninth address bit
(RA8) cannot be controlled by the 8-bit CS register.
For CON, however, U61A forces the ninth bit to a "1"
(since AD9 is normally "0"), so that constants will
always be read from the high half of ROM (256 to 511).
For certain purposes (such as the ROM dump routine),
AD9 can be made true, so that CON can also read the
lower half of ROM.

4-58. A - REGISTER/SHIFTER/ADDER,

4-59. The floating point processor contains three
nearly identical arithmetic sections, each typically
consisting of a register, a shifter, and an adder.

The A-register/shifter/adder will be discussed in
detail first; differences for B and C will be described
later.

4-60. The FPP A-register accommodates 48 bits of
data in six separately controllable bytes (A0 through
A5). In addition, there is an exponent byte (AE) and
a shift byte (AS).

4-61. The A-shifter provides a means of selecting
any eight adjacent data bits from the 48 bits stored in
the FPP A-register, irrespective of byte boundaries.

4-62. The A-adder adds an 8-bit byte, selected from
the A-register (unshifted), to another 8-bit byte,
selected from the A-, B-, C-, or D-register (shifted
or unshifted).

4-63. With reference to the block diagram, the logic
will be discussed left to right across the A-register/
shifter/adder block. On the left side of the block is a
series of four transfer mode gates (each representing
eight separate gates for the complete byte). If trans-
fer mode 1 is selected in the ROM instruction, one of
the C-register bytes (on the C50 through C57 lines)
will be transferred as an input to the A-adder. (The
C byte number selected will be the same as the A byte
number selected; refer to paragraph 4-69.) Similarly,
if transfer mode 2, 3, or 4 is selected, the gates will
transfer a shifted B byte (on the B70 through B77
lines), a shifted D byte (on the D70 through D77 lines)
or a shifted A byte (on the A70 through A77 lines).

4-64. The output of the Transfer Mode gates is
applied to a true/complement network consisting of an
"and"'/""nor" pair of gates for each bit. If the CPA
instruction bit is true, each bit is complemented
before being routed to the A-adder on the A90 through
A9T lines,

4-65. The other input to the A-adder (lines A60
through A67) is enabled if the RRA bit of the instruc-
tion register is true. The input consists of one of the
FPP A-register bytes on the A50 through A57 lines
(byte selection described later in paragraph 4-69).

4-66. The result of the addition appears on the A00
through AO7 lines, with a possible carry saved in the
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CY bit register. The carry may be used (propagated)
by a PCY instruction in the next cycle. It is also pos-
sible to inject a carry (actually an increment by one)
by means of a CIA signal. PCY and CIA are functions
of the Special field of the instruction word, as is BIS8,
which can force a one on the eighth bit (A97) of the
transferred input to the adder.

4-67. Tests which can be made on the A00 through
AO07 output (see conditional branching, discussed
earlier) are: eighth bit true or false, eighth bit of A
does or does not equal eighth bit of B, and adder out-
put is zero or non-zero.

4-68. The adder output is applied to all eight byte
positions of the A-register. (the data is stored in a
master register at Clock time). At Clock time, the
data will be transferred into a byte position (slave
register) which is selected by one of eight enabling
signals: AYO through AY5, AYE, or AYS. The
enabling signal is derived from the SR, SY, and YC
fields of the instruction register. The SR field speci-
fies the A-register (SRA), and SY either specifies byte
AS, AE, A5 or else enables the YC field (byte counter)
to select one of the six data bytes, AO through AS5.

The byte counter produces an octal output on the ROM
address card, consisting of signals Y0, Y1, Y2,

which is decoded on the FPP interface card to produce
the SYO through SY5 signals. The decoder is not
enabled if the SY field specifies SY5 (store in A5 byte),
SYS (store in AS byte) or SYE (store in AE byte).

4-69. The bytes stored in the FPP A-register can be
selectively read out by read signals derived from the
RY and YC fields of the instruction register. The RY
field either specifies byte AS, AE, or A5 (by RYS,
RYE, or RY5 signals), or else enables the decoded
byte count from the YC field to select one of the six
data bytes (by the RYO through RY5 signals). The
selected byte is routed via the A50 through A57 lines
to the A-adder.

4-70. In addition to the selective byte reading
described in the preceding paragraph, provision is
also made to read any adjacent eight bits in the data
portion of the A-register. Byte boundaries are
ignored, and the register is looked at as a 48-bit data
register. Selection is accomplished by the A-shifter,
under control of the shift byte (AS) in the A-register.

4-T71. The shifter may be viewed as an addressable
reader. (See figure 4-5.) The numerical value: of the
shift byte (decimal) points to the least significant bit
of the desired 8-bit series. This bit and the next
higher seven bits are read out to the transfer mode
gates.

4-T72. As shown in figure 4-5, special cases occur
when the shift byte points to bit positions higher than
40. (Seven of the eight bits of AS are used for addres -
sable reading, so AS can point to values as high as
127.) When the AS value is between 41 and 47 (inclu-
sive), one or more bits selected at the high end of the
series of eight will be nonexistent. These nonexistent
bits are referred to as phantom bits (P); provision is
made to {ill these bit positions on the output lines (A70
through A77) with either zeros or copies of the sign

4-8
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Figure 4-5. Addressable Reading by Shifter

bit (bit 47). The desired choice is made by control-
ling bit 7 of the shift byte (AS7): if "0", signs will

be copied (arithmetic shifting); if ''1", zeros will be
filled in (logical shifting), Note that when AS is 48 or
higher, all of the selected bits will be phantom bits.

4-73. Details of the selection process are shown in
figure 4-6. The six least significant bits of AS are
decoded octally into two sets of selection signals,
designated SWO0 through SWT7 and SVO through SV7.
(AS6, if true, would result in the all-phantom condi-
tion, so it is not decoded but is simply "or'-tied with
SW6 and SW7; see next paragraph.) The SWO through
SW5 signals accomplish a preselection of 15 out of the
48 register bits, and the SV0 through SV5 signals
sclect 8 out of the 15 preselected bits. These final
eight bits are routed out on the A70 through A77 lines.

4-74. Refer to the A-shifter logic diagram for
details on the generation of phantom bits. Note that
U50C enables sign bit 47 to the higher order SW5
positions if AST is "0". If AS7 is a "1", the output of
U50C is "0". (Final selection of one or more of these
bits is made by the SVO0 through SV7 signals.) For the
all-phantom condition, the shifter network is ignored
completely (all zeros on the A70-77 lines); instead, a
true or false TSA signal is sent to the complementing
networks. Gate U50D is enabled by SW6, SW7 or AS6,
and will provide a true output if phantom signs are
desired (AS7 = "0") and the sign bit happens to be a
"1". Otherwise, if the sign bit is "0" or if phantom
zeros are desired (AS7 = "1"), TSA will be false.
Depending on the transfer mode selected, TSA will
affect one of the three complementers (A, B, or C) by
inverting the existing all-zero output to all ones (TSA
true) or will leave the data as all zeros (TSA false).
The result is eight copies of the sign ("'1" or "0"), or
eight zeros.

4-75. For microprogramming purposes, it is advan-
tageous to have the pointer in AS keep in step with the
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Figure 4-6. A-Shifter

byte counter. This means that when the byte cqunter
is incremented or decremented to enable the next
higher or lower byte position, the shift pointer Bhould
also change value to enable the next higher or lower
series of eight bits. The AY8 adder performs this
function.

4-76. In order for the AS value to point to a new
series of eight bits, its value must increase by 8
when YP1 increments the byte counter and must
decrease by 8 when YMI1 decrements the byte counter.
Furthermore, when the byte counter rolls over from
5 to 0 (incrementing, modulo 6) or from 0 to 5 (decre-
menting), the AS value must change correspondingly:
return to its original value or go to the origindl value
plus 40 (i.e., 5 x 8), respectively.

4-77. Referring to the ROM address card logic dia-
gram, figure 7-8, note that when YP1 increments the
byte counter (via U35E), it also increments the AY8
adder. Since the AY8 adder operates on bits 3 through
6 of the AS register (rather than 0 through 3), each

Selection Process

increment adds 8 to the contents of AS, via the AP3
through AP6 lines. Similarly, when YM1 decrements
the byte counter (by adding all ""1's"" via U35D/C,
U33B, and U324A), it also decrements the AY8 adder
decrementing AS by 8 via the AP3-6 lines.

4-78. Gates U35E, U33A, and U32D cause the byte
counter (and AY8 and BY8 adders) to act as modulo 6
counters when incrementing. When the count of 5 is
detected by U24A and U15D, the next YP1 will inject
a quantity which, when added to 5, will produce zero.
For the 3-bit byte counter this quantity is 3 (via U35
U35E and U33A). For the 4-bit AY8 and BY8 adders
this quantity is 11 (all three gates).

4-79., To achieve modulo 6 when decrementing, gates
U33B and U32A are disabled at the count of zero, and
allow U35D and U35C to inject a quantity of 5. This
reverts the byte counter to the count of 5 and adds 40
to the AS register via the AP3 through AP6 lines.
(Incidentally, the AP3-6 lines are disabled when AS

is originally loaded, by the 'SYSA signal.)
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4-80. The method by which the byte counter is
forced to zero (YFO) is to add the current value of Y
to its complement (U35C, U33C, U16B) and inject a
carry (U35A), For the 4-bit adders, U32B injects
the necessary one-bit for the most significant bit
position.

4-81. B/C/D ARITHMETIC SECTIONS.

4-82. The FPP B-register/shifter/adder is identi-
cal to the A section described in the preceding pages,
with only signal nomenclature changes and a different
assignment of inputs for the transfer modes.

4-83. The C-register/adder does not have an asso-
ciated shifter. Instead, the third shifter is assigned
to the D-register. The D-shifter is controlled in
parallel with the A-shifter by the AS shift byte.

4-84. Since the CS byte is used for indirect addres-
sing of ROM (see paragraph 4-51), the CS output is
routed to the ROM address card. Also the $24 signal
(discussed in paragraph 4-54) is made available to the
conditional branching test logic.

4-85. Onthe C-adder card, the CSX line is open
("0"), whereas on the A- and B- adder cards ASX
and BSX are enabled by tying to +4.75 volts. This
disables the CP input lines to the shift byte (CS),
since these lines are not used in the C arithmetic
section.

4-86. IN/OUT TRANSFER SEQUENCE.

4-87. As mentioned in the introduction to this sec-
tion, data is transferred into or out of the FPP unit
in three successive 16-bit words. It was also stated
that EAU sends 16 bits of data with every ENC, and
the FPP unit returns 16 bits of data with every FLG,
whether or not data is actually used at either end.
Data to the FPP is loaded into the C-register (and
transferred to the B-register if a load opcode follows),
and is sent from the B-register. The process is as
follows. (Refer to table 4-2))

4-88. On the first ENC, the entry routine first loads
the high order eight bits (IMO through IM7) into C5
while, simultaneously, B5 is transferred to A4 and
read out to the output lines (A50 through A57). Then

Table 4-2. X Register Transfer Sequence

ENC INPUT OUTPUT
#1 IMO-7T — C5 B5 - A4
ILO-7 - C4 A4 (FLG)
#2 IMO-7 —- C3 B3 — A2
ILO-7T - C2 B2 (FLG)
#3 IMO-7 - C1 Bl - A0
IL0-7 - Convert BO Convert
to FPP format to FPP format
-~C0 (FLG)

4-10
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the byte counter is decremented (pointing to byte 4).
The low order input bits (IL0-7) are loaded into C4,
and B4 is read out to the B50 through B57 lines. A
FLG signal is issued to EAU, telling it that it can
store the 16 bits from A4 and B4.

4-89. On the second ENC, the byte counter decre-

ments to 3, and IM0-7 is loaded into C-3, while B3 is
transferred to A2. Decrementing to count 2 allows C2
to be loaded, and A2 and B2 to be read out (with FLG).

4-90. On the third ENC, the byte counter decrements
to 1, and IM0-7 is loaded into C1. Then, when the
byte counter decrements to 0, a format conversion
occurs which moves the exponent sign bit to the proper
position. (Internally in the FPP unit, this bit is in the
most significant bit position; externally in the compu-
ter, it is in the least significant bit position.) Byte Bl
is now transferred to A0, and A0 and B0 are read out
(with FLG).

NOTE

This completes the discussion of
the logic portion of the floating
point processor unit. The remain-
der of the section discusses the
internal power supply of the unit.

4-91. POWER SUPPLY.

4-92. The power supply of the floating point proces-
sor generates two regulated dc supply voltages for all
logic circuits in the unit; +4.75 volts and -2 volts.

(A third dc voltage, +10 volts, is also generated, but
this supply is used only within the power supply itself)

4-93. Figure 4-7 illustrates the power supply cir-
cuits in simplified form. The 115- or 230- volt ac
input is stepped down to a nominal 12 volts ac and
rectified by a pair of silicon-controlled rectifiers
(SCR). The inductor/capacitor filtered output is 6. 75
volts dc, referenced to ground such that the positive
line is +4. 75 volts and the negative line is -2 volts with
respect to ground.

4-94. The full 35-ampere current capacity is avail-
able to the +4. 75-volt load, and up to 35 amperes is
available to the -2-volt load. Since the -2-volt load
is less than the +4. 75-volt load, the difference
current is diverted through the -2-volt shunt regula-
tor. This regulator acts in the same way as would a
a Zener diode. A variable amount of current is
drawn through the shunt in order to maintain a con-
stant -2-volt level.

4-95. The level of the +4. 75 voltage is maintained
constant by controlling the conduction time of the SCR
SCR's. The +4. T5-volt level is detected by a differ-
ential amplifier, which compares the voltage with a
Zener . diode reference. The difference output is
used to control the slope of a ramp voltage, which is
synchronized to the 120 Hz rectified line frequency.
When the ramp reaches the trigger level of a unijunc-
tion transistor in the ramp generator, the ramp ter-
minates, generating a positive pulse of about 10 volts
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Figure 4-7. Power Supply Block Diagram

amplitude and 20 microseconds duration. This pulse
triggers the SCR's, which will then continue to con-
duct for the remainder of the half cycle. As shown in
figure 4-7 (note examples of ramp slope and rectified
sine wave), a variance of ramp slope has the net
result of altering the conduction time (shaded area).
Consequently, the energy delivered to the LC filter
will be increased or reduced proportionately, thus
providing the means of controlling the output dc level,

4-96. Refer to the power supply schematic, figure
7-30, for the following detailed circuit descriptions.

4-97., AC INPUT CIRCUIT. Input ac power is
applied to power line assembly Al. This snap-in
module contains the ac line connector, line fuse, rf
interference filter, 115/230V line voltage switch, and
terminals for connection of the front panel POWER
switch, power-on indicator lamp (DS1), and power
transformer. Relay K1 is inserted in series with the
transformer primary, so that power will be turned
off if either the computer loses power (-23. 8V drops)
or the ambient temperature in the FPP unit rises too
high.

4-98. +4.75V REGULATOR. Sensing of the +4. 75-
volt level is made from a point on the backplane bus.
Due to the high currents involved, bus resistance
itself will drop the dc level slightly; power is there-
fore applied to the bus at two points, and the sense
line is connected to a point that represents an average
value.

4-99. The sensed +4. 75 voltage is applied to aidiffer-
ential amplifier at Q1/Q2, which compares a divided
sample (R20/R21) to a pre-settable reference level

from resistor R25 (+4. 75V ADJ). Any voltage differ-
ence between the bases of Q1 and Q2 is amplified and
applied to Q3, altering the charging rate of ramp
capacitor C30. When Q3 has charged C30 to the trig-
gering level of unijunction transistor Q4, Q4 dis-
charges C30 to the -2-volt clamping level. The sharp
negative transition at the base of Q5 turns on Q5 for
about 20 microseconds, dependent on circuit con-
stants, and the resultant positive pulse is applied
through emitter follower Q6 to the SCR trigger inputs
(CR5, CR6). Diode CR22 limits the pulse amplitude
to +10 volts and protects Q6; CR8 protects the SCR's
(which are non-conducting before the pulse arrives).

4-100. The positive pulse turns on CR5 or CR6
(depending on the ac cycle polarity), charging filter
capacitors C11, C12, and C13 through inductor L4.
At the end of the half cycle, ac polarity reverses and
the SCR ceases condiction. Since the other SCR will
not begin its conduction until triggered, neither SCR
is conducting at this time. The inductive field of L4
begins to collapse, building up a reverse voltage
which could be destructive if protection were not pro-
vided. Diode CRT provides this protection by coming
into conduction when the reverse voltage exceeds the
-2-volt level, and provides a current path back to the
filter capacitors. Thus, even when both SCR's are
off, the inductor still delivers current to the load.
When the next SCR is triggered, it abruptly puts out
a positive voltage to the inductor, and thus reverse
biases CR7. In summary: CRT conducts when the
SCR's are not conducting.

4-101. As explained earlier (paragraph 4-95), the
timing of the SCR trigger accomplishes the voltage
regulating function.

4-11
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4-102. SYNC AMPLIFIER., The primary purpose of
Q17 is to synchronize the unijunction oscillator to
twice the line frequency. A secondary function is to
inhibit the triggering of unijunction transistor Q4
when the crowbar is on, thus reducing current deliv-
ered to the Crowbar, CR80. When the input voltage
(pulsating dc from the input to 1.4) is in excess of +9
volts, QT is saturated (on), providing a low impe-
dance path for the Q3 collector current, diverting it
from C30. Thus the unijunction oscillator is held in
the off state. (Note that a positive input from the
crowbar, via Q29, could permanently hold the oscilla-
tor in this off state.) Then, when the pulsating volt-
age drops below +8 volts, Q7 is cut off, and the
current from the Q3 collector is shunted to ramp
capacitor C30. This results in a voltage ramp on the
emitter of Q4, the slope of which (as discussed ear-
lier) is determined by the collector current of Q3.
The start of the ramp is therefore determined by the
on-to-off transition of Q7, which occurs twice for
each cycle of the line.

4-103. -2V SHUNT REGULATOR. The -2-volt sense
voltage (refer to comment on sensing in paragraph
4-98) is applied through a pre-settable divider to the
base of Q18. The bottom end of the divider is held
constant by a Zener diode reference. The -2-volt
adjustment resistor is set so that the Q18 base is at
zero volts when the -2-volt output is at its nominal
value, This zero-volt-level is compared with the
zero-volt ground at the emitter of Q19. Any differ-
ence is amplified by Q19, Q20, and Q21, altering the
flow of shunt current through Q22. The direction of
change (more or less current) is such as to maintain
a fixed voltage value on the -2-volt sense line. 'As
mentioned earlier (paragraph 4-94), the circuit acts
like a Zener diode in maintaining a fixed voltage out
put. About 5 amperes is passed through Q22.

4-104. CURRENT LIMIT CONTROL. Transistors Q8
and Q9 are normally conducting. When an unusual
current drain increases the dc voltage drop across
inductor L4 to a specific level (determined by the
selected values of R40 through R44), Q8 and Q9 will
be biased off. Under this condition, CR35 clamps the
unijunction input to a level that is below the trigger
point. No pulses are therefore applied to the SCR's,
and no further conduction occurs. Both +4. 75-volt
and -2-volt outputs are thus cut off.

4-105. VOLTAGE LIMITS. There are three separate
circuits involved in detecting and acting on out-of-
limit dec voltage conditions. These three circuits
(-2V limit sense, +4.75V limit sense, and crowbar)
are discussed together under the current heading.

4-106. Figure 4-8 illustrates the actions that occur
when either the +4. 75 or -2 voltages go out of limits,
When the +4. 75 voltage (applied to Q23/Q24 bases)
rises too high, to a level set by R91, Q24 will conduct
and activate the power fail circuit (discussed later
under paragraph 4-110). Similarly, if the +4.75
voltage drops below a negative limit set by R92, Q23
will éonduct and activate the power fail circuit. In
the -2V limit sense circuit, if the -2 voltage (applied
to the top of the divider), becomes too positive, to a
level set by R61, Q14 will conduct and activate the
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Figure 4-8. Voltage Limit Ranges

power fail circuit. The negative limit sensing circuit
uses a normally conducting emitter follower (Q13).
When the -2 voltage becomes too negative, Q15 will
conduct and activate the power fail circuit.

4-107. If the +4. 75 voltage becomes excessively posi-
tive (above about +6 volts), or if the -2 voltage
becomes excessively negative (more than about -3
volts), the crowbar circuit triggers and cuts off both
supplies.

4-108. The crowbar circuit uses an SCR diode (CR80).
When the -2-volt level goes more negative than the
breakdown level of CRB82 (normally an effective open
circuit), CR82 causes Q30 (and Q31) to conduct. Or,
if the +4. 75-volt level goes more positive than the
breakdown level of CR81, Q31 will again be caused to
conduct. This is because both emitter and base volt-
ages increase together as the +4. 75 voltage rises;
then CR81 breaks down and holds the base low. When,
from either cause, Q31 conducts, SCR diode CR8O0 is
triggered, effectively short-circuiting the +4.75V and
-2V supplies together. This protects logic circuits
from overvoltage damage. To prevent the rectifiers
from delivering any more current to this short cir-
cuit, Q29 (which goes into conduction when the SCR
triggers) inhibits the sync amplifier. Transistor Q7
is driven into saturation, thus preventing further
trigger pulses to SCR rectifiers CR5 and CR6, as
discussed in paragraph 4-102.

4-109. LINE FAIL SENSE. Diodes CR60 and CR61
rectify a sample of the transformer secondary output,
and the resulting pulsating direct voltage is applied to
two RC filters. One filter (R70, C50) has a short
time constant, and the other (R71, R72, C51) has a
long time constant. The filters are isolated from
each otherby CR63. As a result (see figure 4-9), a
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dc voltage representing the peak value of the recti-
fied ac is present at the emitter of Q16, and a
partially filtered waveform is present at the base.
Normally (see half-cycle number 1), the exponential
decay is not sufficient to cause conduction of Q16
before the next half-cycle restores the C50 charge.
If, however, at least two half-cycles are missed
(assume ac power is lost at the end of half-cycle
number 2), the base voltage will drop to the point
where conduction of Q16 will occur. With Q16 con-
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ducting, Q17 will also be turned on, thus activating
the power fail circuit.

4-110, POWER FAIL., When any of the previously
discussed voltage sensing circuits indicate a failure,
Q26 is caused to conduct. (Note that four of the
sources, Q14, Q15, Q17, and Q23, require inversion
by Q25, whereas the Q24 source does not.) The con-
duction of Q26 in turn causes the other four transis-
tors in the power fail circuit to conduct. The EPF
signal (normally low) goes high to initiate a power
fail interrupt in the computer. A few milliseconds
later, EPO (normally high) goes low; when power is
restored, EPO will go high again, initiating a restart
sequence in computers which have the restart option
installed and enabled.

4-111. +10V SUPPLY. Several circuits in the power
supply require a +10-volt operating voltage. To
supply this, the transformer secondary is rectified
by CR40 and CR41, filtered by C45, and regulated by
Q10. The control for Q10 is the differential amplfier
consisting of Q11 and Q12, The reference voltage
provided by CR42 is compared with a divided sample
of the +10V output, and any difference is applied as a
correction signal to the base of Q10.

4-13
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Table 4-3. ROM Instructions
INSTR DEFINITION INSTR DEFINITION
TM1 Transfer Mode 1 SYY Store into Byte Y, designated by byte
C (shifted) to A-adder counter
C (shifted) to B-adder ? .
A gshifted; to C-adder SY5 | Store into Byte 5
M Transfer Mode 2 SYE Store into Exponent Byte
B (shifted) to A-adder SYS Store into Shift Control Byte
A (shifted) to B-adder
D (shifted) to C-adder CON Load Constant into D~-register from
ROM location specified by S byte of
TM3 Transfer Mode 3 C-register (plus A?belt to )speufy
. - upper or lower half of ROM); then exe-
Et(cS)hll_%f-t:gzi;g A-adder cute remainder of instruction word.
B to C-adder (If CIC is used in the same word as CON,
CIC will be inhibited if CS is 24 or
TM4 Transfer Mode 4 higher. )
A (shifted to A-adder BRN Branch conditionallytoline (on current
B (shifted to B-adder page) specified by BL field (test true)
IM* or IL** to C-adder or by BP field (test false); or uncondi~-
tionally to page and line specified by
*if YO =0 BP and BL fields (test specification =
** if YO =1 TRU).
CP ( )| Complement TM input to A, B, or C-adder IND Indirect address. Use 8 bits of C-
register S byte for next ROM address.
CI ( ) | Inject Carry into A-, B~, or C-adder (Lower half of ROM, since Sth bit = 0.)
PCY Propagate Carry into all adders JSB Jump to Subroutine at address specified
by BP and BL fields; TS field saved for
IRT Inhibit Result of Test (for diagnostic use return line address; return is always to
only) same page on which JSB was given. One
nested JSB level permitted.
BI8 Inject eighth fit (7) into all adders
RTN Return to address saved by most recent
ERR Error line to computer I/0 JSB instruction; see JSB above.
FLG Flag to computer 1/0 M1 Y Minus One (decrement byte counter)
0) YFO Y Forced to Zero (clear byte counter)
RR Read Register A, B, or C into correspond-
ing adder (add to TM input) YP1 Y Plus One (Increment Byte Counter)
T ( ) | Test specification. Coded to specify 1
RYY Read Byte Y of all registers (Y = 0to 5, of 16 conditions for true/false test.
determined by byte counter) (Refer to table 4-4). Used with branch
instruction BRN.
RY5 Read Byte 5 of all registers
AD9 Ninth Address bit; used only for ROM
RYE Read Exponent Byte of all registers dump routine to read low half in con-
junction with CCN.
RYS Read Shift Control Byte of all registers
BP Branch Page address field; 5 bits.
SR ( ) | Store into Register A, B, or C from output
of corresponding adder BL Branch Line address field; 4 bits.

4-14
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SECTION V

THEORY OF OPERATION
EXTENDED ARITHMETIC UNIT CONTROLLER ,

5-1. SCOPE OF SECTION,

5-2.  This section of the manual describes theory
of operation of the extended arithmetic unit (EAU)
controller. The controller portions of the HP 2152A
installation are identified in figure 5-1. The EAU
controller, as shown, is installed internally in the
computer and consists physically of three printed
circuit cards.

5-3. The EAU controller provides interfacing and
initializing functions for the FPP unit; in addition,

it executes 10 of the instructions implemented by
the HP 2152A option. These 10 instructions, which
provide arithmetic and long shifting functions in the-
computer registers, do not involve the external FPP
unit.

5-4.  Therefore, the 10 non-floating-point instruc-
tions are independently discussed beginning at para-
graph 5-70. Essentially, this latter part of the
section is a discussion of basic EAU. As such, it
includes a detailed description of the operation cycle
counter and many basic EAU signals. Thus it may
be helpful to refer ahead to this part of the section
whenever the need occurs.

5-5. INTRODUCTION.

5-6. The EAU controller performs two basic func-
tions: to transfer data between memory and the FPP
unit, and to execute integer arithmetic and long

shifts in the computer CPU. Figure 5-2 illustrates
these functions in simplified form.

5-7. Inthe figure, the shaded area identifies the
three cards of the controller. The EAU timing and
logic cards are installed in two dedicated slots of

the CPU section, and the EAU interface card occupies
any one of the 1/0 interface card slots in the 1/0
section.

5-8. The operation begins when a macro group
instruction is read out of memory into the T-register.
The actions that follow depend on the type of instruc-
tion that is read. Decoding of the instruction is
therefore the first operation to occur. Full decoding
is accomplished in two or three distinct steps; figure
5-3 will help to visualize the decoding process.

5-9. The first step in decoding the instruction
occurs in the CPU instruction decoder. Here, the
macro group of instructions is identified by decoding
bits 15, 14, 13, 12, and 10 of the T-register (coded
1-0-0-0--0, respectively). The macro group includes
all EAU and floating point instructions. Then, a
MAC signal to the operation decoder in the EAU
controller enables the second step in the decoding
process.

5-10. Bits 11, 9, and 8 of the T-register are
examined to determine which type, or sub-group, is
coded in these three bits. These bits select one of
eight types of operations, according to the octal
value represented. The specific breakdown of
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Figure 5-2. Basic EAU Controller Operations

operation groups is shown in table 5-1. In general,
if the octal value is 7, 6, or 3, the in/out control
logic causes bits 0 through 7 to be stored in the op-
code buffer. This 8-bit opcode will later be sent to
the FPP unit, where a third decoding step takes
place. This third step is accomplished by the entry
routine in the FPP ROM programs.

Table 5-1. Instruction Grouping

OCTAL VALUE INSTRUCTION OR
OF BITS GROUD
11-9-8

0 MPY (Multiply), or left
shifts and rotates
1 DIV (Divide)
2 RT (Right) shifts and
rotates
3 TST (Triple Store)
group
4 DLD (Double Load)
DST (Double Store)
FPF (Floating Point
Function) group
7 TLD (Triple Load)
group

5-11. However, if the octal value decoded by the
operation decoder is one of the numbers from 0
through 5, the instruction is not of the floating point
type. Therefore, the instruction will be executed

by the EAU controller, and the remaining instruction
bits, 0 through 7, are then further decoded by the
operation decoder.

5-12. After decoding of the instruction, the succeed-
ing operations depend on whether the basic function

of the instruction is to transfer data or to execute
some function in the CPU. These two functions
include the following instructions or groups.

[s]wu]a]2]n]w]e]e]7]s]s]a]s]2]1]0]

TSI

AN /
v
MAC OPERATION: 7} SEND ALL 8 BITS TO
(DECODED BY  (DECODED By 8/ FFP AS OPCODE
INSTRUCTION OPERATION
DECODER) DECODER)

DECODE FURTHER BY
OPERATION E DECODER
FOR SPECIFIC INSTRUCTION

O=NQ&O

Figure 5-3. Instruction Decoding Process
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Data Transfer:

3 TST
6 FPF
7 TLD

Execute Function:

0 MPY, left shifts
1 DIV .

2 Right shifts

4 DLD

5 DST

5-13. The following paragraphs discuss both basic
functions of the EAU controller.

5-14. DATA TRANSFER. There are three types
of transfers to and from the floating point processor
unit. These are: storing in memory a triple-length
word from the FPP unit (TST group), sending an
8-bit opcode to the FPP unit (FPF group), and send-
ing both a triple-length word and an opcode to the
FPP unit (TLD group). :

5-15. Referring to figure 5-2, note that the data
transfer line enables the EAU in/out control logic.
This logic controls the loading and reading of the
three buffers shown on the EAU interface card and
sends or receives the four interface control signals
(FLG, ENC, OPC, ERR).

5-16. To store data from the FPP unit (TST group),
the in/out control logic sends an ENC (Encode) sig-
nal, and the FPP unit responds by sending 16 bits

of data from its B-register with a FLG (Flag) sig-
nal. The in/out control logic loads this data into

the input buffer, then sends the data to memory

while issuing another ENC. This process repeats

for a second and third time, until the entire 48-bit
contents of the FPP B-register are stored in memory.
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5-17. To send an opcode to the FPP unit, the eight
least significant bits of the instruction word (in the
T-register) are loaded by in/out control into the
opcode buffer. The opcode is then read onto the
interface data lines, and an OPC (Opcode) signal

is issued to the FPP unit. The FPP unit loads the
opcode into its C-register, executes the function
specified by the opcode, then returns a FLG signal
to indicate completion.

5-18. To send data plus an opcode to the FPP unit,
in/out control first loads the opcode from the T-
register into the opcode buffer, then fetches a data
word from memory and loads it into the output buf-
fer. Then the data is read onto the interface data
lines, and an ENC (Encode) signal is issued to the
FPP unit. The FPP unit loads the 16 bits of data
into its C-register and returns a FLG signal to ask
for the next word. This process repeats for a
second and third time until the entire 48-bit C-
register is filled with the three words from memory.
Then the opcode is read onto the interface data lines
and an OPC signal causes the FPP unit to load the
opcode into the shift byte of the C-register. After
the FPP unit executes the function specified by the
opcode, it returns a final FL.G signal to indicate
completion.

5-19. EXECUTE FUNCTION. As shown in figure
5-2, some of the instructions decoded by the opera-
tion decoder (such as MPY, DIV, etc.) can cause
EAU timing to directly activate the register control
logic. Primarily, as shown, the computer A- and
B-registers are manipulated. However, all five
CPU registers can be manipulated, and data can

be fetched from memory, in order to execute the
arithmetic functions. Note that this is entirely an
internal operation; the floating point processor unit,
the EAU interface card, and the in/out control are
not involved.

1. Pages 5-4 through 5-13 describe in
detail the operation of the part of
the EAU controller which is respon-~
sible for data transfers to and from
the floating point processor unit.
These descriptions are presented
in time sequence beginning with the
phase 1 operation, in which the
instruction is initially fetched from
memory. '

NOTE .

2. The flowcharts include references

3. All logic is positive-true. The high

to the logic diagrams. These refer-
ences (e.g., U42C) refer to a specific
gate responsible for the action in the
adjacent flowchart symbol.

(or true) state ranges from +1.25
to +2.5 volts, and the low (or false)
state ranges from -0.5 to +0. 5 volts.
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5-20. PHASE 1 OPERATION

5-21. The EAU controller operation begins during
phase 1, on the same cycle that reads the instruction
out of memory. The memory-read cycle occurs -
from about the middle of TO to the middle of T2.
While this is occurring, at T1, the operation cycle
counter is cleared. By T3, the instruction is in the
T-register, so a TIN1 signal is generated to store
opcode bits TRO through TR7 on the interface card
(see figure 7-6) in case the opcode is needed by the
FPP. At the same time, T3, a RESET signal is
generated to clear the shift, HI-LO, and 101/I02
flip-flops. The cycle flip-flop is also cleared since
neither of the inputs clocked by T3 is true at this
time.

5-22. If the instruction decoded by the CPUis an EAU
class instruction (MAC signal true at pin 62 of the
board), the instruction group is decoded and stored

in the operation decoder. The eleven groups are iden-
tified in table 5-2, which shows the T-register bits
required to identify the group. As mentioned on the
preceding page, the EAU-only groups (first seven)
are described later in the section (paragraph 5-58).
This part of the section will discuss in detail the four
FPP groups: TST, STD, TLD, and FPF.

5-23. When the instruction group is decoded at T3,
a multiple branch occurs as shown in the flowchart.
First it is determined whether or not the instruction
is a shift or rotate. If it is, the number of shifts
required is loaded into the operation cycle counter;
T-register bits 0-3 give the number of shifts (see
instruction coding table in section III.) Otherwise
the counter is set to 5 (decimal) for all memory
operand routines, or is simply not used (FPF group
only). Also, for memory operand routines, the
P123 signal is generated. For the rest of the cycle,
this signal is redundant since phase 1 is still in
progress, but it will enable reading the address word
from memory on the next cycle. (Remember that

all EAU instructions using a memory operand occupy
two words in core: an instruction word, and an ad-
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dress word that points to the operand location.) From
this point (T3) the groups are considered separately.
(In all cases, the Overflow bit is cleared at T5.)

5-24. FPF GROUP. From the standpoint of inter-
unit transfers, the only operation required for the
FPF group is to send the opcode to the FPP unit.
(The opcode will tell the FPP what function to per-
form on data that is already present in the FPP unit.)
This is done at T4 by setting the 101 flip-flop if the
FPP Flag is high (ready). This gives an 102/I01
code of 01, which generates an OPC signal. This
OPC signal reads out the stored opcode (see figure

7-6) and is sent to the FPP.unit. When the FPP
unit receives OPC, it loads the opcode and begins
its programmed operation. Meanwhile, at T5, the
Overflow flip-flop is cleared in anticipation of a
possible error. At T5 the CPU is disabled by an
IIR signal, which remains high until exit. For suc-
ceeding operations after phase 1, refer to page 5-10.

5-25. TST/STD GROUPS. At T4, if the FPP is
ready (Flag high), the IO code is set to 01. This is
done by setting the IO1 flip-flop. If STD is true, an
OPC signal is generated, which remains true until
the FPP Flag goes low; this tells the FPP unit to
load the opcode. If TST is true, an ENC (Encode)
signal is generated; this tells the FPP to send the
first 16 bits of the FPP B-register. Since the IO
code is no longer 00, TIN4 and TINS5 are true, thus
enabling the input buffer. (See figure 7-6.) For
succeeding operations after phase 1, refer to page

5-26. TLD GROUP. In the triple-load operation
the opcode is sent to the FPP last (after all three
data words). Since no data is fetched from memory
during the first two cycles, no OPC or ENC is sent
during phase 1. The only operations are to disable
the CPU at T78 and increment the counter to 6 at
the end of T7S. For succeeding operations after
phase 1, refer to page 5-8.
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Table 5-2. Instruction Group Coding

INSTRUCTION GROUPS

IDENTIFYING BITS

AS (ARITHMETIC SHIFT)

ASR
ASL

Arithmetic Shift Right
Arithmetic Shift Left

LS (LOGICAL SHIFT)

LSR
LSL

Logical Shift Right
Logical Shift Left

RO (ROTATE)

RRR
RRL

Rotate Right
Rotate Left

MPY (MULTIPLY)

DIV (DIVIDE)

DLD (DOUBLE LOAD)

LOAD TRO-3
INTO COUNTER

u76C

T6

DISABLE CPU
(I'R,EPH)

T

AS LS RO
A

J/

WV

THESE INSTRUCTIONS ARE COMPLETELY

EXECUTED ON THE TWO EAU BOARDS,
INDENDENTLY OF THE FLOATING POINT

PROCESSOR UNIT. SEE PAGE 5-15.

TLD

?/‘
[ [ \ e
MPY DIV DLD DST

U14C, U74A

FROM: U92A, U102A, U101C

ug7cC

U67D I T7S

' ‘ NO
GENERATE P 123
YES

] Ta T4

SET COUNTER U114A SET 10 CODE

TO 5 (DEC) To 01"

Ta

OPC TO FPP

DISABLE CPU
(1R, EPH)
U968 T7S
INCREMENT SET 10 CODE TO “01”
COUNTER TO 6 (ENC/OPC)

Figure 5-4. Phase 1 Flowchart

ue67D 1

PHASE 1
! TO(-T2) INITIALIZE AND
LOOK FOR EAU
READ MEMORY TO GROUP INSTRUCTION
T-REGISTER.
DECODE INSTRUCTION (EVERY PH1)
T1
vazc
CLEAR COUNTER
T3
TIN1: SAVE
OPCODE BITS 0-7
! T3
ussc
RESET:
U74E SHIFT FF
U124B
Ueas 101/102
HI/LO
@ NO OTHER INSTRUCTION TYPE
YES
D EAUEGRA?gPéRANCH
ugsC DECODE Al
LOAD AND DECODE
U106 INE
TR4-9,11 (IN EAU) To RoUT
. : YES 7 SHIFT YES
‘ < ~COR ROTATE N
?
U97A ( o TA T3s

T5

CLEAR OVF
(CLF,105B)

UG6A

A

T6

(1R,

DISABLE CPU

EPH)
)

DST (DOUBLE STORE)

STD (STORE DOUBLE)

STD

Store Double word, converted from

Extended Floating Point

TST (TRIPLE STORE)

STF
STX

Store Floating point word
Store Extended floating point

TLD (TRIPLE LOAD)

LDD
LDF
LDX
ADF
ADX
SBF

SBX

MPF
MPX
DVF
DVX

Load Double

Load Floating point

Load Extended floating point
Add Floating point

Add Extended floating point
Subtract Floating point
Subtract Extended floating point
Multiply Floating point
Multiply Extended floating point
Divide Floating point

Divide Extended floating point

FPF (FLOATING POINT FUNCTION)

ABX
ENX

Absolute value
Entier
Complement
Cosine

Sine

Tangent
Arctangent
Hyperbolic Cosine
Hyperbolic Sine
Hyperbolic Tangent
Archyperbolic Tangent
Exponential
Natural Logarithm
Square Root

TR11, 9, 8 (Octal) ADDITIONAL
Oor2 TR4 =1
0 or 2 TR5 =1
0or2 TR6 =1

0 TR7=1
1

4 TRT =1
5

3 TR1 =1
3 TR1=0
7

6

Ul122A T4
ENC TO FPP,
OPC TO FPP u1l22c ENABLE
T2 u92D TIN4, TIN5
A J
— SN —
@ FPF

TIME PERJODS

MEMORY CYCLE

TIN|

IIR

MEMORY- OPERAND
ROUTINES ONLY

COUNT

P123

FPF, TST, STD
ROUTINES ONLY

ENC/OPC
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Table 5-2. Instruction Group Coding
INSTRUCTION GROUPS IDENTIFYING BITS
TRI11, 9, 8 (Octal) ADDITIONAL
AS (ARITHMETIC SHIFT) 0or 2 TR4 =1
ASR Arithmetic Shift Right
ASL Arithmetic Shift Left
LS (LOGICAL SHIFT) Oor2 TR5 =1
LSR Logical Shift Right
LSL Logical Shift Left
RO (ROTATE) 0or 2 TR6 =1
RRR Rotate Right
RRL Rotate Left
MPY (MULTIPLY) 0 TR7 =1
DIV (DIVIDE) 1
DLD (DOUBLE LOAD) 4 TRT7 =1
DST (DOUBLE STORE) 5
STD (STORE DOUBLE) 3 TR1 =1
STD Store Double word, converted from
Extended Floating Point
TST (TRIPLE STORE) 3 TR1=0
STF Store Floating point word
STX Store Extended floating point
TLD (TRIPLE LOAD) 7
LDD Load Double
LDF Load Floating point
LDX Load Extended floating point
ADF Add Floating point
ADX Add Extended floating point
SBF Subtract Floating point
SBX Subtract Extended floating point
MPF Multiply Floating point
MPX Multiply Extended floating point
DVF Divide Floating point
DVX Divide Extended floating point
FPF (FLOATING POINT FUNCTION) 6
ABX Absolute value
ENX Entier
CMX Complement
CsX Cosine
SNX Sine
TNX Tangent
ATX Arctangent
HCX Hyperbolic Cosine
HSX Hyperbolic Sine
HTX Hyperbolic Tangent
AHT Archyperbolic Tangent
EXX Exponential
LNX Natural Logarithm
SRX Square Root

T/ME PpPERJODS

MEMORY CYCLE

TIN/(

IIR

ME MORY- OPERAND

ROUTINES ONLY

COUNT

P123

FPF, TST, STD
ROUTINES ONLY

ENC/OPC
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5-27. TST OPERATION,

5-28. There are three store instructions in the
2152A repertoire. These instructions were defined
earlier in this manual, but for the purposes of this
discussion they may be defined as follows.

a. STX (Store Extended word): get triple-
length word from FPP unit and store in three con-
secutive memory locations.

b. STF (Store Floating-point word): get
triple-length word from FPP unit, remove bits 8
through 23, and store remaining double-length word
in two consecutive memory locations.

c. STD (Store Double word): tell FPP unit
to reformat its data word to double-length integer;
then get bits 16 through 47 and store in two consec-
utive memory locations.

5-29. Except for differences due to formatting, the
basic storing process is the same for all three in-
structions. The following paragraphs initially de-
scribe the operation for STX; then paragraphs 5-38
and 5-39 discuss the formatting differences for STF.
Since STD requires additional time to send an opcode
to the FPP unit and then wait for the FPP to perform
its format conversion, the timing for STD is con-
siderably different. (Refer to following page. )

5-30. For STX, then, the timing is as shown in
figure 5-7. The first word is stored during cycles
2 and 3, the second word during cycles 4 and 5, and
the third during cycles 6, 7, and 8.

5-31. During cycle 2 (the cycle that immediately
follows phase 1), the EAU controller is waiting for
the FPP Flag to go low, meaning that the FPP unit
has received the ENC signal issued in phase 1, and

is now busy getting the first 16 bits ready for trans-
fer. When the flag does drop (asynchronously, during
TO0), the IO code is changed from 01 to 11.

5-32. Meanwhile, while waiting for the low Flag
signal, EAU proceeds to obtain the address word of
the double-word instruction. This operand address
will tell EAU where to store the data when FPP sends
it. During TO through T2, the P123 signal causes
memory to read the address word into the T-register.
Then, at T7, the MD2 signal (which is high during
the count of 6) causes the T-register contents to be
transferred to the M-register. (Referring to the
EAU logic card diagram, figure 7-4, note that in the
read T block, RTSB is enabled at T6T7; in the add
function block, ADF is enabled at T6T'7; and in the
store in M block, SWSM is enabled at T7S. These
three actions accomplish the T-to-M transfer. )
Unless bit 15 of the address indicates indirect ad-
dressing, the count now increments to 7.

5-33. By cycle 3, the FPP unit has returned a high
Flag signal, indicating that the first 16 bits of data

is now on the input lines. At T1, the IO code changes
to 10, which causes an I0IO signal to load the data
into the input buffer. (See Figure 7-6.) The TIN4
and TIN5 signals, which control the loading of the
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buffers, are both high at this time, allowing all 16
bits to be loaded. Now the word must be transferred
from the buffer to memory. (Note that an ISG signal
prevents reading memory to the T-register during
store cycles 3, 5, and 8.) The storing process is as
follows.

5-34. At T2 an IOI signal strobes the buffer contents
(IOBI lines) onto the S-bus in the CPU. A DS34 sig-
nal, generated by I0IO, causes EOFB and STBT
signals (see figure 7-4) to load the S-bus into the
T-register. Then the CPU proceeds to write the
T-register into memory while the count and operand
address are incremented. The count increments to

8 on the first loop, and incrementing of the M-register
is enabled by HI (set at T3) and the TIN4 signal,
which generate TS34. (TS34 generates RMSB, RBO,
ADF, and SWSM on the EAU logic card; see figure
7-4. These signals increment the M-register. )

5-35. Also, while the CPU is writing the current
word into memory, EAU sends a new ENC at T4 to
get the next word from the FPP unit. When the Flag
goes low (meaning it has received ENC and is pre-
paring the next word), the IO code is set to 11.

5-36. By the next T1, the FPP unit normally has

its data ready and sends a high Flag signal. This
initiates a repeat of the entire loading-storing process
(to paragraph 5-33).

5-37. During the last cycle, the count increments

to 10, ending ISG. Count 10 also sets the Exit flip-
flop at T4. At T5 the computer A-register is cleared;
and at T6T7 an Exit signal initiates the exit sequence:
the P-register is incremented and stored in P and M
(see figure 7-4), RESET clears the Operation De-
coder flip-flops (which in turn ends P123), and the
CPU is enabled again (EPH ilip-flop set).

5-38. The STF operation inhibits those signals
indicated by dashed lines in the timing diagram. As
mentioned previously, the intent is to remove bits

8 through 23 of the 48-bit FPP word and to store the
remaining 32 bits as two words. In order to inhibit
bits 16 through 23 from being loaded into the input
buffer, the TIN4 signal is low. As shown in the
timing diagram this results in TIN4 being low when
the second data word arrives from the FPP unit
(when the Flag signal goes high during cycle 4).

5-39. Similarly, the TIN5 signal is low in cycle 5

in order to inhibit bits 8 through 15 of the third word,
which arrives during cycle 7. The word in the input
buffer therefore consists of bits 24 through 31 and

0 through 7 of the original 48-bit FPP word. To
prevent the M-register from incrementing twice,
before the word is ready, TS34 is inhibited during
cycle 3. (Note SWSM does not occur.) Consequently,
the location of the first word will continue to be :
addressed during cycles 4 and 5. The ISG signal
must therefore be inhibited (see timing diagram) so
that normal read/write memory cycles will occur;
otherwise the contents would be destroyed by clear/
write cycles. The combined word in the Input Buffer
is stored during cycle 8.
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5-40. STD OPERATION,

5-41. Paragraphs 5-28 and 5-29 on the preceding
page defined the differences between the three store
instructions. Essentially, STD (store double word)
differs from the other two in format and in the fact
that an opcode is sent to the FPP unit. The format
is double-word integer, converted from triple-word
floating point. This conversion is too complex to be
accomplished by the EAU controller, as in the case
of ST'F. Therefore, the FPP is given the opcode for
STD, and it performs the conversion before any
data is transferred. The opcode has already been
sent to the FPP unit. (Refer to page 5-4, phase 1
operation. )

5-42. When the STD routine begins, in cycle 2, the
EAU controller is waiting for the FPP Flag to go low,
meaning that the FPP unit has received the OPC
command and is busy converting the data. When the
Flag does drop (asynchronously, during T0), the 10
code is changed from 01 to 00.

5-43. This change of IO code represents a signifi-
cant difference from the TST operation, which
changed the IO code to 11 at this point. The 00
state for STD means that the next action will be
another command (ENC), rather than the loading of
data. To explain the significance of the IO codes,
refer to table 5-3. The 00 code is a ready state,
which requires a high Flag signal for any change;
the only change that can be made is to the 01 code.
The 01 code issues either an OPC or ENC command,
which terminates when the Flag goes low. The low
Flag either resets the code to 00 (to repeat the
process for another command), or advances the code
to 11 (to prepare for loading data). If the code is
now 11, the EAU controller is waiting for a high
Flag, indicating readiness to load data. When the
Flag signal goes high, the code changes to 10, which
causes an IOIO signal to load data into either the
input or the output buffer, depending on the routine.
The IOIO signal lasts for about three time periods
(approximately 550 nanoseconds), and then the 10
code resets to 00. Exit occurs during the count of
10, and the 10 code can be either 11 or 10.

Table 5-3. IO Codes

10
CODE SIGNIFICANCE

00 Ready. Next state 01.

01 Issues OPC or ENC. EAU con-
troller waiting for low FLG.
Next state 11 or 00.

11 Waiting for high FLG (or count
10: Exit). Next state 10.

10 Load Buffer (IOIO), (or, count
10: Exit). Next state 00.

5-8
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5-44. Returning to the STD sequence of operations,
the EAU controller proceeds to obtain the address
word of the instruction, while the FPP unit begins
its conversion routine. The address word is read
out of memory into the T-register during TO through
T2 of cycle 2, and transferred to the M-register
during T7 by the MD2 signal. If bit 15 of the address
word indicates indirect addressing, one or more ad-
ditional memory cycles may be necessary to obtain
a direct address. Then the count increments to 7.
The count of 7 enables the TST line (see logic dia-
gram, figure 7-2), since most of the operations
after this point are common to the TST operation.

5-45. After about ten cycles (160 microseconds)
the FPP Flag goes high, indicating that the format
conversion has been completed. Now the EAU con-
troller must tell the FPP unit to read out the first
16-bit word. The IO code is changed to 01 at the
next T4, causing an ENC signal to be sent to the
FPP unit. This occurs during cycle 8. Actually
about 12 cycles have elapsed; the cycle numbers
are for identification purposes. Also occurring at
T4 is the enabling of ISG, TIN4 and TINS5. The ISG
signal prevents reading of memory data to the
T-register during the memory-storing cycles, and
TIN4 and TIN5 enable loading of FPP data into the
input buffer.

5-46. When the Flag goes low, acknowledging the
ENC command, ENC terminates and the IO code
changes to 11. The EAU controller is now waiting
for a high Flag. When this signal arrives, it indi-
cates that data is on the interface lines. At the next
T1, the 10 code changes to 10; causing the IOIO signal
to load the data into the input buffer.

5-47. Then, at T2, the combination of IOI and DS34
transfers the word from the input buffer to the T~
register. During T3 through T5 the T-register con-
tents is written into memory, while (at T3) the HI/LO
flip-flop toggles to the HI state. The combination of
HI and TIN4 causes TS34 to enable incrementing of
the M-register. This occurs once, at T7S of cycle 5.

5-48. Meanwhile, at T4 of cycle 5, the count incre-
ments to 8, and a new ENC is sent to the FPP unit.
This causes the next 16 bits to be loaded and stored,
as in paragraphs 5-45 through 5-47. Then the routine
repeats again for the third time.

5-49. However, on the third loop, when the count is
9, the signals which effect the data transfer are in-
hibited, so no data is stored. Also, the M-register
is not incremented, so that cycles 8 through 10 mere-
ly read and write the location containing the second
transferred word. The signals which are inhibited
are: TIN4, TINS5, ISG, TS34, and IOI. This no-store
cycle accomplishes the requirement of the STD
instruction, to store only the first two words from
the FPP unit.
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5-50. TLD OPERATION.

5-51. The TLD f(triple load) routine fetches three
words from memory and sends each one, as it is
received, to the FPP unit. There are two variations
unique to the LDF (load floating point) and LDD (load
double integer) instructions. Both of these instruc-
tions have a two-word operand in memory, instead of
three. For LDF the second word is fetched twice
and reformatted, with 16 zeros, to convert the data
to the triple-length format. (Format conversion

is illustrated in section IlI.) For LDD a third word
is actually fetched from the next memory location
and sent to the FPP unit; however, the FPP unit will
disregard this illegal word when it enters its LDD
routine.

5-52. Following completion of the TLD routine, the
instruction opcode is sent to the FPP unit by entering
the FPF routine (floating point function, next page).
The opcode will tell the FPP unit what to do with the
three words it has received. For the three load
instructions (LDX, LDF, LDD) this will consist
simply of moving the data up from the FPP C-register
to the FPP B-register. Other operations would be:
multiply, divide, add, and subtract. There are 11
instructions in the TLD group. This page, however,
describes only the triple-loading process.

5-53. During cycle 2, the cycle that immediately
follows phase 1 (page 5-4), EAU obtains the address
of the first word it is to fetch. During TO through
T2, the P123 signal causes memory to read out the

address word to the T-register, and at T7 the word
is transferred into the M-register. The transfer
is accomplished by the MD2 signal, which is high
during the count of 6. The MD 2 signal generates
RTSB and ADF at T6T7 (see figure 7-4), which put
the T-register onto the T-bus; then at T7, SWSM
stores the T-bus into the M-register. If indirect
addressing i indicated (TB15 = 1), the counter is
prevented from incrementing, and another memory
cycle occurs (not shown in the timing diagram),
which fetches a new address word. Then, if TB15
is 0, the count increments to 7 at the end of T1S.

5-54. Cpycle 3 reads the first word out of memory
to the T-register. At T4 a TIN2 signal loads bits
0-7 into the output buffer. (See figure 7-6.) Since
the computer backplane does not wire all T-register
bits to the EAU slots, a shifting operation is now
necessary to load the high byte (bits 8-15), The
Shift flip-flop is set (at T6) which incidentally turns
off P123 since another word from memory is not
wanted yet. The Shift signal generates RTSB and
SRMB (see figure 7-4), which perform the reading
and shifting, and SWST. The SWST signal is pulsed
by TS on the instruction decoder card in the CPU,
resulting in a repetitive shift. The first two shifts
occur in cycle 3. Then at the next T0, the HI-LO
flip-flop switches to H1 in pPreparation for turning
off the Shift signal at T4.

5-55. Cycle 4 continues the shifting process four
more times, for a total of six. Only six shifts are
required, rather than eight, because T-register

5-10
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bits 8 and 9 are available to the EAU timing card.
The high byte (TR8-15) is therefore shifted to TR2-9.
At T4 the Shift flip-flop is reset and a TIN3 signal
loads the high byte into the output buffer. (See
figure 7-4.)

5-56. Then at T5, if the Flag is high (FPP ready),
the IO code is set to 01. Assuming for now that
the count is still 7, the buffer-reading signals TIN4
and TINS are enabled (U92D now false}, and ENC is
sent to the FPP unit. This tells the FPP to load
the 16 bits that the buffer is now reading out.

5-57. Meanwhile, the M-register is incremented
in preparation for fetching the next word. (The
count is still assumed to be 7, so TIN4, which
permits incrementing to occur, is high.) Jncre-
menting occurs by enabling TS34, which generates
the appropriate signals on the EAU logic card (see
figure 7-4): at T6T7 RMSB, ADF, and RBO read
and increment the M value, and at T7 SWSM stores
the value back into the M-register. The Hi/1.O
flip~flop toggles to LO at TO, in preparation for
loading the next low byte. (L.O enables P123 to
read memory and enables TIN2, which is true at
T4.)

5-58. During TO, in cycle 5, the FPP Flag goes
low, indicating that it has loaded the first data

word and is busy preparing for the next word. The
low Flag clears the ENC signal by resetting IO1.
With 101 and 102 both reset, TIN4 and TIN5 are also
cleared (by U92D). The count now increments to 8,
and the entire read-load process now repeats (to
paragraph 5-54). '

5-59. On the second loop (count 8, cycle 6), a
check is made to see if the instruction is LDF (TRO=
0 and TR1=0). The identiiying bits are stored in the
Bit 0 and Bit 1 flip-flops. If the instruction is identi-
fied as LDF, TIN4 is inhibited from reading the low
byte of the output buffer (see figure 7-6). This
results in reading 8 zeros for the low byte, as
required by the format conversion. (Refer to section
). Also, since TIN4 is low, the TS34 signal is
inhibited, with the result that the M-register is not
incremented. The second operand will therefore be
fetched again in the third loop.

5-60. On the third loop (count 9, cycle 8), checks
are made to see if the instruction is LDF (TRO = 0,
TR1 = 0) or LDD (TRO = 0, TR1 = 1). For LDF,
TINS is inhibited from reading the high byte of the
output buffer, resulting in 8 zeros for the high byte.
For LDD, both TIN4 and TIN5 are inhibited, result-
ing in an all-zero word. The final incrementing of
the M-register in cycle 8 is insignificant since this
register will be forced to P+1 in the FPF routine.

5-61. When the count goes to 10, and the last Flag-
goes high after about 2.2 microseconds (cycle 10),
an OPC signal is generated. This signal reads out
the opcode (still stored on the EAU interface card)
and commands the FPP unit to load the opcode.

This action initiates the FPF (floating point function)
routine, described on the next page.
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5-62. FPF OPERATION.

5-63. The FPF (floating point function) routine pro-
vides an error-checking and exit sequence for the
TLD and FPF groups of instructions. Before this
sequence begins, the opcode has already been sent
to the FPP unit. (Refer to pages 5-4 and 5-10.) The
sequence begins when the FPP unit lowers the Flag,
acknowledging receipt of the opcode. This sets the
10 code (which was at 01) to 11. 1In this state EAU

is waiting for a high Flag. The Flag will remain

low as long as it is executing the function specified
by the opcode. This may be a relatively long period,
from about 10 to 200 microseconds.

5-64. When the Flag goes high, signifying comple-~
tion of its computation, the Exit flip-flop is set at
the next T4, and a check is made for a possible
error. If the ERR signal from the FPP unit is true,
it will load the error code into the input buffer. (See
figure 7-6.) Table 5-4 lists the assigned error
codes (only bits 8 through 15 are used). The ERR
signal also generates the signals that transfer the
input buffer contents to the computer A-register.
The IOIO and IOI signals are enabled at T5, which,
respectively, read the Buffer contents to the IOBI
lines and transfer the IOBI lines to the S-bus in the
CPU.

NOTE

2152A

5-65. 'Then at T5, SWSA and EOFB are enabled.
(See figure 7-4.) In the CPU, SWSA is strobed by TS
to produce STBA (Store T-Bus in A). If an ERR
(Error) signal is present, the IOIO and IOI signals
cause the error code to be loaded into the A-register;
otherwise, the A-register contents remain zero.

5-66. As a testable error indication, the ERR signal
also sets the CPU Overflow flip-flop. This is done
by enabling the OVD line, which generates IOSB (the
1/0 address of Overflow) and STF at T6T7.

5-67. The Exit signal also goes to the EAU logic
card (see figure 7-4), where it generates the signals
necessary to increment the P-register. At T6T7,
RPRB, ADF, and SBO read and increment the cur-
rent value of P, and at T7T SWSM and SWSP store the
values into the P- and M-registers. These registers
are now ready to address the next instruction in mem-
ory.

5-68. Also occurring at T7 is the Reset signal,
generated by the Exit signal. This clears the TLD,
MAC, 101, 102, and Shift flip-flops.

5-69. The final action of EAU is to re-enable the
CPU. This is done at the end of T7S by setting the
EPH (Enable Phase) flip-flop, which ends the IR
signal to the CPU.

This completes the discussion of
the controller portion of the EAU
logic. The section continues on
page 5-15 with a discussion of the
non-floating-point instructions.

5-12
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Table 5-4. Error Codes
ERROR CODE (A- Reg) INSTRUCTION CONDITION
0 No Response 0 0 0 Any, except: AS,
LS, RO, MPY,
DIV, DLD, DST
1 Underflow 0 0 1 ADF, ADX, Result is in the range
SBF, SBX, 0< z < (1/2) 2-128
MPF, MPX or0 >z = (-1/2) 2-128
DVF, DVX
CMX x = (1/2) 27128
HCX, HSX X < -88
EXX x < -87.3
2 Overflow 0 1 0 STD, FIX x < -231
orx = 231
ADF, ADX, 127
SBF, SBX, Result is = 2 127
MPF, MPX, or < -2
DVF, DVX
ABX, CMX x - -2127
HCX, HSX x > 88
EXX x > 87.3
RNX Result = 212'7
3 No Resolution 0 1 1 CSX, SNX, x| = 238
TNX
4 Divide by Zero 1 0 0 DVF, DVX y =0
TNX x = 2k+1)7/2
for k=0, 1, +2,...
5 Improper Variable 1 0 1 AHT x| = 1
LNX x = 0
SRX x < 0
6 Improper Opcode 1 1 0 Any
Notes: x = Contents of X Register before execution
y = Memory contents
X = Contents of X Register after execution
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Table 5-4. Error Codes
TRROR IC(? DE (E‘)A - Regg INSTRUCTION CONDITION
esponse 0 0 0 Any, except: AS,
LS, RO, MPY,
DIV, DLD, DST
rflow 0 0 1 ADF, ADX, Result is in the range
SBF, SBX, 0<z< (1/2)2-128
MPF, MPX or0 >z > (-1/2) 2-128
DVF, DVX
CMX x = (1/2) 27128
HCX, HSX X < -88
EXX x < -87.3
flow 0 1 0 STD, FIX x < -231
orx = 231
ADF, ADX, 197
SBF, SBX, Result is 2 2 127
MPF, MPX, or < -2
DVF, DVX
ABX, CMX x = -2127
HCX, HSX x > 88
EXX x > 87.3
RNX Result = 2127
asolution 0 1 1 CSX, SNX, |x] = 238
TNX
e by Zero 1 0 0 DVF, DVX y =0
TNX x = (2k+1)7/2
or k=0, =1, +2,
»per Variable 1 0 1 AHT x| = 1
LNX x s 0
SRX x < 0
»per Opcode 1 1 0 Any
Notes: x Contents of X Register before execution

y
X

oo

Memory contents
Contents of X Register after execution
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5-70. EAU FUNCTIONS.

5-71. The remainder of this section provides theory
of operation for those functions of the FPP which
operate only on the computer A- and B-registers,
and are not involved with the floating point processor
unit. These functions are: integer multiply and
divide, double load and double store, and long shifts
and rotates. Table 5-5 lists the machine codes for
these instructions. (Instruction definitions are given
in section III of this manual.)

5-72. Figure 5-22 is a generalized block diagram of
the extended arithmetic unit, integrated with the com-
puter CPU block diagram. (Input/output is omitted
since it is not involved in EAU operations.) As
shown, the EAU hardware consists of two printed cir-
cuit cards: timing and logic. All of the signals
entering or leaving these two boards are identified in
figure 5-22. The following paragraphs (through 5-81)

Section V

describe in general terms the functions that these
signals are intended to accomplish.

5-73. STARTING THE EAU OPERATION. When the
instruction register (I-reg) decodes an EAU group
instruction from the T-register (bits 15, 14, 13, 12,
10; refer to table 5-5), a MAC signal is sent to the
EAU timing card. This signal enables EAU.

5-74. TFirst, the MAC signal loads the seven
instruction-determining bits into the operation
decoder, which decodes the type of operation to be
performed (multiply, divide, rotate, etc.). The
resulting decoded output does several things. For
shifts and rotates, it loads TRO through TR3 into the
operation cycle counter, or, for the other instruc-
tions, it presets the counter to a value of 5 (ignoring
TRO-3). (The significance of the number 5 will be
explained later.) The decoded instruction signal also

Table 5-5. Extended Arithmetic Unit Machine Coding
INSTRUCTION 15 14 13 12 11 10 9 8 ki 6 5 4 3 2 1 0
MPY 0 0 1 0 0 0 0 0 0 0
DIV 0 1 0 0 0 0 0 0 0 0
DLD 1 0 1 0 0 0 0 0 0 0
DST 1 1 0 0 0 0 0 0 0 0
ASR 0 0 0 0 0 1 *n
ASL 0 0 0 0 1 *n
LSR 0 0 0 0 1 0 *n
LSL 0 0 0 O 1 0 ' *n
RRR 0 0 0 1 0 0 *n
RRL 0 0 0 1 0 0 *n
Shaded bits define EAU *n = number of shifts or rotates: 8 4 2 1
group (MAC signal); re- _ . S— T ——
maining bits determine ; ; ; :Eig:ﬁ:?ﬁges Binary Value
specific instruction. 3 = 3 shifts or rotates
4 = 4 ghifts or rotates
5 = 5 shifts or rotates
6 = 6 shifts or rotates
T = 7 shifts or rotates
8 = 8 shifts or rotates
9 = 9 shifts or rotates
10 = 10 shifts or rotates
11 = 11 shifts or rotates
12 = 12 ghifts or rotates
13 = 13 shifts or rotates
14 = 14 shifts or rotates
15 = 15 shifts or rotates
0 = 16 shifts or rotates

5-15
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generates an IIR (Inhibit Instruction Register) signal
and a EPH ("not" Enable Phase) signal. Together,
these two signals disable normal CPU operations,
and EAU takes contro!.

5-75. EXECUTING EAU INSTRUCTIONS. Since
memory is disabled (‘'not"-EPH), the T- and M-
registers do not affect memory, so all five registers
are available to EAU for temporary storage of data.
There is one limitation, however, in that direct
memory access (DMA) could insert a phase 5 cycle
at the end of any EAU cycle, and thus destroy the
contents of the T-register. Therefore all significant
data in the T-register must be transferred elsewhere
before the end of the cycle in which it occupies this
register.

5-76. In addition to having complete control of the
registers, EAU can also read or write in memory by
generating a P123 signal. (ISG is necessary for the
store operation, to inhibit loading memory data into
the T-register. )

5-T77. Al of these operations (manipulating the
registers and reading or writing in memory) occur
under strict timing sequences determined by the tim-
ing encoding logic. Inputs to this logic include most
of the basic timing signals of the computer (T0, T1,
T2, etc.), plus the current count of the operation
cycle counter, and the decoded instruction. Outputs
to the EAU logic card comprise the 29 timing signals
shown as direct connections between the two boards.
The three shift signals and two memory signals (P123,
ISG) are sent to the CPU. These 34 signals deter -
mine when and how the registers are to be manipu-
lated, selecting any of the 5 Read signals, 5 Store
signals, 3 Function signals, and 3 Shift signals, plus
when to read or write in memory. For example, the
MP1 through MP5 signals sequentially set up and then
perform the operations of a multiply: first obtaining
the address of the multiplier, then fetching the multi-
plier, then converting negative numbers to positive
form, then doing the step-by-step shift and add series
of operations that accomplish the multiply.

5-78. Shifts and carries into or out of the ends of
registers are treated in different ways, depending on
the operation being performed. The Sign, Link, and
Carry flip-flops provide temporary storage and a
means for manipulating these bits. Bit routing is
provided to and from the high or low end of the CPU
buses (RB15, RB14, RBO, SBO, C16, TB15, TBO).

5-79. Checking for overflow conditions is done on
the logic card, and resultant indications are sent to
the timing card (OVR, OASL, etc.). Depending on
the type of operation, the CPU Overflow flip-flop may
be set immediately or delayed until the end of the
operation. The STF signal with IOSB (Overflow
address) sets the Overflow flip-flop.

5-80. ENDING THE EAU OPERATION. As the EAU
operation progresses, the operation cycle counter is
incremented on each step. When the counter reaches
the final count, it causes an Exit signal to be gener-
ated (via timing encoding). This terminates the IIR
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signal (and increments the P~ and M-registers) and
thus returns control to the CPU.

5-81. Inthe event that EAU should attempt to store
a double word in an area of core protected by a mem-
ory protect option, an RSDS signal immediately
clears the operation decoder and causes an Exit, as
in the preceding paragraph. The CRS signal clears
the EAU logic in the same way, except that it occurs
under instruction control (CLC 0).

5-82. OPERATION CYCLE COUNTER.

5-83. Most of the logic circuits in the EAU hardware
are relatively simple, consisting largely of gates that
are activated in a set sequence. Therefore, most of
this theory of operation will be presented on the basis
of time sequences rather than circuit descriptions.
However, the counter which generates the sequencing
signals does require some explanation, in that its
operation may not be readily apparent. The following
paragraphs, through 5-92, describe the operation
cycle counter (for brevity, frequently identified in
this text as "the counter").

5-84. Figure 5-14 shows the counter logic. The
counter itself consists of four J-K flip-flops, con-
nected as a 4-bit binary counter. The use of J-K
flip-flops permits accurate marking of time, by
avoiding binary-state propagation delays at the instant
of incrementing, inherent in simple binary counters.
All flip-flops respond simultaneously to the incre-
menting clock signal, changing states as required on
the trailing edge of the Clock.

5-85. Note that is is necessary for the two higher
order flip-flops to use pin 7 of the preceding flip-flop
as its input, rather than the normal set output at pin
13. If this were not done, OC2 would set prematurely
on the first Clock after OC1 becomes set instead of
waiting for OCO to also become set. (Remember that
in a binary counter, one flip-flop can be set only after
all preceding flip-flops are set.) Referring to figure
5-15, note that pin 7 comes from a gate which (in
addition to Clock) requires that the flip-flop's own

set output is true and the preceding flip~flop (whose
output appears at both pins 8 and 14) is also true. In
a binary chain, a true output from pin 7 is therefore
a signal that this flip-flop and all preceding flip-flops
are set.

5-86. The normal clear state of the counter is when
all four flip-flops are set (rather than clear), or when
the count is 15 (decimal). This state is termed
""counter at operational zero", and a low CTOO signal
in the logic signifies this condition. The counter is
set to this state at T1 of every phase 1 (top gate in
figure 5-14). The reason for using 15 instead of 0
for the clear state is that it permits the use of one's
complement subtraction when (as will be discussed -
later) it is desired to put the negative value of the
desired shift count into the Counter. One's comple-
ment arithmetic is simpler to implement in hardware
than two's complement. All that is necessary (refer
to next paragraph) is to use the positive binary value
of the shift count to reset the corresponding flip~flops.
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5-87.

The counter operates under two different

modes, identified by shaded blocks in figure 5-14.
For the shifts and rotates, the counter is preset at T4
of phase 1 by strobing T-register bits 0-3 into the

counter.

(As shown in table 5-5, these bits represent

the desired number of shifts to be accomplished. )
Since the preset input is to the clear side of the flip-
flops, the counter now contains the one's complement
value of the shift count.
number of shifts is 8 (TR3 = 1), the counter will con-
tain the value 7 (OC3 cleared, leaving OCO, 1, 2 set).
Then, when the counter is incremented (clocked at
every odd time interval by TOD) the counter advarnces

from 7 toward the full count of 15.

For example, if the desired

(TOD is true at

every T1, T3, T5, or T7.) One shift is accom-
plished each time the counter increments; thus by the
time the count reaches 15, the desired 8 shifis will
have been accomplished.

5-88.

For multiply, divide, double load, and double

store, the counter is always preset to a value of 5 by

clearing the OC1 and OC3 at T4 of phase 1.

To some

extent, 5 is an arbitrary number, chosen for ease of

decoding the desired final count.

Depending on which

of the four instructions is being executed, it will be
desired to know when 3 counts have elapsed (DLD
and DST), or 11 counts (MPY), or 12 counts (DIV).
Thus signals representing counter values of 8, 0
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(rollover), and 1, respectively, are needed. These
counter values are shown among those decoded by the
operation cycle decoder, in figure 5-14. (The pur-
poses of the other decoded counts will become appar-
ent later in this section; note that not all counts need
to be decoded.) Incrementing of the counter occurs
at TTTS of every cycle during the execution, with the
exception that when the logic obtains an address from
memory, incrementing will be inhibited if the
address is indirect.” All EAU operations will be sus-
pended until a direct address is found.

5-89. Tables 5-6 and 5-7 illustrate the count
sequences for all EAU instructions. As explained
in paragraph 5-87 for shifts and rotates, the one's
complement value of the desired number of shifts
is preset into the counter, which is then incremented
(with each shift) until the count reaches 15. Table
5-6 illustrates this process. Note that up to 4
counts (shifts) occur in each machine cycic, with
the result that a maximum of five and a micimura
of two machine cycles are required to produce the
full range of shifts. The first shift cannot occur
until the last quarter of cycle 1 due to instruction
decoding time and counter setup time; also one
quarter of a cycle is required for the exit opera-
tions (re-enabling the CPU and incrementing P and

5-18

Table 5-6. Count Sequences for AS/LS/RO
T-REGISTER| NO. PRESET CYCLE # B

BITS OF |[COUNTER 1 2 3 4 5
3210 SHIFTS| VALUE ] l l ] l ] I ] l """"
0001 1 14

0010 2 13

0011 3 12

100 4 11

0101 5 10

0110 6 9

0111 7 8

1000 8 7

1001 9 6

1010 10 5

1011 11 4

1100 12 3

1101 13 2

1110 14 1

1111 15 0

0000 16 15
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M), which is assigned to the final quarter of the
last shifting cycle. Thus the minimum number of
cycles is necessarily two, as shown by the top line
of the table. The first column of table 5-6 shows
the coding of the least significant bits of the instruc-
tion, which specify the desired number of shifts
(second column). The third column shows the
decimal value of the counter (as preset by a one's
complement of column 1), and the remaining five
columns show the incrementing sequence of the
counter, each quarter cycle, for each of the 16

. possible degrees of shift.

5-90. As explained in paragraph 5-88, for MPY,
DIV, DLD, and DST the counter is preset to 5,
then incremented at the end of each machine cycle
(except for a possible inhibit due to indirect
addressing). Table 5-7 illustrates the count
sequence for these four instructions.
the number of machine cycles required varies
according to the type of instruction (and, except

for possible indirect phases, is fixed at that number,
rather than variable, as for shifts and rotates).

For multiply, this number is 12 cycles, for divide
13, and for double load and double store 4.

Note that

5-91. In contrast to the simple repetitive process
of shifting, which requires little more than checking
for a full count, operations such as multiply and
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divide are relatively complex. Thus at various
stages of the count, unique signals are generated

in order to accomplish specific unique functions in a
set sequence. Table 5-7 lists these signals, identi-
fied by the cycle in which they occur. For example,
MP1 is active in the first cycle of a multiply, MP2
in the second cycle, and MP3 in the third. MP4
(here the process becomes repetitive) is active for
the fourth through eleventh cycles, and MP5 provides
exit operations in the twelfth cycle. Note that MP5
occurs when the counter rolls over from 15 to 0;

for divide, the counter will also roll over and
advance to 1 in order to reach the D6 exit cycle

in the thirteenth cycle.

5-92. The remainder of this section describes in
detail the execution of each of the EAU instructions.
Logic equations and flowcharts at the end of the sec-
tion are to be used in conjunction with the descriptive
text.

5~93. MULTIPLICATION,

5-94, Before going into execution sequence of the
MPY instruction, it is first necessary to understand
the theory of multiplication. The apparently simple
process of multiplying two numbers actually involves
a series of steps which, for convenience, are com-

Table 5-7. Count Sequences for MPY/DIV/DLD/DST
CYCLE COUNTER COUNTER STATES ENABLED TIMING SIGNAL

# (DECIMAL) | oc3 | oc2 | oct | oco MPY DIV DLD | DST
1 5 0 1 0 1 MP1 D1 pL1 DSl
2 6 0 1 1 0 (Mgg) (MDD22) DL2  DS2
3 7 0 1 1 1 MP3 D3 DL3  DS3
4 8 1 0 0 0 D4 DL4  Ds4
5 9 1 0 0 1

6 10 1 0 1 0

7 11 1 0 1 1

8 12 1 1 0 0

9 13 1 1 0 1

10 14 1 1 1 0

11 15 1 1 1 1

12 0 0 0 0 0 MP5

13 1 0 0 0 1

Shaded areas indicate time during which EAU is multi-
plying or dividing, MP1-3 and D1-4 are initialization

cycles. MP5 and D6 are exit cycles.
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bined by convention into the shortest possible form.
However, for a computer to duplicate this process,
it is necessary to break the process down into its
constituent steps. This is because the computer is
a binary machine, and can handle no more than one
step at a time. Paragraphs 5-95 through 5-111
discuss the derivation of the binary technique of
multiplication used by EAU.

5-95. MULTIPLICATION THEORY.

5-96. DECIMAL MULTIPLICATION. Figure 5-16
illustrates the conversion of the conventional form
of multiplication (box A) to a decimal equivalent of
what EAU does (box E). Notice in all cases that,
although the form of the computation varies, the
numbers in the partial products and final product
are consistently the same.

5-97. Inbox A, the first step toward viewing the
operation in machine terms has already been taken.
That is, individual numerals must be thought of as

being positioned or moved within stationary columns.

In the computer, numerals will be accumulated and
moved in stationary registers. Shading of triplet
columns in figure 5-16 emphasizes the columnar
approach.

5-98. To analyze what is done in conventional
multiplication, note that the multiplicand (2468) is
successively multiplied by each digit of the multi-
plier, in order of the least significant to the most
significant digit. Since each multiplier digit has a
place value of ten times the preceding digit, each
succeeding product is increased in value ten times
by being shifted left one column position. The final
step is to add all products resulting from each
multiplication.

5-99. Thus there are three separate actions in-
volved in multiplication. First, there are the
individual multiplications of multiplier digit times
multiplicand; then there is a shifting action to
determine place value, and finally there is an

addition to get the final product. Or, more concisely:

multiply, shift, add.

5-100. Since the computer can add only two numbers

at a time, partial products must be accumulated
after each multiplication by a multiplier digit. Box
B illustrates this action. First we must assure
that the starting value is zero (assumed for mental
calculations, but not necessarily true of machines).
Then we multiply by the first multiplier digit (1)
and add to the existing accumulated value (0) to get
the first partial product (2468). Then multiply by
the second multiplier digit (5), shift the result one
position to the left, and add to get the second par-
tial product (125,868). Finally, multiply by 9,
shift two places to the left, and add to get the final
product.

5-101. In Box C, the process is expanded to separate

the multiplication and shift operation into two
separate steps, as the computer must do. For
machine use, there are two disadvantages to this
form. One is that there is no shift in the first
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cycle; this would require additional hardware to
treat the first cycle differently from the succeeding
cycles. The other disadvantage is that the left-
shifting is with respect to the previous addend,
rather than to the existing accumulated value.
Again, this would require more hardware to store
information from the preceding cycle.

5-102. In box D, we shift the partial products
right one position after adding, instead of shifting
the addend left before adding. The net result is
the same, but the process is now uniform from
cycle to cycle: multiply, add to existing partial
product, shift result right. The process is now
in a form that the computer can use.

5-103. Box E illustrates how EAU multiplies ,
except that the example is still in human terms
(decimal). It is assumed there are two 5-digit
decimal registers (approximately equivalent to the
two 16-bit binary registers in the computer), and
the objective is to fill these two registers {(com-
bined) with the final product.

5-104. Initially, register B is zero, the multiplier
is in register A, and the multiplicand is in some
easily accessible third register. Placing the
multiplier in register A is an efficiency measure
to save hardware. After each digit of the multi-
plier is used, it is no longer needed, so the entire
multiplier can be shifted right and thus discard
the inactive digit. Since the partial product will
also be shifting right, the two actions can occur

in synchronism, with the result that the lower half
of the accumulated product gradually displaces

the multiplier in register A. An additional advan-
tage is that the active multiplier digit always appears
in a uniform position (least significant digit of A),
thus simplifying the required hardware. The
multiplication process occurs as follows.

5-105. The low order digit of the multiplier in
register A is read, multiplied with the multiplicand,
added to the existing value of register B, and then the
result is stored in register B. Then both registers
are shifted-right together, with the least significant
digit of register B shifted into the most significant
digit position of register A. The previously used
multiplier digit, at the same time, gets shifted off
the end of register A and is lost. After this entire
sequence has been repeated five times, the final
product is the 10-digit result existing in the combined
registers, Note that although the multiplier actually
consists of three digits, it is necessary to go through
the motions two additional times (multiply by 0) since
the multiplying register (A) is a five-digit register.
The two shifts in cycles 4 and 5 correctly position
the final product.

5-106. BINARY MULTIPLICATION. Figure 5-17
illustrates in binary form the same process of multi-
plication shown in box E of figure 5-16, using the
same numerical values. This is exactly the sequence
that EAU follows in executing the MPY instruction.

5-107. First note the similarities with the decimal
form in figure 5-16. As before, the multiplier is in
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the A-register, the B-register is clear, and the
multiplicand is in a convenient third register (M-
register). The number of operations, or cycles, is
equal to the number of digit or bit positions in the
multiplier (16 in this case).

5-108. The differences are only due to the fact that
the mode is now binary instead of decimal. Note that
the number of steps within each cycle is reduced from
three to two (the multiply step is eliminated). This is
due to the nature of the binary system, which has only
the two digits 0 and 1. Multiplying the multiplicand by
0 results in 0; multiplying the multiplicand by 1
results in a value equal to the multiplicand. There-
fore, in any cycle, the appearance of a 1 as the multi-
plier digit means: yes, add the multiplicand to the
currént accumulated product (1 x multiplicand); and 0
means: no, don't add the multiplicand (0 x multipli-
cand).

5-109., As an aid to understanding the process in
human terms, figure 5-17 shows the decimal signifi-
cance of each bit of the multiplicand and multiplier
(and also the true bits of the product) to obtain the
decimal equivalents of the binary numbers.

5-110. When the first cycle starts, the low order bit
of the A-register is 0. Since 0 times the multiplicand
is 0, we do not add in cycle 1. Then both registers
are shifted-right together. This still results ina 0
as the multiplying digit, so in cycle 2 we still do not
add. But the shift this time brings a 1 into the multi-
plying bit position (shaded), so in cycle 3 we do add

(1 x multiplicand). Since the B-register has been
zero up to this point, the addition results in a copy of
the multiplicand. The next time a 1 is shifted into the
multiplying position occurs in cycle 5; thus in cycle 6
the multiplicand is added to the value now existing in
the B-register. Similarly, additions will occur in
cycles 8, 9, and 12,

5-111. Note the advancement of the low half of the
product (shaded), as the multiplier (unshaded) moves
out of the A-register. The final product occupies
both A~ and B-registers, and has the same value as
the previous decimal example.

5~112. MULTIPLY LOGIC.

5-113. MPY INSTRUCTION EXECUTION. The multi-
plication process cannot begin immediately when the
MPY instruction occurs, because:

a. The multiplicand is in memory, which is
an inconvenient location for repeated referencing.

b. One or both numbers may be negative.

c. Logic requires time to set up initial
conditions,

5-114. Relative to item "a", the multiplicand needs to
be fetched from memory and loaded into a register
that is easy to reference. The M-register is the
register assigned to this purpose. , Negative numbers
(item "6'") need to be converted to the positive form,
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since the computer can add only in the positive direc-
tion. Also, the signs of the two numbers must be
saved and compared, in order to determine the sign
of the result. These two operations, plus logic initia-
lization (item "'C"), require three cycles of machine
time.

5-115, Each cycle is identified as multiply cycle 1,
multiply cycle 2, etc., and is activated by a corre-
sponding unique signal (MP1, MP2, etc.). Multiply
cycle 4 is repeated eight times, executing two add/
shift operations. Therefore, the MP4 signal remains
set for eight cycles before MP5 activates the final
cycle, multiply cycle 5. This last cycle takes care
of converting the answer to negative form if the com-
pared signs indicate the result should be negative and
returns control of the registers and memory to the
CPU.

5-116. Figures 5-23 through 5-27, and tables 5-8
through 5-12 illustrate in detail the sequences of oper-
ations that execute the MPY instruction. The figures
explain in flowchart form the intended action that the
logic is meant to accomplish, and the tables list all
the signals that accomplish each action. The tables,
incidentally, provide a key to locating the specific
gates (by reference designation) which are enabled in
order to activate each signal listed in the tables.

5-117. The above mentioned figures and tables should
be folded out for convenient reference during the fol-
lowing discussions of each multiply cycle (through
paragraph 5-148). The logic diagrams, figures 7-2
and 7-4, should also be available.

5-118. MULTIPLY CYCLE.1. As indicated in figure
5-23, there are four major operations to be accom-~
plished during the first cycle of an MPY instruction.
These are:

a. Initialize the operation cycle counter, and
look for the EAU group instruction signal, MAC,.

b. Decode the MPY instruction, and set the
Counter to 5, for MPY.

c. If the multiplier is negative, begin the
conversion to positive form by complementing (the
increment part of the 2's complement conversion
occurs in the next cycle).

d. Prepare the EAU and the computer logic
for reading memory in the next cycle. Remember
that an EAU instruction always consists of two words:
the instruction word and an address word which
specifies the address of the multiplicand.

5-119. When any phase 1 begins, the instruction type
is not known until the latter part of T2 when the com-
puter instruction decoder decodes the instruction
word read out of memory. During the time that the
instruction word is being read out of memory, EAU
clears the operation cycle counter (to the count of 15,
as explained earlier in paragraph 5-86). This occurs
at T1 of every phase 1 (see equation), regardless of
whether the instruction is of the EAU type or not.
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If the instruction is not of the EAU type, there is no
MAC signal, and EAU remains disabled.

5-120. If there is 2 MAC signal from the CPU, the
T-register bits which define the operation are clocked
into the operation decoder at T3S. In the case of the
MPY instruction, the MPY flip~-flop will be set, and
this begins the MP1 signal. At T4, the counter is

set to 5, as explained earlier in paragraph 5-88.

9-121. Also at T4, the multiplier in the computer
A-register is transferred to the B-register. In the
process of doing so, the sign bit, which appears as
bit 15 on the T-bus, is tested by gate U52B, If this
bit is a 1", indicating a negative number, the SMR
flip-flop will be set. Note the four logic equations
for transferring A to B. The RARB signal reads A
out to the R-bus, EOFB (Exclusive ""OR", Buffered)
passes the R-bus through the adder to the T-bus,
unaltered since the S-bus is zero at this time, and
SWSB (Switch Store in B) stores the T-bus in the
B-register. The SMR signal is saved for use at T5,
and also in cycles MP2 and MP5.

5-122. At T5 the multiplier in the B-register is read
onto the R-bus by RBRB, complemented by CMFB,
but stored back in the B-register (in this comple~
mented form) only if SMR is set. Thus, if the num-
ber was positive, the value in the B-register will
remain not complemented.

5-123. At T6T7, the CPU is permitted to increment
the P- and M-registers. (MAC enables OPO in the
computer.) The signals which accomplish this incre-
ment are listed in the EQUATION column of table 5-8,
but equations are not given since these are not opera-
tions of the EAU option.

5-124. Then, at T7S, EAU disables the CPU by reset-

ting the EPHX flip-flop, thus generating the IIR signal.

At the end of TT7S, which is the dividing line between
the end of one cycle and the beginning of the next, the
trailing edge of the Clock signal advances the counter
to the count of 6. This enables the MP2 signal via
gate U22C and thus permits a different set of signals
to be activated during the next cycle, multiply cycle 2.

5-125. MULTIPLY CYCLE 2. In the second cycle,
the main objective is to obtain the address of the mul-
tiplicand. The P- and M-registers have been incre-
mented for this purpose in the preceding cycle. Since
the possibility exists that the address fetched may be
an Indirect address, provision is made to repeat the
MP2 cycle as many times as necessary in order to
obtain the final, direct address. Also, during this
cycle, the conversion of a negative multiplier to posi-
tive form (begun in the preceding cycle) is completed,
and the check is made to see whether an addition will
be made in the first operation of the actual multiply
routine (in multiply cycle 4),

5-126. Reading from memory is enabled by generating
the P123 signal, which remains active from TO
through T5. As shown in the logic equation, T6T7
determines the time duration of P123, ending the sig-
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nal when T6 starts. As usual, reading from memory
places the word in the T-register.

5-127. During T3T4, the multiplier, presently in the
B-register, is read out to the R-bus and, if SMR indi-
cates that the sign was negative, is incremented and
stored back in the B-register. Otherwise, if SMR is
false, indicating a positive sign, the incremented
value is not stored in the B-register, and thus the
B-register retains its existing value.

5-128, At T4 the multiplier is on the T-bus due to the
action described in the preceding paragraph. At this
time, if the least significant bit (TB0) is 1", the MAF
flip-flop will be set in preparation for the first multi-
plication add (in multiply cycle 4).

5-129. Incidentally, the Gate flip-flop, which produces
the Gate signal used in the logic equations of the two
preceding operations, is simply a means of assuring
that the incrementing and MAF-setting operations
occur only once in case MP2 is repeated for indirect
addressing. The Gate flip-flop is initially set at T6

of the MP1 cycle. Then, if the first MP2 cycle finds
an indirect bit on the T-bus (TB15) at time T6, the
flip~flop will again be clocked. Since the MP1 input
signal is now false, the flip-flop is latched to the
clear state. The low Gate signal in succeeding MP2
cycles presents further incrementing of the B-register
and setting of MAF. (Refer to the logic equations.)

5-130. At T6TT the multiplicand address in the
T-register is transferred to the M-register in prep-
aration for reading the multiplicand (or possibly
another address if the current one is indirect) from
memory in the next cycle. At T7S the clock signal to
the counter goes true only if TB15 is "0", indicating a
direct address. Otherwise, the counter stays at its
present count (6), thus causing a repetition of the
MP2 cycle as a further search for a direct address.
When the direct address is obtained, TB15 will be
0", and the counter will be clocked to the count of 7
at the trailing edge of T'1S. This activates the MP3
cycle.

5-131. MULTIPLY CYCLE 3. The main objectives
of the MP3 cycle are to fetch the multiplicand from
memory and convert it, if negative, to the positive
form. An incidental operation is to return the multi-
plier, presently in the B-register, back to its origi-
nal position in the A-register.

5-132. At TO the P123 signal is again activated in
order to read memory. If the address was zero, the
A-register is read, instead of memory, and loaded
into the T-register. This is a function of the com-
puter, so the relevant logic equations are not given;
the active signals are listed as a guide for tracing out
the action in the particular computer used with EAU.

5-133. At T2 the multiplier is transferred back to the
A-register. The reason why the multiplier was -
transferred from A to B (in paragraph 5-121) and now
from B back to A is to allow the A-register contents
to be used, if desired, as both multiplier and multi-
plicand. This resuits in a mathematical square oper-
ation and is accomplished by referencing address 0
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(A-register address) as the multiplicand (second word
of the MPY instruction). If the temporary A-to-B
transfer were not done, the act of converting a nega-
tive multiplier to positive form would destroy the '
original negative value. Thus-the A-register contents
remain unaltered throughout the MP1 and MP2 cycles
until after the opportunity to read these contents as a
multiplicand at T1 of the MP3 cycle.

5-134. Beginning at T3 the multiplicand, which has
just been read into the T-register from either
memory or the A-register, is transferred to the M~
register throughout the multiplication process. This
occurs in two steps: T-register to B-register, then
B-register to M-register. The reason for the two-
step process is to allow complementing and incre-
menting of the multiplicand if it is a negative number.
At T3, the T-register is read onto the S-bus, passed
through the adder by EOFB to the T-bus, and stored
by SWSB in the B-register. If the sign bit on the T-
bus indicates a negative number (TB15 = 1), the SMD
flip-flop is set. Then at T5, depending on whether or
not SMD was set, the B-register contents are trans-
ferred to the M-register in either complemented
(CMFB) or uncomplemented (EOFB) form. Likewise,
depending on the SMD state, the multiplicand is then
incremented at T7.

5-135. In preparation for actual multiplication in the
next cycle, the B-register is cleared. At T7TS the
counter is advanced to the count of 8, thus enabling
the MP4 cycle.

5-136. MULTIPLY CYCLE 4. Each MP4 cycle
accomplishes two add/shift operations. Therefore
8 complete MP4 cycles are necessary in order to
obtain the 16 add/shift operations required by a 16-
bit multiplier register. '

5-137. The first add/shift operation occurs during TO
through T3. At TOT1, the multiplicand is read onto
the S-bus and the current value of the high half of the
accumulated product (initially zero) is read onto the
R-bus. These values are added and routed to the T-
bus. If the state of the MAF flip-flop indicates that
addition should occur (refer to paragraph 5-128), the
added result is stored back into the B-register.
Otherwise, the B-register retains its existing value.

5-138. At T2 the B-register is read onto the R-bus,
shifted right one position, and stored back in the B~
register. During this process, the preshifted con-
tents exist on the R-bus, allowing an opportunity to
save the least significant bit (which otherwise would
be lost due to the right shift). If RBO is "1", it will
set the Link flip-flop; otherwise the flip-flop, clocked
by TEV and TS, will be cleared. (Note that the use
of TEV in the Link flip~flop clock results in insigni-
ficant reading of RBO at TO and T4; however, since
Link is read only at T3 and T7, the only significant
readings of RBO are those that occur at T2 and T6.)

5-139. At T3 the A-register is shifted. Its least
significant bit is lost, the the saved bit from the
B-register, now in the Link flip-flop, is read onto
the T-bus (TB15). This bit is therefore stored into
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bit 15 of the A-register, simultaneously with storage
of the shifted value of the A-register contents.

5-140, Since the new least significant bit of the mul-
tiplier exists on the T-bus at this time (T3), TBO is
read and sets the MAF flip-flop (if TBO = 1) in prep-
aration for the next add/shift operation.

5-141, The second add/shift operation of the MP4
cycle occurs during T4 through T7. The sequence of
active signals is identical to those occurring from TO
through T3. Only the timing signals are different,
advanced by four time periods. Thus TOT1 becomes
T4T5, T2 becomes T6, etc. With only this minor
difference, the process for the second add/shift
operation is the same as described in paragraphs
5-137 through 5-140.

5-142. At the trailing edge of each T7S, the counter
advances, first from 8 to 9, then 9 to 10, and so on,
until the count rolls over from 15 to 0. At this point,
eight MP4 cycles have occurred, and the multiplica-
tion process is therefore complete. The count of 0
activates the MP5 cycle.

5-143. MULTIPLY CYCLE 5. The MP5 cycle is an
exit sequence, simply to convert the answer, if nega~
tive, to the negative form and return control to the
CPU.

5-144. The combined outputs of the SMR and SMD
flip-flops are connected in an "exclusive-or' gate
arrangement. This gating will produce a Sign signal
if either, but not both, of the flip-flops are set. This
"exclusive-or" condition is consistent with the mathe-~
matical rule regarding positive or negative products
from positive or negative multipliers and multipli-
cands. Thus if the Sign signal is true, the answer
must be converted from the present positive form to
its equivalent negative form.

5-145. At TO the A-register is read and comple-
mented, then stored back in the A-register if the
Sign signal is true. At T1T2 the A-register is incre-
mented by adding with a forced SBO, and stored if
Sign is true. A possible carry out of the highest
order adder (C16 signal) is saved in the Carry flip-
flop. At T3 the B-register is also complemented but
instead of incrementing with a forced SBO, the state
of the Carry flip-flop determines whether SBO is ''1"
or "0". This is a requirement of two's~-complement-
ing both A- and B-registers together as a single
quantity. Thus by the end of T5 of the MP5 cycle,
the final product exists in the combined A- and B-
registers.

5-146, At T5 the Exit flip-flop is set in preparation
for the final exit sequence (next paragraph), and at
T6T7 the computer Overflow register is cleared.
Clearing the Overflow register is merely a program--
ming precaution since it is impossible to overflow a
32-bit product register by multiplying two 16-bit
guantities. Thus any routine checks for Overflow,
after programming an MPY instruction, will consis-
tently find an indication of no overflow.
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5-147, Also at T6T7, the P-register is incremented
(added to a forced SBO) and stored in both P- and M-
registers. This prepares the computer to read its
next instruction in the following phase 1 cycle.

5-148. At T7Sthe EPHX flip-flop is set again, thus
terminating the IIR signal. This enables the compu=
ter instruction register and phase control logic. At
T7 the operation decoder is clocked, and since there
are presently no T-register inputs, the operation
decoder flip-flops (specifically the MPY flip-flop)
are cleared. This completes the MPY sequence of
operations.,

5-149. DIVISION,

5-150. The process of division, when broken down
into its constituent steps, is considerably more com-
plex than multiplication. Since a thorough, step-by-
step derivation of the technique of binary division is
largely academic to the context of this manual, only
the steps significant to understanding the FAU hard-
ware will be discussed. If further theoretical infor-
mation is necessary, most computer design textbooks
contain a discussion of binary division; EAU uses the
method known as '"restoring division'. Paragraphs
5-151 through 5-175 of this section describe the im-~
portant features of this technique.

5-151. DIVISION THEORY.

5-152. DECIMAL DIVISION. Figure 5-18 illustrates
the conversion of the conventional form of division
(box A) to a decimal equivalent of what EAU does
(box C). In the conventional form, we first estimate
how many times 13,500 will ''go into" the leftmost
digits of the dividend. The number of digits isolated
for this partial dividend is also a trial-and-error
guess, to some extent. Then we visually line up the
quotient digit for a multiplication, which is per-
formed to determine the next partial dividend. This
next partial dividend consists of the remainder
resulting from a subtraction of the exact value of 5
times the divisor from the former partial dividend,
plus the next digif "brought down' from the dividend.
This process continues until all digits of the dividend
have been utilized as a partial dividend.

5-153. Thus it can be seen that the form of conven-
tional division is unsuitable for use by a computer;
there can be no preliminary estimating or visual
aligning. The process must consist of a fixed number
of simple, repetitive steps.

5-154. Box B illustrates one step in converting

the division process to a machine form. Here, the
process is viewed as a series of subtractions. That
is, the problem is viewed in its simplest terms:

how many times can 13,500 be subtracted from
79,000,000? This means , actually, that the divisor
is a negative number.

5-155. The concept of isolating parts of the dividend
as a partial dividend is retained, except that every
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digit is tried for a valid subtraction, one by one.
There is no preliminary estimated positioning,

5-156, .In step 1 of box B, the dividend and divisor
are seen as existing in two adjacent registers. To
bring the first digits into alignment for the first sub-
traction attempt, step 2 pre-shifts the divisor to the
right. (Note in the conventional form that there is a
also a shifting to the right.) Obviously, filling in
assumed zeros, the divisor is too large to "go into"
the dividend. Therefore, a non-significant zero is
registered in the quotient (see bottom of box B), and
the divisor is again shifted one place to the right.

5-157. In steps 3, 4, and 5 the divisor remains too
large after each shift, and so each subtraction
attempt adds one more zero to the quotient. Finally,
in step 6, valid subtraction begins. It is seen that
the divisor can be subtracted five times from the
dividend; therefore the number 5 is registered in the
quotient. These five subtractions reduce the dividend
to 11,500,000,

5-158. Now the divisor is again shifted right (step 7,
and again successive subtractions begin. This time
the divisor can be subtracted 8 times, giving an 8 in
the quotient and a new remaining dividend of 700, 000.

5-159. In steps 8 and 9, five and one subtractions
occur (respectively), producing a final quotient of
00005851 and a remainder of 11,500.

5-160. The process described above would place
prohibitive demands on hardware. For example, the
divisor, only 5 digits long, ultimately uses 13 regis-
ter positions. Box 6 shows the form used by EAU,
except that the example here is still in decimal num-
bers.

5-161. Box C assumes that there are two adjacent
six-digit registers. Initially, the dividend occupies
both of these registers as a 12-digit value. The six-
digit divisor is in some easily accessible third regis-
ter. Notice that the shifting is to the left instead of
to the right as in conventional division. As explained
in the multiplication example, shifting the partial
product (or dividend in this case) in the opposite
direction gives the same result as shifting the addend
(or divisor) in the conventional direction. In both
cases the reason for the reversal is hardware effi-
ciency.

5-162. As in box B the first step is to pre-shift in
preparation for the first subtraction trial. From
then on, the process is repetitive through six cycles,
one for each digit of the quotient. The quotient is
shown shaded, gradually accumulating in register A.
The dividend is correspondingly reduced from its
initial 12-digit value to a 6-digit remainder in regis-
ter B.

5-163..In step 1 the divisor is too large to subtract
from register B. (Register A is not considered since
the divisor is assumed to have trailing zeros. )
Therefore nothing is subtracted from register B;
i.e., it is restored to the value it had before the
subtraction attempt. Now both register B and regis-~
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ter A are shifted left one position, with the first quo-
tient digit shifted into the least significant position.
This quotient digit is 0 since the divisor subtracted
zero times. The same thing happens in step 2.

5-164. Then, in step 3, the divisor subtracts five
times (5 x 13,500 = 67,500), leaving a quantity of
11,500 in register B. When the registers are shifted
left, the digit 5 is shifted into register A. Similarly,
in steps 4 and 5, the divisor subtracts eight and five
times, causing an 8 and a 5 to be shifted into register
A,

5-165. The final step (step 6), however, is different,
After performing the subtraction and determining the
final quotient digit (1 in this case), register A is
shifted whereas register B is not. This is because
register A requires the shift in order to enter the
final digit into the least significant digit position. But
if register B were also shifted, the value of the
remainder would incorrectly be increased by a factor
of 10. The end result, as shown, leaves the quotient
5851 in register A and the remainder 11,500 in regis-
ter B.

5-166. BINARY DIVISION. Figure 5-19 illustrates
in binary form the same process of division shown in
box C of figure 5-18. The numerical values of divi-
dend, divisor, quotient, and remainder are the same
as before. This is the sequence that EAU follows in
executing the DIV instruction.

5-167. As before, the dividend initially occupies two
registers and is now 32 binary digits long. The quo-~
tient is gradually shifted into the A-register, and the
remainder will be left in the B-register. There is a
pre-shift before the computation begins, and in the
final step (16th) the quotient in the A-register is
shifted (to shift in the final bit), whereas the
remainder in the B-register is not shifted (to avoid
incorrectly doubling its value).

5-168. The divisor, which initially resides in
memory, must be converted to a negative number if
it is not already negative. In the present example,
the numbers are assumed to be positive; therefore
the value is complemented and incremented before
loading into the M-register. The process of sub-
tracting divisor from dividend is therefore reduced
to simply adding the B- and M-registers.

5-169. Also, due to the nature of the binary system,
it is not necessary to count how many times the
divisor can be subtracted, as was the case in the
decimal example. The divisor will either subtract
once or not at all; i.e., onlya 1 or a 0 can be
entered into the A-register as a quotient digit.

5-170. The decimal equivalence of each bit of the
dividend is given in figure 5-19; adding the value
indicated for each true bit of the binary value (1) pro-
duces the sum of 79,000,000. Similarly, the divisor,
quotient, and remainder can be summed up in the
same way.

5-171. The way that EAU detects whether or not the
divisor will subtract is to check for a carry out of the
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the last bit of the adder. (In the computer this signal
is identified as C16,) In two's complement subtrac-
tion this bit will be true if the subtraction is valid.
In this case the computer will complete the addition
of the B- and M-registers, and a 1 is entered into
the least significant bit position of the A-register.
This 1 indicates that the divisor did subtract once,
and it becomes part of the accumulating quotient.
Otherwise, if there is no carry, the addition is
aborted ("don't add"), and a 0 is entered into the
quotient.

5-172. It happens in this example (sincebits 12 and
13 of the two's complemented divisor are zeros)
that bit 14 of the partial dividends in the B-register
alone determines whether or not addition occurs.

If this bit is a 1 (shown shaded in nine cycles), there
will be a carry, so addition does occur in the suc-
ceeding cycle. However, remember that the carry
out of bit 15 is the significant factor; looking at one
bit only, as in this example, will not always be reli-
able.

5-173. When the divigion process begins, and the
dividend is pre-shifted one position to the left, bit 14
of the B-register is 0. Therefore there is no addition
in cycle 1. Cycle 1 simply shifts the two registers
one place to the left, entering a 0 into the least signi-
ficant bit position of the A-register. This 0 will
become a leading zero in the final quotient.

5-174. Cycles 2 and 3 produce the same results.
That is, bit 14 of the B-register determines that
there is no addition, and zeros are shifted into the
quotient. However, in cycle 3, bit 14 of the B-
register is a 1 after shifting. Thus in cycle 4, the
divisor in the M-register is added (actually sub-
tracted since the divisor is negative) to the B-regis-
ter. The result (remainder) is shown on the add
line for cycle 4. Then both registers are shifted
left, with a 1 shifted into the quotient. This 1 will
become the most significant bit of the final quotient.

5-175. Thereafter, bit 14 of the B-register will be
become a 1 eight more times, causing additions to
occur in cycles 6, 7, 9, 10, 12, 13, 15, and 16. In
the final cycle, as explained previously, the quotient
receives its final shift, and the remainder is not
shifted since its value is already correct. The
numerical values of the end result are the same as
in the earlier decimal example.

5-176. DIVIDE LOGIC.

5-177. DIV INSTRUCTION EXECUTION. The DIV
instruction requires four cycles of initialization
before actual division begins. This is one more than
is required for multiply because divide checks for a
pessible overflow result before starting the division
and because the double-length dividend requires more
time for negative-positive conversion than the single-
length multiplication quantities.

5-178. The DIV instruction requires that the divisor
be in negative form and the dividend in positive form
before the division begins. This is so the computer
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Figure 5-19. Binary Division
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can perform the repetitive subtractions by adding,
assuming that the divisor is the two's complement
(negative) form. Therefore, if the dividend is nega-
tive or if the divisor is positive, these numbers must
be converted (complemented and incremented). The
dividend, which is assumed to be in the B- and A-
registers, begins to be converted in the first cycle.
The divisor, which is initially in memory; is con-
verted as soon as it is brought out to the registers.
This will occur in the third cycle (plus one cycle for
each indirect addressing phase that may be used).
After conversion, the divisor will reside in the
M-register.

5-179. Each cycle of the DIV instruction is identified
as divide cycle 1, divide cycle 2, etc., and is acti-
vated by a corresponding unique signal (D1, D2, etc.).
Divide cycle 2 may be repeated several times if
indirect addressing is used. Divide cycle 5 is invar-
iably repeated eight times to achieve the required 16
add/shift operations (two per cycle). Thus D5
remains set for eight cycles before D6 activates the
exit sequence. The exit cycle converts the quotient
to negative form if the compared signs of the dividend
and divisor indicate that the result should be negative.
(Note, however, that the remainder always has the
same sign as the dividend, which is the quantity we
are subtracting from, regardless of the sign of the
quotient. )

5-180. Figures 5-28 through 5-33, and tables 5-13
through 5-18 illustrate in detail the sequences of
operations that execute the DIV instruction. These
tables and figures should be folded out for convenient
reference during the following discussion of each
divide cycle. The logic diagrams, figures 7-2 and
7-4, should also be available.

5-181. DIVIDE CYCLE 1. As indicated in figure
5-28, there are four major operations to be accom-
plished in the first cycle of a DIV instruction. These
are:

a. Initialize the operation cycle counter, and
look for EAU group instruction signal MAC.

b. Decode the DIV instruction and set the
Counter to 5 for DIV.

c. If the dividend is negative, begin the con-
version to positive form by complementing the A-
register half (the conversion will continue during the
next two cycles).

d. Prepare EAU and the computer logic for
reading memory in the next cycle (to get the address
of the divisor).

5-182. Phase 1 begins by reading an instruction out

of memory. This occurs during TO through T2.
Meanwhile, at T1, EAU clears its operation cycle
counter (to the count of 15, as explained earlier in
paragraph 5-86). By the latter part of T2, the com-
puter instruction decoder has identified the instruction
group. If the instruction is of the EAU group, a MAC
signal enables EAU.
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5-183. The MAC signal allows the T-register bits,
which define the operation, to be clocked into the
operation decoder at T3S. In the case of the DIV
instruction, TR8 and TR11 cause the DIV flip-flop to
be set. This begins the D1 signal. At T4 the counter
is set to 5 as explained earlier in paragraph 5-88.

5-184. Also at T4, the B-register part of the dividend
is read out to the R-bus in order to identify the sign
bit.. (The B-register contents are not altered.) The
EOFB signal routes the data through the CPU adder
to the T-bus. Then, if bit 15 of the T-bus is a "'1"
(meaning a negative dividend), the SDD flip-flop will
be set. Thus the dividend sign is saved as an SDD
signal for use at T5 and also in cycles D2, D3, and
D6.

5-185. At T5 the A-register part of the dividend is
read onto the R-bus by RARB and complemented by
CMFB. However, this complemented form will be
stored back in the A-register only if SDD had been set
at T4. Thus if the number was positive, the value in
A will remain not complemented.

5-186. At T6T7 the CPU is permitted to increment
the P- and M-registers. (MAC enables OPO in the
computer.) The effective signals are listed in the
EQUATION column of table 5-13, but equations are
not given since these are functions of the associated
computer.

5-187. Then at T7S EAU disables the CPU by reset-
ting the EPHX f{lip-flop, thus generating the IIR
signal. At the end of T7S, which is the dividing line
between cycles, the trailing edge of the clock signal
advances the counter to the count of 6. This enables
the D2 signal via gate U25C, thus activating divide
cycle 2.

5-188. DIVIDE CYCLE 2. The second cycle, which
may be repeated several times if indirect addresses
are read, obtains the address of the divisor from
memory. The P- and M-registers have been incre-~
mented for this purpose in the preceding cycle. Also,
during this cycle, the process of converting a nega-
tive dividend continues by incrementing the A-regis-
ter.

5-189. Reading from memory is enabled by generating
the P123 signal, which remains active from TO
through T5 (terminated by T677). The address word
is read into the T-register during TO through T2.

5-190. During T3T4 the A-register is incremented by
reading its contents onto the R-bus, forcing a "1"
onto the S-bus (SB0) and adding the two together
(ADF) onto the the T-bus. The result is stored back
into the A-register only if SDD was set in the pre-
ceding cycle. If there is a carry out of bit 15 of the
adder (C16), the Carry flip-flop will be set at T4.
The Gate signal ensures that the incrementation
occurs. only once, in case D2 is repeated for indirect -
addressing. The Gate flip-flop is set at T6 of phase
1 and is reset at T6 of the next cycle if TB15 is true.

5-191. At T6T7 the divisor address in the T-register
is transferred to the M-register, in preparation for
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_reading the divisor (or possibly another address if
“the current one is indirect) from memory in the next
cycle. The T-register contents are read by RTSB,
routed through the CPU adder by ADF, and stored in
the M-register by SWSM. The Gate flip-flop will be
cleared if TB15 causes a repeat of the D2 cycle.

5-192. At T7S the Clock signal to the counter goes
true only if TB15 is "0", indicating a direct address.
Otherwise, the counter stays at its present count (6),
thus causing a repetition of the D2 cycle as a further
search for a direct address. When the direct address
is obtained, TB15 will be 0", and the counter will be
clocked to the count of 7 at the trailing edge of T7S.
This activates the D3 cycle.

5-193. DIVIDE CYCLE 3. The D3 cycle fetches the
divisor from memory and completes the conversion
of a negative dividend to positive form.

5-194, At TO the P123 signal is again enabled in
order to read memory. The divisor will be in the
T-register by the end of T2 and will remain there
until T6. Meanwhile, the B-register part of the
dividend is converted to positive form if it was nega-
tive. At T3 the B-register contents are read and
complemented, and then stored back in the B-regis~
ter if SDD is true. At T4T5 the content of the Carry
flip-flop is used to increment the B-register. This
is a requirement of two's complementing two regis-
ters as if the contents were a single quantity. Carry
may be a ""0" or a "1, depending on whether there
was a carry out of the A-register. (Refer to para-
graph 5-190. ) The B-register is read onto the R-bus
by RBRB and Carry forces a ""1'" or a "'0'"" onto the
S-bus (SBO), and ADF adds the two onto the T-bus;
the result is stored back in the B-register if SDD is
true.

5-195. During T6 and T7 the T- and P-register con-
tents are moved as a precaution against the possi-
bility of a DMA transfer destroying the T-register
contents at the end of this cycle. At T6, the P-regis-
ter contents are read onto the R-bus and stored into
the M~register. Then at T7 the T-register is read
onto the S~bus and stored into the P-register. The
EOFB signal, which is high for both T6 and T17,
routes both sets of data through the CPU adder to the
T-bus. While the divisor is available on the T-bus
during T7, sign bit TB15 is read and will set the SDV
flip~flop if TB15 is a "1"", Thus if SDV is set, the
divisor is a negative number; if not set, the divisor
is a positive number. At T7S the counter is advanced
to the count of 8, thus enabling the D4 cycle.

5-196. DIVIDE CYCLE 4. The D4 cycle accomplishes
three functions: converts a positive divisor to nega-
tive form (the need for this was explained earlier in
paragraph 5-178); checks if an overflow will result if
the division is attempted; and pre-shifts the dividend
(Refer to paragraphs 5-156 and 5-162).

5-197. During TO the divisor, presently in the P-
register, is transferred to the T-register. In the
process of doing so, the data is either complemented
(if SDV is not set) or transferred unaltered (if SDV is
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set). This performs half of the conversion of positive
divisor to negative form; the second half occurs during
T2T3. During T1 the original contents of the P-regis-
ter, presently in the M-register, are restored to the
P-register.

5-198. During T2T3, the divisor is transferred from
the T-register to the M-register. In the process of
doing so, the data is either incremented (by a forced
RBO if SDV is not set), or transferred unaltered (if
SDV is set). Thus the end result guarantees a nega-
tive number as the divisor in the M-register.

5-199. While the divisor is available on the T-bus
during T3, the first overflow check is made. IfTB15
is a ""0", this indicates that the divisor was all-zero,
and the OVR flip-flop is set. (If the divisor was zero,
complementing would cause all-ones, and increment-
ing would cause roll-over back to zero.)

5-200. The second overflow check is made at T4T5.
The B- and M-registers (most significant half of the
dividend, and the divisor) are added together as a
trial subtraction. The result is not stored. If, how-
ever, bit 15 is not a "'1", as it should be for two's
complement subtraction, this indicates that the divi-
dend is too large for the divisor. A "0'" as TB15 will
cause the OVR flip-flop to be set at T5S.

5-201. Incidentally, if the OVR flip-flop had been set
due to a zero divisor, the clock at T5S (for the
second check) might cause OVR to toggle back to the
reset state. Gate U92A uses the OVR signal to

retain the set state during T5 to avoid this possibility.

5-202. After the OVR flip-flop is set from either
cause (paragraph 5-199 or 5-200), the Exit flip-flop
will also be set, at T5S. This aborts the DIV instruc-
tion by immediately beginning the exit sequence
(paragraph 5-218).

5-203. Assuming that no overflow was indicated, the
DIV instruction execution continues at T6 by shifting
the A- and B-register contents one bit position to the
left. The SLLMB and SL14B signals remain high
throughout T6 and T'7, enabling the A-register to be
shifted during T6 and the B-register during T17.

The content of the Carry flip-flop, which might have
been set in the D2 cycle, is read onto bit 0 of the
T-bus and thus becomes the least significant bit in
the A-register. The Link flip-flop is used to save the
bit shifted out of bit 15 of the A-register, so that it
can be moved into bit 0 of the B-register at T7. '.
Since the Link flip-flop is clocked by the TEV (Time
Even) signal, bit 15 is also read at earlier times in
the cycle; however, only the reading at T6 is signifi-
cant since the content is used only at T7. Bit 15 of
the B-register, the original sign bit, is discarded.

5-204. At T7S the counter is advanced to the count
of 9, thus enabling the D5 cycle.:

5-205. DIVIDE CYCLE 5. Each D5 cycle accom-
plishes two subtract/shift operations. Therefore 8
complete D5 cycles are necessary in order to obtain
the 16 subtract/shift operations required by a 16-bit
divisor register.
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5-206. The first subtract/shift operation occurs during
T0 through T3. At TOT1, the B- and M-register.
contents are read and added together onto the T-bus.
If the addition does not result in a carry out of bit 15
of the adder, this means that the subtraction is not
valid (divisor larger than dividend bits). In this
case the result is not stored, the B-register retains
its present value, and the Carry flip-flop is cleared.
However, if the addition does result in a carry, the
result is stored in the B-register and the Carry flip-
flop is set ("1").

5-207. At T2, the A-register is read onto the R-bus
and shifted left one position onto the T-bus. At the
same time, the Carry flip-flop content is read onto
bit 0 of the T-bus. Then the 16 shifted bits are
stored back into the A-register. Meanwhile, the ori-
ginal bit 15 of the A-register (RB15) is clocked into
the Link flip-flop. This bit will become bit 0 of the
B-register.

5-208. At T3 the B-register is shifted, Its least
significant bit is lost, but the saved bit from the
A-register (now in the Link flip-flop) is read onto the
T-bus (TB0). The shifted 16-bit result is stored back
into the B-register.

5-209. The second subtract/shift operation of the D5
cycle occurs during T4 through T7. The sequence of
active signals is identical to those occurring from TO
through T3. However, the shift B operation (refer to
equations) introduces the D5L8 term; this is for the
purpose of omitting this shift on the last (8th) loop.
Otherwise, for the first seven loops, the second sub-
tract/shift operation is the same as described in
paragraphs 5-206 through 5-208; the only difference
is that the timing signals are advanced by four time
periods (i.e., TOT1 becomes T4T5, etc.).

5-210. Note that since the Link flip-flop is clocked
by TEV, insignificant readings of RB0 occur at TO
and T4. Only those readings that occur at T2 and T6
are actually used.

5-211. At the trailing edge of each T7S the counter
advances, first from 9 to 10, then 10 to 11, and so
on, until the count rolls over from 15 to 0. The
count of 0 indicates that this is the last loop, and
accordingly disables the D5L8 signal. Thus the final
shift of the B-register at T7 is omitted since B is
neither read nor stored, This leaves the remainder
unaltered (refer to paragraphs 5-165, 5-167 and
5-175.) Then the count of 1, at the end of the eighth
loop, activates the D6 cycle. The quotient now
exists in the A-register and the remainder in the
B-register. Both are in positive form.

5-212. DIVIDE CYCLE 6. The D6 cycle converts the
quotient and/or remainder to negative form (if
required), checks for quotient overflow, and per=
forms the exit sequence. The reason why possible
overflow is again checked is that the earlier pre-
check (in cycle D4) ascertained only that the answer
could be contained in 16 bits. The final checks in the
D6 cycle ensure that the answer is correct for 15
bits plus sign.
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5-213. The combined outputs of the SDD and SDV flip-
flops are connected in an "exclusive-or' gate arrange-
ment. This gating will produce a Sign signal if either,
but not both, of the flip~-flopsare set. This "exclusive-
or" condition is consistent with the mathematical rule
that declares the quotient will be negative if either the
dividend or the divisor (exclusively) was negative.
Thus if the Sign signal is true, the quotient must be
converted from the present positive form to its equiva-
lent negative form.

5-214. At TO the A-register is read and comple=~
mented, then stored back in A if SIGN is true. At
T1T2 the A-register is incremented by adding with a
forced SBO, and stored if SIGN is true. The quotient
is now in its final form.

5-215. While the quotient is on the R~ and T-buses
during T2, the final overflow check is made. If Sign
is low, indicating that a positive answer is expected
(and therefore the non-incremented value on the R~
bus is the final answer), RB15 is checked. If RB15 is
a '"1", implying a negative result, an overfiow has
occurred, and the OVR flip-flop will be set.

5-216. If Sign is high, indicating that a negative
answer is expected (and therefore the incremented
value on the T-bus is the final answer), TB15 and C16
are checked. If both TB15 and C16 are "0, an over-
flow has occurred, and the OVR flip-flop will be set.
The C16 bit is included in the check to avoid an erron-
eous overflow indication for a legitimate zero quotient
(fractional result). In this case TB15 (and the rest of
the T-bus) will be "0", and C16 will be "1'" as a result
of the complement and increment.

5-217. During T3 through T5 the remainder (indepen-
dent of the quotient's sign) will be converted to nega-
tive form if the original dividend was negative. (Refer
to paragraph 5-179.) At T3 the B-register contents
are read and complemented, than stored back in B if
the SDD flip-flop is set. At T4T5 the B-register is
again read, then incremented by adding a forced SBO,
and the final result stored back in the B-register.

The remainder is now in its final form.

5-218. At T5 the Exit flip-flop is set, thus starting the
exit sequence. First, during T6T7 the computer Over-
flow flip-flop is either cleared or set, depending on
whether or not the QVR flip-flop was set at T2S. The
CLF and IOSB signals will clear Overflow; the STF

and IOSB signals will set Overflow.

5-219. Also during T6T7, the P-register is incre-
mented by adding to a forced SBO, and the result is
stored in both P- and M-registers. This prepares the
computer to read its next instruction in the following
phase 1 cycle.

5-220. At T7S the EPHX flip-flop. is set again, thus-
terminating the IIR signal. This enables the com~
puter instruction register and phase control logic.
At T7 the operation decoder is clocked, and since
there are presently no T-register inputs, the DIV
flip-flop is now cleared. This completes the DIV
sequence of operations.
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5-221. DOUBLE LOAD,

5-222. The purpose of the DLD (Double Load)
instruction is to transfer two consecutive memory
words into the A- and B-registers. The instruction
is executed in a minimum of four machine cycles
(one cycle added for each level of indirect addressing
which may be used). The first two cycles read the
double-word instruction out of memory (instruction
and operand address), and the last two cycles read
the double-word operand out of memory (to the A~
and B- registers).

5-223. The four double load cycles are identified as
DL1, DL2, DL3, and D14, activated (respectively)
by counts 5, 6, 7, and 8 of the operation cycle
counter. The following descriptions, through para-
graph 5-234, describe the operations occurring in
each of the four cycles. Figures 5-34 and 5-35 and
tables 5-19 and 5-20 illustrate the sequences of
operations that execute the DLD instruction. These
figures and tables should be folded out for conven-
ient reference during the following discussions. The
logic diagrams, figures 7-2 and 7-4, should also be
available.

5-224, DOUBLE LOAD CYCLE 1. Figure 5-34
shows both the DL1 and DL2 cycles. The DL1 cycle
includes the upper two blocks. (Actually, since the
type of instruction is not known until the end of T3

in phase 1, the operations unique to DLD do not begin
until T3S.) Phase 1 begins to read the instruction
out of memory during TO, Meanwhile, at T1, EAU
clears its operation cycle counter (to the count of 13,
. as explained earlier in paragraph 5-86). By the
latter part of T2, the computer instruction decoder
has identified the instruction group. If the instruc-
tion is of the EAU group, a MAC signal enables EAU.

5-228. The MAC signal, which will be true for DLD,
allows the T-register bits that define the DLD
instruction (see equation) to be clocked into the oper-
ation decoder at T3S. This causes the DLD flip-flop
to be set.

5-226. The DLD signal enables P123, which will
remain high throughout all four cycles since memory
will be addressed in every cycle. At T4 the cqunter
is set to 5, as explained earlier in paragraph 5-88.

5-227. Nothing further happens in EAU until the end
of T7. However, during T6T'7, the CPU is allowed
to increment the P- and M-registers. (MAC enables
OPO (One Phase Operation) which increments P and
M at the end of Phase 1.) Then at T'7S EAU disables
the CPU by resetting the EPHX {lip-flop, thus gener~-
ating the IIR signal. At the trailing edge of T7S, the
counter is advanced to the count of 6. This starts
the DL2 cycle. (Note that specific DL1 and DL2 sig-
nals are not necessary, as the operations occurring
during these two cycles can be accomplished by other
available signals.)

5-228. DOUBLE LOAD CYCLE 2. The DL2 cycle
(which may be repeated several times if indirect
addresses are read) obtains the address of the oper-
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and from memory. The P- and M-registers have
been incremented for this purpose in the preceding
cycle.

5-229. During TO through T2 memory reads the
address word into the T-register. Then during T6T7
the T-register contents are read onto the S-bus by
RTSB, routed through the CPU adder by ADF, and
stored in the M-register by SWSM. The MD2 (Multi-
ply/Divider cycle 2) signal is used to activate these
signals since the purpose is similar to the fetching
of addresses by the MPY and DIV instructions.

5-230. At T7S the clock signal to the counter goes
true only if TB15 is "0", indicating a direct address.
Otherwise, the counter stays at its present count (6),
thus causing a repetition of the DL2 cycle as a
further search for a direct address. When the direct
address is obtained, TB15 will be ''0", and the
counter will be clocked to the count of 7 at the trail-
ing edge of TS. This activates the DL3 cycle.

5-231. DOUBLE LOAD CYCLE 3. Figure 5-35
shows both the DL3 and DL4 cycles. The DL3 cycle
(upper block in the figure) fetches the first data word
and loads it into the A-register.

5-232. During TO through T2 memory reads the data
word into the T-register. Then at T4 the RTSB,
EOFB, and SWSA signals transfer the T-register
contents to the A-register. This completes the first
half of the double load. Now the M-register is incre-
mented (during T6T7) in order to address the next
data word in memory. Incrementing is accomplished
by reading the M-register onto the S-bus, forcing a
"1'" on the R-bus (R80), adding the two together onto
the T-bus, and storing the result back into the M-
register. At T7S, the counter is advanced to the
count of 8, thus enabling the DL4 cycle.

5-233. DOUBLE LOAD CYCLE 4. The DL4 cycle
fetches the second data word and loads it into the B-
register. During T0 through T2 the word is read
into the T-register, and at T4 the RTSB, EOFB, and
SWSB signals transfer. it to the B-register. This
completes the double load operation. At T5 the Exit
flip-flop is set, beginning the sequence which returns
control to the CPU.

5~234. During T6T7, the P-register is incre-
mented by reading its contents onto the R-bus and
adding with a forced '"1" on the S-bus (SB0). The
result on the T-bus is stored into both the P- and
M-registers, This gives the computer the address of
its next instruction. Then at T7S the Exit signal
clears the IIR signal by setting the EPHX flip-flop
and also clears the DLD flip-flop by clocking the
operation decoder (which has no T-register inputs at
this time)., With DLD low, the P123 signal is also
terminated.

5-235. DOUBLE STORE.,

5-236.‘ The DST (Double Store) instruction transfers
the contents of the A- and B-registers to two consecu-
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tive memory locations. The instruction is executed
in a minimum of four machine cycles (one cycle added
for each level of indirect addressing which may be
used). The first two cycles read the double-word
instruction out of memory (instruction and operand
address), and the last two cycles transfer the A- and
B-register contents to memory.

5-237. The four double store cycles are identified as
DS1, DS2, DS3, and DS4, activated (respectively) by
counts 5, 6, 7, and 8 of the operation cycle counter.
Paragraphs 5-238 through 5-249 describe the opera-
tions occurring in each of the four cycles. Figures
5-36 and 5~37 and tables 5~21 and 5~22 illustrate the
sequences of operations that execute the DST instruc-
tion. These figures and tables should be folded out
for convenient reference during the following dis-
cussions. The logic diagrams, figures 7-2 and 7-4,
should also be available.

5-238. DOUBLE STORE CYCLE 1. Figure 5-36
shows both the DS1 and DS2 cycles. The DSI cycle
includes the upper two blocks. (Actually, since the
type of instruction is not known until the end of T3 in
phase 1, the operations unique to DS1 do not begin
until T3S.) Phase 1 begins to read the instruction out
of memory during TO, Meanwhile, at T1 EAU clears
its operation cycle counter (to the count of 15, as
explained earlier in paragraph 5-86). By the latter
part of T2, the computer instruction decoder has
identified the instruction group. If the instruction is
of the EAU group, a MAC signal enables the EAU
option.

5-239. The MAC signal allows the T-register bits
which define the DST instruction (see equation) to be
clocked into the operation decoder at T3S. This
causes the DST flip-flop to be set.

5-240. The DST signal enables P123, which will
remain high throughout all four cycles since memory
will be addressed in every cycle. At T4 the counter
is set to 5, as explained earlier in paragraph 5-88.
Nothing further happens in EAU until the end of T7.

5-241, However, during T6T7 the CPU is allowed to
increment the P- and M-registers. (MAC enables
OPO (One Phase Operation) which increments P and
M at the end of phase 1.) Then at T7S, EAU disables
the CPU by resetting the EPHX flip-flop, thus gener-
ating the IIR signal. At the trailing edge of T7S, the
counter is advanced to the count of 6, This starts
the DS2 cycle. (Note that specific DS1 and DS2 sig-
nals are not necessary, as the operations occurring
during these two cycles can be accomplished by ¢ther
available signals.)

5-242. DOUBLE STORE CYCLE 2. The DS2 cycle
(which may be repeated several times if indirect
addresses are read) obtains the address :from mem-~
ory that will specify where to store the data. The
P- and M-registers have been incremented for this
purpose in the preceding cycle.
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5-243, During TO through T2 memory reads the
address word into the T~register. Then during T6T7
the T-register contents are read onto the S-bus by
RTSB, routed through the CPU adder by ADF, and
stored in the M-register by SWSM. The MD2 (Multi-~
ply/Divide cycle 2) signal is used to activate these
signals since the purpose is similar to the fetehing
of addresses by the MPY and DIV instructions.

5-244, At TS the Clock signal to the counter goes
true only if TB15 is "0", indicating a direct address.
Otherwise, the counter stays at its present count (6),
thus causing a repetition of the DS2 cycle as a further
search for a direct address. When the direct address
is obtained, TB15 will be "0", and the counter will be
clocked to the count of 7 at the trailing edge of T7S.
This activates the DS3 cycle.

5-245. DOUBLE STORE CYCLE 3. Figure 5-37
shows both the DS3 and DS4 cycles. The DS3 cycle
(upper block in the figure) reads the A-register and
transfers the contents to memory.

5-246. At TO an ISG signal is generated, which will
remain high throughout these last two cycles of the
DST instruction. The purpose of ISG is to prevent
reading memory contents into the T-register during
the normal read-memory cycle time (TO through T2).
Instead, at T2 the A-register contents are trans -
ferred into the T-register in preparation for writing
into memory (at T3 through T5). The RARB, EOFB,
and SWST signals accomplish the A~ to T-register
transfer. The normal write cycle of the computer
then stores the data into memory.

5-247. Now the M-register is incremented (during
T6T7) in order to address the next consecutive loca-
tion. Incrementing is accomplished by reading the
M-register onto the S-bus, forcing a "1'" onto the
R-bus (RB0), adding the two together onto the T-bus,
and storing the result back into the M-register. At
T7S the counter is advanced to the count of 8, thus
enabling the DS4 cycle.

5-248. DOUBLE STORE CYCLE 4. The DS4 cycle
reads the B-register and transfers the contents to
the location now addressed by the M-register. At
T2 the RBRB, EOFB, and SWST signals transfer the
B-register contents to the T-register. Then, during
T3 through T5 the computer writes the T-register
contents into memory. This completes the double
store operation. At T5 the Exit flip-flop is set,
beginning the sequence which returns control to the
CPU.

5-249. During T6T7 the P-register is incremented
by reading its contents onto the R-bus and adding
with a "1'" onthe S-bus (SB0). Theresult onthe T-bus
is stored into both the P- and M-registers. This
gives the computer the address of its next instruc-
tion. Then at T7S the Exit signal clears the IIR by
setting the EPHX flip-flop and also clears the DST
flip-flop by clocking the operation decoder (which
has no T-register inputs at this time). With DST
low, the P123 signal is also terminated.
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5-250. SHIFTS AND ROTATES,

- 5-251. GENERAL.

5-252. There are six "shift/rotate" instructions in
the EAU group. The purpose of these instructions is
to shift the combined contents of the A- and B-regis-
ters right or left in one of three conventional modes
of shifting: arithmetic shifting, logical shifting, or
rotation. The number of bit positions of shift, from
1 to 16, is specified by four bits of the instruction
word. (Refer to section III.) Since there is no ref-
erence to memory, the instruction is contained in
one 16-bit word, rather than a double-word as for
MPY, DIV, DLD, and DST.

5-253. The process of shifting is simply a matter of
repetitively moving the data bits, in parallel, left or
right in the registers, one bit position per computer
time period, until the specified number of shifts have
been achieved. Since there are two registers, each
is shifted in alternate time periods, and a complete
shift of the two registers therefore occupies two time
periods (typically 3.2 or 4.0 microseconds, depend-
ing on computer clock timing).

5-254. Understanding the shift/rotate logic requires
an understanding of the effects of the shift signals
and the usage of the Link and CARX (Carry) flip-
flops. Figure 5-20 illustrates the effects accom-
plished by the three shift control signals, and figure
5-21 shows how these signals and the two linking flip-
flops are used in each of the six instructions.

5-255. 'As shown in figure 5-20, there are two left-
shifting signals and one right-shifting signal. The
right-shifting signal, SRMB (Shift Right Magnitude,
Buffered), shifts bits 1 through 15 of the data on the
R-bus to bit positions 0 through 14 on the T-bus.
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KoY 3 e w19 Y 7 6 s v 3 o2 10

Figure 5-20. Effects of Shift Signals
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Since the normal succeeding action is to store the
T-bus contents into the A- or B-register, bit 0 of the
R-bus will be lost unless a separate action saves this
bit (RBO0) in the Link or CARX flip-flop. Also,
unless some specific action is taken regarding bit 15
of the T-bus, TB15 will be a "0".

5-256. When shifting left, bit 14 of the R-bus would
automatically move into bit 15 of the T~bus. In the
case of an arithmetic left shift (ASL), this is not
desired. Thus bit 14 of the R-bus is separately con-
trolled by SL14B (Shift Left Bit 14, Buffered). The
SLMB signal (Shift Left Magnitude, Buffered) shifts
bits 0 through 13 of the R-bus into bits 1 through 14
of the T-bus. Unless separate actions are taken
regarding bits 0 and 15 of the T-bus, these bits will
be '"0". The SL14B signal, if used, shifts bit 14 of
the R-bus onto bit 15 of the T-bus.

5~257. Figure 5-21 compares the three different
types of shifts, showing both the right and left ver-
sions of each. Some general notes about the figure:
in each case, the B-register is on the left, the
A-register on the right. Thebrackets for SRMB and
SLMB enclose R-bus bits to be shifted (rather than
post-shift T-bus bits). In each case, the shaded
register is the first to be shifted; this occurs during
even time periods (T0, T2, T4, or T6). The un~
shaded register is shifted next, during odd time
periods (T1, T3, T5 or TT).

5-258. In the arithmetic shifts, ASR and ASL, the
sign bit (bit 15 of the B-register) must remain un-
altered. This is accomplished by gating RB15 to
TB15 when the B-register is shifted. When shifting
right, the B-register is shifted first, during TEV
(Time Even), and bit 0 is saved in the Link flip-flop.
During TOD (Time Odd) the A-register is shifted.
At the same time, the Link content is gated to TB15
so that the former bit 0 of the B-register becomes
bit 15 of the A-register. When shifting left, the
A-register is shifted first, during TEV, and bit 15 is
saved in the Link flip-flop. Since nothing is done
about bit 0, it will be a "0". During TOD the B-
register is shifted left (all except bit 14, the only
case where this is true), while the Link flip-flop
content is shifted into bit 0.

5-259. The logical shifts, LSR and LSL, are simpler
than the arithmetic shifts since the sign bit does not
require special treatment., A "0'" is shifted into bit
15 of the B-register when shifting right (by simply
not gating anything to TB15), and similarly a "0" is
shifted into bit 0 of the A-register when shifting left
{no gating to TBO).

5-260. The rotates require use of both the Link and
CARX flip~flops since there is an end-around shift
involved. When rotating, no bits are lost, and no
"0''s are entered. Before rotation begins, the CARX
flip-flop is initially loaded with a copy of A0 (when
rotating right) or B15 (when rotating left). Then
during each TEV, CARX is shifted into the register
being shifted, while Link receives the bit shifted out
of the other end of the register. During TOD, the
reverse is true: the Link content enters one end of
the register being shifted, while CARX receives the
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N,

bit shifted out of the other end. The CARX content
at the end of TOD, therefore, is a preparation for
the next rotate, if there is to be one.

5-261. The following paragraphs (to the end of this
section) describe the logic which executes the three
types of shifts. Figures 5-38 through 5-43 and tables
5-23 through 5-28 illustrate the operations involved.
These tables and figures should be folded out for
convenient reference during the following discussions.
The logic diagrams, figures 7-2 and 7-4, should

also be available. As background information on the
count sequences for shifts and rotates, paragraphs
5-87 and 5-89 should be reviewed.

5-262. ARITHMETIC SHIFTS.

5-263. As shown in figure 5-38, phase 1 begins to
read the instruction out of memory during T0. Mem-
ory reading continues through T2. Meanwhile, at T1
EAU clears its operation cycle counter (to the count
of 15, as explained in paragraph 5-86). By the latter
part of T2, the computer instruction decoder has
identified the instruction group. If the instruction is
of the EAU group, a MAC signal enables EAU. The
MAC signal allows TR4 to be clocked into the opera-
tion decoder at T3S. This causes the AS flip-flop

to be set. ‘

5-264. Since an ASL operation could cause an over-
flow condition (the only shift instruction which may do
s0), the CPU Overflow flip-flop is cleared at T3S by
generating CLF and IOSB. Then at T4 T-register
bits 0 through 3 are gated into the operation cycle
counter to set the counter to the complement of the
number of desired shifts. (Refer to paragraph 5-87.)

5-265. Changing the count value to some value other
than the clear count (15) automatically enables the
CTOQO line. With AS, this enables the SRCS (Shift-
Rotate Counted Started) signal, The SRCS is the
primary signal that enables most of the shift logic
gates on the EAU logic card. However, if the desired
shift count is 16, TRO through TR3 will be all zeros
(table 5-5), so the counter will retain its cleared
count (15). Inthis case it is necessary to enable

- SRCS by some other means for the first shift until

the count gets started. This is done by "anding' the
reset outputs of the IIRX and EPHX flip-flops (gate
UT2D). This temporarily enables the CTOO line, .
from T6 (when the EPHX flip-flop is cleared; refer to
next paragraph) until the end of T7S (when the IIRX
flip-flop is set).

5-266. At T5S, EAU disables the CPU by resetting
the EPHX flip-flop, thus generating the IIR signal.
This is earlier than occurs for the MPY, DIV, DLD,
and DST instructions, which disable the CPU at T7S.
The reason for the earlier disabling in the case of the
shifts and rotates is to prevent the CPU from incre-
menting the P- and M-registers during T6T7. Since
the shift-rotate instructions are not double-word
instructions, no further reference to memory will
be made until the execution is completed. The P-
and M-registers will be incremented only once, at
the end of the last cycle.

Section V

5-267. During T6T7 of phase 1 the first shift is
executed. Table 5-23 shows the equations for the
right shift, and table 5-24 shows the equations for
the left shift. The TEV operations occur during T6,
and the TOD operations occur during TT7.

5-268. When shifting right, the B-register is first
read out to the R-bus by RBRB (during TEV), and
bits 1 through 15 are shifted right by SRMB to TBO
through TB14, RB15 is gated to TB15, and the result
is stored back in the B-register. Meanwhile, RBO

is clocked into the Link flip-flop. Then, during

TOD the A-register is read and shifted by RARB and
SRMB, Link is gated to TB15, and the result is
stored back in the A-register.

5-269. When shifting left the A-register, during TEV,
is first read out by RARE, bits 0 through 14 are
shifted to TB1 through TB15 by SLMB and SL14B, and
TBO takes the value of "0". The result is stored back
in the A-register, and RB15 is saved in the Link flip~
flop. Then, during TOD only bits 0 through 13 of the
B-register are shifted to the T-bus (TB1 through
TB14) while RB15 is gated to TB15. SL14B is not
enabled, in this case. The result is stored back in
the B-register by RBRB.

5-270. If RB14 and RB15 differ during TOD, the
shift will cause a significant data bit to be lost ("'1"
for positive numbers, 0" for negative numbers.)
This is an error condition and is so indicated by
having the "exclusive-or' of RB14 and RB15 generate
an OASL (Overflow due to Arithmetic Shift Left)
signal.

5-271. At the end of TOD the counter is incremented.
If the count is less than 15, the shifting will continue
in the next cycle. If the count is 15 (meaning only one
shift was desired), the second cycle is still necessary
in order to provide the exit sequence.

5-272. When the next cycle begins (see figure 5-39),
the shifting becomes repetitive, with one shift occur-
ring during TOT1, the next in T2T3, then T4T5, and
T6T7. The active signals are exactly the same as
described above (paragraphs 5-268 through 5-271).
Before each shift begins, a check of the current count
is made. If the count is 15, CTOO goes low, thus
inhibiting SRCS and preventing any further shifts.
Also, if OASL is true, the computer Overflow flip-
flop is set by enabling STF and IOSB.

5-273. The Exit flip-flop is set at T5 if the count is
either 14 or 15. This is accomplished by not using
the least significant bit of the binary count value in
the exit gating. The reason is to permit one last
shift to occur during T4T5, while simultaneously
setting the Exit flip~-flop at T5., Since the actual exit
sequence does not begin until T6, the parallel opera-
tions permit three full shifts plus exit in any cycle.

5-274. The exit sequence during T6T7 is the same

as for all previous instructions. The P-register is
read onto the R-bus by RPRB, incremented by SB0
and ADF, and stored into the P- and M-registers.

At T7S the CPU is again enabled, by setting the EPHX
flip-flop and thus terminating the IIR signal.
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5-275. LOGICAL SHIFTS.

5-276. Figures 5-40 and 5-41 and tables 5-25 and
5-26 illustrate the operations for the logical shifts,
LSR and LSL. The operations are exactly as de-
scribed for the arithmetic shifts, paragraphs 5-262
through 5-274, with the following exceptions:

a. The sign bit is not restored (omit RB15
gating to TB15 in paragraphs 5-268 and 5-269).

b. When shifting the B-register left, SL14B
is used (instead of inhibited, as in paragraph 5-269).

c. There is no overflow checking (omit para-
graph 5-270, and the references to overflow in para-
graph 5-264 and 5-272). .

d. The LS flip-flop is set by TR5 (cf AS by
TR4 in paragraph 5-263).

5-277. ROTATES.

5-278. Figures 5-42 and 5-43 and tables 5-27 and
5-28 illustrate the operations for the rotate instruc-
tions, RRR and RRL. These operations are similar
in most respects to the previous description of the
arithmetic shifts, paragraphs 5-262 through 5-274,
and so is somewhat abbreviated. Where appropriate,
references to earlier descriptive details are given.

5-279. As usual, the instruction is read out of mem-
ory during TO through T2, while the operation cycle
counter is cleared at T1. The MAC signal, decoded
during T2, enables EAU by allowing TR6 to set the
RO flip-flop at T3S. At T4 the counter is set to the
complement of the desired shift count, thus enabling
CTOO and consequently SRCS. This enables the
shifts. (See comment in paragraph 5-265 regarding
initial shift if the desired shift count is 16.)

5-280. During T5 of phase 1 of the rotate instructions,
an ROT5 signal is generated. The purpose of this sig-
nal is to enable the presetting of the CARX flip-flop.
The need for this was explained earlier in paragraph
5-260. The presetting is accomplished by reading
either the A-register (for right rotation) or the B-
register (for left rotation) onto the R-bus. Then the
value of RBO (right) or RB15 (left) is loaded into the
CARKX flip-flop. Since no "store' operation occurs,
the A- and B-registers retain their current values.

5-38

2152A

5-281. At T5S the IIR signal is generated, thus dis-
abling the CPU. During T6T7 the first rotation
occurs. Table 5-27 shows the equations for the right
rotate, and table 5-28 shows the equations for the
left rotate. The TEV operations occur during T6,
and the TOD operations occur during T7.

5-282. When rotating right, the B-register is first
read out to the R-bus by RBRB (during TEV), and
bits 1 through 15 are shifted right by SRMB to TBO
through TB14. The content of the CARX flip-flop
(which was preset to have the value of A0) is gated
onto TB15. The result is stored back in the B-
register. Meanwhile, RBO is clocked into the Link
flip-flop. Then, during TOD the A-register is read
and shifted by RARB and SMRB, Link is gated to
TB15, and the result is stored back in the A-register.
In preparation for the next rotate, TBO is saved in
the CARX flip-flop.-

5-283. When rotating left, the A-register is read
out by RARB during TEV, and bits 0 through 14 are
shifted to TB1 through TB15 by SLMB and SL14B.
The content of the CARX flip-flop (which was preset
to have the value of B15) is gated onto TB0. The
result is stored back in the A-register., Meanwhile,
RBI15 is clocked into the Link flip-flop. Then, during
TOD the B-register is read onto the R-bus, and SLMB
and SL14B shift bits 0 through 14 to T-bus bits 1
through 15. The content of the Link flip-flop is gated
onto TBO, and the result is stored back in the B-
register.” In preparation for the next rotate, TB15 is
saved in the CARX flip-flop.

5-284. At the end of TOD the counter is incremented.
If the count is less than 15, the rotations will continue
in the next cycle. If the count is 15, the next cycle
will simply provide the exit sequence.

5-285. Assuming that additional rotations have been
coded in the instruction, the rotate operations become
repetitive in the next cycle. Four rotations can occur:
during TOT1, T2T3, T4T5, and T6T7. (See figure
5-43.) The active gignals are exactly as described

‘above (paragraphs 5-282 through 5-284). Before each

rotate begins, a check of the current count is made.
If the count is 15, CTOO0 goes low, thus inhibiting
SRCS and preventing any further shifts. The exit
sequence is the same as described in paragraphs
5-273 and 5-274.
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Table 5-9. MP2 Logic Equations
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RARE = MPS-TO L vase
CHFB = MP5. TO L UasA
SWSA = MPS . TO- SIGN L Ua¥ A
FIT2 Taccement A .
RARR = MpSs. TIT2 L Uaqsc
SBO . = nps. Tirg L U6SA
ADF = MPs. 772 L U26A
SWSA = MPS. 12. 316N L VIYA
CARRY = MPS.T2.7TS .« Clb L U 102D, Ui03D,
VI3 R, UIIBA
T3 CoMpIement B
RBRE = HMP5. T3 Ug¥c
CMFR = MfT. T3 L vIoKC
SWSE = MPS - T2, SIGN L U7sB, UT7C
TY¥TrS (Ca cry mte E
RBRE = MPS . TYTY L Uur4c, v24¢g
SB) = MPEx » TYTS « CARRY L UQSB) U33D
SWSB & MPE . T5 .+ Sign I V7SA UISE
P
| e N
7S Set Exit i,
Exit = MPS . Tg LT Vie &, Uq3A
T6T7 Clear Overflow
CLF = MPS. T4T7 T UEHE, V61D
TOSE = MPS- T(T7 T UC2F, ULID
TET7  Twucremenl P, M
RPRBR = £yt « T(T7 L uisc
SRBY = Lxit - T4TY L U23A
ADF = Exit - T4T7 L ive
LwsP = Lxix - T7 L Uls C
' SwWSH = Ext . T7 oL 55D
E T75 Evaible CHOQ .
E IR = E.t.77-Ts ' T V78
| HPY = Exite T7 i T | Jio7c
i et o A ]
¥ T = EAD Timen Car'a(‘
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Section V
Y
Table 5-13. D1 Logic Equations
PHASE 1 ; ‘
[ f REFCRENCE
— ommmes  ene | e ) i - - 2 C ¥ —¥ —
i TO (T2) 1 ; EQUATION j CARD DESIG 1 ATION
INITIALIZE | — e -
. READ MEMORY !
AND LOOK FOR TO T-REGISTER, i
EAU GROUP DECODE INSTRUCTION !
INSTRUCTION "~ 4
T TI  Clear Counter
1 —_— v
. CTR(15) = PpHl - T1 T v¢2c
CLEAR COUNTER (=15) !
OTHER
INSTRUCTION
TYPE
— —
T3s :
IF EAU GROUP, T35 Decode DIV
DECODE OPERATION LOA_?RAQ'_‘*QDI?!;:‘SODE —gcaode oV
AND SET COUNTER ’
FOR DIV OPERATION DECODER DIV = MAC » TRS « FRT T vI0¢
Clock = PHI - T3 . Ts T ugsc
NO SEE OTHER '
INSTRUCTION
DESCRIPTIONS TY S_ej_&uﬂg:
YES CTR(s) = PH1.TY.DIV T uq7c
: ' T4
SET COUNTER TO 5
BEGIN TO CONVERT REAC SiaN BIT On . o
DIVIDEND, IF D!VEG§N5(5~REG),SAVE T¢ Gave Dividend Si5a
NEGATIVE, TO N STD FR
POSITIVE FORM RERE = 1 -T¥ L UgsAa
EOFF = D7 -«T¢ . TS L UuH4ys
SPD = D1 TY . TBIS L US2A
TS CDv\"p{ew\ent A
Ts RARR = D1 TS L udgc
CMFE = p1-7TS§ L VIoE A
COMPLEMENT A SWSA = D1 . TS5 5DD | L 0% c
L R g ———y _m -—— l ’;";T? I’V‘Cré'imev\t le
PREPARE INCREMENT P, STORE See CPU Iﬂ&‘“‘“‘f" Decoder
FOR D2 IN P AND M l (RPRR, SEO, ADF, STP, STM)
T75 Inhiuit CPU
T7S l IR = MACs T7. Tg T U77, V7LD
INHIBIT CPU (11R).
ADVANCE COUNTER TO 6 I T75 Advanwceg Counter
Cloct = DIV'T7.TS .
| (EETFozy T O%cr
»~ T = LA Tl % CayvA
v - oA
TO NEXT CYCLE L= EAV Loy Cad o
(D2)

Figure 5-28. Divide Cycle 1 5-51
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TRANSFER DIiVISOR
ADDRESS FROM T TO M

ADVANCE COUNTER TO 7

CLEAR
GATE FF

D2
GET &
DIVISOR
ADDRESS TO(-T5)
ENABLE P123
L TO(—T2)
READ ADDRESS OF
DIVISOR OUT OF MEMORY
(TO T-REGISTER)
pra—
CONTINUE
-CONVERTING
DIVIDEND,
IF NEGATIVE,
TO POSITIVE
FORM
T3T4
INCREMENT A-REG, SAVE
POSSIBLE CARRY
INCARRY FF
&-——-«b—-m—--—\
rmmae cume escmme D -
PREPARE T6T7
FOR D3

Y

]

TO NEXT CYCLE

(D3)

Figure 5-29. Divide Cycle 2

Section V
S
Table 5-14. D2 Logic Equations
— REFERE N CE
EQOATION CARD® | SeSIGAAT JON
7o EMaUe Mew.or]
Pi23 = DIV . CTR(g)+ TLT7 T uiIsc
T3TY Therement A
RARB = D2 - T3TY L u9sD
SEB) T Mp2- T2T¥. GATE - SDD L vs18
ADF = MD2 . T3TY% L U226D
SWSA = D2 - T¢. gaTE. 3D L U93A
T4é Save Carcy i
Carry = D2 . TY. GATE - Cip L [ V122€, UN3A,
I UIo2A, 103D
{
i
|
]
TeT?7 T to M
RTSE = MD2. T¢T7 L uzsc
ADF =< MD2 - TLT7 L V28D
SwsHt = MD2., T7 L vgse
T?7S8 Advawce Counler
Clock = DIV-T7.TS .
(TEIS T TAD2 ) T VLR
*¥T - £AY ‘T';',y..'n,! Cerd
L =

EAU L_pr‘c Cal‘d
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v
TO NEXT CYCLE
(D4)

Figure 5-30. Divide Cycle 3

c
LAY Lo:?t'c' Cascd

Section V
;s
Table 5-15. D3 Logic Equations
- REFER ENCE
QuaTion AEDF | DesiquATION
N T) Enable Mewory
1 PI23 = DIV . CTR(Z)« T677 T VISC
' TO(-TS
GET &5 j
l DIVISOR ENABLE P123 l
7_3 Cbmp‘emeht B
B Emis RERE = D2 - T3 L vefe
| CONVERTING CMFR = D23 - TS L. UloéD
DIVIDEND, SWSE = D3 - T3 - SPD- L u7sc, v77C
IF NEGATIVE,
TO POSITIVE
FORM T3 T4TS Increwment B
- f
COMPLEMENT B RERE = D3 . TyTs L U?#C, v 18
SBo = D3+ TY4TS - Carry L U32¢, VEsB
1 TaTs ADF = D3 . TyYTY L UI4A VI4E
SWSR = D3 -+ T5 . 5pp L V7sC, U7SA
USE CARRY FROM
A-REG (SEE D2) TO
INCREMENT B-REG
l IDENTIFY i 16 7 X P te M
SIGN OF Sy \RILY M - e 1§D
| Svison ! Sres - 03T L]
AND PREPARE - i EOF8 = %o TeT7 L U458
' FOR D4 ‘ " SWSM = UT . Tg L USEA
T7 H
TEMPORARILY MOVE
' DIVISOR r;ROMT-REG T? T te P
TO P-REG —————
RTS5B = D7.T7 L J3sa8
EOFB = D3« T4T7 L L Tyct
L T78 SwWe? = D3.T7 L vie D
SOV = 03 T7-Ts. Tmis | | usac, USIA
' s T75 Advguace Counter
4
Clock = prv.r7. 715 .
ADVANCE COUNTER TO 8
(T?.’S' M]52) T UG6R
®* T = Al Timivg CacAd
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l FORM

CONVERT
DIVISOR,

IF POSITIVE,
TO NEGATIVE

T0

COMPLEMENT P-REG

TO

TRANSFER DIVISOR
FROM P TO T-REG

l J 11

RESTORE ORIGINAL
P-REG CONTENTS

(FROM M-REG)

T2T3

INCREMENT T-REG

T3

TRANSFER DIVISOR
FROM T TO M-REG

SITVRRIS  emsas  exvemmes  ememenl)

———— eNEE R

ADVANCE COUNTER TO 9

E— L ]
[ T3S
EXITIF s vieg ¥
DIVISOR IS ZERO, M SET OVR FF i
OR IS TOO SMALL ¥ Mgmmj d
FOR DIVIDEND NO "f |
]
. g T§T5 T58 g
ADD B AND 4 ¢
l REGISTERS {NO 3TORE) SETEXiT FF é
g L4
755 T6T7 H
- INCREMENT P,
SET OVR FF STORE IN P AND M I
w— ' y T6T7
r_—————-—--— SETCPU ‘
ERFLOW
FRESHIFT ROTATE A-REG LEFT l —

. - : |
RN\S%E:?ARE USING CARRY CONTENTS l T7s
FOR D FOR BIT 0; SAVE BIT 15

5 IN LINK FF I ENABLE CPU, l
CLEAR OPERATION

I DECODER

T7 ' l
SHIFT B-REG LEFT, '
: USING LINK CONTENTS L
FORBITO -— e | a——
l ' PHASE 1
% TS

TO NEXT CYCLE
(DS)

Figure 5-31. Divide Cycle 4

SR R —

Y

Table 5-16. D4 Logic Equations

Section V

ERUATION

}

CARO™ pege Matio m

REFEREN CE

T? P ec P to T

RPRB = DY. T0 L Vie B
. EOFg = DY.TD + sSDV L uYd4c
Eith
' er{CMFB = D4-T5 . IOV L vete
SweT = 0% .70 L U36B
Tl Mtoe P
RMSE = DYa. T| L Us4D
EOFB = D¥. Ty L UYSA
SWSP = DY . T L UléA
T2T3 ror Tf‘l te M
RTSE = Dy . T2T3 L u3ec
RBO = D¢ . T2T3 . 5DV L vse e
ADF = DY . T27T2 L V16 R
SwWwSM = DY « T3 L US68B
Tig ceecw Divicor Ci'sef{_gél
OVR = Y. Ti.TS. TERIS L V8B, JB3A,
: UE2A
TH¥TS  Swmiall Divisov Check
RBRBR = U4 . THTY L UT4C, U24A
RMSg = DY .« TyTs L us4yc
ADF = DY » TUTE L VIgA, U244
OVKR = D¢ » TS «+Ts . TBIZ L UE3C, UL3A,
: VE2A
TS Ex't
Exit = DY. TS« OVR T V6l A, UI¥D
(See D6 7477 for Exit.sequence)
T6T7 Shift A B » e
SLMB = DY+ TeT7. EXIT T VY F, Ul
SLI4B = DY - T6T7+ EXiT T ves g, Vet
RARB = DY « T4« BVD L VD, VIOSA/p,vicke
TBY = P4+ T6 - OVD - Carry L UIISC_‘(IIOSD,UIOVB
SWSA = py . T¢- GVD L Va%8, UI0SA[D UI0YB
LINK = D¢ - TEV- TS . RBIS L VI23A, UI4A
Rek? = DY - 17 . 6Up L 1) 7YE, UioYA Uloug
TES = b eT7 . VB - LNk L UlIGA, V1242
swig = pY - T7 - IVD L V74D, VIoya UIONR
T75% Advaunce Comter
Clock = DIV T7- 75 . (TeT T FB1) T VPR e

EAU Timing Card
EAU L0‘7=c'ca'd
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DS

FIRST

' SUBTRACT
AND

LEFT SHIFT

1071

ADD B AND M-REG

T1

CLZAR NO
CARRY FF

YES |
T1

STORE RESULTS IN B-REG

T1

SET CARRY FF

e . ]

¥ T2

SHIFT A -REG LEFT,
SAVE BIT 15 IN LINK FF,

USE CARRY CONTENT
_FOR BIT 0

y T3

SHIFT B-REG LEFT, USE
LINK CONTENT FOR BIT 0,
DISCARD BIT 15

3

l SECOND

SUBTRACT
l AND
LEFT SHIFT

T4TS

ADD B AND M-REG

CLEAR | No Cie
CARRY FF .

2

YES Ts

STUGRE RESULT iN B-REG

« 75

SET CARRY FF

'

SHIFT A-REG LEFT,
SAVE BIT 15 IN LINK FF,
USE CARRY CONTENT
FOR BIT O

L 4

T7

SHIFT B~REG LEFT, USE
LINK CONTENT FOR BIT o
DiISCARD BIT 15

rLOOP 8 CYCLES,
THEN ADVANCE
TO D6

|
L

ADVANCE COUNTER
(TO 10, 11, 12, 13, 14, 15,0, 1,)

TO NEXT CYCLE
(D6)

Figure 5-32. Divide Cycle 5

Table 5-17. D5 Logic Equations

Section V

; ReEFereNcCE *
€ T/ *
FRvaTION KD ¥ | desigraTiON
ToTr Add B awd M
RERE = D§. T4TI L UTHC, V24D, U3YR
RMSB = D5. TITI L USHA, U3ta
ADF = D& THTI L VIYA, U24D, U3YE
SWSE = DS -7t - Ci6 L v76cC
CC\Fr\y = DE--Tis clt - TS L : ‘)“30) UVI3A,
V103D, V1028
T273 $hift A avd B - |
SstMe = DS - T2T73 T VG4 F, uces)ueu
SLIE = DS - 7273 T U65R, U6 B, U624
RARE = D5 « T2 L U91D, VIS4, VIO B
TED = DS » T2 . Carry L viisc, JIOSEB
SwWSA = p5 . T2 L V4B, U10SA, US|
L/INK = D5 - TEV. TS » RERIS L V123K, UIYA
Rokg = DS - 73 L |vesp
T80 = D§y « T2 s LINK L UG
sSwsg = DS . T3 L VIYC, U3¢p
TITS Add B and M
RERR = D§F . TYTY L V74C, v24C, U34B
RMSBE = D5 - TYTs L V548, L3IYE
ADF = D5 * TYTS L UI¥A,U24C, U3YB
SWSE = DS « TS « Cig L v7ec
Carry = 08 . T§ - C16 =TS L U LI3P/A, UI03D, Ul028
T  Shift A
SLMRE = Ly . TET7 T vedF, 66R, VE2B
SLING = DY« TLT? T V6SB, yscr, v62B
RARR = ©TF « Té L v 91D, VI0SA, VIOSC
TEBO = DS - T¢ + Carry L UIISC, VIosC
SWSA = DS . Te L Uaye, VI0TA UIOSC
LiINR = DS » Ttev. TS . RBIS L V1238, VI2¥A
77 sShift B
SLMB = D& . TET7 T VEYE, 0448 U62R
LR = Y- r7 T VEER, V6bR, V2B
RERB = DPSiyg L U748, LVNIB
TR = DSLE . LINK L VISR
SWIR D5Ly L Y740, vIB
(pbstz = p5. TR + T7) T v26C
T7< A/\/awc-c (L)’Anl"€k
Clock = DIV« T7.7TS . (ngg%. Mb3) - V96 R
-

* T
L

= EAD Tfu«;;qq Card
> EAU Logid Cacd
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l IF EITHER DIVISOR
OR DIVIDEND
l {BUT NOT BOTH)
WAS NEGATIVE,
CONVERT QUOTIENT
l TO NEGATIVE
FORM

TO

COMPLEMENT A

I =

INCREMENT A

P—
CHECK FOR
QUOTIENT

l OVERFLOW

4

l i SET OVR FF
l
r IF DIVIDEND
WAS NEGATIVE, SOONSNO
' CONVERT > )
REMAINDER ves
TO NEGATIVE
l FORM I3

COMPLEMENT B

» ¥5

l
l
|
1

l 75
RETURN
CONTROL SET EXIT FF
TO CPU
DVRN\_YES
SET/
NO l T6T7
SET CPU OVERFLOW
* T6T7

|

CLEAR CPU OVERFLOW

L T6T7

INCREMENT P-REG,
STORE IN P AND M

l T7S

ENABLE CPU, AND CLEAR
OPERATION DECODER

PHASE 1

Figure 5-33. Divide Cycle 6

O | B [

Table 5318. D6 Logic Equations

Section V

) V j REFERE N &
EQUATION CARDXY DEcio MAT toN
77 Complementl A
RARE = D6 - Tg L LIS B, UYA
CHMFR = D6« TQ L UIsTA | u3vA
SWeA = pe = TO « SIGN L UI4A | U3YA
T‘TZ IWCreﬁ\ent A .
RARE = D6 . T[T2 L Uesc, U3IYA
S8 = D6 - TIT2 » SIGN IR Uésc
ADF = D§ -~ TIT2. L UAEC
SWSA = D& o TZ - SIEN L Vg A, U3YA
T2S Pogitive- Quotient Oveptflow
OVR = D6+ T2.TS. SIGN - REIF L V92C,Ue3A, UEID
T2S Negative-Quaotient Dverflow
OVR = D¢ - T2. TS . SIGN - ClL-TBIS| L U438, UE3A, UE3D
T3 Complement B
REBRE = D& » T3 L VEYC, U3¥A
CMEE = DE. T3 L VIOYC, U Z#A
SWSR = D¢+ T3 « 5DD L V77C, VISD
TYTY In C"emen'vff;ﬁﬁ
RBRRB = ©7 « TYTH L CTYC, U2YEB UYA
) = D& < TYTS L vesg, V23R
ADF = D& - TYTE L UIYA, U248, U3YA
swsy = De v T 50D L V7SC, uTSD
Tg sg( EXJ't

Exic = D& . TY%

TeT7 Clear or cet Dvertlow

{CLF = D6 .TéT7. OVR

[OOSR = DC - T¢T7- OV

Lither R
STF = D& « T4T7 . OVR

IoSE = D¢ » 1477+ OVR

TETT Increment P, M

KFRR = Exit +« T6T7
S80 = Lxst - TYLT7

ADF = gt - T(TT
SWSP = Exit + T7
SWEM = £yt « T7
T7% Lnsble 7pPY
It = &£xt.T7 .T5%
Iv = Exst e« T7

ﬂ

i

U2IA, UIYD

V648 UGIC , V6IB
UG2F, ULIC, UBIR

0620, V728, UCIR
UL2E U728, 04IR

visc
U33A
v2sce..
utec

L Il ol

i
L

~ A

vssSh

uzel
VI C

~
Toiay, Card
s Craed
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PHASE 1

-=s
T0 (-T2)

Table 5-19. DL1/2 Logic Equations

Section V

PH1:
INITIALIZE
EAU, AND READ MEMORY TG T-REG,
DECODE . DECODE INSTRUCTION
INSTRUCTION
+ ™
CLEAR COUNTER (=15)
. NO OTHER
' INSTRUCTION
p TYPE
YES
T3S
LOAD AND DECODE TR4-9,11
IN OPERATION DECODER
NO SEE OTHER
INSTRUCTION
DESCRIPTIONS
YES
-_—
T3S
DL1:
PREPARE TO GENERATE P123
READ NEXT
MEMORY J T4
LOCATION
SET COUNTER TO 5
l T6T7
INCREMENT P, STORE
i P AND M
f
@ T75
M SIT CPU {IIR).
ADVANTE COUNTER TO &
+——
TO(-T2)
DL2: { }
GET READ OPERAND ADDRESS
OPERAND QUT OF MEMORY
ADDRESS

(TO T-REG)

T7

TRANSFER ADDRESS
FROM T TO M-REG

YES

NO
T7s

ADVANCE COUNTER TO 7

TO NEXT CYCLE
(DL.3)

Figure 5-34. Double Load Cycles 1 and 2

- REFERENCE
= . F YA *
EQUATION CAKD*! pecromation
TI Clear (punter
CTR(15) = PHI+ T1 T u#2cC
T3S Decode DLD
DLD = MAC. TRN-TRY.TRs| T U106
Clack = PH1 -T2 « Ts T ussc
T3S Generate PI23
PI23 = DLD T U74F, U?3D
TY Set Counter
CTR(S) = PHL - T4- DLD T vqic
T75 M
IR = MAC -~ T7. T3 T U7, U72D
T75 Arﬁ{v’ﬂuﬁfQ (W:"C*ﬂ
Ciock= DLD» T7e 3. (FRIS-MDD)| T v9cE
T7 T _t- M
RTSR = MD2 . TeTY L vzsc
AOF = MD2- TéT7 L V25D
SWsM = MD2- T7 L vssce
(Mp2 = pLD. CTR(s)) T U278
T7S Advance Ceunter
Clock = DLD- T7-Ts.(Tois-mpa)| T JAER
- T =

EAU T{mm‘? Card
L= EAU Loy-'f Caavd®
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© DL3

DL3:

FETCH,

AND LOAD
FIRST WORD
INTO A-REG

T0-T2

READ FIRST OPERAND
WORD FROM MEMORY
(TO T-REG)

T4

TRANSFER DATA FROM
T-REG TQ A-REG

1 : T6T7

INCREMENT M-REG

L T7s

ADVANCE COUNTER TO 8

2;4':':H ) TO-T2
s READ SECOND OPERAND
Qggoh%“ﬁono WORD FROM MEMORY
INTO B-REG (TO T-RZQ)
THEN EXIT.
J Ta
2

TRANSFER DATA FROM
T-REG TO B-REG

¥ T5
SETEXIT FF
* T6T7

INCREMENT P-REG,
STORE IN P AND M

t T78

ENABLE CPU, AND
CLEAR OPERATION
DECODER (DLD) AND P123

:

PHASE 1

Figure 5-35. Double Load Cycles 3 and 4

Section V
3
Table 5-20. DL3/4 Logic Equations
, REFERENCE
EWYATION CARDX | DeSign ATION
T T te A
RTSB = DL3 ~» T¥¢ L U3SA
EoFR = DL3 - TV L U ¥68B
SWSA = pDL3 . TH% L yloz7C
TCT7 Increment M
RMSB = DL3 . TET7 L Vé%¥D
RBé = DL3 » TérT7 L V66 B
ADF = pI3. TTY L 28 B
SWSM = DLz - T7 L USEA
T75 Advance Counter . :
Clock = DLD+T7-Ts- (TEI5 - mb2)| T Ugée
74 T to B
RTSB = DLY - TY¢ L vzeD
EOFR = DLY¥ - T%# L v¥el
SWSBR = DLy « T U Y¥A
TS Set Exit _
Ex't = DY « T8 T VIZF, UI4%D
T¢T7 Increment P M
RPRE = Exit « TCTT L J15¢C
SBY = E£xit . T(T7 L UI3A
ADF = Exit . T4T7 L u2sc
A P T/ L uigce
SWS” = Eg«t - T? L US—SD
T7S CLuwabie CPU
TTR = £x/t-T7.713 T U768
DLD = Exit . T7 T vlo7¢
PI23 = DLD T U74F, 023D

L= EAU

*T = £AV Timin Card

Loy-'c. Card
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Section Vv
‘ , Table 5-21. DS1/2 Logic Equations
PHASE 1 .
— I_ —— ARD REFERE MIC é’\/
d E SNE SIGMAT
I PH1: i T0 (T2) RQUATID VES 16 10
INITIALIZE
EAU, AND READ MEMORY TO T-REG,
DECODE DECODE INSTRUCTIGN
INSTRUCTION
l T1
CLEAR COUNTER (=15) T Clear Counter
CTR(IS) = PHL- T1 T v¥2c
OTHER
No INSTRUCTION T3S Decode DST
o TYPE DST = MAC. TRH - TRE T vIo6
T3S Clock = PHI « T2+ TS T - VEsC
LOAD AND DECODE TR4-9,11 ’
IN OPERATION DECODER
NO SEE OTHER
INSTRUCTION
DESCRIPTIONS
YES i
L] 4
T3S Generate PI23 . E
- . U7¥YF U943
DS1: T3s PI23 = DST T P)
PREP :
R‘;E\DASE)ITO GENERATE P123 Ty Set GCounter , v
MEMORY - ’ = pHT « DST T ve7c
| vemory, ‘ a CTR(s) = eHI « TY
SET COUNTER TO 5 175 Tahibit CPU ‘
, % TeT7 IR = MAC - T7.7Ts T JuT7,0%D
{  INCREMENT P, STORE ’
i Ine @ F.('ND M T78E Advance lounter
4 75 ‘ Clock = LET: 770 TS. (THis - MDY T vuee
F INHIBIT CPU (11R).
! ADYANCE COUNTER TO 6
DS2: @ Torrn) ¥ )
SEERAND READ OPERAND ADDRESS
MEMORY
| ADDRESS O ro TiRea) T7 T to M U3sC
l RTS8 = MD2.- TGT7 L 5
ADF = MD2. T6T7 L v2sh
T7
‘ - « T 5C
TRANSFER ADDRESS SwsM MD2 Y L o
FROM T TO M-REG
(Mp2 = DST - CTR(s)) T vaT7B
INDIRECT VIS J 775 Advauce Counter , .
NOY , Clock = DST-T7.Ts- (TBIS-mpa)| T | udér
T7s
ADVANCE COUNTER TO 7
. ¥ T <= EFAY Timing Card
| y Cat
TO NEXT CYCLE ' L= EFAV Logie Q‘
(DS3) .

Figure 5-36. Double Store Cycles 1 and 2 < 5-67
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kS

Table 5-22. DS3/4 Logic Equations

Section V

DS3
DS3:
STORE A-REG
CONTENTS IN GENERATE ISG TO
MEMORY (INHIBITS READING MEMORY

DURING DS3 AND DS4)

h 4

TRAMSFER FIRST DATA T2
WORD FROM A TO T-REG

4

WRITE T-REG INTO T3-TS
MEMORY

. 4
INCREMENT M-REG

T6T7

s

ADVANCE COUNTER TO 8

T7S

DS4:

STORE B-REG

CONTENTS IN

NEXT LOCATION.

THEN EXIT.

4

FER SECOND DATA
o FROM 2-REG
TO T-REG

T2

WRITE T-REG INTC T35

MEMORY

v
SET EXIT FF

T5

A 4

INCREMENT P-REG,
STORE IN P AND M

T6T7

L 4

ENABLE CPU, AND
CLEAR OPERATION
DECODER (DST) AND P123

T7S

PHASE 1

Figure 5-37. Double Store Cycles 3 and 4

X REFCRENC
EQUATION CARD*| G Ccrgm ATION
760 Genergte ISG
IsG = Eprx - DS3¥ T ui13c :
(Ds3y = DS3 + DSY) T V13D, VITE
T2 A to T
RARR = Ds2. T2 L vuaecD
EOFB = DS3Y « T2 L UYED
SWST = DS3Y% - T U36A
TLT7 Increment M ' .
RMSE = DS3 - T(TT L vesc
R84 = DS2 . TgT7 L VEEA
ADF = DS3 . T(T7 L V2SA
SwWwsH = DS3 . 17 L usec
T758 A—duamge, Counter
Clock= DST-T7-Ts. (TR Fb2) | T U768
T2 B te T .
RBRE = DS¢ . T2 L ug7c
EOFE = DS34. T2 L J46D
SwsST = DSy « T2 L UsCA
ry };g_w Exit
Exit = Ds¥ - 7Y T VIZE, UI¥D
TeT7 Increment P M
RPRB = Exit . T(T7 L viIsc
SBY = Exit - T4T7? L U33A
ADF = [Exit . T6TT L -
U25C
SWSP = LSyt - T7 L ui6 C
SWEM = Exic . TY L | uSsp
T7% Enable CPU ‘
IR = Exit«T7. TS T U768
DST = Exit .« T7 T vIoT7ceC
P[22 = Dot T UTY¥F, U93E
% T = EAU Tfmfng Card
L = EAU Lojic Ca ol
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Section V

Table 5-23. Arithmetic Shift Equations (1)

PHASE 1
INITIALIZE
- EAU, AND TO(-T2)
DECODE
INSTRUCTION READ MEMORY TO T-REG,
: DECODE INSTRUCTION
i LS
CLEAR COUNTER (=15)
OCTHER
INSTRUCTION
TYPE
LOAD AND DECODE TR4-9,1]
IN OPERATION DECODER
NO
SEE OTHER INSTRUCTION
DESCRIPTIONS
YES
1 T3S
' PREPARE CLEAR CPU OVERFLOW FF
FOR “AS"”
l SHIFTS j T4
SET COUNTER EQUAL TO
COMPLEMENT OF NUMBER
OF SHIFTS
. T4
ENABLE SHIFTS (SRCS)
' P T53
5 INHIERIT CPU (10
) g
]
FIRST
SHIFT

T6

SHIFT B RIGHT, | o
RESTORE B15 ‘F ST

ni
A LEFT '

SAVE BO IN LINK FF

SAVE A15 IN LINK FF

v ¢

T7

SHIFT A RIGHT,
SHIFT LINK INTO Al5

SHIFT B LEFT, EXCEPT B14;
SHIFT LINK INTO o,
RESTORE B15

e ]
-

ADVANCE COUNTER

[ - .| REFEReCE
EQRUATIO N CARD DESIGNATION
T! Clear Counter
TR} = PH1 . T1 T veac
T3S Decede AS
AS = MAC . TRy T Ji 0§
Clock = PH1 » T3 « TS T Ussc
T3S Clear Ovecklow
CLF = AS - EPHX T Us4B, ULTA
TOSR = AS + EPHX T U62F, U7A
TY Jet Counmter '
CTR () = TY T V74
o T VEcA
‘;r"gg E’ﬁ‘ﬁé&“‘b{ﬁ» ',>
Tk = T

u76C, V77

l_

TO NEXT CYCLE (S)

Figure 5-38. Arithmetic Shifts, Phase 1

RiGHT SHiFT EQUATIONS (see pext Prge

for left g4t eimatf‘,ons)
TEY Shift B
RBKB = SRCS « RT - TEV L VYA, UI25E, URSA
SKME = SRCS « RT T Vs R
TBIS = SRS - RT« TEV. AS-RRIS| L UIAA, UI1258 UI2SA
Swsg = SKCS . RT. TEyY L U 7¢ @Junfﬁ‘unm
LINK = SRCS « RT « TeV: TS-REQ| U2y, U123C, Vielg
ToD Shift A
RARE = SRCS+ RT. TOD L UqiD, V1224
SEMB = SRCS « RT T UELR
TEIT = SRCSs RT .« TOD -« LINK L Ui278
SWSA = SRCS- RT» TOD L UAY B U224
T75 A"”'amre Counter
Clark = AS- TOD. TS. CTO0 T UCA
- * T = E’AU ‘\-\.f‘u..\ ’{G.rd

£ LY Lg-’t‘z Ca:d >
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FROM
> ] PHASE 1

oAsL > .

SET CPU OVERFLOW E'—\

SHIFT
(2ND 6TH, OR 14TH)

NC

TOT1 !

' ‘ SHIFT B RIGHT,
RESTORE B15

T

TO

SHIFT A LEFT

AL TOS I

L SAVE BO IN LINK FF 1

SAVE A15 IN LINK FF

:

|

SHIFT A RIGHT,
SHIFT LINK INTO Al5

SHIFT B LEFT, EXCEPT B14;
SHIFT LINK INTO BO,

RESTORE B15

7

‘ T1S

ADVANCE COUNTER

T3

SEY CPU OVERFLCW §--=-

[

Section V

Table 5-24. Arithmetic Shift Equations (2)

(3RD, 7TH, 11TH, OR 15TH! SPA'\S/'E T2Ts !
ABOVE %
Mt T4
STOP NO
SHIFTING »
T5 Y
| sET cPu ovERFLOW |—-b—]
> pu <
SHIFT SAME T4TS
(4TH, 8TH, 12TH, OR 16TH) e ! s
ABOVE
L SET EXIT FF
T6
JES sToP DASLNNO
SHIFTING 2
NO YES T7
| sET cPu OvVERFLOW }——
" v T6T7
SHIFT T6T7 I INCREMENT P-REG,
{5TH, 9TH, OR 13TH) 5‘;&'5 STORE IN P AND M
ABOVE _ v __T7S
| enmsLecru ]
-4 J PHASE 1

Figure 5-39. Arithmetic Shift Loops

RCFERENCE
= T >
EQUATION CARDl vesiouaTION
LEFT SHIFT EQUATIONS (see preceding
pase for right shift eguations)
‘ RARE = SRCS- TEv. RT L uqp, vtitc
SLMR = S$RCS - BT T vgeC
SLIYB = AS. TEV. RF T UESA
SWSA = SRCS - TEV. RT L Va4Ee, viivc
LINK = GRCS - TEV- TS5. §T- REIS| | VI2YA V123C, UVIO3A
TOD Shilt B |
RBRB = SRCS- TOD- RT L U 74a, VI25C
SLME = SRCS . BT T VEGC
TBO = SRCS - TOD- RT - LINK L VIHED, VHYE UIISA
TBIS = SRCS-TOD+RT-4s.qp5] L VI24A, VI25C
OASL = RBIY @ RBIS oL vV &2D U¥%2cC
SwsB = SKCS - TOD - RT L U7 B, U125SC
Sfoe Shikt
SRCE = AS .« TTOD T UECA
é_e_t 3wer§-§bu
AS . TOL - (TO0 < BY. OasL | T | UCID, VE3IA/E, LL2C
AS o e . FTOE . R—'F. CASL T UGSD‘ U£3A/B’ peC
TS Set Exit
Exit = AS -+ CTR{iv+1s) - 1Rk - T§ T LV3IC, VIYD
TET7 Increment P, M
RPRR = &%/t TET7 L Visgc
SBO = Lxt - TET7 L U33A
ADF = £t « T4T7 L v2sc
SW? = Exit » T7 L vI6C
SWSH = Exit- T7 L UCSED
T75 Enable CPU
FIR = Exit~ T7.Ts T UE3A, U73
AS = Exit - T7 T V3B

 J

¥T= EAU Timing Card

L= AU Loy;g Cdl“v{
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Section V

Table 5-25. Logical Shift Equations (1)

PHASE 1
INITIALIZE
EAU, AND TO(-T2)
DECODE ,
INSTRUCTION READ MEMORY TO T-REG,
DECODE INSTRUCTION
¢+ n
CLEAR COUNTER (=15)
OTHER
No INSTRUCTION
TYPE
YES
T3S
LOAD AND DECODE TR4-9,11
IN OPERATION DECODER
NO SEE OTHER INSTRUCTION
DESCRIPTIONS
YES
PREPARE 14
FOR “LS" SET COUNTER EQUAL TO
SHIFT COMPLEMENT OF NUMBER
OF SHIFTS
K N T4
ENABLE SHIFTS (SRCS)
K. 155
§ INHIBIT CPU (11R)
FIRST
SHIFT

T6

SHIFT B RIGHT SHIFT ALEFT

| P e

SAVE BO IN iLINK FF SAVE A15 IN LINK FF

y ¢ -

SHIFT A RIGHT, SHIFT BLEFT,
SHIFT LINK INTO A15 SHIFT LINK INTO B0

L ]
S

ADVANCE COUNTER

TO NEXT CYCLE (S)

Figure 5-40. Logical Shifts, Phase 1

‘ ReFERENCE
EQUATION CAEDN DESIGNATION
Tt Clear Countee
CTR(IS) = pH1-TI T v¥2C
T3S Decofe LS
LS = MAC. TRY T Uios
Clock = PHI. T3-TS T U8sc
TY Set Counter
CTR(#) = LS. PHI - TY T U374
TY Eunable Shitts .
SRCS = LS. CTOO T UBEA
TSS Takibit CPU
'sR = Lg . T5. 15 T u74c, V77
RIGHT SHIFT EQUATIONS (see mext page
for jeft chit efuat‘ions)
TEV Shift B
RERE = SRCS « RT « TEV [ VT7YA, V1258, U125A
SRME = SRCS » RT ™ vser
SwsSe = SARCS » RT . TEV L VI2CA, V1258, VI2TA
LINK = SRCS « RT-TEV. TS. REM| | VI2Y4, UI23C, VI03B
TOD Shift A
RARB = SRCS. RT- TOD L vaip, UiaaA
SRME = SRCS - RT T VELR
TCIs = SRCS-RT-TOD[LINK| L viI27g
SwsA = SRCS - RT. TOOD L LAY B, U122A
T7s Advance Counter
Clock = [(§-TOD- TS5 . CTo® T UZCA
|
* T = L:A ) T?WJ\‘V\ Car'/
L = EAU Lo?/c Cagyl
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Section V
>
FROM
PHASE 1
— —>— !
Table 5-26. Logical Shift Equations (2)
< S s!-Ii'-'cl'?lpf\ifi o X RGFEIQ A
~ H : _ ENCE
? ) Ery i ih T ¥
N3 EQUATION LRDT ! pesicpaTION
— ' LEFT 5”“"'7' EQ,UA’T’Q&‘JS (S(C ff“?.tedlnnj
SHIFT ToT1 age for right shift eguations
[_g}‘-lo X =aF 3 4 )
NG
10TH, OR RY - —— { _
14TH) TEV Shilt A . _
e RARB = SRCS - TEV. RT L | utip, Ve
| Io SLMg = SRCS « RT r | used
SHIFT B RIGHT SHIFT A LEFT | SLiyg = L§.Cr0o0 . RT T Uéesc
SWSA = SRCS-TEV. RT L Va4 B, Uy
I L ‘ ] _L Tos I LINK = SRCS « TEV. TS RTeRpis] | UI2YA4  UI23C, UI03A
SAVE BO IN LINK FF SAVE A15 IN LINK FF TOD Shift g
l Jy RRRB = SRCS: TOD-RT L V7YA, UI25C
Il SLMB = SRCS - RT T us¢c
SHIFT A RIGHT, SHIFT B LEFT, SLIYE = LS. CTO0. RT T Uésc
SHIFT LINK INTO A15 SHIFT LINK INTO 80 TBS = SRCS. TOD « RT. LINK L VISD, UIIYE, UIISA
j SWSB = SRCS.TOD- BF L U76B, Ul2sC
—e
® TIS
ADVANCE COUNTER
1 - ] STep Shift
SRCS = LS « CTOO T URELA
sTop
SHIFTING »>-
+ TS Set Exit ;
l SHIFT 7273‘5 b4 Exit= LS- C?"r%i{asmss)a IIRX - TS T Uz2IC, ui¥D
(3RD, 7TH, 11TH, OR 15T} SAME AS ABOVE E i
» T6eT7 Jncremeut P M
op RPRE = £&x/t. TET7 L DAY
ST o - -
SHIFTING SB = E_"'t - TET7 L U33A
SWSe = Ext . T7 L uite
<+ —- = 2O
[ SWSM Et «~ T7 L UESh
SHIFT T4TS
(4TH, 8TH, 12TH, OR 16TH) SAME AS ABOVE v T5 778 [_:nab(e CPU
L ' [_serexirer ITR = Ext. T7-Ts T | vE3a, UT3
# IS = Exite17 T UgE3EB
sToP .
SHIFTING >—
T6T7
INCREMENT P-REG,
i STORE INP AND M
SHIFT T6T7 l
{5TH, 9TH, OR 13TH) SAME AS ABOVE T75
l L ENABLE CPU ]
\ J T LAY T, ack
—* LA /¢
PHASE 1 L - LAy Lo.?“ Carcd

Figure 5-41. Logical Shift Loops 5-71
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Section V
S
PHASE 1 Table 5-27. Rotate Equations (1)

[ - I «| REPERENCE
INITIALIZE 4 TO(-T2) ERQUATION CARD¥L pes/gNAT /AN
EAU, AND

READ MEMORY TO T-REG,
' , :::\!Es(':r?z%%ﬂon DECODE INSTRUCT!ON
l JL ™

CLEAR COUNTER
' (515) Tt Clear Counter R
i CTR{15) = PHI - Ti T A
"N HE
@ o INS'IC')I;FUC‘!BION T3S Decode RO
l YES TYPE RO = MAC - TRG T VoS
I3s Clock = pPHi . T2.TS T VRse

' LOAD AND DECODE TR4-9,11

IN'OPERATION DECODER

SEE OTHER INSTRUCTION

l DESCRIPTIONS

'r _—— — ’

I ggﬁ"f,?g.. SET COUNTER EQUAL TO CTR(#¥) = RO - PH[ - TH T Va7

COMPLEMENT OF NUMBER . _
SHIFTS OF SHIFTS T4 Enable Shifts eCA
| ¥ T | SRCS = RO - CTOO T v
SHIFTS (SRCS) T Sot Carr
| Ts T5 RARB = ROTS - RT - 31‘3{:/3 UNZA U228
l COPY A0 INTO CARX COPY B15 INTO CARX l Elther CARX = RQOTH . EI. TS. RBO l: u,ss'B s ) £
. T RBRE = ROTE - EY
S & = } L 5_;;@( T ROTL - BT - T5.RRIS L VIO3C/A, UNI3A, UIL2E
H i ) 1 : TS Inrabit CPY
& HIBIT CPU (1IR) ] Srmmm——— T uzec, vr7
e - RS ’ DL CTERT. QUGN VWG SRWGERE RSN 0:%‘%*5‘ i Z rg - Rc e rs -
= : ,
FIRST o rC O ETIONS see next
ROTATE RIGuUT ROTVATE £LuUx { o
page for leit ntale egualimms
TG
smﬁ;ﬂgg BXRIGHT, SHIFT A LEFT,
RX INTO B 15 SHIFT CARX INTO A0
v Shift B A
l l T6S TE RERE = SRC3- RT s TEV L UTYA, VI2F5E, VIS
SAVE BO IN LINK FF SAVE A 15 IN LINK FF SRMB = SRCS - RY T vees
TBIS = SRCS. RO.RT-TEV:CARX L UI27A, UI25A
4 v T7 SWSB = SRCS. gT- TEV L UI26A, U125R, UI2SA
SHIFT A RIGHT, SHIFT B LEFT, = < RT. -TS. RBO 24A, UI23C, VIO3B
SHIFT LINK INTO A 15 SHIFT LINK INTO 80 LINK = SRCS« RT- TEV-TS-R L VIRYA, V12
TOD Shift A
y T7s T RARE= SRCS - RT. TOD L V9D, VI22A
SAVE A0 IN CARX SAVE B15 IN CARX SRMR ® 5R(CS - RT T VEce
TRIS = SRCS .« RT- TOD- LINK L V278
L ‘J SWSA = SR(C3S- RT-TOD L UGyR D I22A
P s CAKx = RO-ToD-TS.RT.TBO0| L UN3A/ vizys/c
ADVANCE COUNTER

¥ T = EAU Timw Cord

TO NEXT CYCLE (S) L= LAy Log;Z Cxed

Figure 5-42. Rotates, Phase 1 s



2152A

FROM
PHASE 1
>
r
SToOP
SHIFTING )
 —— LD
ROTATE /\ ToF:
(2nd, RT NO
6th 4 2
10th, or
14thj YES
I To
SHIFT B RIGHT, SHIFT A LEFT
SHIFT CARX INTO B15 SHIFT CARX INC AQ
Tos
[ SAVE BO IN LINK FF [ SAVE A15 IN LINK FFj
4 T1
SHIFT A RIGHT, SHIFT B LEFT,
SHIFT LINK INTO A15 SHIFT LINK INTO BO
. ; T1s
[ SAVE A0 IN CARX L SAVE B15 IN CARX ]
} 4
[ ADVANCE COUNTER ]ns
h— [ R R
T2
STOP
SHIETING g N
! Y273 &
ROTATE SAME §
(3rd, 7th, 11th OF 5th) as .
ABOVE i
—— ‘i
T4
STOP
SHIFTING ————*———\
4 ~
ROTATE TaTs $ TS
(4th, 8th, 12th OR 16th) SPA“S"E l P 1
ABOVE _
SHIFTING ’ Y
® T6T7
INCREMENT P-REG,
STORE IN P AND M
.
ROTATE SAME er7
(5th, 9th OR 13th) AS AR
l ABOVE | enmsLecru |
. . J

PHASE 1

Figure 5-43. Rotate Loops

Section V

Table 5-28. Rotate Equations (2)

EQUATION

RGFERENCE

CARD* ! pesionaTION

LEFT ROTATE EGUATIONS (see precedivg

P\je for rfjkt rotate eﬁqatn‘ﬂg)

TEV sShit A
RARE = 3SeCSs-. Tev- BT L uq1D, Uiyl
SLMR = SRCS ¢+ RT T UgeC
SLI4g = RQ -CTOO0 - RT T VeSC
TB0O = S5RCS+ TEV. RT - CARX L LNSD, UNYA, VIIYE
SWCA = QRCS - TEVY- RY L UqyE, ViivC
LINK = SRCS - Tgv.TS- R7- RBIS L UI¥ A, 0I23C, V1034
TOD Shift B _
RBRR = SRCS. TOD- RT L V7¢A, VI2SC
SLMB = SRCS « RT T Ugéc
SLIUB = RO CTOQ . ﬁ T Uese
TBO = SRCS . TOD - RT. [INK L UISD, UN¥E, OHIYA
SWSE = SRCS- TOD -+ RT L VT6E, n125C
Stop Shift
SRCS = RO . CTOD T V¥6A
: T3 “;et [‘;’Xl‘t
Ex/t = RO« TR 4+18) s [IRX - T§ T {u3c, VIYD
i TeT7 Increment P M
| RPRE = Exit « T4T7 L visc
$SBY = Bt TL(T7 L V3I3A
ADF = =ye. TLTT L vasc
SwsP = Lx.it. T7 v Ui6 C
SwWwsMm = &Xl-t . T? L 255D
T7S8 Lwable CPU
TIR = Ext . T7.TS T DE3A, UT3
RO = Exit - T7 Ue3B

L

f

|

% T-=
L

EAU T-lm;n “;n"d
AU Loc?';c Card
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Section VI

SECTION VI

MAINTENANCE

6-1. INTRODUCTION.

6-2. This section provides general maintenance
and adjustment procedures for the HP 2152A Floating
Point Processor.

6-3. ACCESS TO ASSEMBLIES.

6-4.. Access to nearly all internal assemblies in the
FPP unit is accomplished by removing the top cover of
of the unit. The only exception is the capacitor assem-
bly of the power supply. Paragraph 6-25 includes a
removal procedure for these three capacitors.

6-5. Removal of the top cover exposes the logic
cards (front half of the cabinet) and the power supply
cover (rear half) which must also be removed for
access to the power supply. The eleven logic cards
are of the same size and construction as the cards
in the computer. The cards are installed and re-
moved (by extractor handles) in the same way as the
computer cards. Note, however, that there are
three printed circuit jumper plugs, joining pairs of
cards via a top edge connector. These plugs must
be removed before extracting the attached cards. If
any of the jumpered cards is to be tested using the
supplied extender, a short jumper cable (also supplied)
is to be used to complete the connection between the
card pairs.

!
6-6. Except for ac circuitry and some large com-
ponents, most of the power supply circuits are lo-
cated on the face-up printed circuit card in the power
supply section. All of the FPP unit adjustments are
located on this card. (See figure 6-1.)

6-7. PREVENTIVE MAINTENANCE.

6-8, The FPP unit requires a minimum of preven-
tive maintenance. The following routine maintenance
should be performed every 90 days:

a, Clean air filters. If environment is un-
usually dusty, this may be necessary more frequent-

ly than 90 days. Also clean interior of cabinet with
low-pressure, dry, compressed air.

b. Perform the voltage c.hecks and adjust-
ments described in paragraph 6-9.

¢. Perform the diagnostic tests as described
in the Manual of Diagnostics.

6-9. VOLTAGE CHECKS AND ADJUSTMENTS.

6-10. There are seven adjustments in the FPP unit,
all in the power supply. Three of these are voltage-
setting adjustments; the remaining four set threshold
levels for power fail detection.

6-11. The level of the three dc voltages may be
checked at the test points on the rear panel of the
FPP unit without removing the cover. (The ac volt-
age of the transformer secondary is available at one
of the test points for troubleshooting purposes; it is
not used for adjustments.) If the dc voltages are out
of the tolerance limits specified in table 6-1, per-
form the appropriate adjustment (paragraphs 6-12
through 6-17). These three adjustments may be
made independently, except for the +10V supply;

if the +10V level is adjusted, the +4.75V and -2V
levels must also be adjusted. Table 6-1 also provides
specifications on current and ac ripple for informa-
tion purposes only; there are no adjustments involved.

6-12. +10V ADJUSTMENT.

6-13. Variable resistor R54 on regulator card A3
(see figure 6-1) allows adjustment of the +10V

supply. Using a voltmeter of at least 0.1 percent
accuracy, measure the voltage at the 10V test point.
Using a suitable nonmetallic tool, adjust R54 (+10V
ADJ) for +10.0 volts on the voltmeter. This adjust-
ment alters the +4.75V and -2V levels; adjust these
two supplies as described in the following paragraphs.

6-14. +4.75V ADJUSTMENT.

Table 6-1. DC Voltage and Current Specifications
SUPPLY MAXIMUM MAXIMUM AC RIPPLE MAXIMUM
POSITIVE NEGATIVE (P-P, TYPICAL) CURRENT
-2V -1.9V -2,1v 20 mV 25A
4,75V 4.9V 4.6V 50 mV 254
+10V +10, 2V +9.8V 10 mV 0.1A
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-2V NEG
INL 1\ g
+10V -2v POS
3 i
e
NEG
LmMIT
R42
@z
oS
amMT
Rt
PIN 13
(g¥F)
1
-lv ADS
t4.725y
RS
Figure 6-1. Location of Adjustments

6~15. Measure the voltage at the +4. 75V test point
and adjust R25 (+4.75V ADJ) for +4.75 volts on the
voltmeter.

6-16. -2V ADJUSTMENT.

6-17. Measure the voltage at the -2V test point
and adjust R81 (-2V ADJ) for -2.0 volts on the volt-
meter.

6-18. POWER FAIL THRESHOLD ADJUSTMENTS.
6-19. The power fail threshold adjustments are set
at the factory prior to shipment of the FPP unit and
should require no further adjustment. However, if
adjustment should become necessary, such as due to
replacement of components, the following procedures
may be used. All four adjustments may be made
independently. '

6-20. Use of voltmeter of at least 0.1 percent accur-
acy for setting the dc supply levels. This accuracy

is necessary for the final settings only, so that the
supply voltages are left at the correct values at the
end of the procedure. During the procedure, however,
some imprecision of the power fail trigger points
should be expected. A second voltmeter is necessary

6-2
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in order to monitor the power fail signal; accuracy
is unimportant since only a change of state is to be
read (between about +4.5 volts and 0 volts). Usea
suitable nonmetallic tool for making the adjustments.

6-21. +4.75V LIMIT ADJUSTMENTS.

6-22. To adjust the maximum positive and negative
limits of the +4.75V supply, measure both the voltage
at the +4. 75V test point and the voltage at pin 13 of
regulator card A3 (EPF signal). Then proceed as
follows:

a. Note the level of the signal at pin 13 of A3;
the reading should be 0 volts.

b. Adjust R25 (+4.75V ADJ) to increase the
voltage at the +4.75V test point to +5. 25 volts.

c. Adjust R91 (+4.75V POS LIMIT) just past
the point where the voltage at pin 13 of A3 (noted in
step "a'"") abruptly jumps to about +4.5 volts.

d. Change the setting of R25 (+4.75V ADJ)
to lower the voltage at the +4.75V test point to +4.35
volts.

e. Adjust R92 (+4.75V NEG LIMIT) just past
the point where the voltage at pin 13 of A3 (noted in
step "a" abruptly jumps to about +4.5 volts.

f. Recheck adjustments by varying the +4.75V
level at the test point, both high and low. The voltage

-at pin 13 of A3 jumps to +4.5 volts when the supply

voltage reaches +5.25 volts on the high side and
+4.35 volts on the low side.

g. Return the level at the +4.75V test point
to exactly +4.75 volts.

h. Disconnect the voltmeters.

6-23. -2V LIMIT ADJUSTMENTS.

6-24. To adjust the maximum positive and negative
limits of the -2V supply, measure both the voltage

at the -2V test point and the voltage at pin 13 of regu-
lator card A3 (EPF signal). Then proceed as follows:

a. Note the level of the signal at pin 13 of
A3; the reading should be 0 volts.

b.. Adjust R81 (-2V ADJ) to change the volt-
age at the -2V test point to -1. 8 volts.

c. Adjust R61 (-2V POS LIMIT) just past the
point where the voltage at pin 13 of A3 (noted in step
"'a') abruptly jumps to about +4.5 volts.

" d. Change the setting of R81 (-2V ADJ) to
change the voltage at the -2V test point to -2.2 volts,

e. Adjust R62 (-2V NEG LIMIT) just past the
point where the voltage at pin 13 of A3 (noted in step
"a') abruptly jumps to about +4.5 volis.
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f. Recheck adjustments by varying the -2V
level at the test point, both high and low. The volt-
age at pin 13 of A3 should jump to +4.5 volts when
the supply voltage reaches -1.8 volts on the more
positive side and -2.2 volts on the more negative
side.

g. Return the level at the -2V test point to
exactly -2.0 volts.

h. Disconnect the voltmeters.

6-25. REPLACEMENT OF CAPACITOR ASSEMBLY
AS,

6-26. If it becomes necessary to check or replace
any of the three large filter capacitors (C11, C12,
C13, each 0.16 farad), use the following procedure:

a. Remove the top cover and the plate cover-
ing the power supply.

b. Remove regulator board A3 by removing
the two hold-down screws and unplugging from its
receptacle.

c¢. Remove the eight screws attaching the
rear panel. This panel can now swing down, con-
nected only by two cables.

d. Remove the four screws attaching th
cable lugs to the capacitor terminals. i

e. Remove the six screws holding the capa-
citor assembly onto the chassis.

f. Slide the capacitor assembly out toward
the rear. (Note the orientation of the cutout in the
top insulators and conductor straps. This cutout
provides clearance for one of the terminal block
screws on the chassis, and must be preserved when
reassembling. )

g. Remove the remaining two screws which
attach the insulators and conductor straps on the top

Section VI

of the assembly. (Note the orientation of the + ter-
minals of the capacitors; retain this orientation
before and after test or replacement.) The capaci-
tors may now be individually removed by sliding up
out of the assembly.

6-27. To reassemble and install the assembly after
test or replacement, use the following procedure:

a. On top of the assembly, place (first) one
insulator, positioned so that the clearance cutout
(noted in step "'f" above) is toward the negative side
of the capacitors.

b. Then place the two conductor straps and
(1ast) the other insulator on top of the assembly,
carefully positioning the clearance cutouts directly
above the cutout of the insulator installed in step
l'a'l.

c. Position the assembly so the side having
the cutout (negative side) is to the left, and the
positive side is to the right. Attach the insulators
and conductor straps with two screws onto the ter-
minals of the nearest of the three capacitors.

d. Slide the assembly into the chassis guides,
with the negative side (having the cutout) still to the
left.

e. Attach the assembly to the chassis with
the six screws removed in step "e" of paragraph
6-26.

f. Attach the cable lugs to the four capacitor
terminals, using the four screws removed in step
d of paragraph 6-26.

g. Replace the rear panel (eight screws).

h.> Plug the regulator board into its recep~
tacle and secure with the two hold-down screws.

i. Replace thé power supply cover and the top
cover.
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SECTION VIiI
MAINTENANCE DATA
7-1. INTRODUCTION. 7-3. Specifically, this section includes the logic

diagram for each printed circuit card, a table of
replaceable parts for each card, and a component

7-2.  This section consists of reference tables and ioi:lathn dlagr?mhi;%xé;?.cglaciriién In ?‘q(ktlg?af the
diagrams to be used in support of maintenance for 0 ov:n:g are inc 1' hc b ati e :.un & gr;tm,
the HP2152A Floating Point Processor. Refer to the lc~ortr'1p ete pgwtir Supply sc gm 1e 1a'gr?m, anf th
preceding section for maintenance procedures. 1SURNES in both numeric and mnemonic form of the

contents of the read-only memory.
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Table 7-1. EAU Timing Card, Replaceable Parts

- A Mfr
Reference: |.p part Number| Qty Description Mfr Part Number
Designation Code
Al1l0 02152-60012 EAU TIMING CARD 28480 02152-60012
All0C1
All0C6 0180-0197 C3FXD ELECT 2.2 UF 10% 20VDCW 56289 150D0225X9020A2-DYS
Alloul2 1820~0953 IC:CTL TRIPLE 2-2-3-INPUT AND GATE 07263 SL3456
Alloul3 1820-0953 IC:CTL TRIPLE 2-2-3~INPUT AND GATE 07263 513456
AllOUl4 1820~0966 28 INTEGRATED CIRCUIT: CTL 07263 SL3463
Allouls 1820-0%66 INTEGRATED CIRCUIT: CTL 07263 SL3463
All0ul6e 1820-0966 INTEGRAVED CIRCUIT:.CTL 07263 SL3463
All0ul? 1820-0956 9 IC3iCTL DUAL 2-INPUT AND BUFFER 07263 S§L3459
Allou22 1820-096% 13 ICsCTL QUAD 2-INPUT AND GATE 07263 SL3462
All0u23 1820-0964 14 INTEGRATED CIRCUIT: CTL 07263 SL3461
AllnU24 1820-0971 17 INTEGRATED CIRCULTI CTL 07263 SL3467
All0u2s 1820-0971 INTEGRAYED CIRCUIT: CTL 07263 SL3467
Allou2e 1820-0971 INTEGRATED CIRCUIT: CTL 07263 SL34867
Allou27 1820-0956 ICICTL CUAL 2-INPUT AND BUFFER 07263 513459
All0u32 1820-0965 IC:CTL CUAD !-~INPUT AND GATE 07263 SL3462
All10U33 1820-0966 INTEGRATED CIRCUIT: CTL Q7263 SL340632
All0U34 1820-0965 ICCTL QUAD 2= INPUT AND GATE 07263 SL3462
All0uU3% 1820-0971 INTEGRATED CIRCUIT: CTL 07263 SL3467
All0U36 1820-0971 INTEGRATED CIRCUIT: CTL 07263 SL3467
All0U37 1820-0956 ICICTL DUAL 2~INPUT AND BUFFER 07263 SL3459
AllCU42 1820-0952 ) IC2CTL DUAL 2-INPUT NOR GATE 07263 SL3455
All0us3s 1820-0968 6 INTEGRATED CIRCULT: CTL 07263 SL34tLe
All0uss 1820-0953 IC:CTL TRIPL: 2-2-3-INPUT AND GATE 07263 SL3456
All10u48 1820-0953 ICICTL TRIPL: 2-2-3~INPUT AND GATE 07263 SL3456
All0yss 1820-0971 INTEGRATED CIRCUIT: CTL 07263 SL3467
All0ue? 1820~-0952 1C3CTL DUAL 2~ INPUT NOR GATE 07263 SL3455
All0ust 10820-0954 1 INYEGRATED C.RCUIT: CTL 07263 SL3457
Allus2 1820~0971 INTEGRATED CIRCUIT: CTL 07263 SL3467
AllCyus53 1820-0966 INTEGRAYED CIRCUIT: CTL 07263 SL3463
Al110454 1820-0971 ENTEGRATED C:RCUIT: CTL 07263 SL3467
All0uss 1820-0971 INTEGRATED € IRCUIT: CTL 07263 SL3467
All0use 1820-0871 INTEGRATED C RCUIT: CTL 07263 SL3467
Allous? 1820~-0956 IC3CTL DUAL .2=INPUT AND BUFFER 07263 SL3459
All0ye6l 1820-0964 INTEGRATED C (RCUIT: CTL 07263 SL3461
All0U&2 1820-0952 ICICTL DUAL .!~INPUT NOR GATE 07263 SL3455
Al110U83 1820-0952 ICICYL DUAL .-INPUT NOR GATE 07263 SL3455
All0Uuc4s 1820~0966 INTEGRAYED C .RCUIT: CTL 07263 SL3463
AllOUsS 1820-0953 1CsCTL TRIP 2~2-3-INPUT AND GATE 07263 SL3456
All0U66 1820-0953 ICICTL TRIPLE 2-2-3-INPUT AND GAT; 07263 SL3456
AlloU67 1820~0956 IC3CTL OUAL 2-INPUT AND BUFFER 07263 SL3459
Allout2 1820-0952 1C:CTL DUAL 2-INPUT NOR GATE 07263 $L3455
Allou?3 1820-0%968 INTEGRATED CIRCUIY: CTL 07263 SL3466
All0UT4 1820-0965 1C3CTL QUAD 2-INPUT AND GATE 07263 SL3462
Al110UTS 1820~-0966 INTEGRATED CIRCUIT: CTL 07263 SL3463
AllOUTe 1820-0964 ‘ INTEGRATED CIRCUIT: CTL ‘07263 SL3461
ALLIOUTT 1820-0971 INTEGRATED CIRCUIT: CTL 07263 SL3467
Allous2 1820-0966 INTEGRATED CIKCUIT: CTL 07263 SL3463
All0U83 1820-0966 INTEGRATED CIRCUIYz CTL 07263 $L3463
A110UB4& 1820-0971 INTEGRATED CIRCUIT: CTL 07263 SL3467
All0u8asS 1820-0971 \ INTEGRATED CIRCUIT: CTL 07263 SL3467
Allouse 1820~0956 . ICICTL DUAL 2-INPUT AND BUFFER 07263 SL3459
Allouat 1820-0971 INTEGRATED CIRCUIT: CTL 07263 SL3467
All10U91 1820-096% 1CI1CTL QUAD 2~INPUT AND GATE 07263 SL3462
AllbuU92 1820-0964 INTEGRATED CIRCUIT: CTL 07263 SL3461
Al101493 1820~0954 INTEGRATED CIRCUIT: CTL 07263 SL3457
Allcuge 1820-0964 INTEGRATED CIRCJUIT: CTL 07263 SL3461
All0u9% 1820-0966 INTEGRATED CIRCJITS CTL 07263 SL3463
AlloU9é 1820~-097) INTEGRATED CIRCJIT: CTL 07263 SL3467
All0UST 1820-0956 ICICTL DUAL 2-1VPUT AND BUFFER 07263 SL3459
Allouronr 1820-0963% IC:CTL QUAD 2-1VPUT AND GATE 07263 SL3462
Alloul102 1820-0965 IC:CTL QUAD 2-1VPUT AND GATE 07263 SL3462
Al10ul03 1820~-0966 INTEGRATED CIRC.JIT: CTL 07263 SL3463
A110U104 1820-0966 INTEGRATED CIRCJITs CTL 07263 SL3463
Alloutos 1820-0966 INTEGRATED CIRCJIT: CTL 07263 SL3463
All0U106 1820-0971 INTEGRATED CIRCH1T: CTL. 107263 SL3467
AllouloT 1820~0966 INTEGRATED CIRCULT: CTL - 07263 SL3463
Alinutl2 1820-0968 INTEGRAYED CIRCHIT: CTL 07263 SL3466
A110ULL3 1820-0966 INTEGRATED CIRCIHITS CTL 07263 SL3463
Allouits 1820-0953 IC2CTL TRIPLE 2--2-3~INPUT AND GATE 07263 SL3456
Al110ULLS 1820~0966 INTEGRATED CIRCUITz CTL - 07263 SL3463
All0Uullé 1820-0964 INTEGRATED CIRCUIT2 CTL - 07263 SL3461
Al10URLT 1820-095%6 - ICICTL DUAL 2-INPUT AND BUFFER 07263 SL3459
Allouir2a2 1820~0964 INTEGRATED CIRCUIT: CTL 07263 SL3461
Alloul2s 1820-0966 INTEGRATED CIRCUIT: CTL 07263 5L3463
AllOul2s 1820+~0953 IC:CTL TRIPLE 2~2=3~INPUT AND GATE 07263 SL3456
Alloul2e 1820~0964 INTEGRAYED CIRCUIT: CTL 07263 SL3461
Alldul2e 1820-0971 INTEGRATED CIRCUIT: CTL 07263 SL3467
Alloul27 1820-0954 INTEGRATED CIRCUIY: CTL 07263 SL3457
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Table 7-2. EAU Logic Card, Replaceable Parts

. Mfr y
Reference |p part Number| Qty Description Mfr Part Number
Designation , Code
A109 02152-60011 EAU LOGIC CARD 28480 02152-60011
A109C1-
A109C6 0180-0197 C:FXD ELECT 2.2UF 10% 20VDCW 56289 150D0225X9020A2-DYS
A109CT 0180-1746 1 C3FXD ELECT L5 UF 10% 20VOCHW 28480 0180-1746
Al09C8 6150-0121 C3FXD CER 0.1 UF +80-20% SOVOCHW 56289 5C5081S-CNL
A109R1 0683-3335 2 RIFXD COMP 33¢ OHM 5% 1/4M 01121 €8 3335
A109U11 1820-0485 INTEGRATED CIRCUIT: CTL 07263 SL15961
Al109U12 1820-0968 INTEGRATED CIRCOIT: CTL 07263 SL3466
Al09U13 1820-0485 INTEGRATED CIRCUIT: CTL 07263 $L15961
A199UL4 1820-0488 INTEGRATED CIRCUITs CTL 07263 SL15965
A109U1S 1820-0953 1CICTL TRIPLE 2-2-3-INPUT AND GATE 07263 SL3456
A109U16 1820-C520 4 INTEGRATED CIRCUITs CTL 07263 SL15960
A109017 1820-G485 INTEGRATED CIRCUITs CTL 07263 SL15961
Al09u21 1820-0488 INTEGRATED CI3CUITs CTL 07263 SL15965
A109Y22 1820~0488 INTEGRATED CIRCUITs CTL ’ 07263 SL15965
Al09023 1820-0488 INTEGRATED C13CUITs CTL 07263 © SL15965
A109U24 1820-0485 INTEGRATED CICUITs CTL 07263 SL15961
Al109u25 1820-0488 INTEGRATED CIRCUIT3 CTL 07263 SL15965
A109026 1820-09%3 1CICTL TRIPLE 2-2-3-INPUT AND GATE 07263 SL3456
A100u27 1820~0488 INTEGRATED CIRCUITa CTL 07263 SL15965
A109u31 1820-0953 ICICTL TRIPLE 2-2~3~INPUT AND GATE 07263 5L3456
A109032 1820-0953 ICiCTL TRIPLE 2-2-3-INPUT AND GATE 07263 SL3456
A109033 1820-0953 ICICTL TRIPLE 2-2-3-INPUT AND GATE 07263 SL3456
A109u34 1820-0954 INVEGRATED CIRCUIT3 CTL 07263 SL3457
A109uU3s 1820-0954 INTEGRATED CICUITs CTL 07263 SL3457
A109U36 1820-0954 INTEGRATED CIRCUIT: CTL 07263 SL3457
A109U37 18200956 1C2CTL DUAL 2-INPUT AND BUFFER 07263 SL3459
A109usl 1820-0%20 ' INTEGRATED CIXCUIT: CTL 07263 SL15960
Al09U%2 1820-0966 INTEGRATED CIRCUIT: CTL 107263 SL3463
A109U43
A109U46 1820-0967 1CICTL DUAL RANK J-K FLIP-FLOP 07263 SL3464
A109U47 1820~0966 INTEGRATED C13CUIT: CTL 07263 513463
A109U51 18200953 ICICTL TRIPLE.2~2-~3~INPUT AND GATE 07263 SL3456
Al109U52 1820-~0968 ' INTEGRATED ClRCUIT: CTL 07263 SL34b6
A109U53 ! 1820-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
A109US4 1820-0953 1CsCTL TRIPLE 2-2-3-INPUT AND GATE 07263 SL3456
A109U55 1820-0966 INTEGRATED CIRCUIY: CTL 07263 SL3463
A109US56 1820-0968 INTEGRATED CIiCUITs CTL 07263 SL3466
A109U57 1820-0488 INTEGRATED CICUIT: CTL 07263 SL15965
Al09U61 1820-0966 INTEGRATED CIRCUITs CTL 07263 SL3463

, . Lo e e
Al09U62 1820-048% ! INTEGRATED CIRIUIT: CTL “J 07263 SL15961 c
A109u63 1820~0966 J INTEGRATED CIRIUIT: CTL.. 07263 SL3463 '
A109U64 18200485 i INTEGHATED CIRIUIT: .CTL ..., | 07263 SL15961
A109U85 1820-0964 . i INTEGRATED CIRZUITY CTL | 07263 SL3461 .
AL109U6S 1820-0953 | 1CICTL TRIPLE 2-2- 3-|Npur AND GATE | 07263 SL3456

1] i
AL09U6T 1820~0488 INTEGRATED CIRZUITs CTL . . | 07263 SL15965
A109UTL 1820-0967 1CSCTL DUAL RAVK. J-K FLIP-FLOP : 07263 SL3464
A109UT2 ' 18200488 . INTEGRATED CIR:UITa CT | : 07263 SL15965
AI09UT3 1820~0488 ) ¢ INTEGRATED CIRZUIT: CTL | 07263 SL15968
A109UT4 18200485 INTEGRATED CIRZUIT: CTL | 07263 SL15961
A109UTS 1820-0966 . . INTEGRATED CIRZUIT: CTL 07263 SL3463
A109UT6 1820-0966 INTEGRATED CIR:UIT: CTL 07263 SL3463
A100UTT 1820-0967 ICICTL DUAL RAVK J-K FLIP~FLOP 07263 5L3464
Al09u81 1820-0488 INTEGRATED CIRZUIT: CTL 07263 SL15963
A109U82 . 1820-0488 INTEGRATED CIRZUIT: CTL 07263 SL15965
A109U83 1820-0953 IC:CTL TRIPLE .2-2-3INPUT AND GATE 07263 SL3U56
A109UB4 1820-0967 INTEGRATED CIRIUIT: CTL 07263 SL34bYu
A109uBS 1820-0964 INTEGRATED CIRZUITS CTL 07263 SL3461
A100U86 1820~0488 INTEGRATED CIRIUIT: CTL 07263 5L15965
Al09UB7 1820-0207 ‘1 IC:TTL MONDSTASLE MULTIVIBRATOR 07263 sL12895
A109U91 1820-0520 INTEGRATED CIR-UITs CTL 07263 SL15960
A109U92 1820-0488 INTEGRATED CIR:UITs CTL 07263 5115965
A109U93 1820-048% ENTEGRATED CIRZUIT3 .CTL 07263 SL15961
A109U94 1820-0488 - INTEGRATED CIRZUIT: CTL 07263 SL15965
A109U9S 1820-0485 INTEGRATED CIR:UIT3 CTL 07263 sL15961
A109U96 1820-0984 INTEGRATED CIRIVIT: CTL 07263 SL3457
A109U97 1820~0964 INTEGRATED. CIRIUIT: CTL + 07263 5L3461
A109U101 1820-0488 INTEGRATED CIR:UIT: CTL 07263 SL15965
Alb?U:OZ 1820~0488 INTEGRATED CIR:UIT3 CTL. 07263 5L15965
A109U103
A109U108 1820-0486 INTEGRATED CIR:UITs CTL . . 107263 5L15963
A109UL06 1820-0482 . INTEGRATED CIR UITs CTL 07263 SL15964
AlD9UIOT 1820-0485 INTEGRATED CIRIULITS CTL: 07263 SL15961
A100UL11 1820-0966 INTEGRATED CIR:UIT: CTL . 07263 SL3463
A109U112 1820-0520 INTEGRATED CIRIUIT: CTL 07263 5L15960
Al09UL13 1820~048% INTEGRATED CIRZUITs CTL. 07263 SL15961
A109ULL¢ 1820+0966 INTEGRATED ;IRCUIT3 CTL 07263 SL3463
AL09U1LS Y 1820-0966 INTEGRATED -IRCUIT: CTL 07263 $L3463 ;
Al09U116 lgzo-oasa INTEGRATED <IRCULT: CTL 07263 SL15965
Al06UL17 1820~0964 INTEGRATED >IRCUIT: CTL © 07263 SL3461
Al09U121 1820~0964 INTEGRATED SIRCUIT: CTL 07263 SL3461
Al109U122 1820~0966 INTEGRATED CIRCUITz CTL 07263 SL3463
A109U123 1820-0488 . INTEGRATED IRCUIT: CTL 07263 SL15963
A109U124 1820-0964 INTEGRATED :IRCUIT: CTL 07263 SL3461
A109U128 18200952 IC3CTL OUAL 2~INPUT NOR GATE 07263 SL3455
Al09U12S 1820-0488 INTEGRATED IRCUIT: CTL 07263 SL15965
Al109u127 1820-0952 IC3CTL DUAL 2~INPUT NOR GATE 107263 SL3455
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2152A ' Section VII

Table 7-3. EAU Interface Card, Replaceable Parts

Reference —_ Mfr
N : HP Part Number| Qty Description Mfr Part Number
Designation , Code
A209 02152-60013 EAU 1/0 CARD 28480 02152-60013
A209C1 -
A209C8 0180-0197 B CIFXD ELECT 2.2 UF 10T 20VDCW 56289 150D225X9020A2-0YS
A209C6 0150-0050 CIFXD CER DI{C 1000 PF +80-20% 1000VDCW 56289 C0676102E1022E19-CDH
A209R1 = .
A20SR39 0683-3915 39 RIFXD COMP 350 OHN 5% 1/4M 01121 CB 3915
A20SR41 0683-1015% RIFXD CCHP 1(0 OHM 5% 1/4W ci121 ce 1015
A209U22 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
A209U23 1820~0486 INTEGRATED CIRCUITs LTL 07263 SL15963
A209U32 1820-0488 INTEGRATED CIRCULIT: CTL 07263 SL15963
A20%U33 1820~0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
A209U34 1820-0953 JIC:CTL TRIPLE 2-2-3-INPUT AND GATE 07263 SL3456
A209U42 1820-0486 INTEGRATED CIRCUIY: CTL 07263 SL15963
A209U43 1820-0486 INTEGRATED CIRCUITs CTL 07263 SL15963
A209U44 1820~0485 INTEGRATED CIRCULT: CTL 97263 SL15961
A209US2 . 1820-0486 INTEGRATED CIRCUIT: CTL . 07263 SL15963
A209U53 1820-0486 INTEGRATED C.RCUIT: CTL 07263 SL15963
A209US4 1820-0952 1CI1CTL OUAL i~INPUT NOR GATE 07263 SL3455
A209U62 1820~0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
A209uU63 1820-0486 INTEGRATED CIRCULT: CTL 07263 SL15963
A205V64 1820~04385. INTEGRATED C.RCUIYs CTL ' 07263 sL15961
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NOTE:

NowpwN T

UNLESS OTHERWISE SPECIFIED,

RESISTANCE IN OHMS, 4 W,5%.
CAPACITANCE IN MICROFARADS.
Ci-4 ARE 2.2 UF,20V.

R2 THRU R59 ARE 380.% .

O INDICATES 48 PIN CONNECTOR.
> NDICATES 8¢ PIN CONNECTOR.
INTEGRATED CKTS ARE (1820-0486).

EAU Interface Card, Logic Diagram
7-8A
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Section VII

Table 7-4. Test Card A7, Replaceable Parts

Reference — Mfr

: A HP Part Number| Qty Description Mfr Part Number
Designation Code
A7 02152-600C8 TEST CARD 28480 02152-60008
ATC1~
ATCH 01280-0197 46 C3FXD ELECT 2.2 UF 10% 20vDCW 56289 1500225X9020A2-DYS
ATCS - .
ATCl1 0150-0050 10 C3FXD CER OISC R000 PF +80~20% L000VOCHW 56289 C0678102E102ZE19-COH
ATR13 0683-1015 ° RIFXD COMP 100 OHM 5% 1/4M Q1121 C8 1015
ATR14 0683~1015 R3FXD COMP 100 DHM 5% 1/44W o121 C8 10185
ATR16 06831015 RIFXD CCHMP 100 OHM 5% 1/4W 61121 €8 1015
ATR18 0683~1015 RIFXD CONP 100 OHM 5% 1/44 01121 C8 10185
ATR21 0683~1015 R3IFXD COMP 100 OHM SX 1/4W 01121 C8 10158
ATR23 0683-1015 RIFXD COMP 100 OHM SX 1/4uW 61121 ce 1015
ATR2S5 -
ATR36 1810-0047 88 RESISTOR NETWORK 28480 1810-0047
ATUL) 1820~-048% n INTEGRATED CIRCUIT:z CTL 07263 SL15961
ATUl13 1820-0486 9 INTEGRATED CIRCUIT: CTL 07263 SL15963
ATUL4 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
ATULS 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
A70U21 1820-0485 INTEGRATED CIRCUIT: CTL 07263 SL15961
ATU23 1820-0486 INTEGRATED CIRCUIT: CTL 07263 ° SL15963
ATU24 1820-0486 INTEGRATED GIRCUIT: CTL 07263 S$L15963
A7U25 1820-0486 INTEGRATED CIRCUITs CTL 07263 SL15963
ATu3l 1820-0482 11 INTEGRATED CIRCUITY CTL 07263 SL15964
ATU32 1820-0488 114 INYEGRATED CIRCUITS CTL 07263 SL15965
ATU33 1820-0488 INTEGRATED GIRCUITS CTL 07263 SL15963
ATU34 1820~0486 INTEGRATED GCIRCUITS CTL 07263 SL15963
ATU35 18200486 INTEGRATED CIRCUITI CTL ! 07263 SL15963
ATU4l 1820~0485 INTEGRATED CIRCUIT: CTL 07263 SL15961
ATu4e2 182C~0967 v 10 I1C3CTL DUAL. RANK J=K FLIP-FLOP 07263 SL3464%
ATu43 1820-0486 INTEGRATED CIRCUITS CTL 07263 SL159463
ATULS 1820~0486 INTEGRATED CIRCUIT: CYL 07263 SL15963
A2U45 1820-0486 INTEGRATED CIRCUITs CTL 07263 SL15963
ATuUS1 1820~0186 22 INTERGRATEN CIRCUIT: 28480 1820-0186
ATUS2 1820~09617 IC3CTL DUAL RANK J=K FLIP-FLOP 07263 SL3464
ATUS3 1820~-0250 2 INTEGRATED CIRCUITITTL & BIT COMP 28480 1820-0250
ATUS4 1820-0250 INTEGRATED CIRCUITITTL 6 BIT COMNP 28480 1820-0250
ATUS5 1820-0141 & ICITTL Quan 28480 1820~0141
ATUb1L 1820-0187 24 INTEGRATED CIRCUITS CTL 07263 SL15966
ATu62 1820-0488 INTEGRATED CIRCUITS CTL 07263 $L15965
ATus3 1820-0141 ICsTTL QUA) 28480 1820-0141
ATUG4 1820-0141 ICSTTL QUA) 28480 1820-0141}
ATUsS 1820-0141 ICSTTIL QUA) 28480 1820=-0141
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Table 7-5. ROM Address Card A8, Replaceable Parts

Section VII

Reference .. Mfr
N ; HP Part Number; Ot Description Mfr Part Number
Designation 4 p Code
AB 02152-60005 ROM ADDRESS CARD 28480 02152-60005
ABC) -
ABC4 0180-018%7 C:FXD ELECT 2.2 UF 10% 20VDCW 56289 1500225X9020A2~0YS
A801 18%3-0015 10 TSTR1SI PNP . 80131 2N3640
A802 1853-001§ ° TSTR1S1 PNP 80131 2N3640
A8BR1
ABR9 0683-3213 42 R:FXD CORP 330 OHM SZ 1/4M 01121 €8 3315
ABR10 ~
ABR38 1810-0047 RESISTOR NETMORK 28480 1810-0047
AB8Ul1l 1820-~0187 INTEGRATED CIRCULIT: CTL 07263 SL15966
ABU12 1820-0953 28 IC:CTL TRIPLE 2-2-3-INPUT AND GATE Q7263 SL3456
ABUL4 1820-0305 3 INYEGRATED CIRCUITIBINARY FULL ADDER 01295 SNT483N
A8UlS 1820-030% INTEGRATED CIRCUIT:BINARY FULL ADDER 01295 SNT7483N
ABULS 1820-0485% INTEGRAYED CIRCUIT: CTL 07263 SL15961
ABULT 1820-0486 INTEGRATED CIRCUIV: CTL 07263 SL15963
A8U21 1820~0486 INTEGRATED CIRCULY: CTL 07263 SL15963
A8U22 1820-0486 INTEGRAVED -CIRCUIT: CTL 07263 SL15963
ABU23 1820-0438 INTEGRATED CIRCUIT: CTL" 07263 SL15965
ABU2S 1820~0305 INTEGRATED CIRCUIT:BINARY FULL ADDER 0129% SN7483N
A8u26 1820-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
ABU27 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
ABU32 1820-0488 INFEGRATED CIRCULT: CTL 07263 SL15965
ABU33 1820~0488 INTEGRATED CIRCUIY: CTL 07263 SL15965
ABU3S 1820~0485 INVEGRATED CIRCUIT: CYL 07263 SL15961
ABU3S 1820-0485 INTEGRATED CIRCuIT: CYTL 07263 sL15961
A8U36 1820~0187 ENTEGRATED CIRCUIT: CTL 07263 SL15966
A8U36 1820-0406 INTEGRATED CIRCUIT: CTL 07263 SL15963
- ABU3Y 1820-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
ABU41 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
ABU42 1820-0482 INTEGRATED CIRCULIT: CTL 07263 5L15964
ABU43 1820~0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
S ABU4% 1820~0486 INTEGRATED CIRCUITs CYL 07263 S$L15963
ABU4S 1820~0488 INTEGRATED CIRCUITS CTL 07263 5L15965
ABU4S 1820-0486 | INTEGRATED CIRCUIT: CTL 07263 SL15963
ABU4T 1820-0488 INTEGRATED CIRCUIT: CTL 07263 S$L15965
ABUS] 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
ABUS2 1820-0187 INTEGRAYEC CIRCUITS CTL 07263 SL15966
A8US3 1820-0187 . INTEGRATEC CIRCUIT: CTL 07263 SL15966
ABUSYH 1820-0485 INTEGRATECL CIRCUIT: CTL 07263 SL159é1
A8USS 1820-0482 INTEGRATEL CIRCUIT: CTL 07263 SL15964
ABUS6 1820-0486 INTEGRATED CIRCU: Tz CTL 07263 SL15963
ABUST 1820~0486 INTEGRATEQ CIRCU .T: CTL Q7263 SL15963
Asyel 1820-0187 INTEGRATED CIRCU:T: CTL 07263 SL15966
ABU62 1820-0488 INTEGRATED CIRCU.Ts CTL 07263 SL15965
ABUS3 1820-0488 INTEGRATED CIRCU Tt CTL 07263 SL15968
ABUSS 1bzo-ocse ’ INTEGRATED CJIRCU Tt CTL 07263 SL15965
ABULS 1820-0488 INTEGRATED CIRCU.T3 CTL 07263 SL15965
ABUGS 1820-0482 INTEGRATED CIRCU.T: CTL 07263 S5L15964
ABUGT 1820~0187 INVEGRAVED CIRCU:T: CTL 07263 SL15966
ABUT2 18200953 ECICTL TRIPLE 2-.!-3-INPUT AND GATE 01263 SL3456
ABUT3 1820-0953 ICiCTL TRIPLE 2-.!-3-INPUT AND GATE 07263 SL3456
ABUTS 1820-0486 ‘ INTEGRATED CIRCU(T: CVTL 07263 $L15963
ABUTS 1820-0486 INTEGRATED CIRCU: T: CTL 07263 SL15963
ABUT6 1820-0488 INTEGRATED CIRCU T: CTL 07263 SL15963
ABUTT? 1820~-0486 INTEGRAYED CIRCU Tz CTL 07263 SL15963
A8u81 1820-0483 INTEGRATED CIRCU:T: CTL 07263 S5L159¢8
ABUB2 1820-0953 IC3CTL TRIPLE 2-.!~3-INPUT AND GATE 07263 SL3456
ABUB3 1620-0953 IC3CTL TRIPLE 2-.:!-3-INPUT AND GATE 07263 S5L3456
ABUB4L 1820~-0486 INTEGRATED CIRCU T2 CTL 07263 SL15963
ABuss 1820-0486 INTEGRATED CIRCU:Ts CTL 07263 SL15963
LY:IVT Y 1820-0486 INTEGRATED CIRCU (T2 CTL 07263 SL15963
ABUBT 1820-0486 INTEGRATED CIRCU!Ts CTL 01263 SL15963
ABU91 1820~0186 INTERGRATED CIRCULT: 28480 1820~0186
ABU92 1820-0486 INTEGRATED CIRCU(T: CTL 07263 5115963
ABU93 1820~0486 - INTEGRATED CIRCUIT: CTL 07263 SL15963
ABU9S 1820~0488 INTEGRATED CIRCUI(T: CTL 01263 SL15965
ABU9S 1820-0488 * INTEGRATED CIRCU(Ts CTL 07263 SL1596S
ABU96 1820-0486 - INTEGRATED CIRCU:T: CTL ‘QT263 SL15963
ABU9T 1820~0488 INTEGRATED CIRCU:iT: CTL 07263 SL15963
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2152A - Section VII

Table 7-6. Read-Only Memory Card A9, Replaceable Parts

Lo Mfr
Reference |,1p part Number Qty . Description Mfr Part Number
Designation _ Code
A9 02152-60007 RON CARD 28480 02152-60007
A9CY -
A9C4 0180-~0197 C3FXD ELECT 2.2 UF 10% 20VDCW 56289 150D225X9020A2-DYS
ASR1 0698-5615 2 RIFXD FLN 3.32K 0.5% 174 28480 0698-5615
A9R10 0698-5615 R2FXD FLM 3.32K 0.5% 1/4M 28480 0698-5615
A9U13 94-19-144 1 INTEGRATED CIRCUIT 28480 94~19-144
A9U15 82-19-144 3 INTEGRATED CIRCUIT. 28480 82-19-144
ASU23 93=-19~144 1 INTEGRATED JIRCUIT 28480 93-19-144
A9U25 . 81-19-144 1 INTEGRATED CIRCUIT 28480 81-1S~144
ASU3S5 136-22-144 1 INTEGRATED CIRCUIT 28480 136-22-144
A9u43 139~22~142 1 INTEGRATED CIRCUIT 28480 139-22-142
ASU4S 135-22-144 1 INTEGRATED CIRCUIY 28480 135-22-144
AQUS3 90~19-144 1 INTEGRATED CIRCULT 28480 90-19-144
A9SU5S 78-19-144 1 INTEGRATED ZIRCUIT . 28480 T8-19-144
A9U&3 138~22-144 1 INTEGRATED CIRCULT 28480 138-22-144
A9U6S TT-19-144 1 INTEGRATVED :IRCUIY 28480 T7-19-144
ASUT3 88-09-144 1 INTEGRATED :1RCUIT 28480 88-09-144
ASUTS T76~19-144 1 INTEGRATED IIRCUIT 28480 T6—-19~144
A9u83 87T-19-144 1 INYEGRATED :IRCUIT 28480 B87-19-144
AQusS 75-19-144 1 INTEGRATED ZIRCUIT . 28480 T5-19-144
ASU9S5 134-22~144 N 1 INTEGRATED CIRCUITY 28480 134-22-144
AU9S 137-22~143 1 INVYEGRATED SIRCUIT 5 28480 137-22-143
ASUST 1820-0144 3 INTEGRATED IRCUITSLEVEL TRANSLATOR 04713 MCl018P
A9UL03 85-19-144 1 INTEGRATVED LIRCUIT 28480 85-19-144
A9Ul0% 133-22-144 1 INTEGRATED GIRCUIT 28480 133-22~144
ASU107 1820-0144 INTEGRATED IRCUITSLEVEL TRANSLATOR 04713 NClOoléEp
ASU113 84-19-144 1 INTEGRATED IRCUIT 28480 84~19-144
ASU115 T12=19-144 1 INTEGRATED GIRCUIY 28480 T2-19-144
ASU125 T1=-19~144 1 INTEGRATED RCUIT 28480 T1-19~144
ASUl26 1820-0144 INTEGRATED G.IRCUITILEVEL TRANSLATOR 04713 HClo018pP
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Table 7-7. D-Register Card A10, Replaceable Parts

Section VII

Reference _— Mfr

erence 1.p part Number| Qty Description Mfr Part Number
Designation Code
AlC 0215260004 D REGISTER CARD 28480 02152-60004
Al0C1 0140~0192 3 CiFXD MICA 63 PF 5% 26480 0140-0192
Al0C4 0160-2588 1 C:FXD CER 1000PF 5% SOVDCW 28480 0160-2588
Al10C6 ~
AloC9 0180~0197 C3FXD ELECT 2.2 UF 10% 20VDCW 56289 1500225X9020A2-0YS
AjoLl . 9140-0105 1 COILIMOLDEL CHOKE 8020 UM 10%Z 28480 9140-0105
Alool -
Al1003 1854-0005 3 TSTRISE NPM 80131 2N708
A1004 - .
Al1007 1853-0015 TSTR3S] PNP 80131 2N3640
ALORS 0683-1025 1 RIFXD CONP 1000 OHM 5% 1/74W " o1121 ce 1025
AlORS -
A10R9 1810-0047 RESISTOR NETNORK 28480 1810-0047
A10R10 -
AlORL2 0683-3315 RIFXD COMP 330 OHM 5% L/4M 01121 CB 3315
AlIOR13
A10R22 1810-0047 RESISTOR Nf TWORK 28480 - 1810-0047
Al1QR23 - .
A10R25 0683-3315% RIFXD COMP 330 OHM 5% 1/4W 01121 c8 3313
AlOR26
Al10R33 1810-0047 RESISTOR Ni THORK 20480 1810-0047
AlOR34 0683-3315 RIFXD CONP 330 OHM 5% 1/4M 01121 CB 3315
A10R3S 0683-3315 R:FXO CCMP 330 OKM 5% 144W -01121 c8 3313
AlGull 18200486 ENTEGRATED CIRCUIT: CTL 07263 SL15963
AlOULl4 1320f0406 INTEGRATED CRRCUIT: CTL 07263 5115963
Alouls 1820-0486 INTEGRATED CIRCUIT: CTL 07263 5L15963
Alcu2l 1820-0486 INTEGRATED CIRCUITS CTL - 07263 SL15963
Al10U24 1820~0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
Al0U2S 1820-0486 INVEGRATED CIRCUIT: CVL 07263 $L15963
Alouls 1820~0486 INTEGRATED CIRCUITY: CTL 07263 SL15963
AlQU3S 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
AlCU44 1820~0486 INTEGRATED CIRCUIT: CTL 07263 SL1%963
Al10UAS 1820-0486 INVEGRATED CIRCUIT: CTL Q7263 $L15963
Al10US) 1820-~0486 INTEGRATED CERCUET: CTL 07263 SL15963
Al0US3 1820-0187. . INTEGRATED CIRCUIT: CTL o 07263 SL15966
ALOUSS 1820-0186 INTERGRATED CI4.CUITS 28480 1820-0186
AlOUSS 1820-0486 INTEGRATED CIR(.UIT: CTL 07263 SL15963
AlQUSL 1820-04886 INTEGRATED CIRC.UIT: CTL 071263 SL15963
AlQU62 1820-0967 ICICTL DUAL RANK J~K ELIP-RLOP - 07263 SL3464
Al0U63 1820~0486 INTEGRATED CIR(.UIT: CTL 07263 SL15963
Al0U64 1820-0486 INTEGRATED CIRCUIT: CTL - 07263 SL15963
A10U6S 1820-0486 . INTEGRATED CIR(.UITS CTL Q7263 SL15963
AlCUT2 1820-0186 INTERGRATED CIICUIT: 28480 1820-0186
Al10UT3 1820-01868 INTERGRATED CIFCUIT: 28480 1820-0186
AlOUT4 1820-0486 INTEGRATED CIRCUIT: crL 07263 $L15963
AlOUTS 1820~0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
aAloust 1820~0486 INTEGRATED CIR(UIT: CTL ’ 07263 SL15963
ayouss 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
A10UB4 1820-0466 INTEGRATED CIRCUIYS C£TL ‘ 07263 SL15963
AlOuss 18200486 INTEGRATED CIRC(UITY: CTL 07263 $L15963 .
Al10U92 1820~0187 INTEGRATED CIR(UIT: CTL 07263 SL15966
AlOUS3 1820-0186 INTERGRATED CIlFCUlLT: 28480 1820-0186
AlCU94 1820-018¢ INTERGRATED CIFCUIT: 28480 1820-0186
ALQU9S 1820-0186 INTERGRATED CIFCUIT: 28480 1820~-0186
AloYl 0410-0035 CRYSTAL2QUARTZ 10MC/S 0.005% 28480 - 0410-0035

7-15 .



Section VII _ . 2152A

i ¥ . .
[%2] o182 - 60004

A«Lgﬂ -22 ]

/
1111

&

1
|

=

TN

di

\\i I i{i |

I

Figure 7-13. D-Register Card A10, Parts Location View

7-16



D-REGISTER CARD (02152-4000%, REV [031)

! ! ] A
@) e 3] MG <] 5105 z] 7] ] - 4 D:I'm - 1 B e
! D40 ) N | H D32 1 D24 ‘ M T D6 '—] oo
18 15 J_z D4z D4 ; VIRER R ‘TD34 D33 (7 1 D2e |25 U R bie |7 ! m L‘:; DOY% " T P Sos P02
i2r] UE D43 Y T D35 ;‘ l20 lpar % lors 7 ST o [] oe
= D44 88 36 23] < D2s | \ 22 D20 | 2 bi2 bos
2y D4S & 5as D37 [ 330 |P2° ; ‘ oze D2 ‘ L o4 |13 Do6
per |P4e D39 31 | |pz3 | | D!5 bo?
! : ! | ‘
| i | | | |
i i I | | i I
| . | i | | |
i i :
coN vee coN vee | CON 1} vee | \ CoN } : Vee ‘ coN vee | CON Vee
‘:19 > | 2 1‘ ; 2 | % , s s iz B e g 2l u w15 | |4
5 /e /5 /2 /) /N o« (5 /2 /6 /5 72 % /G /5 7 Y A /5 /2 /7 12 E 2 1" ]/4 /5 = “ % ‘5 2 17 /5 |
RETY VN o ) %/ 2, é 35 | - [R J ]34 Sl TR - 5 7 Naal e 65 7 RJA F/ ven L Sas s
TS D44 -D47 B B/ D40- D41 TS p3& - D39 :; i/bsz- D35 TS g D28 - D3I : E/DM- D27 TS e DZO-DZB/i:’ ‘B\/ms- D19 Ts D1z - DIS :; i; Do8 - DIt = Ts Do4 - DO : i/ 5
A N3 8
7 q (i 5
/ z 3 ¥ 2 3 o @;l / 2 |3 P 2 3 o @; ’ 2 Ia !y /i z’ 3]71 7 29 1 2 3 tv 7 zl 3 IZ : / iz 3 v 7 z_l 3 [ B 7 2 3 ¥ z 3] [2 3
| | ! | | ¢ | .
con ! coN . i : E con | l ‘ ! ! i CcoN | ; coN con
i | i | i
| Do o o
L o e r
] I ; | | R2! |
y ¢ y ‘ i ! i !
, ;{ , ;g A % i l A \ N A JAN
’ ] [
8 ROO
' E ret | RAO » 7 E r3s | k32 A e R25 Tt ‘ A e R Rie VA e ROS Ro A A oz RO
g Ra4 res B2y | 6 g s | B o 19 1 2l A Z& Reg 27 f z¢ A A rzo RI® g 3° A = g N 5 53 £5 A VAN o5 R4 Ro3 58 ©°
! R2! 2 RI3
Ras | B43 TR rae | 37 5177 rao (2% 22 27 R22 37 RI+ . > noy FOB 5y
R47 - 9 R39 14 | R31 o 18 20 R23 53 35 RIS 39 3¢ 3 9 £o
2 2
3|5 gl /0 23 2% 27 24 3/ 32 57
z
i3/856 CON 82
cov Gl >
%eza a4 Veo rCKC
5 1 ‘2
IDR
a 8 CON
i 852 £ia 75
. 2 I 3
' i
i i 8fe . /. /2 Yee
! : —_— R
! con 215 CON 9
i A 7
‘ ; }o MHz OSCILLATOR ‘/ 2
’ DESIGN TAKEN FROM 2116
4 i TIMING GENERATOR CARD R2( |R38
R38 ! (02116 - 6281) 2emm re
73 )73
Vee 53-15 Rio
! ‘- - Qg -2
Lt
30K 27 CLOCK
i 2y MH
! ! { {0 MHz 68PF | 6BPF
‘ —t if +—it :
: : Yi i c3 |
; i
Ve Vee 1 i Veer cLoCK — )
LT N N U L NN N N Wgryv - A = B /x‘\ v |3 2 /@i— Q, !
iy % AN e /A% 5 T 2N708 !
cLock 3 FN4 g BR FN3 &ocx FN2 77 g” H | L_ |
F ' z Vi ;
83 1 /2 /5 76 » /2 8l /4] L 63 " 2 /5 /4| " e 18| 2 ce = 620 PF 47
Vee e : of s Ry
Vee / z 3 yAftA/ 2 3 1,8 / 2 3 ‘/A ;/ 2 3 A(g5(, P i } .
; A | ¢ 8% JE—
2 FN2 B He—{B FNI | P 856\ /3
is 5 FN4 :Lp‘_g FN3 L:L%\ R We—{ R _ 1 ?{@% P ,1‘95 : ok
Ty 8¢ e s P /e 15 72 Yy e s 22 #” /¢ /5 /2| 7 - ° } 7 53-, ke
3 - -2
QW i Qy
!
| V4 A Vv %
{ & QSC. QUT Icu CLOCK CLOCK
i L v K} ,VL \V, 45 7 $%s 83/,
1A
VAR Sy & Vg e P Vee o v QA5 3o
v v ™4 A we ¢ N v RT L, 7 & 2. 20r G Araces) — =
\V/ ™3 1 v pcy .5 7 i
T T2 ge TR cis w7 S g+ Ve, 854, woTE
L x -
gy 76 63 2| 7L % = 1. Akl RESISTORS ARE 330 & WAT? 52 EXCEPT WHELE ,wdieATléDd
e Vee ! < -2V 'Y ve 2. AhL QUAD LATCHES HAVE AN EXTERNAL
PuLL Down RESIS7om ADTACENT T OUVIPIT
1371 J
cKe _.4
|
cic 524
72 65

Figure 7-14.

D-Register Card A10, Logic Diagram

7-16A



2152A

Section VII

Table 7-8. D-Shifter Card All, Replaceable Parts
Reference ‘o Mfr
N : HP Part Number| Qty Description Cod Mfr Part Number
Designation ode
All 02152-60001 3 SHIFTER CARD 28480 02152~60001
Al1C)-
Al1C4 0180-0197 C3FXD ELECT 2.2 UF 103 20vDCW 56289 1500225X9020A2-0YS
AllRL- .
AllR6 0683~4715 26 RIFXD COMP 470 OHM 5% L/74M n 01121 CB 4718
Allul2 1820-048% INTEGRATED CIRCUIT: CTL 07263 SL15961
Allul3 1820~0485 INTEGRATED CIRCUIT: CTL 07263 St15961
Alluls 1820-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
AllUls 1820-0187 INTEGRATED CZIRCUIT: CTL 07263 SL15966
ALL1ULT 1820-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
Allu21 .
Allu2s 1820-0488 INTEGRATED ZIRCUIT: CTL 07263 SL15965
Allu26 . 1820-0186 INTERGRATED CIRCULT: 28480 1820-0186
Allull
AllL3s 1820-04088 INTEGRATED LIRCUIT: CTL 07263 SL15968
AllU3é 1820-0187 INTEGRATED _IRCUIT: CTL " 07263 SL15966
AllU3?7 1820-0498 INTEGRATED -ZIRCUIT: CTL 07263 SL15965
Allual .
Al11U4S 1820-C488 INTEGRATED :IRCUITs CTL 07263 SL18965
ALLU4G 1820-01686 INTERGRATED CIRCULT: 28480 1820-0186
Al1U4T 1820~0488 INTEGRATED :IRCUITs CTL 07263 SL15965
Allusl .
Al11USS 1820-0488 INTEGRATED IRCUITs CTL 07263 SL15965
AllUSe 1820-0187 INTEGRATED CIRCUIT: CTL 01263 SL15966
Alrus? 1820-0488 INTEGRATED :IRCULIT: CTL 107263 SL15965
Allusl
AllU6S 1820~-0468 INTEGRATED . IRCUIT: CTL 07263 SL15965
AllUu6é 1820~0186 INTERGRATED CIRCUIT: © 28480 1820-0186
AllU6T 1820-0488 N INTEGRATED (:JRCUKT: CTL 07283 SL15965
AlLlUT
N
Al1U75 1820-0488 INTEGRATED CIRCUITS CTL C 07263 SL15965
AllUT6 1820-0187 INTEGRATED CIRGUETE: CTL 07263 SL15966
ALUTT 1820-0488 INTEGRATED CIRLUIT: CTL - 07263 SL15965
Alluel
AllUss 1820-0488 INTEGRATED CERCWIT: CTL 07263 SL15965
Alluse 1820-0186 INTERGRATED CIRCULT: 20480 1820-0186
Allus? 1820-0488 INTEGRATED CIRCUIT: CTL - 07263 SL15965
Allu9l 1820-0488 INTEGRATED CERLUITI CTL 07263 SL15965
Al11U92 1820-0488 INTEGRATED CIRGUIT: CTL 07263 SL15965
ALlU93 1820-0482 INTEGRATED CERLUIT: CTL 07263 SL15964
Al1U%4 1820-0488 INTEGRATED CIRLUIT: CTL 07263 SL15965
AL1U9S 1820-0488 INTEGRATED CRRCUIT: CTL 07263 SL15965 ‘
Allu9e 1820-0187 INTEGRATED CERLUIT: CTL 07263 SL15966
Al1U9T 1820-0488 INTEGRATED CERGLUIT: CTL 07263 SL15965
AllUl03 1820~0483 . INTEGRATED CIRLUIT: CTL 07263 SL1%5961
Al1Ul04 1820~-0482 INTEGRATED CIRC.UIT: CTL 07263 SL15964

Al3 SAME AS All
. AlS SAME AS A1l

7-17



2152A

Section VII

::_:_: 1

1 et f: LUy
/kJIt ——

Figure 7-15. D-Shifter Card All, Parts Location View

7-18



; u*;g‘émﬁbo‘%év ‘DF .03 D23 DS (D7, .. D4 D38 030 D2z 014 Db 045 D37 029 D2 D13 D5 D44 D3L D28 D20 D2 D 043 D26 D27 D19 DI V3 D4z D34 0o OB DIO DZ p4l p33 02 ©I7_0F DI D40 'ogz 012\4 DIk DB Do
K LR 3 - . t . y : . . . -~ N N :

: 2 04
25). AAd A B B Aa o B N Do M N N N Dz N D s B Mafe Dade ™ PN D Tu Do v NP v e N AEBSEMD . BB BN M

T 1 " ! — l ' ‘ - +ti'75“'
. | s
; ‘ ‘

; B

>

| . Y A A R BT
i

cl
2%

i
]
|
s

; I | g
SW3 |sw2 | Swi-1swo SWS |Swe 'SW3 | S'WE [SwI 3w4 1$\N3 \

3 3lly iz wlle
vez] {o9z] (092

8 o
7 5 q "

SwS

Swé
Ul .
e} [v
e e
¢ i

[ : ; i : :
5‘» oD g | sws [sw4 [SwW3 [Sw2 [8W1 |sWo | SW5 ISw |Sw3 1swz¥swl swo
ﬂ:c.ﬂ" X NFE 4l el AE A { Al A A AL l
i 3 U7 | w2 [ve]
. c e |
B e | * i D S
’ ) al @¥4I5V 2 10 e Lz uz e
P A G
I . &) B Dli) |siefF Claio E‘.b) I
g . - L+ SWT __ 5 ) 1z T I
A p €t oF s o Swé —d
fl55 Tl prcooen L sws SVe sv4.
-] : Fe Swa ol 19 Ry <) 0 T
ASH - 4 v s e 4no mof | |
8y (i swe - - ek
3 swi > 0
A&z-—T—)&l_ [ o V3 ' >
T i |
3 U o
. P .
h o4 o
i : [
| | lez
t r——2= DT
I 5v3 .SVS ! ]
112 H .
! o Ld 0013
sv3 SV2 SvVa AP |
10] [¢ wllel wlly )
uqsl ' s fLJJf; l
) D \D; .
i ) . b T [ > =8 074
5v2 SV 5VO svr | .
7{|g 4 : 7|8 7112 7| [a !
@ 6 | |
7 ] .
P " A e 13 . > 156 D5
- 3V6 svi SVO sv7 | B3 SV2,
8v§ EaiE] 1113 4|13 CANE] pIREN
Sve 85 u?s VeSS {0251 |
A 6l B ') 5 )
vz, ST, 3 A z < —} 070
sV svo VY B SVS sV T .
svo Az 1|1z e iz [z |
L S e =u4§5 A
B A LA Al A ’ A )
' % el 173 1e] 16} D> > 5 077
' v 2 4 ’ ' I
\ , T |
A f (Y‘ T | { t T ! T T i v $V * M M ‘[ 1 M * T T T
H H } {
u o iz |1t ™ 5 |z 2| 2! 'l !n ™ 5 2 6 8 Ly M 6 | T3 2|42tk + lvs 12 e! gell7 |n ™ 1;5 2 2|4 2]t " o s {1z wllsellz b e |8 12 2.‘0 cpPC
. Gy, viel o\ () fey) (027 W @ o) (7)) a7} (o el wsel (o (s (- f ‘ W) (0er) (w7) (w7 r @ = o7 wee] (96| (o (7)) (@7 2 @ T ) () o
| 1o g 1B [A] 1l [¢ ~ B[R] 8] (€ & \g [ [A] 7] & ARG RREI 5 & [B] (X (g (&) & B & e le] 8 o) [A) [g] e
i TD 29 o 2 4l (58117 _fs 3 gl o]z 4 5517 ‘9 9 9ill 1|2 4] [ &]]7 lb, i3 9o i]]z &f |» 8] 7 2 9 91(e 1]z 411> &]]7 ) 1910 if|2 4[> 8]|7 9 9 9|0 1|12 a3 8]|7 8 507-‘—%
! : N7l 1A
3 ™
$EOTIE A\
s 28] 198 1
. ) } _‘;I_L_N_c_
37 .
- T™™?
{ N
- : ) iﬁiTM'H
. v . . . Y : A ‘ ] Y v Y Y J
i - - i anielos s - po— R [ i -— - e — — U S —-— P S — | oo e N SR — —
an e B hzz'-"“f’s e ~1%3 123 124 |5 8 |58 |5 |2 |7 ) 57 |27 |28 |9 2 =9 22 |30 |1l T4 Gl gl 52 |13 o o3 |43 |34 |15 18 o5 |35 |36 W17
£a% N7, -B57 DTF ATT U INb 856 070 ATG o5 INE BS5 D75 AlS ca4 INA. @54 D14 A4 ca3 IN3 B53% D13 A3 a2 IN2Z B52 D12 AlZ £q) INE 851 O A () INO B60 D0 A0

Figure 7-16. D-Shifter Card All, Logic Diagram
7-18A



2152A

Table 7-9. C-Adder Card A12, Replaceable Parts

Section VII

i Mfr

Reference |1 pare Number Qty Description Mfr Part Number
Designation Code

Al12 02152-60002 3 ADDER CARD 28480 02152-60002
Al2C1 -

Al2C4 0180~0197 C3FXD ELECT 2.2 UF 103 20vVDCW 56209 1500225X9020A2~DYS
Al201 1853-0015 TSTR3ISI PNP eo131 2N3640
Al1202 1853-00135 TSTRISI PNP 80131 2N3640
Al12RY ~

Al12R12 0683~3318 RIFXD CONP .30 OHN 5% 1/4M o2 c8 3318
Al2R13 -

A12R31 1810-0047 RESISTOR NEVWORK 28480 1810-0047
Al2u3 1820-0965 IC3CTL GUAD 2-INPUT AND GATE 107263 5L3462
Al2u4 1820-0953 IC:CTL TRIPIE 2-2-3~INPUT AND GATE 07263 SL3456
Al2US 1820~0953 1C:CTL TRIPIE 2-2-3~INPUT AND GATE 07263 SL3456
Al2U6 1820-0965 1CICTL QUAD 2-INPUT AND GATE 07263 SL3462
Al2ull 1820-0488 INTEGRATED (IRCUIT: CTL 07263 5L15965
Al2ul2 1820-0488 INTEGRATED (IRCUIT: CTL - 07263 SL15963
Al2Ul4 1820~-0486 INTEGRATED (IRCUITS CTL : Q7263 SL15963
Al2Uls 1820~0187 INTEGRATED ( IRCUIT: CTL 07263 SL15966
Al2u2l 1820-0488 INTEGRATED (IRCUIT: CTL 07263 SL15965
Al2u22 1820-0466 INTEGRATED ( IRCUIT: CTL 07263 SL15963
Al2u23 1820-0187 INTEGRATED (IRCUIT: CTL - Q7263 SL15966
Al2U24 1820-0186 INTERGRATED CIRCULT: 26480 1820-0186
Al2U25 182C-0468 INTEGRATED (IRCUIT: CTL 07263 SL15968
Al12U26 1820~0488 INTEGRATED (JRCUIT: CTL 07263 SL15965
Al2u3l 1820~0488 INVYEGRATED ( IRCUIT: CTL 07263 SL15965
Al2u32 1820~0486 INTEGRATED (IRCUIT: CTL 07263 SL15963
Al2u33 1820-0187 INTEGRATED (JRCUIT: CTL . 07263 SL15966
Al2U34 1820-0186 INTERGRATED CIRCUIT: 28480 1820~-0186
Al2U35 1820-09%3 IC3CTL TRIPLE 2-2-3~INPUT AND GATE 07263 SL3456
Al2u3e 1820-09465 ICICTL QUAD 2-INPUT AND GATE 07263 SL3462
Al2V41 1820~0488 INYEGRATED C(IRCUITs CTL 07263 SL15968
AL2042 1820-0466 INTEGRATED CIRCULY: CTL 07263 SL15963
Al2U43 1820~-0187 INTEGRATED (IRCUIT: CTL 07263 5L15966
Al2U44 1820~-09%3 1C3CTL TRIPLE 2-2~3~INPUT AND GATE 07263 SL3456
AL2U45 1820-0187 INTEGRATED CIRCUIT: CTL 07263 SL15966
Al2U46 1820~04388 INTEGRATED CIRCUIT: CTL 07263 SL15965
Alzusi 1820~-0488 INTEGRATED CIRCUIT: CTL 07263 SL1596S
Al2us2 1820~0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
Al2U53 1820~-0186 INTERGRATED CIRCUITS 28480 1820-0186
Al2U54 1820~0953 ICICYL TRIPLE 2-2-3~INPUT AND GATE 07263 SL3456
A12055 1820-0187 INTEGRATED CIRCUIT: CTL . 07263 SL15966
Al2US6 1820~096% ICiCTL QUAD 2~INPUT AND GATE - 07263 SL3462
Al2U61 1820-0488 INTEGRATED CIPCUIT: CTL 07263 5L15965
Al2U62 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
Al2U63 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
Al2U64 1820-0965 IC3CTL QUAD 2-INPUT AND GATE 07263 SL3462
Al2VU65 1820-0488 ENTEGRATED CIRCUIT: CTL 07263 SL15965
Al2U66 1820-0486 INTEGRATED CIRCUITZ CTL 07263 5L15965
Al2uTL 1820-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
Al2ut2 1820-0486 INTEGRATED CIRCUIT:2 CTL 07263 $L15963
Al2U13 1820-0965 IC31CTL QUAD 2~INPUT AND GATE 07263 5L3462
Al2UT4 1820-0186 INTERGRATED CIRLULITS: . 28480 1820-0186
Al2U78 1820~0488 INTEGRATED CIRCUIT: CTL 07263 5L15968
Al2UT6 1820-0965 1C:CTL QUAD 2-~INPUT AND GATE . 07263 SL3462
Al2us) 1820-0488 INTEGRATED CIRCUITS CTL 07263 SL15965
Al2us2 ' 1820-0486 INTEGRATED CIRCJIT: CTL 07263 SL15963
Al2U83 1820-~0486 INTEGRATED CIRCJIT: CTL 07263 SL15963
Al2U84 1820~01817 INTEGRATED CIRCJIT: CTL 07263 5L15966
Al2u8s 1820-0187 INTEGRATED CIRCJIT: CTL 07263 SL15966
Al2uss 1820-0488 INTEGRATED CIRCJIT: crL, 07262 SL15965
Al2usl 1820-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
Al12U92 1620~0486 INTEGRATED CIRCUITs CTL - 07263 SL15963
Al2U93 1820-0968% I1C3CTL QUAD 2-KIIPUT AND GATE 07263 SL3462
Al2U94 1820~0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
AL2095 1820~0486 INTEGRATED CIRCUXT: CTL 01263 SL15963
AlL2U98 1820~0186 INTERGRATED CIRCUIT: 28480 1820-0186
Al2ul01 1820-0488 INTEGRATED CIRCUIT: CTL 07263 $L15965
Al2UL02 1820~0486 INTEGRAYEO CIRCUIT: CTL. 07263 SL15963
At2ul03 1820~-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
Al2U104 1820~0488 INTEGRATED CIRCL1T: CTL 07263 SL15965
AL2U10% 1820-048% INTEGRATED CIRCLIT: CTL 07263 SL15961
Al2U106 1820-0488 INTEGRATED CIRCLITs CTL 07263 S5L15965
Al2ul11) 1820-0488 INTEGRATED CIRCLIT: CTL 07263 SL15965
AY2U113 1820~0488 INTEGRATED CIRCLITSs CTL 07263 SL1596S
Al2ul13 1820~0486 INTEGRATED CIRCLITS CTL - 07263 SL15963
Al2U1L04& 1820-0486 INTEGRATED CIRCLIT: CTL 07263 SL18963
Alz2Uulls 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
Al2U116 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
Alj2ul21 1820~0488 INTEGRATED CIRCUIT: CTL Q1263 SL15965
Al2uir22 1820~0486 INTEGRATED CIRCUIT: CTL ‘07263 SL15963
Al2Ul23 1820~0486 INTEGRATED CIRCUIT: CYL: 07263 SL15943
Al2Ul24 1820-0488 INTEGRATED CIRCUJIT: CTL 07263 SL15965
Al2ul2s 1820-0485 INTEGRATED CIRCUIT: CTL 07263 SL15961
Al2UL26 1820~0488 - ANTEGRATEO CIRCUIT: CTL + 07263 T SL15965
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2152A ) Section VII

Table 7-10. B-Shifter Card A13, Replaceable Parts

Reference ; I Mfr
; ; HP Part Number| Qty Description Mfr Part Number
Designation Code
All 02152-60001 3 SHIFTER CARD 28480 02152+60001
AllC1-
Al1C4 0180-0197 CiFXD ELECT 2.2 UF 10% 20VDCH 56289 1500225X9020A2-DYS
AllR1 -
AllRé& 0683-4715 26 RIFXD CONP 670 OHM 5% 1/4M 01121 CB 4715
Allul2 1820-0485 INTEGRATED CIRCUIT: CTL © 07263 SL15961
A11uU13" 1820~0485 INTEGRATED CIRCUIT: CTL 07263 SL15961
Alluls 1820-0488 ENTEGRATED CIRCUIT: CTL - 107263 SL15965
Allule 1820-0187 INTEGRATED CIRCUIT: CTL 07263 SL15966
AlL1ULRT 1820~-0488 INTEGRATED IIRCUIT: CTL 07263 SL15965
Allu21
AllU25 1820-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
Allu26 1820-0186 INTERGRATED CIRCUIT: 28480 1820-01386
Allu3al
AL1U35 1820-0488 INTEGRATED 1IRCUITs CTL 07263 SL15965
AllU3é 1820-0187 INTEGRATED LIRCUITS CTL *C7263 SL15966
AlLu3? 1820-0488 INTEGRATED -(IRCUIT3 CTL 07263 SL15965
Alllad
A11U45 1820-0488 INTEGRATEO IRCUIT: CTL 07263 SL15965
ALlU4S 1820~0186 INTERGRATED CIRCUIT: 28480 182C-0186
AllUAT 1820-0488 INTEGRATED IRCUIT: CTL . ' 07263 SL159¢5
Allusl
Al11USS . 1820-0488 INTEGRATED . 1RCUKT: CTL - 07263 5L15965
ALlUSé 1820-0187 INTEGRATED LIRCUIT: CTL 07263 SL15966
ALLUSTY 18200488 INTEGRATED 1:IRCUITs CTL 07263 SL15965
Allusl
AllueS B 18200488 INTEGRATED ¢IRCUIT: CTL 07263 SL15965
All1Ub6 1820-0186 INTERGRATED CIRCUIT: 28480 1820-0186
ALLU6T 1820-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
Allumn
AL1UTS 1820-0488 INTEGRATED CERGUITS CTL * 07263 SL15965
Allut6 1820~0187 INTEGRATED CIRGUITS CTL 07263 SL15966
Al1U77 1820-0488 INTEGRATED CIRLUIT: CTL 07263 SL15965
Alluel
Al11U85 1820-0488 INTEGRATED CIRGUIT: CTL 07263 SL15963
All1UB6 1820+-0186 INTERGRATED CIHCULT: 20480 1820-0186
Alluar 1820~0488 INTEGRATED CIRLUIT: CTL - 07263 SL15965
AllU91 1820-0488 INTEGRATED CIRGUIT: CTL 07263 SL15965
Allus2 1820-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
Al11U93 1820~0482 INTEGRATED CIRLUIT: CTL 07263 SL15964 .
ALLU94 1820~0488 ’ INTEGRATED CIRLUIT: CTL . 07263 SL15965
AllU9S ) 1820-0488 INTEGRATED CIRC.UITS CTL 07263 SL15963
AllU96 1820-0187 INTEGRATED CIRLUIT: CTL 07263 SL15966
Al1U97 1820-0488 INTEGRATED CIRCUITE CTL: 07263 SL15963
AllUL03 1820~0483 INTEGRATED CIRLVIT: CTL 07263 SL15961
Al1ULO4 1820~0482 INTEGRATED CIRLULTS CTL . 07263 SL15964
Al SAME AS A1)
Al%5 SI\ME AS ALl

7-21



Section VII 2152A

t;:y: «
fogr-2
n~

A- 725
P e AT /

' —, 2,- ] .U.z 0 ’ 0O % uzs ] v‘J . | /-
F_J-d 2 ‘t ua ' 55 J3e —
d ¥ eis e eide | . - ’ p—
-—" . [ . j_q:& ' \ S—
-— 2 .:L;J 1P \das 45 B‘J o Al ‘ 7

olote LX X)L 4 L3 XY, 1 l] \\ .
- - & P 00 ] - ‘i '—p—-{}-
- u uJ 3.', .5. : e [ 1} = ¢ b o
= T N =
- ] 3 IAXX bl d l ‘-
- luaz |||\ |ue2 5 aef/ ! —
- 0T éun JIIRVEN 75\ |l I/ -
[ ____ad [ o 3 e } L v—
-'l » : “w—
® P
— U.&Z" .-B... i —
-y
- @) oo @ —-—
4 95, -
-
“——
L ]
]

Figure 7-19. B-Shifter Card Al3, Parts Location View

7-22



SHIFTER BOARD

. } INDICATES -
'{02152-60001, B4T @34 :/531 823 315 87 B4l 838 B30 B2z Bi4 Bl 3‘15 837 822 221 B2 5 Bil’-i B3 B8 820 Biz B4 643 B35 @ BAZ B34 B2 B18 Blo B2 B4l /333 825 e<7 Bq B B4o B3 B24 Ble B8 Bo TOP EDGE
REV 725) i /ee N Y a \s s B N P N2 N2 N NPty M e M 5 e F.q s T M ECTOR
l — | — - - — | — -— — | — — | — — — - — ey — —
24
E@:a £4.75Y j
I <—c‘ _;—L—Pﬂc?- q°+4.75
- 4] 24T e GND
f <77@ ‘l‘c‘b 04*\-‘: 85595
BT '3’2‘[’ 2.24
| _ 6——L__I._‘L7. -2v
SW5 | Swé Swi | Swo 3 SWO Swé Swe [SW3 | Sw2 [Swi Swo SwW4 'swa sw2 SWS {Sw4 ’sw3' bswz SwWi_lswo swo | -2 I‘B
7] {8 3 ro} |19 34 ] 2l |7 0 |9 }_‘_E"II a4 1 2 0] |9 2 1 ILACERE] 1] '_O_LE‘ _Z_LE‘ID 9|2z i )
vor] fuai u52] s 071 uGi) | fUe2] | fuw] : [ue3} | fo3) usi} | fusz] | 7] (A | 34rY | Udz ra32] {fuzsl | fuza) uz3 |
¢ 8 ,. ‘A w1 1A 1o ISHCHIES CHIIG) & B IR Yy
,1) > 7 7 z] / nl/ h J‘ /{, 7 «I /4[ ﬁ IT nl H
qsl " D 4 s‘.‘«u{'swz Sw4 |sw3 [swz | swi |[swo SWS |swe |sw3 [swa [swi swe [swa swrﬂ swrt_‘ sSwo swr'_s_j swa sw,sJ sw2 swl_l_jswo
Tom 22 UBT s AG ey oAl AT A a7 3 BicrirEirmin rairgin 215 sy Al sl ol sl JAR s
i 5 2z o Ml v m—"“j”\%‘aﬁ!ﬁ;"fl,m_. "'L.ﬂzji‘l'zlfz“ ELxL|”Ju§'§ ﬁhﬁﬁalzjz“gﬁ%;,vzs;m ! |
(8 &) 8! & 8 8ilc) Bl ic! 8 B C! (B Y ciglig &gl |
oA /s V23— 1z P s2]” as 7z j 5] /2[ /;I P 2’ § al i ] ‘
8BSt 9 41“‘5 !
l ¥4.15V 4 ] 7
3 e S v viz) g
I c Be) |Big Clae] |86)E 816 '
2 _SWI 4 n ) o
Bs5 8%, p—cjt oF 8 | Swe i '
DECOONR |i ¢\, e ! sve | e
: E] ' 1 :
Beafe]l o 3luos i::; .U:‘ 40 "9;5 o 410 @
- ve swa U,’j D = D) J DIl - l =
%s_r_;J Lo swi " DY " b
2 swo B3 o] TSI ' 7 ] v—lLa"{o
| 7| [e 7l (e n {1lle s l
B2 w4l U4 N 4
c c \c Y,
2] ’ 13 7 P &4 BTl
SV§ SV X SVO (33 , o
4|3 4|3 3 3 #li3
V54 fugs bod| | u44 2] !
| \? | : 2 Lz
, /3] i X —bl,
| Ve Sv3 I VT svs 872
[ ?.P {2 2! iz 1 {2
54] jusq 4] | |ua4. 24
K? ; A A
1% 13 e 16 le = &0
S5 =& - o P > 0 873
10 le 4 0] 9 A4 1019 e} 19
ueS| u4s jL2s l
& : 5 : :
b P ) 1 i N
sva [ SVI svr i SV5 ) SV3 2B a4
Hin 5| [s 7|l 7] s 7] ls
ues Y 65| 48! u2S
' C c c !\C ! .
VY 12 b +2] ‘2 2 a Is6 BI15
Své sv) SVO sve & Sv4 s SV "
svs§ ¥| |2 LINE] yil3 4|3 ~][3
Svs 185 UeS
svs B B =)
sV . o @ 1 i S, 154
svi ) SVS SV3 SVI I | BTG
svo 1 ile / 2 ' 1l2 RARES l
iucs |uas! v2s
A A A A
' 78 P ’¢] 16 I o 52 B77
o 1% l
. ° u/li Uit '
R 20
2 L 4 zs(,' 1} o u-a o " ie [ 2 2 o 1 o 5 \Z 2|4 2] " 13 s iz 6|(d ¢ 1 o 15 12 crPg
uZe (7 Vi o » ; UBe | |U%e 7
I o uiD7 ‘@ B usD7 -27 o] uf:7 lﬁr 487 u17 u77 ug u7? ~ ug ug ug7 %7 S 057 4 ug ug
3 Y8 9TTo 1 12 sTTe 1|2 415 8]]7 1% T2 9lfio 1[1z 4]]% &]]7 [ty 15910 1]]2 4][> &7 L} slTio ]z a[ [3 &] 17 s lso
I < ¢ ) »z | .G
71 119
+T™i
18 4 ﬁZ'T'SA
g
LYY "[, N.C.
3
™3
' 1 O 12__jHe T8
| 1o iﬁq T™M4
4 Y v v
' — 3 pu— c— —r - cm—— — 1— ﬁ- - — | — — —— e c— — e— 4
% 5T |21 A 55 7 127 |28 |9 1z 29 el 3 22 |I3 r ©3 |33 [34 |15 T e |35 |36 |17
Bat B77 AST A77 C57 Bk B7b A3L ATL (56 Bas B75 ABS5 N15 CB6E B74 ABH A14 C5A4 [cZE] R73 AB3 A13 (053 B72 AB2 AT2 CsB2 B4l B7l A8l A7l C5] Bao B0 AB0 A0 Lo

Figure 7-20. B-Shifter Card A13, Logic Diagram
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2152A

Table 7-11. B-Adder Card Al4, Replaceable Parts

Section VII

1820-04828

Referenc . Mfr
: ¢ IHP Part Number Qty Description Mfr Part Number
Designation Code
Al2 02152-60002 3 ADDER CARD 28480 02152-60002
A12C1 ~
A12C4 6180-0197 C:FXD ELECT 2.2 UF 10X 20VDCW 56289 1500225X9020A2~DYS
Al201 1853-0018 TSTR3SI PNP 80131 2N3640 .
Al202 1853-0015 . . TSTR:SI PNP 80131 2N3640
A12R1 ~
Al2R12 0683-3315 RIFXD COWP .30 OHN 5% 1/4M 01121 C8 3315
AlZR13 ~
A12R31 1810-0047 RESISTOR NE1 WORK 28480 1810-0047
Alzu3 1820-0965 ICiCTL CUAD 2~INPUT AND GATE 07263 SL3462
Al2U4 1820~0953 IC:CTL TRIPLE 2-2-3-INPUT AND GATE 07263 SL3456
Al2U8 1820-0953 ICiCTL TRIPILE 2-2-3-INPUT AND GATE 07263 SL3456
Al2Ué6 1820-0965 IC3CTL QUAD 2-INPUT AND GATE 07263 SL3462
Al2Ull 1820~0488 INTEGRATED (.IRCUIT: CTL 07263 SL15965
Al2ul2 1820~0486 INTEGRATED (IRCUIT: CTL 07263 SL15963
Al2UL4 1820-0486 INTEGRATED (IRCUIT: CTL * 07263 SL15963
Al2Ule 1820~-0187 INTEGRATED ( IRCULIT: CTL - 07263 SL15966
Al2u21l 1820-0488 INVEGRATED (IRCUIT: CTL * 07263 SL15965
Al2u22 1820-0486 INTEGRATED ( IRCUIT: CTL 07263 SL15963
. Al2u23 1820-0187 INTEGRATED ( IRCUIT: CTL 07263 SL15966
Al2U24 , 1820-0186 INTERGRATED CIRCUIT: 28480 1820-0186
Al2u2s 1820-0488 INTEGRATED ( IRCUIT: CTL 07263 SL15965
Al12026 1820~0488 INTEGRATED ( IRCUIT: CTL 07263 SL15965
Al2u3l 1820-0488 INTEGRATED (IRCUIT: CTL 07263 SL15965
Al2032 1820-0486 INTEGRATED CIRCUIT: CTL 07263 S5L15963
Al2u33 1820-0187 - INTEGRATED (IRCUIT: CTL 07263 SL15966
Al20U34 1820-0186 INTERGRATED CIRCUIT: . 28480 1820-0186
Al2u3s 1820-0953 ICICTL TRIPLE 2-2-3-INPUT AND GATE 07263 SL3456
Al2U36 1820-0965 1C3CTL QUAD 2-INPUT AND GAYE 0T263 SL3462
Al2u4l 1820-0488 INTEGRATED (IRCUIT: CTL 07263 SL15965
Al2us2 1820-0486 INTEGRATED (IRCUIT: CTL 07263 5115963
Al2U43 1820-0187 INTEGRATED (IRCUIT: CTL 07263 SL15966
Al2uss 1820-0953 ICICTL TRIPLE 2-2~3-INPUT AND GATE 07263 SL3456
Al2U4S 1820-0187 INTEGRATED C(IRCUIT: CTL 07263 SL15966
Al2U48 1820-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
Al2Us1 1820-0488 INTEGRATED (IRCUIT: CTL 07263 SL15965
Al2us2 1820~0486 INTEGRATED CHRCUIT: CTL - 07263 SL15963
Al2U53 1820-0186 INTERGRATED CIRCUIT: 28480 1820-0186
Al2U54 1820-0953 ‘ IC:CTL TRIPLE 2~2-3-INPUT AND GATE 07263 SL3456
Al2Us5 1820-0187 INTEGRATED CXRCUIT: CTL 07263 SL15966
Al2use 1820-096% RCICTL QUAD 2-INPUT AND GATE 07203 S5L3462
Atauel 1820~0488 INTEGRATED CIRLUIT: CTL 07263 SL15965
Al2U62 1820~-0486 INTEGRATED CIRCUITT CTL 07263 SL15963
Al2Ub63 1820-0486 . INTEGRATED CIRCUITS CTL Q7263 5L15963
AlzUb4 1820~0965% 1CICTL QUAD 2-INPUT AND GATE 07263 SL3462
Aj2ues 18200488 INTEGRATED CIRCUITI CTL 07263 5L15968
Al2use 1620-0408 INTEGRATED CIRCULTS CTL 07263 §L15965
A2uTh 1820~0488 INTEGRATED CIRCUITY CYL 071263 SL15963
Aj2ur2 1820-04368 INTEGRATED CIRCUITs CTL 0t262 SL15963
At2ur3 1820-0965% ICCTL QUAD 2-INPUT AND GATE 07263 S13462
At2u74 1820~0186 INTERGRATED CIRCUIT: 28480 1820-01886
AL20UT8 - 1820~0488 INTEGRATED CIRCUITS CTL 07263 SL15965
Al2U76 1820-0765 IC:CTL QUAD 2~IVPUT AND GATE 07263 SL3462
Al2usl 1820-04838 INTEGRATED CIRCJITI CTL 07263 SL15965
Al2ua2 1820-0486 INTEGRATED CIRCJIT: CTL 07263 5115963
Al2ues 1820~-0486 INTEGRATED CIRCJIT: CTL 07263 5L15963
Al2uss 1820-0187 INTEGRATED CIRCJITs CTL 07263 SL15966
Al12V85 1820-0187 INTEGRATED CIRC)IT: CTL 07263 SL15966
AL2V88 1820-0488 INTEGRATED CIRCIIT: CTL 07263 5L15965
Al2u91 1820-0488 INTEGRATED CIRCIITV: CTL 07263 SL15965
Al2U92 1820~04386 INTEGRATED CIRCUITI CTL - 07263 SL15963
Al2093 1820-0965 IC:CTL QUAD 2-IIIPUT AND GATE 07263 SL3462
AL2U94 1820-0486 ENTEGRATED CIRCUIT: CTL 07263 SL15963
Al2u9s 1820~-0486 INTEGRATED CIRCUITS CTL + 07263 SL15963
Al2u96 1820~-0186 INTERGRATED CIRCUIT: 28480 1820-0186
Al2ul01 1820-0488 INTEGRAYED CIRCL'IT: CTL - 07263 SL15965
Al2u102 1820-0486 INTEGRATED CIRCLIT: CTL 07263 SL15963
Al2U103 1820-0486 INTEGRATED CIRCLIT: CTL * 07263 S$L15963
A12U104 1820-0488 INTEGRATED CIRCLIT: CTL 07263 SL15965
Alzuios 1820-0485 INTEGRATED CIRCLITS CTL 07263 SL15961
Al2ulce 1820~0488 INTEGRATED CIRCLIT: CTL 07263 SL15965
Al2ulll 1820-0488 INYEGRATED CIRCLITS CTL 07263 SL15965
Al2ul13 1820-0488 INTEGRATED CIRCLIT: CTL 07263 SL15965
Al2utl3 1820~-0486 INTEGRATED CIRCUIT: CTW, + 07263 SL15963
Al2U114 1820-0486 INTEGRATED CIRCUIT: CTL 07263 5L15963
Al2ulls 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
Ala2ulle 1820-0486 INTEGRATED CIRCUIT: CTL 07263 5415963
Al2ul2y 1820-0488 INTEGRATED CIRCULIT: CTL Q7263 SL15965
Al2U122 1820-0486 INTEGRATED CIRCUIT:s CTL 07263 SL15963
Al2ui123 1820~0486 INTEGRATED CIRCUIT: CTL: Q7263 $L15963
Al2U124 1820-~0488 INTEGRATED CIRCUITS CTL 07263 SL15965
Al2ul2s 1820~0485 INTEGRATED CIRCUIT: CTL 07263 SL15961
Al2V126 INTEGRATED CIRCUIT: CTL - 07263 SL15965

7-23



2152A

PR

+ CcZ

n . —_— SN,
89 am:m[lnl//.‘/.fl.l'.l g
=

. :
_‘.b""va £
' 2=R R B 4
3 A ]
VL o

i
R9 wit

1T IO DI LTSS
&;@;7 =iz3:

F

=
b = b -
b o wx
————— = 3
S e T
3 3 3 v m v e 2
21 NPt Ay
- ot 7 L
L % LR a3 0 .Iml ...%‘
4 2 % : 5 9 PSR 43 0
B aSER 9 13
= — g&do :
-4 b -
L ¢ ol ’ n/%. Hn 5
E 3P 2 31 JW 3 <
utﬂﬂiw 3 o =
) 3 ' X -I.-\ll i 3
pa} pai Pai PSi. Pai Pal
g ‘\_ 5 * : - .l.. mm = ol 3
o e

L
Lo
i

i

- 3 Te
ANt

e Sl

‘Section VII

Figure 7-21. B-Adder Card A14, Parts Location View
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2152A Section VII

Table 7-12. A-Shifter Card A15, Replaceable Parts

Reference HP Par - Mfr
N ? art Number| Q Description Mfr Part Number
Designation ty P | Code
All 02152-60001 3 SHIFTER CARD 28480 02152-60001
Al1Cl~
Al11C4 0180-0197 CIFXD ELECT 2,2 UF 108 20VOCW 56289 1500225%X9020A2~-DYS
Al1R1~-
All1R6 0683-471% 26 RIFXD CONP 470 OHM 5% L/4W o1121 CB 4715
Aliul2 1820~-048% INTEGRATED CIRCUIT: CTL 07263 SL15961
AllUl3 1820~048% INTEGRATED ZIRCUIT: CTL 07263 SL15961
Alluls 1820-0488 INTEGRATED CZIRCUITS CTL 07263 SL15965
Alluls 1820-0187 INTEGRATED ZIRCUIT: CTL 07263 SL15966
AllUl? 1820~0488 INTEGRATED CIRCUITS CTL 07263 5L15965
AlRU21 .
Allu2s 1820-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
AlLU26 1820-0186 INTERGRATED CIRCUIT: 28480 1820~-0186
A11U31
AllU35 1820-0488 INTEGRATED :IRCUIT: cTL 07263 SL15945
Allu3e 1820~-0187 INTEGRATED JIRCUITS CTL 07263 SL15966
Al1U37 1820-0488 INTEGRATED SIRCUITs CTL . 07263 SL15965
Allual
AllU4S 1820-0488 INTEGRATED IRCUITS CTL 07263 5L15965
AllU4s 1820-0186 INTERGRATED CIRCULT: 28480 1820-0186
AllUsat 1820-0468 INTEGRATED CIRCULIT: CTL Q7263 SL15965
AllUsl
AlLIUSS 1820-0488 INTEGRATED IRCULYs CTL 07263 SL15965
AlL1USS 1820~-0187 INTEGRATED 1IRCUIT: CTL 07263 S5L1%966
ALAUST 1820~-0488 INTEGRATED CIRCULT: CTL 07263 SL159465
AlIUsL
Al1UGS 1820~-0488 INTEGRATED ¢ IRCUIT: CTL 07263 SL15965
Aljves 1820~0186 INTERGRATED CIRCUIT: 28480 1820-0186
AlLUs? 1820~0488 INTEGRATED ¢IRCUIT: CTL 07283 SL1596%
ANIUTL .
Al1UTS 1820-0488 INTEGRATED CIRLUITS CTL 07263 SL15965
ALiUTS 1820-0187 INTEGRATED CI it CTL . 07283 5L15968
AlL1UT? 1820-0488 INTEGRATED CIRLUIT: CTL 07263 SL1596%
Allusl
AllusS 1820~04088 INTEGRATED CIRUUITS CTL 07263 SL15965
AL1URS 1820-0188 ! INTERGRAYED CIRCULT: N 28480 1820-0186
Allus? 1820-0488 INTEGRATED CIRLUIT: CTL 07263 SL1596%
Aliuot 18200488 INTEGRATED CIRLULT: CFL 0T263 SL1596%
Allu92 1820-0488 INVEGRATED CIR(UIT: CTL 07263 SL159685
Ar1u93 1820~0482 INTEGRATED CIRLUIT: CTL 07263 SL1%964
AL 1820~0488 INTEGRATED CIRLUIT: CTL 07263 SL1%965
Al1U98 1820-0488 INTEGRATED CIR(ULTS CTL 07263 SL15963 *
ALLUSS 1820~0187 . INTEGRATED CIRLUIT: CTL 07263 SL1s966
ALBUDT 1820~-0488 INTEGRATED CIR(UIT: CTL 07263 SL15963
AltU103 1820~0489 INTEGRATED CIR(UIT: CTL 07263 SL15961
AL1U104 1820-0482 INTEGRATED CIR(UIT: CTL ' 07263 SL1%5964
Al3 SAME AS Al}
AlY SAME AS ALY
\
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Figure 7-24. A-Shifter Card A15, Logic Diagram
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Table 7-13. A-Adder Card A16, Replaceable Parts

Section VII

Reference H i Mfr
; A P Part Number| Qty Description Mfr Part Number

Designation P Code
:12 N * 02152-60002 3 ADDER CARD 28480 02152~-60002

12C1 -
Al12Cs 0180-0197 C3FXD ELECT 2.2 UF 108 20vVOCH 56289 1500225X9020A2~0YS
AL201 1853-0015% TSTRISI PNP 80131 2N3640
A1202 1853~-0015 TSTRsSI PNP 80131 2N3640
Al2R1 -
Al2R12 0683~3318% RIFXD CONP :.30 OHN 5% 1/4W 01121 C8 3315
Al2RE3 ~
Al2R31 1810-0047 RESISTOR NE1WORK 28480 1810-0047
Al2u3 1820~0965 IC3CTL QUAD Z2-INPUT AND GATE * Q7263 SL3462
Al2us 1820-0953 IC3CTL TRIPIE 2-2-3-INPUY AND GATE 07263 SL3456
Al2U8 1820-0953 I1C:CTL TRIPIE 2-2-3-INPUT .AND GATE 07263 SL 3458
Al2U6 1820~0965 1CICTL QUAD 2-INPUT AND GATE 07263 SL3462
Al2Ull 1820~0488 INTEGRATED C(.IRCUITS CTL 07263 SL15965
Al2Ut2 1820-0486 INTEGRATED (IRCUIT: CTL 07263 SL15963
Al2Ul4 1820-0486 INTEGRATED (IRCUIT: CTL 107263 SL15963
Al2ules 1820~0187 INTEGRATED (IRCUIT: CTL 07263 SL15966
Ala2v21 1820-0488 INTEGRATED (IRCUIT: CTL 07263 SL15965
Alz2u22 1820~-0486 INTEGRAYED ( JRCUITz CTL 07263 SL15963
Al2u23 1820-0187 INTEGRATED (IRCMIT: CTL - Q7263 SL15966
Al2U24 1820-0186 INTERGRATED CIRCULIT: 28480 1820~-0186
Al2u2s 1820-0488 INTEGRATED (IRCUIT: CTL 07263 SL15965
Al2U26 1820-0488 INTEGRATED (IRCUIT:s CTL 07263 SL15965
Al2U31 1820~-0488 INTEGRATED (JRCUIT: CTL Q7263 SL15965
Al2u32 1820-0486 INTEGRATED C IRCUIT: CTL 07263 SL15963
Al2u33 1820-0187 INTEGRATED CIRCUIT: CTL Q7263 SL15966
Al2U34 1820-0186 INVERGRATED CIRCUIY: 28480 1820-0186
Al2U35 1820-0953 KCICTL TRIPLE 2-2-3—!NP01 ANO GATE 07263 $L3456
Al2U36 1820~0968 IC3CTL QUAD 2~INPUY AND & 07263 SL3462
Al2U4l 1820~0488 INTEGRATED (IRCUITs CTL 07263 SL15965
Al2U42 1820-0486 INTEGRATED CIRCUIT: CTL 07263 5L15963
Al2U43 1820-0187 INTEGRATED CIRCUIT: CTL 07263 SL15966
Al2U44 1820-0953 IC:CTL TRIPLE 2-2-3-INPUT AND GATE 07263 SL3456
Al2UAS 1820~0187 INTEGRATED CIRCUIT: CTL 07263 SL15966
Al2U46 1820~-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
Al2us) 1820~-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
al2092 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
Al2U53 1820-0186 INTERGRATED CIRCUIT: 28480 1820-0186
Al2Us54 1820-0953 IC:CTL TRIPLE 2~2~3~INPUT AND GATE 07263 SL3456
Al12U55 1820-0187 INTEGRATED CIRCUIT: CrL 07263 SL15966
Al2Us6 1820-0%65 IC3CTL QUAD 2-]INPUT AND GATE - 07263 SL3462
Al2u61 1820~0488 INTEGRATED CIRCUITS CTL 07263 SL15965
Al2ue2 1820-0484 INTEGRAYED ‘CIRCUIT: CTL 07263 SL15963
Al2U63 1820~-0486 INTEGRATED CIRCUIT: CcTt 07263 SL15963
Al2UcHh 1820-0965 ICICTL QUAD 2-INPUT AND GATE 07263 SL3462
LAl2ues 1820-C488 INTEGRATED CIRCUITs CTL 07263 5L15965
Al2U66 1820~0488 INTEGRATED CIRCUIT: CTL - Q7263 5L1596%
Al2uTl 1820-~0488 INTEGRATED CIRCUIT: CVL 07263 SL15965
Al2U72 1820-0486 INTEGRATEO CIRCUIT: CTL 07263 5L15%63
Al2UT3 1820-0963% IC3CTL QUAD 2-INPUT AND GATE 07263 SL3462
Al2UTH 1820~0186 INTERGRATED CIRZUIT: 28480 1820~0186
Al2u?s 1820~0468 INTEGRATED CIRCUITSs CTL 07283 SL15965
Al2U76 1820~0968% ICSCTL QUAD 2-1VPUT AND GATE . 07263 SL3462
Al2u8] 1820-0488 INTEGRATED CIRCJIT: CTL 07263 S5L1596%
Al2us2 1820-0486 INTEGRATED CIRCJITs CTL 07263 SL15963
Al2uss 1820-0486 INTEGRATED CIRCJITVs CTL 07263 SL15963
Al2UBs 1820-0187 INTEGRATED CIRCJIT: CTL 07263 SL15966
Al2U85 1820-0187 INTEGRATED CIRCUIT: CTL 07263 SL15966
Al2U86 1820-0488. INTEGRATED CIRCUIT: CTL 07263 SL15965
Al2u9l 1820~0488 INTEGRATED CIRCUIT: CTL - 07263 $L15965
Al2u92 18020-04086 INTEGRATED CIRCUIT: CTL ’ 071263 S5L15963
Al12093 1820-~0965 IC:CTL QUAD 2«IHIPUT AND GATE 07263 SL3462
AL12U94 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
Ar20U9S 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
Al2U96 1820-0186 INTERGRATED CIRC.UITS 28480 1820~-0186
Al2ulol. 1820-0488 INTEGRATED CIRCUIT: CTL 07263 SL1%5965
Al2vui02 1820~0486 INTEGRATED CIRCLITs CTL 07263 SL15963
Al2ui03 | 1820-0488 INTEGRATED CIRCLIT: CTL 07263 S5L15963
Al2U104 1820~-0488 INTEGRATED CIRCLIT: CTL 07263 SL15965
Al2ulos 1820-0485 INTEGRATED CIRCLIT: CTL 07263 SL15961
Al2ur08 1820~0488 INVEGRATED CIRCLIT: CTL 07263 $L15965
Al2UlL} 1820-0488 INTEGRATED CIRCLIT: CTL Q7263 SL15965
Al2Ull3 1820-0488 INTEGRATED CIRCLIT: CTL 07263 SL15945
szulxa, 1820~0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
Al2UL14 1820~0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
Al2unls 1820~0486 INTEGRATED CIRCUIT: CTL - 07263 SL15963
Alzndlé 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
Al2ul21 © 1820-0488 INTEGRATED CIRCUITS CTL: Qavr263 5L15968
Al2Ul22 1820-0486 ENTEGRATED CIRCUIT) CTL 07263 5L15963
Al2Ul23 1820~0486 INTEGRATED CIRCUIT: CTL Q07263 SL15963

{H 1820-0488 INTEGRATED CIRCUITs CTL . - 07263 SL15965

:}gu::; 1820~048% INTEGRATED CIRCUIT: CTL. - 07263 ‘8;15961
Al2U)26 1820-0488 * INTEGRATED CIRCULTs CTL ' Q7263 SL15965
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Table 7-14. FPP Interface Card Al7, Replaceable Parts

Section VII

Reference HP P L. Mfr

; . art Number| Q Description Mfr Part Number
Designation ty P Code
al17 02152~60017 I/0 INTERFACI CARD . . 28480 02152-60017
A17C1 0150-005Q CiFXD CER DISC 1000 PF +80~20% 1000VOCHW 56289 C067B102E1022ZE19-CDH
::;g: 0150-0050 C3FXD CER DISC 1000 PF +80-20% 1000VOCM 56289 CO0&7B102E1022E19~-COH

;-
A17CH 0180-0197 C3iFXD ELECT :.2 UF 10% 20VDCH 56289 1500225X9020A2-DYS
Al17Q1 18%3-0015 TSTR3S1 PNP N 80131 2N364C
A1702 1853-0015 TSTR:S1 PNP 80131 2N3640
A17R} -
Al1TR16 0683-4715 RIFXD COMP 430 OHM 5% 1/4M 01121 CB 4715
A17R17 0683-1015 R3FXD COKP 10 OHM 5% 1/4W 01121 CB 1018
Al7R18 0683-4T15 RIFAD COMP 410 OHM 5% 1/4M 01121 CB 4715
AL1TR19 0683~101% RIFXD COMP 1C0 OHN 5% 144M 01121 c8 1015
ALTR20 -
AlTR22 0683-4715 RIFXD COMP 470 OHM 5% 1/4M * 01121 CB 4715
A1TR23 «
AlTR28 1810-0047 RESISTOR NETH»ORK 28480 1810~0047
ALTR29 -
AL7R40 0683-3318 RIFXD COMP 330 OHN SX L/4MW 01121 Cc8 3315
AlTU21 1820~0485 INTEGRATED CIRCUIT: CTL 07263 SL15961
AlTuz4 1820~0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
Al1TU25 1820~0186 INTERGRATED CthUlT! . 28480 1820~0186
ALTU3) 1820-0485% INTEGRATED CIRCUIT: CTL 07263 SL15961
AlTU32 1820-0482 INVEGRATED CIRCUIT: CTL 07263 SL15964
AlT7U33 1820~0482 INTEGRATED CIRCULTS CTL 07263 SL15964
ALTU3S 1820-0186 INTERGRATED CIRCULT: 28480 1820-0186
AlTu3s 1820-0106 INTERGRATED CIRIUIT: 28480 1820-0186
AlTU4lL 1820-0485% INTEGRATED CIRCUITs: CTL 07263 SL15961
ALTU42 1820-0488 INTEGRATED CIRCUIT: CYL 07263 5L1596%
AlTUAR 1820-018s INTERGRATED CIRIUITY: 28480 1820~-0186
AlTU44 18200466 INTEGRATED CIRCJIT: CTL 07263 SL15963
ALTU4S 1820~-C486 INTEGRATED CIRCULT: CTL 07263 SL15963
AlTUS1 1820~048% INTEGRATED CIRCUIT: CTL 07263, SL15961
AYTUS2 1820-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
Al7US3 1820-0488 INTEGRATED CIRCJ1T: CTL 07263 SL15965
AlTUS54 1820-0486 INTEGRATED CIRCUIT: CTL 07263 SL15963
A1TUSS 1820-0486 INTEGRATED CIRCUITs CTL 07263 SL15963
ALTUGL 1820-0485 INTEGRATED CIRCUIT: CTL 07263 SL15961
Al7U62 1820-0488 INTEGRATED CIRCJLIT: CTL 07263 $L15965
AlTU63 1820-0187 INTEGRATED CIRCULT3 CTL 07263 SL15966
AlTUG4 1820~-0482 INTEGRATED CIRCUIT: CTL 07263 SL15964
AlTUGS 1820~0482 INTEGRATED CIRCUIT: CTL - Q7263 SL15964
AlTUTL 1820-0483% INTEGRATED CIRCUITE CTL 07263 SL15961
AlTuT2 1820-0488 INTEGRATED CIRCUIT: CTL 07263 SL15965
ALTUTI 1820-0187 “INTECRATED CIRCJIT: CTL 07263 SL15966
ALTUTS 1820-0486 . INTEGRATED CIRCULTS CTL 07263 SL15963
ALTUTS 1820~0186 INTERGRATED CIRIUIT: 28480 1820-0186
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2152A Section VII

Table 7-15. Regulaﬁ)r Card A2A3, Replaceable Parts

Reference . Mfr
N A HP Part Number| Q Description Mfr Part Number

Designation ty P Code
A3 -02152-60009 POWER SUPPLY REGULATOR CARD 28480 '02125-80009
A3C25 0180-2206 1 C3FXD ELECT 50 UF 10% 6VOCW 56289 150D606X900682
A3C26 0160-0153 1 CIFXD MY 0.031 UF 10X 200VDCW 56289 192P10292-PTS
A3C30 0160-0162 1 C2FXD MY 0.022 UF 103 200vDCW 56289 192P22392~-PTS
A3C3) 0160-0174 1 C3iFXD CER 0.47 UF +80-20% 25VOCW . 56289 5C1187S-CNL
A3C32 0180-0061 3. CIFXD ELECY 100UF +1003-10% 15vVOCM 56289 301076015004
A3C40 0180-214% 1 CIFXD ELECY 200 UF +75-10% 25VDCHW 28480 0180-2144
A3C45 0180-2217 |13 CIFXD ELECT 350 UF +75-10% SOVDCW 28480 0180~2217
A3C46 0180-0061 CIFXD ELECTY 100UF +100%-10%3 15VDCW 56289 30107G015DD4
A3C50 0180-0291 1 C:FXD ELECT 1.0UF 10% 35VDCw 56289 1500105X9035A2-DYS
A3C51 0180~0141 1 C3FXD ELECT 50 UF +75-10% SCVDCW 56289 300506G050002-DSKH
A3C60 0150~0096 Y C1FXD CER 0.)5 UF +80-20% 100VDCW 91418 TA
A3Cel 0180-0061 C3FXD ELECT 100UF +100%-10% 15VOCW 56289 301076015004

, A3C70 0180-0374 1 CiFXD ELECT 10.0 UF 10% 20vDCW . 56289 1500106X9020B2~76
A3CT1 a180~0116 1 C:FXD ELECT 5.8 UF 103 35VDCW 56289 1500685X9035B2+-0YS
A3CT2 0150=0121 3 C3iFXD CER 0.1 UF +80-20% SOVOCW .56289 . 5C5081S-CKL
A3C73 0150-0121 C:iFXD CER 0.1 UF +80-20%. SOVDCW 56239 5C5C81S-CHL
A3CR20 . 1902-3082 2 DIODE BREAKDOWN:4.64V 5% : 28480 1902-3082
A3CR21 1901-0040 10 DIODE:SILICON 30MA 30WV . 07263 £DG1088
A3CR22 1901-0158 LY DIODE:SILICON 0.75A 200 PIV 28480 1901-0158
A3ICR30 1902-3139 1 DIODEsBREAKDOWN 8,25V 5% 04713 S210939-158
A3CR35 .1901-0040 DIODE:SILICON 30MA 30WV 07263 Fo0Gl088
A3CR40O 1501-0158 OICDE:SILICON 0.75A 200 PlV 28480 1901-C1%8
A3CR4L 1901-0158 DICODE:SILICON 0.75A 200 Plv 28480 1901-0158
A3CR42 1902-3082 DIODE BREAKDOWN:4.64V 5% 28480 1902-3082
A3CRSO 1901-0040 OIODEISILICON 30HA 30WY 07263 FDG1088
A3CR6D 1901-0158 OIODEsSILICON 0.7'5A 200 P1V s 28480 1901-0158
A3CRS1 1901-015%8 DIODE:SILICON 0."5A 200 PIV ¢ 28680 1901-0158
A3CR62 1901~0040 DIODE:SILICON 3011A 30WY 01263 FDG1068
A3CR&3 1901-0158 DIODEZSILICON 0."3A 200 PIV 28480 1901-0158
A3CR70 = g .
A3CR73 1901-0040 Ol0DE2SILICON 304A 30WV 07263 FDG1088
A3CR81 1902-0049 1 DIQDESBAEAKDOWN no19V 5% 04713 $110939-122
A3ICRO2 1902-0126 1 OIODE3BREAKDOWN .'.61V 5% 04713 $21093%9-14
A3CR9S 1901-0040 OIOQDEISILICON 30!1t4 30NV 07263 FoGlo88
A3CRI6 1901-0040 _DIODESSILICON 3014A 130MV - 07263 FDG1088
A301 1854-0072 13 TSTR1SE NPN 80131 2N3054
A302 18%4-0072 TSTRISI NPN -1 80131 2N3054
A3Q03 1853~0020 10 TSTRiSI PNP{SELE.TED FRON 2N3702) 28480 1853-0020
A304 1855-0010 i TSTR1ST 80131 2K2646
A308 185%3-0020 TSTR3SI PNP(SELE.TED FROM 2N3702) 28480 . 1853-0020 ¢
A3Q6 1853-0039 3 TSTR2S1 PNP . 80131 2N3638A
A307 . 1854~0072 TSTR3IS1I NPN 80131 2N3054
A308 1854-0072 - TSTR:S1 NPN 80131 2N30S4
A3G9 18%3~0020 . TSTR3SL PNPISELE.TED FROM 2N3702) 28480 1853-0020
A3Q10 1853-0041 1 TSTR3SI PNP 02733 38640 ~
A3Q11 18%4-0072 TSTR1S1 NPN ao131 2N3054
A3012 1854-0072 TSTR:SE NPN 80131 2N3054
A3Q013 1854-0072 TSTRESI NPN 80131 2N3054
A3014 1854-0072 TSTR:SI NPN 80131 2N3054
A3Q1S 18540072 TSTRISI NPN K 80131 2N3054
A3Ql6 1853-0020 . TSTR2S1 PNP(SELECTED FROM 2N3702) 28480 18%3-0020 .
A3017 1854-0072 TSIRISI NPN : 80131 2N30%4
A30la 1854-0072 TSTRISI NPN . B 80131 2N3054
A301% 18%3=0020 YSTR3S1 PNPUSELEITED FRON 2N3702) 28480 1853-0020
A3020 1853~0039 TSTR:SI PNP 80131 2N3638A
A3Q023 18%4-0072 -TSTR:S1 NPN 80131 2N3054
A3C24 1853~0020 TSTR3S1 PNPUSELECTED FRON 2N3702) . 28480 1853-0020
A2Q25 1853~0020 . . TSTR:SI PNP(SELECYED FROM 2N3702) 28480 1853-0020
A3026 1854~0072 . -TSTRsSK NPN . . 80131 2N3054
A3Q27 1853-0020 TSTRISI PNP(SELECTED FROM 2N3702) 28480 185%3-0020 "
A30Q28 1854~0072 TSTRiSI NPN 80131 2N3054
A3029 . 18%3-0020 TSTR:SI PNPUSELECTED FRON 2N3702) 28480 18%3-0020
A3030 1833-0039 TSTR:SI PNP 80131 2N3638A
A3031 18%3-0001 X TSTR2S1 PNPISELECTED FROM 2N1132) 28480 1853-0001
A3032 1854~0072 TSTR2ISI NPN 80131 2N3054
A3033 - 1853~0020 . TSTR:S1 PNPULSELECTED FROM 2N3702) 20480 1853-0020
A3R20 0757-0416 1 RIFXD MEY FLM 511 OHM 1% 1/84 14674 C4
A3R21 0698-3153 I RIFXD MET FLM 3.83K 1% 1/8W 91637 MFF=-1/10~32
A3R22 0698~3159 1 RIFXD MET FLH 26.1K OHM 1% 1/84W 73042 CEA
A3R23 0757-0442 B ) R3FXD MET FLM 10.0K 1% 1/8W 14674 Ca
AJR24 0698~344) B REFXD MEY FLM 2135 OHM 1% 1/8W 91637 MF-1710-32
A3R2% 2100-1788 B 4 RIVAR FLM 500 OHM 10% LIN 1/2W 28480 2100-1788
A3R286 0698-0084 1 RIFXD MET FLM 2.15K 1X 1/8W 14674 C4
A3R27 0658-0083 T H RIRXD MET FLM 1.96K OHM 1X 1/84 14674 Ca
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Section VII

7-32

Table 7-15. Regulator Card A2A3, Replaceable Parts (Cont'd)

2152A

' _ Mfr
Reference |.p part Number| - Qty Description Mfr Part Number
. Designation Code N
A3R30 0684~3311 3 RIFXD CONP 33C OHM 1CX 1/4MW 01121 ca 3311
A3R31 0684-1021 13 RIFXD CONP 1000 OHM 108 1/4W ol121 €B 1021
A3R32 0684-1021 RIFXD GOMP 10CO OHM 108 1/4W 01121 c8 1021
A3R33 0684~4T11 2 RSFXD CONP 47C OHM 10X 1/4M ol121 CB 4711
A3R34 0684-1001 1 RIFXD COMP L0 OHM 108 1/4W o1121 €8 1002
A3R3S 0684-2201 3 RiFXD CONP 22 OHM 10X 1/4M o121 €B 2201
A3R38 Q684-1521 3 RiFXD CONMP 15C0 OHM 103 1/4W 01121 €B 1521
A3R39 0684-18521 RIFXD CONP 15C0 OHH 108 1/4W oll21 cB 1521
A3R40 0684-1021 RIFXD CONP 10CO OHM 10X 1/4W o121 €8 1021
A3R41 0757-10%4 3 RIFXD NET FLN 1.47K OHN 1X L/8M 14674 C4 1-0
A3R42 0698~3134 1 R3FXD NET FLM 17.6X OHK 1% )/8W 14674 C4
A3R43 0698-5631 1 R3FXD FLH 511K 0.5% 1/4H 28480 0696-5631
A3R4S8 06843921 1 RIFXD CONP 39C0 OHM 103 1/4M o121 cB 3321
A3RS0 0684-4721 13 RIFXD COMP 47C0 OHM 10% 1/4W 01121 . €8 4721
_A3RS1 0684-3311 RIFXD COMP 33C OHM 103 L1/4W 01121 €8 3311
A3R52 0157-0419 1 RIFXD MET FLM 681 OHH 1X 1/8M 14674 C4
A3RS53 0?57-1094 REFX0D MET FLM 1.47K OHK 1% 1/8% - 14474 €4 1T-0
A3RS4 2100-1788 RIVAR FLN 500 OHM 108 LIN 1/24 20480 2100-1768
A3RS5S Q7%7-0274 1 R1FXD MET FLM 1.21K OHM 13 1/8M 28480 ' 0T57-0274
A3R60 0684~1021 R3FXD COMP 10GO OHM 10X 1/4W ' 01121 €8 1021
.

A3R61 2100-1788 RIVAR FLN 500 OnM 108 LIN M/2W 28480 2100-1788
A3R62 2100-1788 R:VAR FLN 500 OHM 10Z LIN L/2u 28480 210C~-1788
A3R63 07870440 1 RiFXD MET FLM 7.50K 1% 1/8W 16674 Ch
A3RG4 06B4—-6831 1 RIFXD CONP 685 OHN 10% 1/4W 01121 CB 6831
A3R6S 0157-1094 . RIFXO MEY FLN 1.47K OHM 1% 1/8W 14674 C4 T-0
A3IRTO 0757-0442 RIFXD MET FLM 10.0K 1% 1/8w 14674 (2]
A3RTL 0698-3156 2 RIFXD METV FLM 14.7K OHM 13 1/8M 14674 C4
A3RT2 0698~3156 RIFXD MET FLM 14.7K OnM 13 1784 14674 C4
A3RT3 07157-0442 RIFXD MET FLM 10.0K 1X 1/8W 14674 e
A3RBO 0684~102} RIFXD CCMP 10CO OHN 10Z 1/4W or21 C8 1021
A3R81 2100-1788 RIVAR FLK 500 OHM 108 LIN 1/2W 28480 2100-1788
A3RB2 0698-008% 1 RIFXD KRET FLM 2,41K OHM 1% L/8W 14674 C4
43083 0684-4711 RIFXD CONP 470 OHM 103 1/4N o121 €8 4711
23084 0684~2211 3 RSFXD COWP 220 OHM 10X 1/4% o1121 €8 2211
A3Re3 0684~3311 RIFXD COMP 330 OHM 10X 1/4W 01121 €8 3311

, .
A3R8s 0683-1508 . 1 RIFXD COMP 15 OHN 5% L/4W o1121 €8 1505 .
A3R50 0757~C430 13 RIFXD MET FLM 2.21K OHN 1% 1/8W 28480 07157-0430
A3R91 2100-1788 RIVAR FLN 500 COHN 303 LIN 1/2w 28480 2100-1788
A3R92 2100-1788 RIVAR FLN 500 OHN 10% LIN 1/24 28480 2100-1788
A3R93 0698-0083 RIFXD MET FLM 1.96K OHN 1% 1/3¥ 14674 C4
A3R94 0684~2231 * 1 RIFXO CONP 22K OHM 108 1/74W o1121 ca 223
A3R98 0664~1831 1 RIFXD COMP 18K OHM 108 L/4W o121 €8 183
A3R96 0684~1021 R3FXD COMP LOQ0 OHM 103 1/4M 01121 €6 1021
A3R100 0684~2221 2 RIFXD CONP 2200 OHM 108 1/4W - 01121 ce 2221
A3R101 0684-6821 1 RIFXD COMP 6.8K OHM 103 174w 01121 C8 6821
A3R102 ! Q684-1021 RIFXD COMP 1000 OHN 108 1/4W 01121 €8 1021
A3R103 - 0684-1021 ~ RIFXD COMP 1000 OHM 108 1/4¥W o112} €8 1021
A3R104 0684-2221 RIEXD COMP 2200 OHM 10% 1/4W 01121 <8 2221
A3R108 0757-0442 RIFXD MET FLM 10.0K 1X 1/8w 14674 Ca
A3R106 0684-1521 R3FXD COMP 1500 OHM 10X 1/4W o112t cs 1521
A3R107 0684~1011 -7 R3IFXD -COMP 100 )HN 108 1/4KW 01121 ca 1011
A3R108 0684-5621 1 RIFXD COMP 5.6K OHM 10% L/4W 01121 CB 5621
A3R1Q9 0684~-1021 RIFXD COMP 1000 QHM 108 1/4W 01121 c8 1021
A3R110 0684~-1021 RIFXD CONP )OO0 OHM 108 1/4W 01121 €8 1021
A3R1E1 0684~1021 RIFXD COMP 1000 OHM 10X 1/4W 101121 ca 1021
A3R112 0684-1021 RzFXD CONP 1000 OHM 103 1/4w 01121 CB 1021
A3R113 Q684-1011 RIFXD COMP 100 HHN 10X 1/4W ol1121 C8 1011
AJR1L4 0684-1021 RiFX0 COMP 1000 OHM 10% 1/4MW 01121 cB 1021
A3R120 0684-1011 RIFXD COMP 100 1IHN 10% 1/4W - 01121 €8 1011
A3R123 0684-2211 RIFXD CONP 220 HHN 103 1/4W 01121 cB 2211
A3R124 0684~1011 . ATFXD COMP 100 UHM 108 1/4M 01121 €8 1011
A3R128 0684-1011 RIFXD SOH' 100 HHH 10S 1/44W o121 €8 1011
A3R126 0684-1011 RIFXD COMP 100 (JHM 108 1/4W 01121 cB 1011
A3R127 0684-1011 RI1FXD COMP 100 UHM 10% 1/4W 01121 ce 1011
A3R128 0684~2211 RIFX0 COMP 220 UHM 10X 1/4W o1121 ce 2211
A3R129 06B84-2201 REFXD CONP 22 DItM 103 1/4W 01121 €8 2201
A3R13L 0684-2201 RIFXD' COMP 22 OItM 10% LA4W 01121 €8 2201
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Table 7-16. Replaceable Chassis Parts

i Mfr
Reference |,p port Number Qty Description Mfr Part Number
Designation Code
A3 02152-60009 POWER SUPPLY REGULATOR CARD 28480 02125-60009
AT 02152-60008 TEST CARD 28480 02152-60008
a8 02152-6000% ROM ADORESS! CARD 28480 02152-60005
A9 02152-60007 ROM CARD 28480 02152-60007
Alo 02152-60004 D REGISTER CARD 28480 02152-60004
All 02152-60001 SHIFTER CAFD 28480 02152-60001
Al2 02152-60002 ADDER CARD 28480 02152~-60002
Al3 02152-60001 SHIFTER CAfD 28480 02152--60001
Al4 02152-60002 ADDER CARD 28480 02152-60002
3% 02152-60001 SHIFTER CAFD 28480 02152-60001
Ale 02152-60002 ACDER CARD 208480 02152-60002
A7 02152-60017 170 INTERFICE CARD 28480 02152-60017
Al09 02152-60012 EAU TIMING CARD 28480 02152-60012
Allo 02152-60011 €AU LOGIC CARD 28480 - 02152-60011
A209 02152~-60013 EAU 1/0 CAkD 28480 02152-60013
81 3160-0072 . 2 FANITUBEAXIAL 115V 60 K 28480 3160-0072
B2 3160-0072 FANSTUBEAXIAL 115V 60 H2 ‘ 28480 3160-0072
c7 0160-0128 1 [+ FXD CER 2.2 UF 20% ZSVDCH 56289 5C152C25-CHL
c1
€13 0180~-2223 3 CIFXD ELEC) 160,000 UF +75-10% 10VOCW 56289 . 36D164G010DF2A-0Q8
c62 0180~0197 C3FXD ELECY 2.2 UF 10% 20VDCW 56289 1500225X9020A2~0YS
[£:14] © 0160-1714 1 C:FXD GLECI 330 UF 108 6VOCW 28480 0130-1714
CRS NO NUMBER 1 DIODE: SCR. 40RCS510 goono 03D
CR& NO NUMBER 1 DIODE: SCR. #ORCS10 00000 oBp
CR? NO NUMBER 1 DICDE: IN1192AR noaGoo0 oBD
CRrg 1901-0025 1 OIODEISILICUN LOOMAZLV 07263 FO 2387
CRrR8O 18684-0046 1 THYRISTOR2:CR S0V 2954 . 28480 1884-0046
CR9O 1901-0346 1 OIODESSILICON 10CPIV .IN3209R 04713 IN3209R
CR91L .1901-0032 1 DICDE:SILICON 1N3209 C4713 1N3209
213 1450-0419 1 LIGHT 2 INDICATOR SELECTED NE~2H 28480 1450~0419
13 02152-80023 1 RF CHOKE ASSEMBLY 28480 02152~60023
L4 5081-0372 1 CHOKE 3MH . 28480 50810372
021 1853-0231 1 TRANSISTOR SI PNP 04713 $89320
Q22 1854~0063 1 TSTRISI NPM ' 80131 2N3055
R1 0683-3335 RIFXD CONP 33K OHN SX 144N 01121 €B 3335
R2 0757-0276 2 RIFXD MET FLA 61.9 OHM 1% 1/8W 28480 0757-0276
RS 0757-0346 2 RIFXD MEY FLN 10 OHN 1% 1/8W 28480 0157-0346
R& 0757~0346 RIFXD MEY FLN 10 OHM 1% 1/8M 28480 0157-0346
R7 0684~0271 L RIFXD CONP 2,7 OHM 10% 1/4W 01121 ca 2761
R8 Q757~0401 X RIFXD MET FLHX 100 OHM 1% 1/78W ' 14674 c4
R82 0757-0276 RIFXD MET FLN 61.9 OHM 13 1/8MW 28480 0157-C276
R122 0811-2510 13 RIFXD WW 0.1 OHM 5% 23W 28480 0811-2510
R130 0757=0346 1 RIFXD FLM 10 OHM 1% 1/8W 28480 0757-0346
s1 3101~0003 b SWITCRITOGGLE DPST ({ ON~NONE-OFF) 04009 81024-GT
n . 5080~0378 1 TRANSFORMER 28480 5080-0378

.
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Section VII

Table 7-17. Contents of ROM
ROM ADDRESS ROM CONTENTS THIRD WORD
SCTAL TPAGE/LINE (AS PRINTED OUT) AS IN FPP UNIT
000 00 00 000000 000000 000133 000255
001 00 01 000000 104000 000301 000340
oo2 00 02 002200 000001 000747 000763
003 00 03 000000 000020 010570 010474
004 00 04 100000 012220 002014 002006
005 00 05 000000 000000 000240 000120
006 00 06 020000 000401 030304 030142
007 00 07 000000 104004 000300 000140
010 00 10 000000 000000 000331 000354
011 00 11 000000 000020 020014 020006
o112 00 12 000000 000000 010023 ol1o02t11
013 00 13 000000 000004 000201 000300
014 00 14 104300 037700 000576 000477
015 00 15 000000 052220 034341 034360
016 00 16 000000 030504 000245 000322
017 00 17 000000 046220 034357 034367
020 01 0O 000040 041001 026004 026002
021 01 01 021000 010720 010101 010240
022 01 o2 000040 041000 000733 000755
023 01 03 021000 010720 014101 014240
024 01 04 100000 012220 or4727 014753
025 01 05 021000 010720 020101 020240
026 01 06 000000 000000 000331 000354
027 01 07 000400 046320 010373 010375
030 01 10 000000 001320 030037 030217
031 01 11 021000 010620 010140 010060
032 01 12 100000 015200 000750 000564
033 o1 13 021000 010620 014140 014060
034 0l 14 100000 012220 034727 034753
035 01 15 021000 010621 030140 030060
036 01l 16 000000 000000 000016 000007
037 01 17 021000 010620 024140 024060
040 02 00 000000 000024 010266 010133
041 02 01 020000 010704 000200 000100
042 02 02 006604 077702 020330 020154
043 02 03 000000 044000 000024 000012
044 02 04 100000 003320 004772 004575
045 02 05 020000 004601 000176 000077
046 02 06 000000 044400 000501 000640
047 02 07 020000 010704 000214 000106
050 02 10 042040 143001 030005 n30202
051 02~11 100000 011200 000137 200257
052 02 12 010000 001001 030101 030240
053 02 13 000000 000404 000667 000733
054 02 14 000000 000000 000223 000311
055 02 15 000000 000004 000134 000056
056 02 16 100000 000004 000732 000555
057 02 17 000000 000700 000031 000214
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Section VII

Table 7-17 (Cont’d)

2152A

ROM ADDRESS

OCTAL {PAGE/LINE

ROM CONTENTS
{AS PRINTED OUT)

THIRD WORD
AS IN FPP UNIT

060 03 00
0e1l 03 01
062 03 02
063 03 03
064 03 04
065 03 05
066 03 06
067 03 07

070 03 10
071 03 11
o072 03 12
073 03 13

074 03 14
075 03 15
076 03 16
077 03 17

100 04 00
101 04 01
102 04 o2
103 04 03
104 04 04
105 04 05
106 04 06
107 04 07
110 04 10
111 04 11
112 04 12
113 04 13

114 04 14
115 04 15

116 04 16
117 04 17
120 05 00
121 05 01
122 05 o2
123 05 03
124 05 04
125 05 05

126 05 06
127 05 07

130 05 10
131 05 11
132 05 12
133 05 13
134 05 14
135 05 15
136 05 16
137 05 17

000000

000300

000000
000200
100600
020000
006604
021000
000600
000000
000000
020000
100000
021000
010000
100000

106000
020000
010000
102200
000000
000000
040000
102000
100000
010000
000004
010040
000000

. 000100

000004
000000

000200
100000
040000
001500
020000
042200
042040
041040
042040
041040
100000
000000
004000
010000
000000
000000

044000
poi702
070701
051200
013320
034704
077702
034602
053620
0006000
034004
030600
011204
010600
001001
012301

157302
014700
001001
057000

000022

001000
002004
055302
055201
001000
040001
001001
001001
000700
041021
001001

001320
002401
003001
116300
002001
061401
061401
061401
061401
061401
012202
000700
026300
001001
164072
000401

014044
000174
012152
000113
0147172
012056
020007
024127
022726
000727
000141
014271
000072
000140
030311
000234

014050
o20112
030106
000344
012522
000133
014350
000220
010073
000224
000226
030171
006253
000031
036040
000230

oo2276

030044,

030130
014053
030236
000254
026320
016164

016164 .

026057
000340
000267
000246
030251
000000
030367

014022

000076
012065
000245
014575
012027
020203
024253
022553
000753
000260
014334
000035
000060
030344
000116

014024
020045
030043
000162
012451
000255
014164
000110
010235
ooo112
000113
030274

.006325

000214
036020
000114

002137
030022
030054
014225
030117
000126
026150

‘016072

016072
026227
000160
000333
000123
030324
000000
030373
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2152A

Table 7-17 (Cont’d)

Section VII

ROM CONTENTS

ROM ADDRESS ‘ THIRD WORD
OCTAL l PAGE/LINE {AS PRINTED OUT) AS IN FPP UNIT
140 06 00 000004 055302 004050 004024
141 06 01 001000 000704 000031 000214
142 06 02 004000 002320 012274 012136
143 06 03 000000 144700 032113 032245
144 06 04 104000 012220 004276 004137
145 06 05 001500 116300 006017 006207
146 06 06 000100 110602 000356 000167
147 06 07 042200 061401 000322 000151
150 06 10 041040 061401 026027 026213
151 06 11 042040 061401 026071 026234
152 06 12 100000 001001 030115 030246
153 06 13 041040 161401 016246 016123
154 06 14 042040 161401 016246 016123
155 06 15 000000 034520 034037 034217
156 06 16 000000 024720 036570 036474
157 06 17 100000 012200 000055 000226
160 07 00 000000 152000 020044 020022
161 07 01 000000 030720 012745 012762
162 07 02 000000 003300 006150 006064
163 07 03 040000 051200 000331 000354
164 07 04 100000 000620 000037 000217
165 07 05 000000 000000 000133 000255
166 07 06 000040 000701 000031 000214
167 07 07 100400 112200 002001 002200
170 07 10 000100 070200 002022 002011
171 07 11 104400 153200 .010101 010240
172 07 12 001100 000000 010014 010006
173 07 13 040000 000700 000274 000136
174 07 14 100100 000642 014333 014355
175 07 15 000200 003320 036272 036135
176 07 16 000200 001320 036272 036135
177 07 17 002300 003700 000120 000050
200 10 00 100400 016201 014202 014101
201 10 01 000000 000701 000031 000214
202 10 02 020000 002401 030106 030043
203 10 03 000000 001001 030152 030065
204 10 04 001000 000620 014266 014133
205 10 05 102000 052200 000701 000740
206 10 06 000000 051320 016250 016124
207 10 07 004100 046720 020540 020460
210 10 10 020000 030621 022266 022133
211 10 11 000400 112300 000117 000247
212 10 12 006404 177700 014126 014053
213 10 13 024040 002401 030147 030263
214 10 14 000100 034704 024233 024315
215 10 15 100000 016020 034271 034334
216 10 16 000000 000000 000462 000431
217 10 17 000100 046704 000502 000441
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Section VII

Table 7-17 (Cont’d)

2152A

ROM ADDRESS

ROM CONTENTS THIRD WORD
OCTAL [PAGE/LINE (AS PRINTED OUT) AS IN FPP UNIT
220 11 00 100000 016301 014050 014024
221 11 01 100000 012202 020106 020043
222 11 02 000000 003300 020312 020145
223 11 03 000000 000000 020350 020164
224 11 04 000000 000702 000031 000214
225 11 05 100000 002001 030260 030130
226 11 06 000000 044024 022233 022315
227 11 07 000000 003710 000000 000000
230 11 10 000000 104024 024233 024315
231 11 11 000000 003000 010370 010174
232 11 12 000000 003300 002326 002153
233 11 13 000000 002020 032570 032474
234 11 14 000000 001300 000075 000236
235 11 15 100000 012200 000332 000155
236 11 16 000000 034520 036037 036217
237 11 17 000000 024700 000057 000227
240 12 00 000000 044000 014102 014041
241 12 01 000100 034004 012260 012130
242 12 02 021000 010621 014266 014133
243 12 03 000400 057302 020212 020105
244 12 04 000300 051600 000025 000212
245 12 05 000000 002322 024266 024133
246 12 06 100600 013320 006772 006575
247 12 07 100000 012300 000025 000212
250 12 10 020000 034702 014122 014051
251 12 11 001000 034001 000001 000200
252 12 12 000400 002600 000731 000754
253 12 13 000000 000000 000464 000432
254 12 14 040000 002000 036171 036274
255 12 15 000000 000020 030271 030334
256 12 16 010001 000400 022233 022315
257 12 17 100000 001001 030373 030375
260 ' 13 00 020000 034604 014102 014041
261 13 01 021000 004702 000577 000677
262 13 02 100400 116220 006266 006133
263 13 03 000200 051320 010250 010124
264 13 04 005000 046720 012540 012460
265 13 05 001000 030624 014266 014133
266 13 06 102000 013300 000157 000267
267 13 07 040000 105200 000161 000270
270 13 10 020000 010600 006263 006331
271 13 11 100000 012200 014127 014253
272 13 12 006604 037720 030726 030553
273 13 13 106600 013200 000165 000272
274 13 14 044040 143001 030237 030317
275 13 15 020000 010700 000577 000677
276 13 16 000000 112300 000740 000560
277 13 17 020000 000401 030375 030376




2152A Section VII

Table 7-17 (Cont’d)

ROM ADDRESS : .ROM CONTENTS THIRD WORD
OCTAL ]PAGE/LINE {AS PRINTED OUT) AS IN FPP UNIT

300 14 00 040000 002222 002266 002133
301 14 01 000200 001320 004272 004135
302 14 o2 000000 000021 006266 006133
303 14 03 020000 010600 012051 012224
304 14 04 100400 012300 014254 014126
305 14 05 000000 001200 016227 016313
306 14 06 106600 013320 016772 016575
307 14 07 002004 075702 020123 020251
310 14 10 002004 035700 000225 ooo312
311 14 11 000200 051200 000331 000354
312 14 12 004000 046300 000541 000660
313 14 13 000000 002100 000221 000310
314 14 14 010000 003001 030221 030310
315 14 15 006000 157300 006337 006357
316 14 16 010000 000032 000000 000000
317 14 17 016000 000032 000000 000000

320 15 00 100000 004000 014050 014024
321 15 01 001500 116300 012152 012065
322 15 02 102000 055324 016266 016133
323 15 03 004000 002300 000264 0oo132
324 15 04 002600 116300 000255 000326
325 15 05 041040 061401 030240 030120
326 15 06 042040 061401 030300 030140
327 15 07 020000 002001 030360 030170
330 15 10 010000 001001 030023 030211
331 15 11 020100 014620 024266 024133
332 15 12 000100 034720 000274 000136
333 15 13 000000 000040 000366 000173
334 15 14 002604 003302 034271 034334
335 15 15 000000 051000 000463 000631
336 15 16 000000 000000 000755 000766
337 15 17 - 000000 003401 030375 030376

340 16 00 000000 046300 004303 004341
341 16 01 000000 153000 012344 012162
342 16 o2 042200 041000 006206 006103
343 16 03 040000 002300 010250 010124
344 16 04 000000 002300 002142 002061
345 16 05 000000 144000 020334 020156
346 16 06 000000 003000 006065 006232
347 16 07 040000 003001 030360 030170
350 16 10 000000 143200 004305 004342
351 16 11 040040 041001 030071 030234
352 16 12 040040 041001 030127 030253
353 16 13 000000 000000 006271 006334
354 16 14 000000 003322 - 034037 034217
355 16 15 000000 000722 030743 030761
356 16 16 000000 000000 000133 000255
357 16 17 040000 002302 000377 000377
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Section VII

Table 7-17 (Cont’d)

2152A

ROM ADDRESS

ROM CONTENTS THIRD WORD
OCTAL IPAGE/LINE {AS PRINTED OUT) AS IN FPP UNIT
360 17 00 020000 010000 0Ol2102 012041
361 17 01t 000000 000000 014207 014303
362 17 02 000004 045120 014531 014654
363 17 03 000000 000620 010266 010133
364 17 04 000200 001320 012272 012135
365 17 05 021100 010400 000100 000040
366 17 06 000000 001320 026037 026217
367 17 07 000000 044000 01003t 010214
370 17 10 000000 000000 012223 012311
371 17 11 000004 045120 024531 024654
372 17 12 020200 011600 000124 000052
373 17 13 000000 044000 000674 000536
374 17 14 000000 000704 000031 000214
375 17 15 020000 010600 010331 010354
376 17 16 002204 044704 000526 000453
377 17 17 100000 041001 000040 000020
400 20 00 000657 100300 040056 040027
401 20 01 047653 000034 171234 171116
402 20 02 - 042376 113247 072462 072431
403 20 03 040256 126474 176617 176707
404 20 04 040054 146577 160103 160241}
405 20 05 040014 127417 100543 100661
406 20 06 040004 126371 073272 073135
407 20 07 040000 126256 123213 123305
410 20 10 040000 026254 146712 146545
411 20 11 040000 006254 127436 127417
412 20 12 040000 002254 126363 126371
413 20 13 040000 000254 126137 126257
414 20 14 040000 000054 126133 126255
415 20 15 040000 000014 126133 126255
416 20 16 040000 000004 126133 126255
417 20 17 040000 000000 126133 126255
420 21 00 040000 000000 026133 026255
421 21 01 040000 000000 006133 006255
422 21 02 040000 000000 002133 002&55
423 21 03 040000 000000 000133 000255
404 21 04 040000 000000 000132 000055
425 21 05 040000 000000 000032 000015
426 21 06 040000 000000 0O0OCOOZ2 000001
427 21 07 040000 000000 000000 000000
430 21 10 100000 000000 000000 000000
431 21 11 000003 000002 034331 034354
432 21 12 000001 000000 036227 036313
433 21 13 000001 002004 000477 000637
434 21 14 000001 000000 034133 034255
435 21 15 010001 000702 000041 000220
436 21 16 000003 000000 036067 036233
437 21 17 102200 153302 000754 000566




2152A Section VII

Table 7-17 (Cont’d)

ROM ADDRESS ‘ ROM CONTENTS THIRD WORD
OCTAL [PAGE/LINE (AS PRINTED OUT) AS IN FPP UNIT

440 22 00 000000 044004 012152 012065
441 22 01 021100 034700 010106 010043
442 22 02 010000 000000 022222 022111
443 22 03 012000 000000 022022 022011
444 22 04 000000 044004 012112 012045
445 22 05 004100 036701 010316 010147
446 22 06 046000 055300 002015 002206
447 22 07 042000 055300 002017 002207
450 22 10 020000 034742 000030 000014
451 22 11 000000 001001 030065 030232
452 22 12 000000 001200 000575 000676
453 22 13 100000 012104 012271 012334
454 22 14 100000 000001 000370 000174
455 22 15 000000 000002 000133 000255
456 22 16 010000 001001 030337 030357
457 22 17 000004 045100 000745 000762

460 23 00 002400 157300 010142 010061
461 23 01 001100 034000 110112 110045
462 23 02 041040 061401 030100 030040
463 23 03 002200 034000 010212 010105
464 23 04 042040 061401 030200 030100
465 23 05 000000 044000 014316 014147
466 23 06 005000 116700 010142 010061
467 23 07 100000 002001 030360 030170
470 23 10 020200 011304 000564 000472
471 23 11 002000 003332 000000 000000
472 23 12 010000 001004 022123 022251
473 23 13 000000 000400 000027 000213
q474 23 14 040000 003001 030233 030315
475 23 15 020000 011630 000000 000000
476 23 16 042040 143001 030333 030355
a7 23 17 040000 000404 000337 000357

500 24 00 046672 073324 020537 020657
501 24 01 066754 126613 035703 035741
502 24 o2 075346 035777 055017 055207
503 24 03 077256 103544 070203 070301
504 24 04 077652 164413 177661 177730
505 24 05 077752 127223 017330 017154
506 24 06 077772 125351 035720 035550
507 24 07 077776 125256 111673 111735
510 24 10 077777 125252 164574 164476
511 24 11 077777 165252 127051 127224
512 24 12 077777 175252 125323 125351
513 24 13 077777 177252 125137 125257
514 24 14 077777 177652 125127 125253
515 24 15 077777 177752 125127 125253
516 24 16 077777 177772 125127 125253
517 24 17 077777 177776 125127 125253

7-55



Section VII

Table 7-17 (Cont’d)

2152A

ROM ADDRESS ROM CONTENTS THIRD WORD
OCTAL IPAGE/UNE (AS PRINTED OUT) AS IN FPP UNIT
520 25 00 077777 177777 125127 125253
521 25 01 077777 177777 165127 165253
522 25 02 077777 177777 175127 175253
523 25 03 077777 y77777 177127 177253
524 25 04 077777 Y7777T17 177727 177753
525 25 05 077777 177777 177767 177773
526 25 06 077777 V77777 177777 177777
527 25 07 077777 177777 1717777 177777
530 25 10 010000 003001 030023 . 030211
531 25 11 004400 003300 002165 002272
532 25 12 014040 002001 030131 030254
533 25 13 044040 143001 030173 030275
534 25 14 020000 011600 000376 000177
535 25 15 021100 011600 000104 000042
536 25 16 100200 017300 012361 012370
537 25 17 000000 000000 000371 000374
540 26 00 000700 177740 014202 014101
541 26 01 046600 163401 000704 000542
542 26 02 046040 163401 026106 026043
543 26 03 046040 163401 032016 032007
544 26 04 041100 163401 000712 000545
545 26 05 041040 163401 026254 026126
546 26 06 041040 163401 032016 032007
547 26 07 000004 034700 020031 020214
550 26 10 000000 024000 011404t 014220
551 26 11 000000 000000 014202 014101
552 26 12 000000 021001 030101 030240
553 26 13 020000 002401 030165 030272
554 26 14 004400 033730 000000 000000
555 26 15 000000 020700 004375 004376
556 26 16 000000 000042 000663 000731
557 26 17 000000 000042 001663 001731
560 27 00 002000 035304 020044 020022
561 27 01 000600 153200 000476 000437
562 27 02 004400 002302 014152 014065
563 27 03 000000 002001 030156 030067
564 27 04 104400 112300 012025 ol12212
565 27 05 014040 003001 030256 030127
566 27 06 004400 000000 000752 000565
567 27 07 002200 003300 000574 000476
570 27 10 000200 001200 016223 016311
571 27. 11 000000 044000 000327 000353
572 27 12 100000 001001 030127 030253 -
573 27 13 000400 002000 000344 000162
574 27 14 040040 041001 030223 030311
575 27 15 020000 075701 020375 020376
576 27 16 004000 002330 000000 000000
577 27 17 000000 055371 000000 000000 '
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Table 7-17 (Cont’d)

Section VII

ROM ADDRESS ROM CONTENTS THIRD WORD
OCTAL [PAGE/LINE (AS PRINTED OUT) AS IN FPP UNIT
600 30 00 030625 174226 004340 004160
601 30 01 043117 124752 132030 132014
602 30 02 040542 135752 002242 002121
603 30 03 040126 022162 075167 075273
604 30 04 040025 061053 046655 046726
605 30 05 040005 053042 043171 043274
606 30 06 040001 052542 021151 021264
607 30 07 040000 052526 021110 021044
610 30 10 040000 012525 061104 061042
611 30 11 040000 002525 053104 053042
612 30 12 040000 000525 052704 052542
613 30 13 040000 000125 052654 052526
614 30 14 040000 000025 052652 052525
615 30 15 040000 000005 052652 052525
616 30 16 040000 000001 052652 052525
617 30 17 040000 000000 052652 052525
620 31 00 040000 000000 012652 012525
621 31 01 040000 000000 002652 002525
622 31 02 040000 000000 000652 000525
623 31 03 040000 000000 000252 000125
624 31 04 040000 000000 000052 000025
625 31 05 040000 000000 000012 000005
626 31 06 040000 000000 000002 000001
627 31 07 040000 000000 000000 000000
630 31 10 040000 000000 000000 000000
631 31 11 010000 041000 000465 000632
632 31 12 000040 041000 000467 000633
633 31 13 100000 G02104 000471 000634
634 31 14 000000 055304 000473 000635
635 31 15 100000 000601 000475 000636
636 31 16 100000 030632 000000 000000
637 31 17 010001 000404 000135 000256
640 32 00 000700 177740 010102 010041
641 32 01 041100 163401 000507 000643
642 32 02 046600 163401 000511 000644
643 32 03 041040 163401 026152 026065
644 32 04 046040 163401 026214 026106
645 32 05 041040 163401 032016 032007
646 32 06 046040 163401 032016 032007
647 32 07 000004 034700 020025 020212
650 32 10 000000 044000 014041 014220
651 3211 000000 000000 010102 010041
652 32 12 100000 001001 030127 030253
653 32 13 006504 003730 000000 000000
654 32 14 000200 001300 000533 000655
655 32 15 040000 002001 030275 030336
656 32 16 000004 106100 000276 000137
657 32 17 054271 005773 164321 164350
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Table 7-17 (Cont'd)

2152A

ROM ADDRESS ROM CONTENTS THIRD WORD
OCTAL [PAGE/LINE (AS PRINTED OUT) AS IN FPP UNIT
€60 33 00 000700 177740 010102 010041
661 33 01 045500 163401 000547 000663
662 33 02 042200 163401 000551 000664
663 33 03 045040 163401 02615¢& 026065
€64 33 04 042040 163401 026214 026106
665 33 05 045040 163401 016016 016007
666 33 06 042040 163401 016016 016007
6617 33 07 100000 001001 030360 030170
670 33 10 000000 112100 000563 000671
671 33 11 000000 144000 000327 000353
672 33 12 000000 034000 010227 010313
673 33 13 100000 055200 014333 014355
674 33 14 100000 055200 014275 014336
675 33 15 020000 010700 006375 006376
676 33 16 000100 003730 000000 000000
677 33 17 000004 034000 000354 000166
700 34 00 062207 166521 010151 010264
701 34 01 073261 116025 103333 103355
702 34 02 076555 153744 131006 131003
703 34 03 077526 165152 130175 130276
704 34 04 077725 067334 131761 131770
705 34 05 077765 053356 122663 122731
706 34 06 077775 052556 166625 166712
707 34 07 077777 052526 167325 167352
710 34 10 077777 152525 067337 067357
711 34 11 077777 172525 053337 053357
712 34 12 077777 176525 052736 052557
713 34 13 077777 177525 052656 052527
714 34 14 077777 177725 052652 052525
715 34 15 077777 177765 052652 052525
716 34 16 077777 177775 052652 052525
717 34 17 077777 177777 052652 052525
720 35 00 077777 177777 152652 152525
721 35 01 077777 177777 172652 172525
722 35 02 077777 177777 176652 176525
723 35 03 077777 177777 177652 177525
724 35 04 077777 177777 177653 177725
725 35 05 077777 177777 177753 177765
726 35 06 077777 177777 177773 177775
727 35 07 077777 177777 177777 177777
730 35 10 077777 177777 177777 177777
731 35 11 020000 002000 000675 000736
732 35 12 000000 000000 000001 000200
733 35 13 100000 001004 022171 022274
734 35 14 000000 000004 000673 000735
735 35 15 002000 055200 000331 000354
736 35 16 020000 001001 030077 030237
737 35 17 000000 041200 000133 000255
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ROM ADDRESS ROM CONTENTS THIRD WORD
OCTAL [PAGE/LINE (AS PRINTED OUT) AS IN FPP UNIT
740 36 00 004000 026300 012050 012024
741 36 01 000000 026300 000711 000744
742 36 02 042040 061401 070110 070044
743 36 03 071040 061401 030150 030064
744 36 04 000700 177740 014254 014126
745 36 05 045500 163401 010346 010163
746 36 06 042200 163401 010005 010202
747 36 07 045040 163401 026362 026171
750 36 10 042040 163401 026025 026212
751 36 11 045040 163401 016226 016113
752 36 12 042040 163401 016226 016113
753 36 13 000000 033700 000570 000474
754 36 14 020000 002001 030227 030313
755 36 15 010000 001004 024275 024336
756 36 16 000000 045300 000737 000757
757 36 17 000000 154000 000741 000760
760 37 00 000000 001000 006044 006022
761 37 01 000300 035700 000534 000456
762 37 02 000000 051300 000565 000672
763 37 03 102040 001001 030150 030064
764 37 04 000000 044700 006112 006045
765 37 05 000000 000000 012102 012041
766 37 06 000700 163400 000757 000767
767 37 07 000000 160000 004015 004206
770 37 10 100000 001000 012067 012233
771 37 11 007000 003401 012127 012253
772 37 12 000000 000000 022330 022154
773 37 13 000003 000000 000767 000773
774 37 14 100040 020400 000773 000775
775 37 15 010040 143000 030375 030376
7776 37 16 000000 000002 004330 004154
7 37 17 100000 160001 000771 000774
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2152A

T7-18. Mnemonic Listing of ROM Contents
o0l 1 T S =0 S SF MR Y DATF @
roor PAGF 1 IMF | AREY, MMEMONTCS/DATA OtIAL,
003 N, S kN SYY RYY TR
004 0. 1 400 RN SYY RYS5 RRA TR
008 0. 2 “iu YPl BRN SYY RYY CIR CPH TR
“no6 0e 3 G415 JSK SYY RYY
“007 N, 4« a4s0 S SYF SEA RYF TM)
0K A S0TS  elN QYY kYY Tw
nong 0. A 4c%  YI'1 HRN SYY SRC O KRYY TMR Yu
co10 Ne 7 1300 Yl Kb SYY RYS RRA TR
1l 0. K 440 mPN SYY &Yy TR
TNl (ie '3 w05 s QYT wyy
“nl3 Gelf w3 PPN SYY devy Fy i
“0la N.11 Au0n Yl Bkt Yy WYY Tr
"015 012 60 ARN SYS SPC SRP SPA RYS RRC CIC CIB CPA TR
dol6 ™}
ne17 0el3 400%  JSH SYF $@A KYFE RKRE
t0l1e Nel4 4010 YM] ERED QYL SLC RYE RRC TR
2019 Caols 4000 SR SYF SLA WYy R
n02¢0 1. o B05 YR Eka Sy S RYY RiKH OBCY Y0
9021 1. 1 2100 JSR §YS SR RYF CRC TM3
no22 le ¢ al0  PRN SYY SRH KYY RRi+ PCY TR
8023 1. 3 2105  USkh SYS SWC RYE CPC TM3
024 le @ Zils Jais QYR SPA KYF TmY
202% 1e o ZLLO 08K SYS SeC wWYF CRPC TM3
f02¢6 1e n 2left ekt SYY wyy TR
027 1e 7 130 JUSR SYS SKA RY®E RRR ClA
coze 1. *# 2129  JSH SYS SPH RYY
€029 1. 9 2160 JSR SYF Sw( KYE CPC TM3
030 .19 21 her CYF QRM Y M) T
2031 lesl Ales ISH SYE SQuC wYF CRC TM3
Q30 1.37 Shan JSK O GYE SEA kYF TM]
033 1.13 2170 YRl JSHR SYF SRC RYE CPC TM3
034 lelyg 2ln0)  RRN SYY RYY TR
€035 1.1% 2175  JSB SYF SEC RYF CPC TM3
G0n3~ Fa wultQ YM] SR SYY WYY
w037 2e 1 cls Yl KERN SYS Sk wYF TMm3 [N
¢03F Pe ? a6l YFO WO SVS SRE Sre SRA RYS PR( KHR KTk S4
039 CIR CIAa (PR CFa
040 2. 12 205  RBREM SYY PVS Rik TR
2041 2o 4 405  USH SYS SBR SKA RYY TM1
"f04? e W 230 YE] Mk SYE SRC RYS TMR T
B043 2e & alls  wkN SYY D RYS RPR T
0044 2.7 205 YY) HEN GYS SEC RYF TMA Tie .
0045 e R 4425  YP1 BPM SYY SKR SRA RYY RRB RRA PCY CPR Yo
G046 TM2
0047 e Y 200 HBRN SYE SRK RYE TM) TR
G048 2.10 4435  YPL KRN SYY SREK KYY TMa Yo
049 2ell 235 Y4l REM Syy SKRC RYY TR
0050 2el? G440 mEN OSYY RYY T
{1051 2413 24%  YMl RRM SYY RYY Tr
{1052 2e1l6 250 YM) HBRN SYY RYY TM] TR
6053 2415 255 HRN SYS SRC RYY TR
2054 3. 0 3100 RPN SYY RYS RRR CH
n08s 3. 1 31U YFO mRM QYS SPC SRR RYY CIC CIF Tw
056 3. 2 3110 Y] heM SYS SR RYF HRC RRA N
0057 3. 3 311% RKM SYE SRH RYE RKB CIR TR
BOSA 3. 4 3120 JUSR SYS SPR SPA RYE CIB CIA TMmI1
0059 3. 5 3125  yml RPN SYS SRC RYS RRC TM3 BN
C060 3. & 3130 YFO RPN SYS SRC SRR SRA RYS PRC RRR HIH S4
3061 CIR CTA CPRK CPA
062 3. 7 313%  YFO RN SYE SRC RYS RRC. CPC TM3 Y0
0063 3. 8 3140  JSB SYEF SRC SFB SRA RYE RRB CIR CIA
0064 3. 9 3l4b KRN SYY RYY TR
0065 3.1C 3150  YMl RRN SYY RYS RKC TR
2966 3.1 3155  HkN SYF SRC KYE RRC Tm3 CR
0067 3eic 3160 Y1l RRN SYF SKR RYF TMm] TP
0068 3.13 3165 PRN SYF SRPC RYF CPC TMm3 TH
069 3ely 3175 YF1 BRN SYY SRB RYY TM4 YO
0070 3.15 2900 YP1 BRN SYS SRA RYE TMml TR
0071 44 0 2600  YF0O BRPN SYS SRR SRA RYS RRB RRA CPB CPA CH
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Section VII

072
N073
0074
0075
0076
0077
nO7R
{079
08B0
0081
0082
NDOR3
2084
sORS
[ XY
apa7
00818
G0R9
onon
enal
0092
0093
5094
0095
(09¢F
2097
09A
009y
6100
0101
2102
0103
10«
0105
n106
2107
cloe
9109
Ullo
vlll
nliz
6113
AR B ED
"11s
2116
0117
0118
2119
0120
1121
0122
0123
0124
012%
0126
127
J128
0129
0130
0131
0132
0133
r134
0135
0136
0137
0138
0139
Cl40
0141
0142
0143

>
-
X ~NPIAEP DN~

S.10
Sa1
5412
5413
5.1
Salh
o D
%8
6
64
Ao
2%
)
6o

~NT B W =

7el2
7.13

1040
10a%
1050
1055
1060
1075
120%
121¢
17220
lelts
1235
leau
1245
125%

1250

1260
leeh
1270

1275

5829
5830
5835
1100
1105
1110
1115
1120
1130
1145
1150
1155
1160
1165
1170
4710
4715

T™M]
BRN
YP1

BRM
YFO
BRN
Yl
YFO
YF1
BFEN
YP1
Y1

Yp)

RN
Yl

Yel

JSR
YP1
'7:3]

RN
YpPl

YpPl
Tm2
YRl
Tue
Yel
TM2
YP1
T™M2
YP1
Tme
YFO
BN
BRN
Ypl
YFO
¥l
TFO
Yml

JSK
FHRN
JSB
RN

YO
Yl

™2
YP1
T2
YP1
M2
YP1
YP1
cpC
YP1
cPs
JSR
J5R
BRN
BRN
JSR
Hkn
BRN
JSAR
BRN
YP1
BRN
HBRN
BRN
RN
BRN
YFO
JSB

SYS
BRN

sYY

Js8
Syy
ARN
HRN
BRN
SYY
ARN
BEN
BRN
SYS
JSH
BRN
SYS
BRN
HRN
SYS
BFN
RRN

BRN
Rih
ARN
HRN

BRN
5YS
SYS
RRN
RTN
REN
KRR
KEN
SYS
SYS
SYF
SYS
BRM
BN

RRN
RRN

ERM
8PN
™2
HRN
™2
SY5
SYS
SYE
SYY
SYS
SYS
SYE
SYF.
Syy
BRN
SYE
SYE
SYE
SYY
sYS
BRN
SYS

SRC
Syy
SRR
SYY
SRE
SYy
SYS
Syt
SRA
SYY
SYY
Syy
SRC
SYY
SYY
SRR
SYyY
Syy
SkA
SYY
sYY

SYY
SYY

SYY

SYY

SYF
SRC
SRA
SYY
CON
Syy
SYS
SYS
SRA
SRC
SRA
SkA
SYF
Syy

Syy
SYy

SYyy
SYY

SYY

SkC
SwC
SRA
SRA
SPC
SRB
SRE
SPC
RYY
SYS
SRA
RYE
5PB
RYY
SRC
CON
SRB

RYS
SrB
SRA
RYY
RYY
SRA
SHK
SR
RYY
RYY
SKRB
Skk
RYY
SKH
SRR
RYY
SRC
SRH
RYS
SRA
SRC

SRC
SRC
SRC
SRC
SKA
kYY

RYS
SKR

SYy

SRC
SRR
SPC
RYY
RYS
KYF
RYS
SRC
SEC

SKC
SRC

SRH
SRC

SRC

RYS
RYS
RYFE
RYE
RYE
SRA
RYE

RYY

SRC
RYE
RRC
SRA
cic
RYY
SYE
SRA

™3

‘RYY

RYS

RYY
RYS
RYS
TMa4
RRH
RYY
RYY
cic
RYY
RYY
cIR
SRA
SRA
RRA
KYY
Sk

SRR
SRH
SRB
SRA
RYF

RRC
RYY
RYS
RYY
RYS
rRYY
cPa
RRB
CPA
RRA
RYE
SR

SRkB
SKH

RYY
SRB

SRB

RRC
RRC
M1
RRA
RRC
RYY
RRR
™1

RYY
RRA
RRB
RYE
CPC
™2
SRC
RYY

TM4
RRB

TM2

.RRB

RRR
R18
PCY

RRE

RYY
RYY
cic
™3
RYY
RYY
RYY
RYY
RYY
™1

cPa
TM4
RRC

RFH
crC

RRA
™M1
CcicC
RRA
RYY

RYY
RYY

™1
RYY

RYY

RRA

PCY
ClA
cIC
RRB

RYY
cin

CiB ¢cPB TM1

cPB
™M1

TM4
28 £2)

™1
T™M2
c1a
RRC
RRC
RPC
RRC

RRC

RRB

R18

CIaA
cIc
RRC
RRC

RRC

RRC
RRC

T™l

T™l

cPC
RRH
RRB
RRA
RRA

RRB

RRA

cPC

RKH
RRB

RRB

RRHB

RRR

cis
PCY
pCY
PCY

PCY

cis
PCY

PCY

RRA

RRA

cPB
CPB
cPC
CcPH

CPC

CPR
CPC

CPH

PCY

PCY

RRA CIA CPA TM1

cI1c

™1

Sa

TR

TR

TR
Br
Tk
TR
YO
co
TR

TR

YO

CR
YO
TR

Yo

S&

co
Tk
TR

Yo

yn

Yo
S8

S8

TR
S4

cn
TR

TR
TR
AB
AB
RR
HR
TR
CH
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flaa Teia 4770  JSR SYS SkE RYY CIA
{145 7.15 4730 onN SYS SRC SRB SRA RYY CIC (IR CPR Tre
014€ 8e. 0 2000  YP]1 RWN SYE SPA RYS CIA Tml CR
D147 8. 1 2005  YP1 BRN SYS SRC RYY TR
0148 Be 2 2010 YPl BRN SYY SRC SRA RYY TM3 Y0
4149 B. 3 z015 YPl RRN SYY SRB RYY Yo
Q150 A. 4 2020 JsB SYE SRC kYy CPC
151 R, 5 202% BRN SYF SRA RYF RRR CPB TMm] TR
V152 A, 2030  JUSB SYS SKB RYE RRR
6153 Re 7 2035 JSB SYS SRC SRA RYS RRB CIC CPA
154 8. R 2040 YP]l JSR SYF SRC RYE RRC TM3
0155 Re 9 2045 HBRN SYS SRA RYE RRA (1A TH
T15¢ .16 2050 KRN SYS SRC SRR SRA RYS RRC RRB RRA BIH CH
c187 Ci1a CFd CPA
0158 “.11 2055  YR] HRN SYY SRC SRA RYY ‘PCY €PA TM3 YO0
¢159 Rele 15 YM1 RRN SYS SKRC RYS RRC CIC YU
Cl160 fel3 4D %R SYY SRA FYS TMI
0161 Bel 5%  BRN SYY pPYY TR
f1A2 R. 1Y 600 YMI BRN QYS 50 SRA RYS RRB CIC TR
163 9. 0 S700 YP] HRM SYS SPA RYS Tumi ' CH
J16a 9. 1 5705  YEO 5RN SYF SHA KYE Twuml S4
0165 Ge 2 5719 BRM SYS SRB SRA RYY sS4
0166 9. 3 5715 HBKN SYY RYY S4
0167 Ge 4 5720 YFO BRN SYS SRC RYY TR
0168 9. 5 5775 YPL RWN SYY SKHA wYY Twm] Yo
0169 9. 6 T30 vym]l SR OSYY KYS RRK
U170 9. 7 5735 IND SYS SRC SKR SPA RYY
0171 9. 8 5740 YMl JUSR SYY PYS RRA
0172 9., o §745 BEFN SYY SRF SKA RYY BB
0173 9.10 5750 BRN SYS SRB SKA RYY AB
0174 9.11 575%  JSE SYY SPe RYY
017¢ G.l2 5760 kKRN SYS SPR RYY TR
6176 9.13 5765 RRN SYE SRPA KYE TM] TR
0177 Q9¢lu 5815  Jsk SYS SRC RYS RRC
0178 9.1% S820 RRN SYS SRC RYS RRC TR
0179 10. 0 2200 BRM SYY RYS RRR CR
¢180 10. 1 2205 YM)] BRN SYY RYS RRC CIC BN
c1el 10, 2 221G YPY Stk SYF SKRC RYE CPC TM3
0102 10. 3 2215 YFO0 BKN SYS SPB SRA RYS RRB CTA S4
0183 10. & 2270 HBRN SYE SRC SRR RYF RRB CIC CIR TR
0184 10. S 2225 YFO0 JSB SYS SRA RYY
018% 10. & 2230 JSB SYS SRB SRA RYF CIB CIA Tm}
N1R6A 10. 7 2240  BRN SYS SRA KYF TMm) Tw
0187 10. & 2260  YFO BRN SYS SKC RYS RRC TMm3 CR
0188 10. 9 2265 YP) KRN SYY RYS RRC CPC ™
N189 10.10 2270 RRN SYE SRC SRA RYY CIA TR
0190 10.11 65 BRN SYY RYY TR
0191 10.12 100 BRN SYY SRA RYY TM2 FN
0192 10.17 105 USSR SYY RyYY
€193 10.14 190 ©vkN SYY SeC RYY FLG TM4 YO
0194 10.1% 210 YPT HRN SYY SR RYY TM) Y0
0195 11. 0 3200 YM1 RRN SYF SRC RYS RRC TM3 CH
0196 11. 1 3205 YFO RBRN SYS SKFC RYS CPC TM3 TR
0197 11. 2 3210 JUSB SYF SRA RYS RRA rIA TMI1
0198 11. 3 3215 USKE SYS SRR RYF RRH (IR
0199 11. & 3220 JSR SYS SRC SKRA RYS RRE CPC CPA
0200 11. & 3225  YM1 JUSR Svt SRC RYE KRRC CRC
0201 il. & 3230 BRN SYS SRR SRA RYE CPR TMm1 TR
J202 11. 7 323% BRN SYF SRR RYS RRA TMm2 TR
0203 11. 8 3240 BRN SYE SRC RYE TM3 co
v204 11. 9 3245 BRN SYE SRA RYE TMm] . CcR
020% 11.190 3250 JSB SYS SKC SFH SRA RYS RRC RJIB CIB CIA
2206 CPB C#A
0207 11.11 3255 BKN SYF SRR SRA RYE CIB CIA CPB CPA TMl TR
0208 11.12 3260 YP1 HRN SYY SPR SRA RYY RRB RRA PCY CPA Yo
0209 . ™2
0210 11.13 3265 BRN SYS SRC KYF TM3 TR
0211 11.14 3270 HKN SYS SRA KYF RKA TR
0212 11.15% 3275  YP] HRN SYY SRC RYY TM3] Yo
0213 12+ 0 2405  YFO JSB SYF SRA RYY TMm2
0214 12. 1 2410 JSE SYS SRE RYY CIB
6215 12. 2 2415  YP1 JUSB SYY RYY
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0216
217
c218
0219
0220
0221
o222
n223
0224
n225
0226
0227
v228
ny29
y230
0231
t232
0233
U236
r?23c
0236
0237
G238
0239
Q240
0241
t242
0243
N244
0245
nNp4¢
P67
N2ap
0249
250
0251
ves2
nr53
254
0255
nz256
0257
(i26R
0759
a260
0261
0262
0263
0264
I265
1266
0267
0268
0269
6270
re71
0272
0273
0274
0275
G276
u277
278
0279
0280
0281
02R2
0283
0284
0285
0286
0287

12.

12.
12.
12.
12.
12.

12.
12.10
12.11
12.12
12.13
12«14
12.15
13. ¢
13,
13,
13.
13.
13.

JEE W

13.

>

13. 7
e}

13..41
13.17
13.13
13.14
13.1%
1.
la.
14.
l4a
14.
14 .
14.
la.
l4.
14,
14,
14.11
14.12
14413
l4.14
14415
15.
15.
15.
15.
15.
15.
15.
15.
15.
15,
15.1¢0
15.11
15.12
15.13
15.14
15.15
16.
16.
16.
164
16,
16l
16.
16.
16.

DIOXTNTNHWN D

—

CXTNIPURNPHPWN~CO

CENRDA P W

PN NP W=D

2420
2425
2430
2435
2440

2645

2450
24455
2460
2465
5800

- 5805

5810
4600
4605
4610
4615
4620
4625

4630

4635
4640
4645
4650
1250
10
20
8910
K915
300
305
310
315
320
325
330
335
340
3ab
350
355
360
365
370
55%
4100
4105
4110
4115
4120
4125
4130
4135
4140
41a%
4150
4160
4165
4170
4175%
L70

9015

8001
8002
8003
K004

B0O0S -

8006
8007
8008

BRN
BRN
BRN
J5SB
YFO
BRN
RPN
BRN
BN
YP1
BRN
YFO
YFO
BN
BN
YMl

BRN
BRN
YP1

™2
YF1

™2
YP1

YP1

JSia
JSH
RN
YFO
RRN
BRN
Pl

BRN
HPN
BRN
RKRN
KRN
BN
BRM
YRl

RN
YP1

YP1

HEN
YFO
YFO
BRN
YFO
BRN
BEN
JSH
JSR
JSB
ERN
JSR
RN
HRN
JGH
BRN
BRN
YMl
RRN
YM]
YPl

0.0000001
0.1001111
0.1000100
0.1000000
0.1000000
0.1000000
0,1000000
0.1000000
0.,1000000

SYE

SYS
SYF
SYS

BRN"

SYS
SYE
SYS
SY5
BRN
SYS
RTN
RTN
SYY
SYS
JsB
SYS
SYS
KRN

BRM

BRN
BRN
SYF
SYS
CON
BRN
SYY
SYY
KPN
5YS
SYY
sYY
$YS
SYS
SYY
SYY
BRN
SYE
RPN
RRN
SYY
JSB
JSR
SYY
BRN
sYY
SYY
SYS
SYE
SYS
SYY
SYS
SYY
SYY
5Y5
SYE
SYY

BRN

SYF
RPN
BRN

SRC
SRA
SRH
SR8
SYS
SRC
SRE
SRA
SRA
Syy
SRB
SYY
SYY
rYS
SRA
SYS
SRA
SRA
SYY

SYY

SYy
SYY
sec
SRC
Syy
SYS
SR8

kYY

“YY
SRA
SRR
SRH
SRA
SRA
RYS
SRR
SYY
SRA
sYY
SYyY
rYY
SYS
SYS
RYY
sYs
RYE
RYY
SRkR
sRC
SRB
SRC

SRR

RYS
RYY

SRR

SRC
RYS
SYS
SRC
SYS
SYY

RYE
RYE
RYY
SRA
SRC
SRB
RYE
RYS
RYY
SRB
SRA
RYY
RYY
T™]
RYS
SRB
RYY
RYS
SRC

SKC
RYS
SRA
RYY
RYY
RYY
RRE
SRA
Sk
SRA
SRR
SRR

SRR
SRC

SRA
™3

RYS
RYY
RYY
RYE
RYY
RKR

RYS
SRR
RRB
SRC
RYE
SRC
SRR

TM3
CIA

RYE
SRB
RYS
RRR
RRR

SRA
RYS
™4
CcPB

RRA
RYS
(o2}
RRA
SR

SRB

RYY
RYY
cIC
RRC

SRA
RRB

SRB
RRE
RYE
RRB
™2

RRA
RPYY
SRA
RYY
RYY
RYY

SRA
RYY

RYY

RRA

CI&
cIcC

RKR
RYE

RYY
TM3

T™]
ciB
RYS
RRC
CIR
CPA

RYY
RRA

CPA

cIC
RRB

cin
RYY

RYY

™3
TMa
TMR
cIc

RYY

SRA

RRH
ciB

RYY
RRB
RRB
RRB

RYY

T™M2

RIR

cpPC

BIX
CIR

CIaA
RRC
BI8

TMé4
RRA

Tma

CIA
cePB

Cia
RKC

RPC

R18

RRA
ce8

™2
RRA
PCY
PCY

TM3

™3

RYS RRK BIS8
RYY RRR TMml1
10000000
00000000
10010110
10101101
11001101
10101111
10101100
10101100
00101100

10101111
10101011
11111110
10101110
00101100
00001100
00000100
00000000
00000000

cPB
RFB
cPB

cPB

cPC
™1

ces
RER

RRB

cIlB

™2

™2
M2

CPA
BI8

CPaA

PCY

PCY

CIA

CIB CPB

11000000
00011100
10100111
00111100
01111111
00001111
11111001
10101110
10101100

™Y
cPB S4

ceC A\l

CPe LY

CcPB opP

TR
TR
BN
CH

01000000
11110010
01110101
11111101
11100000
10000001
01110110
10100110
11001101

7-63



Section VII

7-18. Mnemonic Listing of ROM Contents (Cont'd)

2152A

0288
0289
1290
0291
G292
0293
1294
G29¢
029s
0297
029R
0269
300
9301
0302
0303
(304
4305
0306
0307
4308
309
0310
¢311
L3172
0312
{314
0318
4316

L0317

n31e
*319
320
0321
0222
J323
9124
2325
932€
0327
328
G329
4330
©331
1332
¢333
2334
0335
336
0337
D338
0339
€340
2341
342
343
O34
0345
0346
¢347
V4R
5340
0350
0351
0352
2353
013%a4
v 355
€356
0357
0358
0359

16.

qQ

la.1n
16411
16412
16,13
16.1%

17.
17.
17.
17.
17.
17.
17.
7.
17.
17.

O D N TN PN e

17.10
17.11
17.12
17413
17.14

17.15

it
1~
1%,
143.
18.
18.
16,
14.
18,
1R.

N R

9

18.19
18.i1
18017
18.13
18.1a
18.15

19.
16.
19.

lq'
19.

19.
19.
1.
19.
16.

¢
1
2
3
A

f?
I3
7
-

9

19.10

19.11

19.t¢
19.13
19.14

[
O
)
-
Wt

20.
20.
20.
a0,
20.
20.
20,
&0
20.
20,

CTETNIPUOP W

20410
2n.11

LED.12

HO09
HOL0
5071
0lc
8013
4014
®ols
Hule
BOL7
801H
801y
H0ez0
Bl
Riiege
e 3
Qapen

35

120

130

1+0

1e0

25
342%

304
Sl
l")l“ﬁ
520
585
530
5 oihy
Lot
bab
560
565
41700
a7ns
4 Teh
5530
553%
2300
2304
2310

2315
2320

2325
<330
23739
2340
2345
2355
360
23hy
2370
237h

550
7000
7001
7002
7003
7004
7005
7006
7007
7008
7009
7010
7011
7012

velOU0000
0.1000000
v.l0u0000
Os10i60000
G.1000000
G.1000000
LeluO00N
W lOpanGn
Gel00DO0N
0.1000000
01.1000000
0,10006000
uJdlveonung
e LO0QNOQ0
Cel0Q0000
1.0000000

YEQ
bR
YM]
Y2
YED
Y
YFD
Ty
™M
by
PN
BN
Y&
Yr1
[ NS
oo B
Yr 0
YPl
BRN
Y]
Yl
YFC
Y}
HEN
HEN
HRN
YF]
Ty
HRN
YRl
™2
KRN
KN,
Yp|
Y]
YO
™M1
HRN
YF1
TN
Y]
M2
YM1

041001101
Ga110G1101
tal111010
Nelllllln
01111111
0.1111111

0ell

HIN
sSYyY
KRN
SYY
HEN
SYY
Y1)

RN
SYS
SYy
SYY
RN
PN
“Y &
SYS
BN
HRN
SYE
HFN
Ak
=N
KN
SYS
sSYS
SYY
SR

SYY
BHEN

Syy
Y&
ket

et
RTN
BN
SYY
BN
SYE

RN

HRN

1

P it et

SYY
RYY
Syy
nyy
Sys
Yy
SYS

SYY
SRC
@Yy
Pyy
SYY
SYS
ke
SPK
oM
vy
SRC
SYH
SYY
SYY
vy
SRHK
SRR
oYs
vy

RYS
SYY

Pys
B131e
Svyy
[YS
SYs
SYyY
ShC
Syy
SRe
vy

SYy

KYY
FLG
Sin
FIG
EXd¢
FLG
SRe

(VRN
HYS
RESEN
CPR
rYS
SRC
RY S
QY g
SYS
SKH
QWK
Sk
Yy
Ryy
SWH
RYS
SRA
RRC
SRC

RPC
SkC

RRA
SkA
SkA
Sk
SPR
SPA
Lyy
S
Gidke
SR

SkC

00000000
00000000
0noconnn
000600Gu
000006000
QQuonNo0o
Q0000000
GOOH0N0Y
00000N00
aQo0nonoo
anononoo
o00nenoo0
VO0OOYO0
00CnoNngo
0eoNNNO0o
000n0000

FLG
RYY

RYY
FER
SkA

KRR
KW

TMa4
RRR
SRA
RPK
PRy
SKC
FYY
RYY
RYF
Twj

RYY
RRA
RYS
CIC
SRH

Clk
SKK

RYs
RYY
RYF
SRA
RYY

SRA
RYF
SRA

RYY

10111010
11101100
11100110
10161110
10161010
11171010
11111010
11111110

00001100
00000100
00000000
00000000
00000000
00000000
o0nen00o0
Qo0000600
000000600
N0000nGOO
00000000
00000000
Leuouuon
00000000
00000000
00000000

FRE
FLG
FLG

RYE

cIc

RYS
CPH
CPK
PYS

™I

Trg
BIR
KRB
chC
FYYy

CPR
RYY

WEA
M
CIH
RYY
T™MG

RYY
TM3
HYY

™2

TMG

RRB

ceC

RRC
CPA
Tme
KRC

RPA

RrC

RRC

cPC

TM3

ceB

T™m?

RPR

01110110
10101101
00111011
10000111
11101001
10101110
10101010
10101010
10101010
11101010
11111010
11111110
11111111

10101100
10101100
10101100
001012100
00001100
00000100
aeo0unoo
00000000
neeonoon
000000006
00000000
00000000
00000000
00000000
nononnoua
00000000

10101111
10101100
10101100
10101100
16101100
10101100
olottoo
00101100
00001100
00000100
00000000
00000000
0u0o0nNnNOn
06000000
Qu0n00u0y

00000000

oP
£ 0
Tr
np
T
FN

RRA CIB CPH TR

Ta

CIC CPA
Thz

™3

rYA CPB

FEN
Mk
YO
Y0
Rh
REB
AR
AR
TR
Y0
TR
RN
TR
Tk
Y
The
215]
[F18)

RREC PCY CPC Yo

RRA PCY CPB v6

roa

a2

cH
23]
YO
Tr
Yo
TR
gt

PPA PCY CPH Y0

11010100
16001011
11111111
01100100
00001011
10010011
11101001
10101110
10101010
10101010
10101010
10101010
10101010

CoTR
00100001
00111011
01011010
01110000
11111111
00011110
00111011
10010011
11101001
101011210
10101010
10101010
10101010
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0360
0361
0362
0363
0364
0365
0366
0367
0368
0369
0370
0371
0372
0372
0374
0375
0376
0377
r378
0379
1380
9381
n3az2
N383
¢384
{385
238¢
0387
0388
0389
390
1391
“297
0393
0394
0395
N39¢6
0397
V1398
0399
04400
"401
Y402
2403
404
0405
0406
0407
408
ta409
0410
0411
0412
0413
tula
Ga4ls
Y1 A
0417
N418
{419
1420
0421
¥
0423
0424
0425
0426
0427
0428
0429
0430

0431

20.13
20414
20.15
21.
21.

nN
™
.
Foliie ~BE N s T NV =]

7013
7014
7015
7016
7017
7018
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7020
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L4240
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1
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1111
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0 1111111 13111111

YP1 BRN SYY
RN SYS SRR
Yi©l HRN SYy
YPl BRN SYY
™2

BRN SYF SRC
BRN SYE SRC
HRN SYS SRY
RN SYY RYY
BHEN CON SYS
CIC CIB CIA .
YP1 BRN SYY
CIH CIA CPB
YP] BRN SYY
PCY CPE CPA
YP1 RPN SYY
PCY CPB . CPA
YPl BRN SYY
CIC CPC TMm?
YP1 HBRN SYY
FCY CPC Twmp
Yl RRN SYY
FCY CPC T™m2
BRN SYS SkC
BRN SYY RYS
HEN SYY RYY
YPlL BEN SYY
Y1 HRN SYY
RTN SYS SRC
BREN SYS SRC
YFO BRN CON
ADY YFO ARN
YM] HRN SYS
BRN SYFE $PB
YFO0 BRN SYS
YP1 HBRN SYY
BRN SYS SRA
YP1 KRN Syy
BRN SYY RYY
ERN SYS SRR
HRN SYE SRB
BRN SYY RYS
YP1 BRN SYY
BN SYY SRA
YPl BRN SYY
YP1 HRN SYS
RTN SYS SRA
YPl RTN CON

SkR
SRA
SkA
Sre

SRk
$RB
SRA

SRC

SRC
cea
SKC
TM2
SRC
™2
SRC

SRC
SRC

RYS
RRC

SRR
SRC
SRH
RrRYY
SYy
CON
SRE
SRka
SKRA
SRA
RYE
SRB
C1A
SRA
RYY
RRB
SRB
RYY
SRk
SRC
RYY
sYs

SRA
RYY
RYY
SHRA

RYF
RYE
RYS

SPH
SRR

™2
SRR

SRR ¢

SRB

SRR

SRE S

RRC

RYY
SRA
SRA
RRC
RYY
sYY
RYS
RYE
RYY
RYY
RKA
SRA
CrA
RYY
c18

RYY
CIA
RYY
SRR
CPA
SRB

..0.0110001 30010101

0.1000110 01001111
0.1000001 01100010
0.1000000 01010110
0.1000000 00010101
0.1000000 00000101
0.1000000 00000001
0,1000000 00000000
0,1000000 00000000
0.,1000000 00000000
0.1000000 00000000
0.1000000 00000000
0.1000000 00000000

Ll
St Bt ettt bk o ot gk e s
Tt bt ot b o ok ot ot bt
L e e e et aad
Bt e e bt ot ot ot ot et ot
- bt ot ek e Gt ot b fnt
L

TDOT
< O - <
< < P =<

™3
cic
CIR

SRA

RRC
RYY
RYE

RYY
RRC
RRA
CIA

CIA
RYY

cIB

™1

RRR
RYS

RYS

et b e et et et et ot bt

111111

o0
TOUX
> > &

RPRH
CPC
™1
RYS
RYY
RYY
RYY
RYY
RYY

PYY

™3
RRC

cPR
RRA
CPA

cPA
PCY

cePR

PCY
RRC

RRAB

11111000
10101001
10111011
00100100
01100010
01010110
01010101
01010101
00010101
00000101
00000001
00000000
00000000

11101010
11111010
11111110
11111111
11111111
11111111}
111111

RRA PCY

TM3

RRC REB
RRC RRB

RRC RKB

RRC RKB

RRC KRB
RRC RRR

RRC KRB

CIA CPA

CIH ClA

™1
CPA Tm4

™2
RRR TM3

10010110
11101010
11101010
01110010
00101011
00100010
01100010
01010110
nlololol
01010101
olololol
0lololol
00010101

10101010
10101010
10101010
10101010
11101010
11111010
11111110
11111111
11111111
11111111
11111111
YO0

AR

YO

CPA Yo
TR

TR

BN

TR

Rk A CH
RRA TR
RRA YO0
RRA SH
RRA TR
RRA YO
RRA SR
S4

CH

CH

YO

Y0

AN

TR

TR

G4

T

CH

YO0

BN

Y0

TR

TR

SR

TR

YO

TR

YO0

S4
0Qo001000
10110100
00000100
01111010
01001101
01000110
00100010
00100010
01100010
01n10110
01010101
01010101
01010101
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0a32 244117 8113 041000000 00000000 00000000 00000101 01010101
433 Pasla Hlla  0.1000000 00000000 00000000 00000001 0l0l0lot
0434 24.15 8115 0.1000000 00000000 6GOONGDOO 0N00N000 01010101
0435 25. 0 8116 0,1000000 00000000 00000000 00000000. 00010101
%436 25« 1 8117 0,1000000 00000000 00000000 00000000 00000101
D437 25. 2 R118 0,1000000 00000000 00000000 00000000 00000001
0439 25. 3 Hlls  0,1000000 00000000 60000000 060000600 00000000
G439 25, 4 8120 0.10¢00000 00000000 00006000 00000000 00000000
3440 25. 5 ®121 041000000 00000600 00000000 NOOVOO00 0000000N
0441 25. 6 8le2 06.1000000 00000000 00000000 00000000 00000000
0442 25+ 7 8123 0.1000000 00000000 00000000 00006000 00000000
n443 25. # Ald4  0,1000000 00000000 00000000 00000000 00000000
Cass 25. G 30 BN SYY SRR RYY RRB TMa TR
0445 2S.10 40 BN SYY SRK RYY RKR PCY Ti
446 25411 ShO YMI BRN SYS $RA RYY TM] Tk
Vaa7 25,12 70 YM1 ©RN SYS SRE RYS FRA TR
0448 25413 80  YP1 RRN SYF SRC RYY TMl TR
0449 25.14 90 YFO RTN SYE SRC RYE RRC TM1
450 £9.15 140 YMl ERN SYY SRC RYY FI G TM& . TR
0451 P6e 0 4300 HPN CON SYS SKC SKR SRA RYS RRC PRB RRA  RA
cua52 CIC CI1k 18
0453 26. 1 4305  YP1 BRN SYY SRC SRE SRA RYY RRC PRB RRA TR
0454 CIC CPC TMp '
9455 26. 2 4310  YP1 HRN SYY SKRC SRB SRA RYY RRC RRB RRA TR
9456 CIR CTA COH CPA TMP?
GuS7 6. 3 #4195  YP] KEN SYY SRC SRH SRA RYY RRC KRB KRA YO
N45p PCY CPC IM2 ‘
0459 26. 4 4320 YP] HRN SYY SRC SKB SRA RYY RRC RRB RRA Yo
ML 60 FCY CPB CPA TMZ .
046l 26. 5 4325 YP1 BRN SYY SRC SRR SRA RYY RWRC RKRE RRA S&
n462 CPCY CRC Tue
0463 26 ¢ 4330 YEL ERN SYY SRC Skid SRA RYY RRC KPR RKRA GH
Cubs PCY CPR CPA TMgz
Jab6s 26. 7 433% HRM SYS SRC RYS RRC BIR S4
8666 264 & 4340 BRM SYY RY5 RRR c8
0467 26. 9 4345  BRN SYY RYY RH
0468 26410 4350 Ykl REN SYY SRK RYY TMI Yo
3469 26411 4355  RThN SYS SPC SPE SRA RYY HIR CIC CIA CPB
na70 . ) CPa ,
0471 26412 4360 BKN SYS SRB RYY CIR TR
2472 26.13 4365 YP1 BRN SYY SR& RYY Tm2 YO
0473 26.14 4370 BRN SYS SRA RYS5 RRA BIA& TR
06T 26.15 9035 0.,1011000 10111001 00001011 31111011 11101000
0475 27« 0 2500 RN CON SYS SRC SRR SRA RYS RRC RRE FRA 1]
Ca7s ] CIC CIH C1A
0477 27. 1 2505 YP1 BPMN SYY SRC SRB SRA RYY RRC RRB RRA TR
0478 CIC CIA CPC CPA TM2 . '
0479 27« 2 £510 YPl RPN SYY SRC SRH SRA RYY RRC RRB KRA TR
480 CIR CPR TM2
0481 27. 3 291%  YPl RRN SYY SR(C SRB SRA RYY RPC RRA RRA Yo o
n482 ) PCY CPC CPA TM? .
0483 27¢ & 2520 YP1 BRN SYY SRC SRB SRA RYY RRC RRB RRA YO
0484 PCY CPB Tm2 .
0485 27. S 2525 YP1 BRN SYY SRC SRB SRA RYY RRC RRB RRA SR
2486 PCY CPC CPRA TM2 .
0487 27« 6 2530 YP1l ARN SYY SRC SRR SRA RYY RRC RRB RRA SH
048R ) PCY CPB TM2
0489 27. 7 2535  YP1 RRN SYY SRB RYY TM1 Y0
0490 27. 8 2540 BRN SYS SRA RYE RPA TR
0491 27. 9 2545 BRN SYY RYS5 RRA RRA TR
[P 27.10 5100 BRN SYY RYS RRC RR
0493 27«11 5105 BRN SYF SRR RYS RRH TMm) cR
0494 27412 5110 KRN SYF SRB RYS RRE TMml .CH
0495 27.13 511% BRN SYS SRC RYF TM3 co
0496 S 27414 5120 KRTN SYS SKRC SRB SRA RYY CIC
0497 - 27.15 5125 BRN SYY RYS RRC BIS TR
€498 284 0 7100 0.,1100100 10000111 11101101 01010001 00010000
0499 2R. 1 7101 0.1110110 10110001 10011100 00010101 10000110
€500 28. 2 7102 0.1111101 01101101 11010111 11100100 10110010
0501 28, 3 7103 0.,1111111 01010110 11101010 01101010 10110000
0502 284 4 7104 041111111 11010101 01101110 11011100 10110011
.. 0503 - 28s 5 7105 0.1111111 11110101 01010110 11101110 10100101
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0504
050%
nrE06
0507
0508
0509
(AL ¥i]
as11
0512
0513
0514
0515
4516
ne17
agle
0519
0520
9521
nep?
'(C‘?".
0524
0525
0526
1827
(Al
G249
530
053]
0532
0533
6834
’\E’i!t:
[y
0537
NG 3¢
0539
Ac4N
541
ne4
0547
IG44
2545
E4e
547
4R
549
550
0551
(‘DTIS’;
€53
(1554
0555
0556
0557
05560
negG
¢560
0561
0562
0563
0564
0565
0666
0567
nse6e
0569
nsT0
ne71

#aFNND=QF T A PE

L

2R,
B
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[agts SENES N
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2R.11
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30.

N,
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4

9

30.10

30.11
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31.11
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7108
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7110
7111
711c
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7114
7115
7116
7117
7118
7119
1170
7121
1122
7123
71ca
2715
Q040
2700
2705
2710
2120
2725
1900
1905
1910

1915
1645
1940
194%
1650
195%
1960
1965

1970
1675
H“500
5505
5510
5520
5525
5540
5545
5551
555%
AB800

a805
BH10
BH15
8520
8825
8830
RA35
HB40
HB4S

0.11

0a1111111
01111111
Deltlllll
Heflydllil
041111111
041111111
N.1111111
Helllllll

A1

00000000

Ymi
YM]
BRN
Pl
tsbet
HE N
RPN
YPl
T™M2
YF1
Mg
RR N
CIC
YP1
cIc
YR1
CTHR
YRl
PCY
YP1
PCYy
YR
[
YE1
bCY
ERN
Yel
YMl
RN
hRN
RBRN
HRN
BRN
YP1
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Section VII 2152A
Table 7-19, Reference Designations and Abbreviations
REFERENCE DESIGNATIONS
A = assembly K = ralay h:) = terminal board
B = motor L = inductor TP = test point
BT = battery M = meter (V] = integrated circuit
[+ = capacitor MC = microcircuit v = vacuum tube, neon bulb,
CR = diode P = plug connector photocell, ete.
DL = delay line Q = transistor VR = voltage regulator
DS = indicator (lamp) R = rasistor w = cable, jumper
E = misc hardware RT = thermistor X = socket
F = fuse S = switch Y = crystal
FL = filter T = transformer Zz = tuned cavity, network
J = receptacle connector
ABBREVIATIONS

A = amperes gnd = ground{ed) ph = Phillips head
ac = alternating current gra = gray pk = peak
ad = anode grn = green p-p = peak-to-peak
Al = aluminum ' pt = point
AR = as required H = henries PIV = peak inverse voitage
adj = adjust Hg = mercury PNP = positive-negative-positive
Assy = assembly hr = hour(s) PWV = peak working voltage

Hz, = hertz porc = porcelain
B = base hdw = hardware posn = position(s)
bp = bandpass hex = hexagon, hexagonal pozi = pozidrive
bfo = beat frequency oscillator ph brz = phosphor bronze
bik = black [»] = inside diameter
blu = blue IF = intermediate frequency f = radio frequency
brn = brown in. = inch, inches rdh = round head
brs = brass 1/0 = input/output rmo = rack mount only
Btu = British thermal unit int = internal rms = root-mean-square
bwc = backward wave oscillator incl = includels) RWV = reverse working voltage
Be Cu = beryllium copper insul = insulation, insulated rect = rectifier

impgrg = impregnated r/min = revolutions per minute
c = collector incand = incandescent } ’
cw = clockwise s = second
ccw = counterclockwise k = kilo (103), kilohm S8 = slow-blow
cer = ceramic = Se = selenium
cmo = cabinet mount only I low pass Si = silicon
com = common m = milli (10-3) scr = silicon-controlled rectifier
crt = cathode-ray tube M = mega (106), megohm sil = silver
CTL = capacitor-transistor logic My = Mylar sst = stainless steel
cath = catho.de mfe = manufacturer stl = steel
cd pl = cadmuuu.n.plate mom = momentary spcl = special
Comp = composition mtg = mounting spdt = single-pole, double-throw
conn = connector misc = miscellaneous spst = single-pole, single-throw
compl = complete met ox = metal oxide semicond = semiconductor

i mintr = miniature

de = direct current ' Ta = tantalum
dr = drive n = nano (10-9) td = time delay
DTL = diode-transistor logic nc = normally closed or no Ti = titanium
depc = deposited carbon connection gl = toggle
dpdt = double-pole, double-throw Ne = neon thd = thread
dpst = double-pole, single-throw no. = number or normaly open tol = tolerance

np = nickel plated TTL = transistor-transistor logic
E = emitter NPN = negative-positive-negative term = terminal
ext = external NPO = negative positive zero (zero
encap = encapsulated temperature coafficient) U (u = micro (10-6)
elctit = electrolytic NSR = not separately replaceable

NRFR = not recommended for field v = volt(s)
F = fa.rads replacement var = variable
FF = ftip-flop vio = violet )
flh = flat head oD = gutside diameter VDCW = direct current working volts
fim = film OoBD = order by description
fxd = fixed orn = orange w = watts
fith = fillister head ovh = oval head ww = wirewound

oxd = oxide wht = white
G = giga (109) wiv = working inverse voltage
Ge = germanium p = pico (10-12)
gl = glass PC = printed circuit yel = yellow
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CODE LIST OF MANUFACTURERS

Table 7-20

The following code numbers are from the Federal Supply Code for Manufacturers Cataloging Handbooks H4-1
(Name to Code) and H4-2 (Code to Name) and their latest supplements. The date of revision and the date of the
supplements used appear at the bottom of each page. Alphabetical codes have been arbitrarily assigned to
suppliers not appearing in the H4 Handbooks.

Code
No.  Monufacturer Address
00000 U.S.A. Common Any supplier of 4. S.
00136 McCoy Electronics Mount Holly Springs, Pa.
00213 Sage Electronics Corp. Rochester, N.Y.
00287 Cemco Inc. Danieison, Cona.
00334 Humidial Colton, Calif.
00348 Microtron Co., Inc. Valiey Stream, N.Y.
00373 Garlock Inc. Cherry Hill, N.J.
00656 Aerovox Corp. New Bedford, Mass.
00779 Amp. Inc. Harrisburg, Pa,
00781 Aircraft Radio Corp. Boonton, N. J.
00815 MNorthern Engineering Laboratories, Inc.
Burlington, Wis.
00853 Sangamo Electric Co., Pickens Div.
Pickens, S.C.
00866 Goe Engineering Co. City of Industry, Cal.
00891 Carl E. Holmes Corp. Los Angeles, Calif,
00929 Microtab Inc. Livingston, N.J.
01002 General Electric Co., Capacitor Dapt.
Hudson Falls, N.Y.
01609 Alden Products Co. Brockton, Mass.
01121 Allen Bradley Co. Milwaukee, Wis.
01255 Litton Industries, Inc. Beverly Hills, Calif.
01281 TRW Semiconductors, Inc. Lawndale, Calif.
01295 Texas Instruments, Inc.,
Transistor Products Div. Dallas, Texas
01349 The Alliance Mfg. Co. Alliance, Ohio
01589 Pacific Retays, inc. Van Nuys, Calif.
01930 Amerock Corp. Rockford, 1l
01961 Pulse Engineering Co. Santa Clara, Calif.
02114 Ferroxcube Corp. of America Saugerties, N.Y.
02116 Wheelock Signals, Inc. Long Branch, N.J.
02286 Cole Rubber and Plastics Inc. - Sunnyvale, Calif.
02660 Amphenol-Borg Electronics Corp. Chicago, HI.
02735 Radio Corp. of America, Semiconductor
and Materials Div. Somerville, N. ).
02771 Vocaline Co. of America, Inc.
01id Saybrook, Conn.
02777 Hopkins Engineering Co. San Fernando, Calif,
03508 G.E. Semiconductor Prod. Dept. Syracuse, N.Y.
03705 Apex Machine & Tool Co. Dayton, Qhio
03797 Eidema Corp. Compton, Calif.
03877 Transitron Electric Corp. Wakefield, Mass.
03888 Pyrofilm Resistor Co., Inc.  Cedar Knolls, N.J.
03954 Singer Co., Diehl Div.
Findeme Plant Sumerville, N.).
04009 Arrow, Hart and Hegeman Elect. Co.
Harttord, Conn.
04013 Taurus Corp. Lambertville, N.J.
04062 Arco Electronic Inc. Great Neck, N.Y.
04222 Hi-Q Division of Aerovox Myrtle Beach, §.C.
04354 Precision Paper Tube Co. Wheeling, H!.
04404 Dymec Division of Hewlett-Packard Co.
Palo Alto, Calif.
04651 Sylvania Electric Products, Microwave
Device Div. Mountain View, Calif.
04713 Motorola, Inc., Semiconductor Prod. Div.
Phoenix, Arizona
04732 Filtion Co., inc. Westem Div.
Culver City, Calif.
04773 Automatic Electric Co. Northlake, 11l
04796 Sequoia Wire Co. Redwood City, Calif.
04811 Precision Coil Spring Co. El Monte, Calif.
04870 P.M. Motor Company Westchester, 111,
04919 Component Mfg. Service Co.
W. Bridgewater, Mass.
05006 Twentieth Century Plastics, Inc. .
Los Angeles, Calif,
05277 Westinghouse Electric Corp.
Semi-Conductor Dept. Youngwood, Pa.
05347 Ultronix, Inc. San Mateo, Calif.
00015-44
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Code
No.

05397

05593
05616

05624
05728

05729
05783
05820
06004

06090
06175
06402
06540

06555

06666
06751
06812

06980
07088
07126
07137
07138

07149
07233
07261
07263

07322
07387
07397

07700
07910
67933

07980

08145
08289
08358

08524
08664
08717
08718

08792

08984
09026
09134
09145
09250
09569

10214

10411
10646
11236
11237

Manufacturer Address
Union Carbide Corp., Linde Div,, Kemet Dept.
Cleveland, Qhio
Hiumitronic Engineering Co. Sunnyvale, Calif.
Cosmo Plastic
(c/0 Electrical Spec. Co.)
Barber Coiman Co.
Tiffen Optical Co.
Roslyn Heights, Long Island, N.Y.
Westbury, N.Y.

Cleveland, Qhio
Rockford, It

Metro-Tel Corp.
Stewart Engineering Co. Santa Cruz, Calif.
Wakefield Engineering-inc. Wakefield, Mass.
Bassick Co., Div. of Stewart Warner Corp.

Bridgeport, Conn.
Redwood City, Calif.
Bausch and Lomb Optical Co. Rochester, N.Y.
E.T.A. Products Co. of America Chicago, NI

Amatom Electronic Hardware Co., Inc.
New Rochelle, N.Y.

Beede Electnical Instrument Co., Inc.
Penacook, N.H.
Indianapolis, ind.
Phoenix, Ariz.

Raychem Corp.

General Devices Co., Inc.
Semcor Div. Components Inc.
Torngton Mig. Co.. West Div.
Van Nuys. Calif
San Carlos, Calif.
Van Nuys, Calif.
Pasadena, Calif
Minneapolis, Minn.

Varian Assoc. Ermac Div.
Keltvin Electric Co.
Digitran Co.

Transistor Electronics Corp.

Westinghouse Electric Cerp.
Efectronic Tube Div. Efmira, N.Y.
Filmohm Cotp. New Yark. N.Y.

Cinch-Graphik Co.
Avnet Corp.

City of Industry, Calf.
Culver City. Calif.

Fairchild Camera & Inst. Corp.

Semiconductor Div. Mountain View, Calif.
Minnesota Rubber Co Minneapohis, Minn.
Birtcher Corp., The Monterey Park, Calif.
Sylvama €lect. Prod. inc., Mt. View Qperalions

Mountain View, Cahf,
Technical Wire Products Inc. Cranford, N.J,
Continental Device Corp. Hawthorne, Calif.
Raytheon Mig. Co..

Semiconductor Div. Mountain View, Calif.

Hewlett-Packard Co., Boonton Radio Div.

Rockaway, N.J.
U.S. Engineering Co. Los Angeles, Calif.
Blinn, Delbert Co. Pomona, Calif.
Burgess Baltery Co.

Niagara Falls, Ontario, Canada

Deutsch Fastener Corp. Los Angeles, Calif.
Bristol Co., The Yaterbury, Conn.
Sloan Company Sun Valiey, Calif.
ITT Cannon Electric Inc., Phoenix Div.

Phoenix, Arizona
CBS Electronics Semiconductor

Operations, Divof C.B.S. Inc.

Lowell, Mass.
Mel-Rain Indianapolis, Ind.
Babcock Relays Div. Costa Mesa, Calif.
Texas Capacitor Co. Houston, Texas
Tech. ind. Inc. Atohm Elect. Burbank, Calif.

Electro Assemblies, Inc.

Mallory Batlery Co. of
Canada, Ltid. Toronto, Ontario, Canada

General Transistar Western Corp.

Los Angeles, Calif.
Berkeley, Calif.
Niagara Falls, N.Y.
Betne, Ind.

Chicago, M.

Ti-Tal, Inc.
Carborundum Co.
CTS of Berne, Inc.
Chicago Tetephone of California, Inc.

So. Pasadena, Calif.

Code
No.

11242
11312
1314
11534
1711

mn
11870
12136
12361
12574

12697
12728
12859
12881
12930
12954
13103
13336
13835

14099
14193
14298
14433

14493
14655
14674
14752
14960
15203
15287
15291
15558

15566
15631
15772

15801
15818
16037
16179
16352
16688

16758
17109
17474
17675
17745
17870
18042
18083

18324
18476
18486
18583
18873
18911
19315

19500
19589

19644
19701

From:

Monufacturer Address
Bay State Electronics Corp.
Teledyne Inc., Microwave Div.
National Seal Downey, Calif.
Duncan Electronics Inc. Costa Mesa, Calif.
General Instrument Corp., Semiconductor
Div., Products Group Newark, N.J.
{mperial Electronic, Inc. Buena Park, Calif.
Melabs, Inc. Palo Alto, Calif.
Philadelphia Handle Co. Camden, N.J.
Grove Mfg. Co., Inc. Shady Grove, Pa.
Gulton Ind. Inc. Data System Div.
Albuquerque, N.M.
Dover, N.H.
¥. Haven, Conn.
Tokyo, Japan
Clark, N.).
Newpoit Beach, Calif.
Scottsdale, Arizona

Waltham, Mass.
Pato Alta, Calif.

Clarostat Mfg. Co.
Elmar Filter Corp.
Nippon Electric Co., Ltd.
Metex Electronics Corp.
Delta Semiconductor Inc.
Dickson Electronics Corp.
Thermolloy Dallas, Texas
Telefunken (GmbH) Hanover, Germany
Midtand-Wright Div. of Pacific Industries, Inc.
Kansas City, Kansas
Newbury Park, Calif.
Catif. Resistor Corp. Santa Monica, Calif.
American Components, inc. Conshohocken, Pa.
{TT Semiconductor, A Div. of Int. Telephone

& Telegraph Corp. West Palm Beach, Fla.
Hewlett-Packard Company toveland, Colo.
Cornell Dublier Electric Corp. Newark, N.J.
Coming Glass Works Corning, N.Y.
Electro Cube inc. San Gabriel, Calif.
Williams Mig. Co. San Jose, Calif.
Webster Electronics Co. New York, N.Y.
Scionics Corp. Northridge, Calif.
Adjustable Bushing Co. N. Holtywood, Calif.
Micron Electronics

Garden City, Long Isiand, N. Y.

Ampiobe Inst. Corp. Lynbrook, N.Y.
Cabletronics Costa Mesa, Calif.
Twentieth Century Coil Spring Co.
Santa Clara, Calif.
Framingham, Mass.

M. View, Calif.
Spruce Pine, N.C.

Sem-Tech

Fenwal Elect. Inc.
Amelco Inc.
Spruce Pine Mica Co.

Omni-Spectra Inc. Detroit, 11,
Computer Diode Corp. Lodi, N.J.
ideal Prec. Meter Co., Inc.

De Jur Meter Div: Brooklyn, N.Y.
Delco Radio Div. of G.M. Corp. Kokoma, Ind.

Thermonetics Inc.

Tranex Company

Hamiin Metal Products Corp.
Angstiohm Prec. Inc.

Canoga Park, Calif.
Mountain View, Calif.
Akron, Qhio
No. Hollywood, Calif,
McGraw-Edison Co. Manchester, N.H.
Power Design Pacific Inc. Palo Alta, Calif.
Clevite Corp., Semiconductor Div.
Palo Alto, Calif.
Sunnyvale, Calif.
Holliston, Mass.
Des Plaines, (Il.
Mt Kisco, N.Y.

Signetics Corp.
Ty-Car Mfg. Co., lac.
TRW Elect. Comp. Div.
Curtis Instrument, Inc.
E.l. DuPont and Co., Inc. Wilmington, Det.
Durant Mfg. Co. Nilwavkee, Wis.
The Bendix Corp., Navigation & Conlrol Div.
Teterboro, N.J.
Thomas A. Edison Industries, Div. of
McGraw-Edison Co. West Orange, N.J.
Concoa ' Baldwin Park, Cal‘f
LRC Efectionics Horseheads, N.Y.
Electra Mfg. Co. Independence, Kansas

FsC. Handbook Supplements
H4-1 Dated AUGUST 1966
H4-2 Dated NOV. 1962
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Code
No.

20183
21226
21335
21520
23783
24455

24655
24681
26365
26462

26992
28480
28520
33173
35434
36196

36287

37942
39543
40920
42190
43990
44655
46384
47904
48620

49956
52090
52983
54294
55026
55933
55938

56137
56289
59446
59730
60741
61775

62119
63743
64959
65092
662995
66346

70276 Atlen Mfg. Co. Hartford, Conn.
70309 Allied Control New York, N.Y.
70318 Allmetal Screw Product Co . Inc. s
Garden City, N.Y.
70485 Atlantic India Rubber Works, Inc. Chicago, Il
70563 Amperite Co., Inc Union City, N.J.
70674 ADC Products inc Minneapolis,” Mirn
70903 Belden Mfg. Co. Chicago, il
70998 Bird Electronic Corp. Cieveland, Ohio
71002 Birnbach Radio Co. New York, N.Y.
71041 Boston Gear Works Div. of Murray Co.
of Texas Quincy, Mass.
71218 Bud Radio, Inc, Willoughby, Ohio
71286 Camloc Fastener Coip. Paramus, N.J.
71313 Cardwell Condenser Corp.
Lindenhurst L. L., N.Y.
71400 Bussmann Mfg. Div. of McGraw-Edison Co,
St. Louis, Mo.
00015-44

Table 7-20

CODE LIST OF MANUFACTURERS (Cont’d)

Manufacturer Address
Philadelphta Pa.
Long Island City, N.Y.
New Britain, Conn.
N. Chicago, I
Washington, D.C.

General Atronics Corp.
Executone, inc.
Fafnir Bearing Co., The
Fansteel Metallurgical Corp.
British Radio Electronics Ltd.
G.E. Lamp Division
Nela Park, Cleveland, Ohio
West Concord, Mass.
Memcor Inc., Comp. Div. Huntington, Ind.
Gries Reproducer Corp. New Rochelle. N.Y.
Grobet File Co. of America, Inc.
Caristadt, N.J.
Lancaster, Pa.
Palo Alto, Calif.
Kenitworth, N, J.
Owensboro, Ky.
Chicago, Il.

General Radio Co.

Hamitton Watch Co.
Hewlett-Packard Co.
Heyman Mfg. Co.
G.E. Receiving Tube Dept.
Lectrohm Inc.
Stanwyck Coil Products Ltd.

Hawkesbury, Ontarnio, Canada
Cunningham, W.H. & Hill, Ltd.

Toronto Ontario, Canada

P.R. Matiory & Co. Inc. Indianapotis, Ind.
Mechanical Industiies Prod. Co. Akron, Ohio
Miniature Precision Bearings, Inc.  Keene, N.H.
Muter Co. Chicago, (Il
C.A. Norgren Co. Englewood, Colo.
Ohmite Mfg. Co. Skokie, {11

Penn Eng. & Mfg. Corp. Doylestown, Pa.
Potarord Corp. Cambridge. Mass.
Precision Thermometer & Inst. Co.
: Southampton, Pa.
Waitham, Mass.
Westminster, Md.
Waltham, Mass.
Selma, N.C

Microwave & Power Tube Div.
Rowan Controtler Co.
Sanborn Company
Shallcross Mfg. Co.
Simpson Etectric Co. Chicago, IH
Sonotone Corp. Elmsford, N.Y.
Raytheon Co. Commercial Apparatus &

Systems Div. -So. Norwalk, Conn
Spaulding Fibre Co., Inc. Tonawanda, N. Y.

Sprague Electric Co. North Adams, Mass.
Telex Corp. Tulsa, Okla.
Thomas & Betts Co. Elizabeth, N.J

Triplett Electrical Inst. Co. Biuffton, Ohio
Union Switch and Signal, Div. of

Westinghouse Air Brake Co Pittsburgh, Pa.

Universal Electric Co. Owosso, Mich.
Ward-Leonard Electric Co. ML Vernon. N.Y.
Western Electric Co., Inc New York, N.Y.
Weston Inst. Inc. Weston-Newark Newark,“N. J.
Wittek Mfg. Co. Chicago, (1.

Minnesota Mining & Mfg. Co. Revere Mincom Div.
§t. Paut, Mina.

Revised: September, 1967
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Code
No.

71436
71447
71450
11468
71471
71482
71590

11616
71700
1707
71744
71785

71984
72136
72619
72656

12699
12765
12828
12928
72964
12982
73061
73076
73138

73293

73445
73506
73859
73586
73682

13734
73743
73793
73846
73899
73905
73957
74276
74455
74861

.14868

74970
75042
75378
75382
75818
75915
76005
76210
76433

16487
76493
76530

76545
16703
76854
77068

17075
17221

‘International Resistance Co.

Manufacturer Address
Chicago, 1.
Pico-Rivera, Calif.
Elkhart, ind.

Los Angeles, Calif.
Burbank, Calif.
Chicago, I,

Chicago Condenser Corp.

Calit. Spring Ca., Inc.

CTS Corp.

ITT Cannon Electric Inc.

Cinema, Div. Aerovox Corp.

C.P. Clare & Co.

Centralab Div. of Globe Union Inc.

Mitwaukee, Wis.
Chicago, 1H.

New York, N.Y.

Commercial Plastics Co.
Cornish Wire Co., The
Coto Coil Co.. Inc. Providence, R. 1.
Chicago Miniature Lamp Works Chicago, til.
Cinch M{g. Co., Howard B. Jones Div.
Chicago, |1,
Dow Corning Corp. Midland, Mich.
Electro Motive Mfg. Co., Inc. Willimantic, Conn.
Diatight Corp. Brookiyn, N.Y.
Indiana General Corp., Electronics Div.
\ Keasby, N.J.
Genesal Instiument Corp., Cap. Div.Newark, N.J.
Drake Mfg. Co. Harwood Heights, Il
Hugh H. Eby Inc. Philadelphia, Pa.

Gudeman Co. Chicago, 1.
Robert M. Hadiey Co. Los Angeles, Catif.
Ene Technological Products, Inc. Erie, Pa.
Hansen Mfg. Co. . lnc. Princeton, Ind.
H.M. Harper Co. Chicago, H1.

Helipol Div. of Beckman inst  Inc.
Fullerton, Calit.
Hughes Products Division of Hughes
Aircratt Co. Newport Beach, Calif.
Amperex Elect Co Hicksville, L.}, N.Y.
Bradley Semiconductor Corp.  New Haven. Cann.
Carling Electric, Inc. Harttord, Conn.
Circle F Mfg. Co. Trenton, N.J.
George K. Garrett Co., Div. MSL
Industries Inc. Philadelphia, Pa.
Federal Screw Products Inc. Chicago, II1.
Fischer Special Mfg. Co. Cincinnati, Qhio
General Industries Go  The Elyria, Ohio
Goshen Stamping & Tool Co. Goshen, Ind.
JFD Electromcs Corp. ) Brookiyn, N.Y.
Jennings Radio Mfg. Corp. San Jose, Calif.
Groov-Pin Corp. Ridgefield, N.J.
Signatite inc. Neptune, N.J.
J.H. Winns, and Sons Winchester, Mass.
Industrial Condenses Corp. Chicago, ill.
R.F. Products Division of Amphenol-Borg
Electronics Corp. Danbury, Conn.
E.F. Johnson Co. Waseca, Minn.
Philadelphia, Pa.
Sandwich, {11,
Mt. Vernon, N.Y.

CTS Knights Inc
Kulka Electnic Corporation

Lenz Electric Mfg. Co. Chicage, i1,
Littefuse, Inc Des Plaines, I,
Lord Mfg Co. Erie, Pa.

C.¥W. Marwede! San Franctsco, Calif.
General instrument Corp. . Micamold Division
Newark, N.J.
James Mitlen Mfg. Co. . inc Maiden. Mass.
J.W. Miiter Co. Los Angeles, Calif.
Cinch-Monadnock, Div of United Carr
Fastener Corp. San Leandro, Catif.
Muelier Electric Co. Cleveland, Ohio
National Union Newatk, N.J.
Oak Manufacturing Co. Crystal Lake, I,
The Bendix Corp., Electrodynamics Div.
N. Hollywood, Calif.
Pacific Metals Co. San Francisco, Calif.
Phanostran Instrument and Electronic-Co.
South Pasadena. Calif.

Cod
No.

17252
17342

17630
17638

17764
77969
78189

78283
78290
78452
78471
78488
78493
78553
78190
78947
79136
79142
79251
i

79963
80031

80120
80131

80207

80223
§0248
80294
80411

80486
80509
80583
80640
81030
81073
81095
81312

81349
81483
81541
81860

82042
82047

82142
82170

82209
82219

82376
82389
82647

B2768
82866
82877
82893

From:

Monufactyrer Address
Philadelphia Steel and Wire Corp.
Phitadelphia, Pa.
American Machine & Foundry Co. Potter
& Brumtield Div. Princeton, Ind.

TRW Electronic Components Div. - Camden, N.J.
General Instrument Corp., Rectifier Div. .
Brooklyn, N.Y.

Resistance Products Co. Harisburg, Pa.
Rubbercraft Corp. of Calit. Torrance, Calif.
Shakeproof Division of tllinois Too! Works

Elgin, 1.
Signal Indicator Corp. New York, N.Y.
Struthers-Dunn Inc. Pitman, N.J.
Thompson-Bremer & Co Chicago, 1i.
Tittey Mfg. Co. San Francisco, Calif.
Stackpote Carbon Co. St. Marys, Pa.

Standard Thomson Corp.
Twanerman Products, Inc
Transformer Engineers
Ucinite Co.
Waldes Kohinoor inc.
Veeder Root, Inc.
Wenco Mfg. Co.
Continental-Wirt Electrontes Corp.
Philadelphia, Pa.
Zrerick Mfg. Cotp. New Rochelle, N.Y.
Mepco Division of Sessions Clock Co.
Mornistown. N.J.
Schaitzer Alloy Products Co. Elizabeth, N.J.
Etectronic Industries Association. Any biand
Tube meeting EIA Standards-Washington, DC.
Unimax Switch, Div. Maxon Electronics Corp.
Wallingford, Conn.
New York, N.Y.

Waltham, Mass.
Cteveland, Ohio

San Gabuel, Calif.
Newtonville, Mass.
Long tstand City, N.Y.
Hartford, Conn.
Chicago, Il

United Transformer Corp
QOxford Electric Corp. Chicago, IIt.
Bourns Inc. Riverside, Calif,
Acro Div. of Robertshaw Controls Co.
Cotumbus, Ohio
Defiance, Ohio
Monrovia, Calif,
New York, N.Y.
Boston, Mass.
Orange, Conn.

All Star Products inc
Avery Label Co.
Hammarlund Co.. inc
Stevens, Arnold, Co.. Inc
International Instruments Inc
Grayhill Co. LaGrange, {lil.
Triad Transformer Corp Venice, Calif.
Winchester Elec Div. Litton Ind.. Inc.
Oaxvilte, Conn.

Military Specification
International Rectifier Corp. El Segundo, Calif.
Airpax Electonics, Inc. Cambridge, Maryland
Barry Controls, Div. Barry Wright Corp.
Watertown, Mass.

Skokie, 111,

Carter Pracision Electric Co.
Sperti Faraday Inc., Copper Hewitt

Electric Div. Hoboken, N.J.
Jeffers Electronics Division of Speer

Carbon Co. Du Bois, Pa.
Fairchild Camera & Inst. Corp. Space & Defense
System Div. . Paramus, N.J.
Maguire Industries, Inc. Greeawich, Conn.
Sylvania Electric Prod. inc.

Electronic Tube Division Emporium, Pa.
Astron Corp. East Newark, Harrison, N,J,
Switchcraft, Inc. Chicago, I,

Metals & Controls Inc. Spencer Products
Attleboro, Mass.
Joliet, 1.
Madison, Wis.
Woodstock, N. Y,
Glendale, Calif.

Phillips-Advance Control Co.
Research Products Corp.
Rotron Mfg. Co., Inc.
Vector Electronic Co.
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Table 7-20

CODE LIST OF MANUFACTURERS (Cont’'d)

Code
No.  Manufacturer Address
83058 Cair Fastener Co. Cambridge, Mass.
83086 New Hampshire Ball Bearing, Inc.
Peterborough, N. H.
83125 General Instrument Corp., Capacitor Div.
Darlington, S.C.
83148 §TY Wire and Cable Div. Los Angeles, Calif.
83186 Victory Eng. Corp. Springfield, N.J,
83298 Bendix Corp., Red Bank Div. Red Bank, N.J.
83315 Hubbell Corp Mundelein, {1,
83330 Smith, Herman H., Inc. Brooklyn, N.Y.
83332 Tech Labs Palisade's Park, N, J.
83385 Central Screw Co. Chicago, III.
83501 Gavitt Wire and Cable Co.
Div. of Amerace Corp. Brookfield, Mass.
83594 Burroughs Corp. Electronic Tube Div.
Plainfield, N.J.
83740 Union Carbide Corp. Consumer Prod. Div.
New York, N.Y.
83777 Modei Eng. and Mig., Inc. Huntington, Ind.
83821 Loyd Scruggs Co. Festus, Mo.
83942 Aeronautical Inst. & Radio Co. Lodi, N.J.
84171 Arco Electronics Inc. Great Neck, N.Y.
84396 A.J). Glesener Co., Inc. San Francisco, Calif.
84411 TRW Capacitor Div. Ogallala, Neb.
84970 Sarkes Tarzian, iInc. Bloomington, Ind.
85454 Boonton Molding Company Boonton, N. ).
85471 A.B. Boyd Co. San Francisco, Calif.
85474 R.M. Bracamonte & Co. San Francisco, Calif.
85660 Koifed Kords, Inc. Hamden, Conn.
85911 Seamless Rubber Co. Chicago, 111,
86197 Ctifton Precision Products Co., Inc.
Clifton Heights, Pa.
86579 Precision Rubber Products Corp. Dayton, Qhio
86684 Radio Corp. of America, Electronic
Comp. & Devices Div. Hairison, N, J.
87034 Marco industries Anaheim, Calif,
87216 Phitco Corporation (Lansdale Division)
Lansdale, Pa.
87473 Western Fibrous Glass Products Co.
San Francisco, Calif.
87664 Vun Waters & Rogers Inc.  San Francisco, Calif.
87930 Tower Mig. Corp. Providence, R.1,
88140 Cutier-Hammer, Inc. Lincoln, NI
88220 Gould-National Batteries, tnc. St. Paul, Minn.
88698 General Mills, Inc. Buffalo, N.Y.
89231 Graybar Electric Co. Oakland, Calif.
89473 G.E. Distributing Corp. Schenectady, N.Y.
89665 United Transfoimer Co. Chicago, I
90179 US Rubber Co., Consumer Ind. & Plastics
Prod. Div. Passaic, N. ),
90970 Bearing Engineering Co. San Francisco, Calif.
91146 ITT Cannon Elect, Inc., Salem Div. Salem, Mass.
91260 Connor Spring Mfg. Co. San Francisco, Calif.
91345 Miller Dial & Nameplate Co. El Monte, Calif,
00015-44

Revised: September, 1967

Cod,
No.

91418
91506
91637
91662
91737
91827
91886
91929

91961
92180
92367
92607

92702
92966
93332

93369
93410
93929
94137
94144

94148

94154
94197

94222
94330
94682

94696
95023

95236
95238
95263
95265
95215
95348
95354
95566
95712
95984
95987
96067
96095
96256
96296
96330
96341
96501

Addres:

Code
Monufacturer Add, No.  Manuf
Radio Materials Co. Chicage, Il 97464
Augat Inc. Attieboro, Mass. 97539
Dale Electronics, Inc, Columbus, Nebr. 97979 Reon Resistor Corp.
Elco Corp. Willow Grove, Pa. 97983
Gremar Mfg. Co., fnc. Wakefield, Mass. Commun, Div.
K F Development Co. Redwood City, Calif. 98141 R-Troncis, inc.
Malco Mfg. Co., Inc. Chicago, {II. 98159 Rubber Teck, Inc.
Honeywell Inc., Micro Switch Div. 98220
Freeport, 1.
Nahm-Bros. Spring Co. Oakland, Calif, 98278 Microdot, Inc.
Tru-Connector Corp. Peabody, Mass. 98291 Sealectro Corp.
Eigeet Optical Co. Inc. Rochester, N.Y. 98376 Zero Mfg. Co.
Tensolite Insulated Wire Co., Inc. 98731
Tanytown, N.Y.
IMC Magnetics Corp.  Wesbury Long Island, N.Y. 98734
Hudson Lamp Co. Kearney, N.J.
Sylvania Electric Prod. Inc. 98821
Semiconductor Div. Woburn, Mass. 98978
Robbins & Myers Inc. Palisades Park, N.J.
Stevens Mfg. Co., Inc. Mansfield, Ohio 99109
G.V. Controls Livingsten, N.J. 99313 Varian Associates
General Cable Corp. Bayonne, N. ). 99378 Atlee Corp.
Raytheon Co., Comp. Div., Ind. 99515
Comp. Operations Quincy, Mass. 99707
Scientific Electronics Products, tac. of America
Lovetand, Colo. 99800
Wagner Elect. Corp., Tung-Sol Div. Newark, N.J. 99848 Witco Corporation
Curtiss-Wright Corp. Electranics Div. 99934 Renbrandt, inc
East Paterson, N.J. 99942
South Chester Corp. Chester, Pa.
Wire Cloth Products, Inc. Bellwood, Il 99957

Worcester Pressed Aluminum Corp.

Worcester, Mass.
Magnecraft Electric Co. Chicago, HI.

George A. Philbrick Researchers, Inc.
Boston, Mass.
Dania, Fia.
Woodside, N.Y.
Long island, N.Y.
Sheridan, Wyo.
Bndgeport, Conn.
Bloomfield, N.)J.

Allies Products Corp. ,
Continental Connector Corp.
Leecraft Mfg. Co., lac.
National Coil Co.

Vitiamon, Inc.

Gordos Corp.

Methode Mfg. Co.

Amold Engineering Co.
Dage Electric Co., Inc.

Marengo, fit.
Franklin, Ind.

Siemon Mfg. Co. Wayne, II).
Weckesser Co. Chicago, 1il.
Huggins Laboratories Sunnyvaie, Calif.
Hi-Q Div. of Aerovox Corp. Olean, N.Y.

ML Carmel, HI.
Los Angeles, Calif,
Chicago, 111,
Burlington, Mass.
Oakland, Calif.

Thordarson-Meissner Inc.
Solar Manufacturing Co.
Cariton Sciew Co.
Microwave Associates, Inc.
Excel Transformer Co.

Rotting Meadows, 111,

Industrial Retaining Ring Co.
Aulomatic & Precision Mfg.

Irvington, N.J
Englewood, N.J.
Yonkers, N.Y.
Litton System Inc., Adler-Westrex
New Rochetle, N.Y.
Jamaica, N.Y.
Gardena, Calif,
Hewlett-Packard Co., Moseley Div.
Pasadena, Calif.
So. Pasadena, Calif.
Mamaroneck, N.Y.
Burbank, Calif.
General Mills fnc., Electronics Div.
Minneapolis, Minn.
Paeco Div. of Hewlet!-Packard Co.
Palo Alto, Calif.
North Hilts Electronics, Inc. Glen Cove, N.Y.
International Electronic Research Corp.

Burbank, Calif.
New York, N.Y.
Palo Alto, Calif.

Winchester, Mass.

Marshalt Ind., Capacitor Div. Monrovia, Calif.

Control Switch Division, Controls Co.

E! Segunde, Calif.

East Aurora, N.Y.

indianapolis, Ind.
Boston, Mass.

Columbia Technical Corp.

Delevan Electronics Corp.

Holfman Electronics Corp.
Semiconductor Div. El Monte, Calif.
Technology Instrument Corp. of Calif.
Newbury Park, Calif,

THE FOLLOWING HP VENDORS HAVE NO NUMBER
ASSIGNED IN THE LATEST SUPPLEMENT TO THE
FEDERAL SUPPLY CODE FOR MANUFACTURERS

HANDBOOK.
0000F Malco Tool and Die Los Angeles, Calif.
00002  Willow Leather Products Corp. Newark, N.J.
000AB ETA England
000BB  Precision Instrument Components Co.
Van Nuys, Calif.

000CS Hewlett-Packard Co., Colorado Springs

Colorado Springs, Colorade
0UOMM  Rubber Eng. & Development Hayward, Calif.
000NN A “N'" D Mfg. Co. San Jose, Calif.
000QQ  Cooltron Oakland, Calif.
000WW  California Eastern Lab. Burlington, Calif.
000YY  S.K. Smith Co. Los Angeles, Calif.
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