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INTRODUCTION 

This manual contains instructions for operation and maintenance of the 
CP-818A/U Digital Data Computer. It is one of a series of manuals which 
contain operation and maintenance instructions for the AN/GYK-9A(V) 
Data Processing Set. 

Chapter 1 describes the equipment and its purpose; Chapter 2' contains 
installation instructions; Chapter 3, the operating instructions; and Chapter 
4 principles of operation. Chapter 5 contains preventive maintenance 
procedures required to maintain the equipment in operational readiness. 
Chapter 6 contains corrective maintenance procedures, Chapter 7 an il­
lustrated parts breakdown, Crapter 8 the functional schematics, and 
Chapter 9 wiring information. Chapter 10 contains maintenance routines, 
and Chapter 11 contains diagnostic tests. Thes'e chapters are contained 
in the following volumes. 

Chapter Volume 

1 Description of Equipment I 
2 Installation I 
3 Operating Instructions I 
4 Principles of Operation I 
5 Preventive Maintenance I 
6 Corrective Maintenance I 
7 illustrated Parts Breakdown I 
8 Functional Schematics II 
9 Wire Tabulations III 
10 Maintenance Routines IV 
11 Diagnostic Routines V, VI 
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WARNING 

HIGH VOLTAGE 
IS USED IN :THE OPERATION 

OF THIS EQUIPMENT 

DEATH ON CONTACT 
MAY RESULT IF OPERATING PERSONNEL 
FAIL TO OBSERVE SAFETY PRECAUTIONS 

CP-818A/U 

BE CAREFUL TO AVOID CONTACT WITH HIGH-VOLTAGE CIRCUITS 
OR 115V AC INPUT CONNECTIONS WHILE CHECKING OR 

SERVICING THIS EQUIPMENT 
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viii 

Mouth-to-Mouth (Mouth-to-Nose) Method 
of 

ARTIFICIAL RESPIRATION 
If there is foreign matter visible in the mouth, wipe it out quickly with your fingers or a cloth 

wrapped around your fingers. 
a. Tilt the head back so the chin is pointing upward (Fig. 1). Pull or push the jaw into a jutting­

out position (Fig. 2 and 3). 
These maneuvers should relive obstra.ction of the airway by moving the base of the tongue 
away from the back of the throat. 

b. Open your mouth wide and place it tightly over the victim's mouth. At the same time pinch the 
victim's nostrils shut (Fig. 4) or close the nostrils with your cheek (Fig. 5). Or close the 
victim's and place your mouth over the nose (Fig. 6). Blow into the victim's mouth or nose. 
(Air. may be blown through the victim's teeth. t::ven though they may be clenched.) 
The first blowing efforts should determine whether or not obstruction exists. 

Fig. 5 

c. Remove your mouth. turn your head to the side. and listen for the return rush of air that 
1nd1cates air exchange. Repeat the blowing effort. 
For an adult, blow vigorously at the rate of about 12 breaths per minute. For a chUd. take 
relatively shallow breaths apprOpriate for the child's size. at the rate of about 20 per minute. 

d. If you are not getting air exchange. recheck the head and jaw position (Fig. 1 or Fig. 2 and 
Fig. 3). ·If you still do not get air exchange, quickly turn the victim on his side and administer 
several sharp blows between the shoulder blades in the hope of dislodging foreign matter 
(Fig. 7). 
Again sweep your fingers through the vi~tim's mouth to remove foreign matter. 

~ 

lS0 
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:~ 

Fig. 6 

Those who do not wish to come in contact with the person may hold a cloth over the victim's 
mouth or nose and breathe through it. The cloth does not greatly affect the exchange of air. 
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Holger-Nieison Method 
of 

ARTIFICIAL RESPIRATION 

CP-818AjU 

1 POSITION OF THE SVBJECT: Place the subject in the 
face down. prone position. Bend his elbows and place the 
hands one upon the other. Turn his face to one side, 
placing the cheek upon his hands. 

2 POSITION OF THE OPERATOR: Kneel on either the 
right or left knee at the head of the subject, facing him. 
Place the knee at the side of the subject's head close to 
the forearm. Place the opposite foot near the elbow. If 
it is more comfortable, kneel on both knees, one on either 
side of the subject's head. Place your hands upon the 
flat of the subject's back in such a way that the palms lie 
just below a line running between the armpits. With the 
tips of the thumbs just touching, spread the fingers down­
ward and outward. 

3 COMPRESSION PHASE: Rock forward until the arms are 
approximately vertical and allow the weight of the upper 
part of your body to exert slow, steady, even pressure 
downward upon the hands. This forces air out of the 
lungs. Your elbows should be kept straight and the pres­
sure exerted almost directly downward on the back. 

4 EXPANSION PHASE: Release the pressure, avoiding a 
final thrust, and commence to rock slowly, backward. 
Place your hands upon the subject"s arms just above his 
elbows, and draw his arms upward and toward you. Apply 
just enough lift to feel resistance and tension at the sub­
ject's shoulders. Do not bend your elbows, and as you 
rock backward the subject's arms will be drawn towards 
you. Then drop the arms gently to the ground. This com­
pletes the full cycle. The arm-lift expands the chest by 
pulling on the chest muscles, arching the back, and re­
lieving the weight on the chest. 

The cycle should be repeated 12 times per minute at a 
steady, uniform rate. The compression and expansion 
phases should occupy about equal time; the release period 
being ·of minimum duration. 

5 ADDITIONAL RELATED DIRECTIONS: It is important 
that artificial respiration, when needed, should be started 
q~ickly. There should be a sligbt inclination of the body 
in such a way that fluid drains better from the respiratory 
passage. The head of the subje.ct should be extended, 
not flexed forward, and the chin should not sag lel'lt ob­
struction of the respiratory passages occur. 

A check should be made to ascertain that the tongue or 
foreign objects are not obstructing the passages. These 
aspects can be cared for when placing the subject into 
position or shortly thereafter, between cycles. 

A smooth rhythm in performing artificial respiration is 
desirable, but split-second timing is not essential. Shock 
should receive adequate attention, and the subj~ct should 
continae to rest after resuscitation until seen by a physi­
cian or until recovery seems assured. 
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Figure 1-1. CP-818A/ U Digital Data Computer (Frontispiece) 
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CHAPTER 1 

DESCRIPTION OF EQUIPMENT 

I - CLASSIFICATION 

1-1. CLASSIFICATION OF EQUIPMENT. - The CP-818A/U Digital Data 
Computer (figure 1-1, page xlvi) and associated manuals are UNCLASSI­
FIED. However, the system and associated equipments may carry a 
higher classification. 

NOTE - SECURITY REQUIREMENT 

The memory core stacks may contain 
classified information. Clear each 
core stack to all ones or all zeros be­
fore removal. 

II - FUNCTIONAL DESCRIPTION 

1-2. SYSTEM DESCRIPTION (figure 1-2, page 1-2). - The CP-818A/U 
computer controls the AN/GYK-9A(V) Data Processing set. The set con­
sists of the following equipments: 

1) A .magnetic tape subsystem of up to eight tape transports con­
trolled via t~e C-6573A/GYK-9A(V) Magnetic Tape Control Unit 
(TCU). 

2) Up to four OA-7385A/GYK-9A(V) Control-Indicator Group Con­
soles. 

3) A printer/punch system of up to 40 printers or punches. The 
C-6572A/GYK-9A(V) Printer-Punch Control Unit (PCU) provides 
buffering for 40 printers or punches. 

4) An auxiliary CP-818A/U Digital Data Computer (optional). 

5) A paper tape unit (PTU), the RD-277 A/GYK-9A(V) Perforator­
Reader, with a reader and punch. 

1-3. CP-818A/U COMPUTER. - The CP-818A/U computer is a special­
purpose, flexible-format, digital computer. It operates as a flexible format 

FOR OFFICIAL USE ONLY 1-1 



CP-818A/U 

OA-7385A 
GYK-9A(V} 

(CON~OLE) 

C - 6572A 
GYK-9A(V) 

(PCU) 

OA-7385A 
GYK-9A(V) 

(CON~OLE) 

, J5 

C-6573A 
GYK-9A(V) 

(TCU) 

CP-818A/U 
COMPUTER 

OR 

OA-7385A 
GYK-9A(V} 

(CON~OLE) 

v J8 

• J5 ~, JIO 

CP - 818A/U 
( AUXILIARY) 
\COMPUTER 

OA-7385A 
GYK-9A(V) 

(CON~OLE) 

JI 
115 V 

400HZ 
30 

RD-277A 
GYK-9A(V) 

(PTU) . 

Figure 1-2. Simplified System Block Diagram 
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control unit between various types of digital peripheral units and processes 
data characters of varying lengths and formats. An internally-stored pro­
gram controls buffered input/output operations and real-time, on-line 
operations. Functionally the computer contains five sections: control, 
arithmetic, input/output, memory and power. Except for memory and 
power the sections do not reflect any division of hardware. 

a. Control Section. - The control section consists of a series of 
registers and command circuits that time and control the internal oper­
ations as each instruction is performed. The control section causes an 
instruction to be read from the memory section and translates this in­
struction to generate the commands required to perform the instruction. 

A master clock generates the timing pulses that control the sequence of 
events during the execution of .each instruction. The master clock cycle 
is 0.67 microseconds.. Six cycles make up one 4-microsecond sequence. 
A complete instruction may require one or more sequences .. 

b" Arithmetic Section.. - The arithmetic section contains a sub­
tractive type adder and a series of registers. The registers and adder per­
form the arithmetic and logical operations required during execution of an 
instruction. All arithmetic operations are performed in a parallel mode 
with onels-complement binary arithmetic (except for multiply and divide 
which are limited to positive numbers). Operations performed by the 
arithmetic section involve addition, subtraction, multiplying, dividing, 
complementing, shifting, updating the program address, and modifying 
operand addresses. 

c. Input/Output Section. - The input/output section contains the data 
paths and control circuits for the eight input/output (I/O) channels. Each 
I/O channel provides a data communication path to and/or from a periph­
eral device. The I/O section uses assigned memory addresses to store 
control words for each channel. The control words in turn specify the 
memory area affected by the I/O operation and dictate placement of I/O 
data characters. A data character can consist of 1, 2, 3, 6, or 8 bits. The 
control words are loaded as part of the program and can be examined or 
altered by program steps; however, they are referenced automatically 
during I/O operations. The I/O section uses a request-acknowledge or 
interrupt operation to establish real-time communication with each device. 
A priority network determines precedence in cases of simultaneous I/O 
requests from two or more peripheral units. 
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d. Memory Section. - The memory section consists of a main core 
memory and a bootstrap memory. The main core memory contains 
16,368 core storage locations. Each location stores a 26-bit word that 
consists of 24 data bits and two parity bits. The main memory stores the 
prog-ram instructions, program operands, and data. The main memory 
cycle time is four microseconds. The bootstrap memory consists of 16 
nondestructive~readout storage locations and contains two 8-word pro-

. gram loading routines. The routines are used exclusively for loading 
. utility programs that load the operational programs. 

The control section initiates the memory, accepts the memory output, or 
supplies the words written into memory. 

e. Power Section. - The power section contains the voltage control, 
supply, and distribution circuits. It receives the 115 vac input, converts 
it to the various dc voltages, and provides voltage distribution to the logic 
and memory circuits. 

III - PHYSICAL DESCRIPTION 

1-4. PHYSICAL CHARACTERISTICS. - The computer cabinet is 71.72 
inches high, 25.88 inches wide, 29.30 inches deep, and weighs approxi­
mately 850 pounds. It contains two pullout logic drawers (AI and 'A2), two 
pullout memory drawers (A3 and A4), apulloutpower supply drawer (PSI), 
a power control panel (A5), and two blower assemblies (A6 and A7) (figures 
1-3, page 1-5, and 1-4, page 1-6). Each logic drawer contains two logic 
chassis and a front door panel (figure 1-5, page 1-7). Each chassis can 
hold 245 printed circuit cards and has two test pOint blocks. The logic 
door panels contain the associated switches and indicators. Each memory 

. drawer contains one chassis. Each chassis can hold 154 printed circuit 
cards, four memory stacks, a test block, and a bootstrap assembly (figure 
1-6, page 1-8). Each memory stack contains 4,096 13-bit word~.The 
bootstrap assembly consists of four printed circuit cards bolted together 
and contains 16 13-bit words. Each blower assembly contains two blowers 
to provide cabinet cooling. The power supply drawer contains the dc 
voltage supplies and fuses (see figure 1-7, page 1-9). All power and signal 
cabling connects to the computer via a connector assembly on the top rear 
portion of the cabinet. 

1-5. TECHNICAL CHARACTERISTICS. - Table 1-1, page 1-10, lists the 
technical characteristics of the computer. 
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1-6. INSTRUCTION, RE PERTOIRE. - Table 1-2, page 1-11, lists the 
computer instruction repertoire. The sequences are explained in paragraph 
4-16.£, page 4-44. 

1-7. ASSIGNED MEMORY ADDRESSES. - Table 1-3, page 1-15, lists the 
reserved memory addresses. All listed addresses except bootstrap 
(00060 to 00077) are in core memory. 

TABLE 1-1. Technical Characteristics 

Item Information 

Power 

AC Input 115 vac ~1% (line-to-line), 400 (-30, +21) Hz, 
3-phase, 8 amperes per phase, 1500 watts 

Logic' -15 vdc 
+15 vdc 
-4.5 vdc 
+ 15 vdc indicator supply 

Signal Levels Internal I/O Lines 

High Grd (logic 0) Grd (logic 1) 

Low -4.5v (logic 1) -6v (logic 0) 

Cooling Four intake blowers, filtered input at 300 cfm 

Temperature 

Ambient o °c (32 OF) to 50°C (122 OF) 

Alarm 46°C (115°F) 

Cutoff 60°C (140°F) 
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TABLE 1-1. Technical Characteristics (continued) 

Item Information 

Timing 

Cycle time 670 +34 nanoseconds 

Phase pulse 

Normal 120 nanoseconds minimum at -2v amplitude point. 

Func. 
Code 

DD} 
11 

37 

01 

02 

03 

04 

No pulse overlap at -1 v amplitude point. (Refer to 
figure 4-12, page 4-38). 

Narrow 80 to 100 nanoseconds at -2v amplitude point. No 
pulse overlap at -Iv amplitude point. 

TABLE 1-2. Repertoire of Instructions 

Execution 
Time in Instr. 

Mnem. Operation Sequences Jlsec Format 

HLT Halt I 4 VII 

HLD Stop I 4 VII 

LGN Logical Negation I 4 VII 

TRF Transfer on Flip- Flop I 4 IV 

TSR Transfer to Subroutine I, W 8 IV 

TRX Transfer on Index I, R, (W) 8** IV 

( ) - Sequence is executed only if appropriate conditions exist 
* * - Add 4 Jlsec if transfer is executed 
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TABLE 1-2. Repertoire of Instructions (continued) 

Execution 
Func. Time in 
Code Mnem. Operation Sequences J.lsec 

05 TAX Transfer and I, R, (W) 8** 
Augment Index 

06 SHF Shift 

06-0 SHL Shift Left (Non-RCA) I, (R), (W) 4per seq 

Shift Left (RCA) I, (R), (RC1), +2/3 
(RC2), (WC), per shift 
(R/W), (W) 

SCD/N Shift Left Type 00 D indicates 
decrement 

SAD/N Shift Left Type 01 mode; N 
indicates 

SXD/N Shift Left Type 10 non-de-
crement 

SLD/N Shift Left Type 11 mode 

06-1 DIV Divide I, (M) R, W, 44* 

06-2 SCA Scale Accumulator I 4, +2/3 
per shift 

06-3 SCL Scale Index and I, R, (w) 1 4 per 
Accumulator seq. 

+2/3 per 
06-4 SHR Shift Right I, (R), (W) shift 

SCR Shift Right Type 00 

SAR Shift Right Type 01 

( ) - Sequence is executed only if appropriate conditions exist 
* - Add 4 J.lsec if indexing (Core) occurs 
** - Add 4 J.lsec if transfer is executed 

Instr. 
Format 

IV 

II 
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TABLE 1-2. Repertoire of Instructions (continued) 

Execution 
Func. Time in 
Code Mnem. Operation Sequences Jlsec 

SXR Shift Right Type 10 

SLR Shift Right Type 11 

06-5 MUL Multiply I, R, W 44 

06-6 SUD Shift Until Different I,R,(RCl), 4per seq 
(RC2), (WC), +1-1/3 
(R/W) , (W) per shift 

07 EXF External Function I, R 8 

10 CLR Clear Memory I, (M), W 8* 
Address Y 

12 STR Store A I, (M), W 8* 

13 RPA Replace Address I, (M), W 8* 

14 TRU Transfer Uncon- I, (M) 4* 
ditional 

15 ·TRA Transfer on Accumu- I, (M) 4* 
lator 

16 TRD Transfer if Different I, (M) 4* 

17 SWC Sense Word Count I, (M), R 8* 

20 EXC Exchange I, (M), R, W 12* 

21 ADC Add Constant to I, R, W 12 
Memory 

( ) - Sequence is executed only if appropriate conditions exist 
* - Add 4 Jlsec if indexing (Core) occurs 
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TABLE 1-2. Repertoire of Instructions (continued) 

Execution 
Fun. Time in 
Code Mnem. Operation Sequences J.lsec 

22 ADO Add One to Memory I, (M), R, W 12* 

23 AID Add One if Different I, (M), (R, W) 4/12* 

24 RCA Repeat Clear Add I, (M), R, W 12* 

25 ERC End Repeat Count I, (M), R, W 12* 

26 STX/ Store Index/Store I, (M), R, W 12*/8* 
SCR Repeat Count 

27 LDX/ Load Index/Load I, (M), R, (W) 12*/8* 
LRC Repeat Count 

30 CLA Clear Add I, (M), R 8* 

31 ADD Add I, (M), R 8* 

32 SUB Subtract I, (M), R 8* 

33 COM Compare I, (M), R 8* 

34 LGA Logical Add I, (M), R 8* 

35 LGM Logical Multiply I, (M), R 8* 

36 ADB Add B to A I 4 

( ) - Sequence is executed only if appropriate conditions exist 
* - Add 4 J.lSec if indexing (Core) occurs 

Instr. 
Format 

I 

I 

I 

I 

III 

III 

I 

I 

I 

I 

I 

I 

VII 
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TABLE 1-3. Assigned Memory Addresses 

Octal Address Content Function 

00001 - 00036 B Index #1 - B Index #36 

00037 B Index #37 and B Box 

00040 - 00041 Control Words #1 and #2 Repeat Clear Add or shift 
until tally, and jump ad-
dress on the return jump 

00042 - 00043 Control Words #1 and #2 Time Base Interrupt 

00044 - 00045 Control Words #1 and #2 Auxiliary Computer Input 

00046 - 00047 Control Words #1 and #2 Auxiliary Computer Output 

00050 - 00051 Control Words #1 and #2 RD-277 A Input (PTU 
Reader) 

00052 - 00053 Control Words #1 and #2 RD-277 A Output (PTU 
Punch) 

00054 - 00055 Control Words #1 and #2 TCU Input 

Q0056 - 00057 Control Words #1 and #2 TCU Output 

00060 - 00067 Paper Tape Bootstrap 

00070 - 00077 Magnetic Tape Bootstrap 

001XX OA-7385A/GYK-9A(V) Control 
Word Addresses (Console 0) 

002XX OA-7385A/GYK-9A(V) Control 
Word Addresses (Console 1) 

003XX OA-7385A/GYK-9A(V) Control 
Word Addresses (Console 2) 
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TABLE 1-3. Assigned Memory Addresses (continued) 

Octal Address Content Function 

004XX OA-7385A/GYK-9A(V) Control 
Word Addresses (Console 3) 

NOTE: XX = 00 to 37 Data Inputs 50 & 51 Printer Control 
40 & 41 Special Input 52 to 73 Monitor Printer 
42 & 43 Switch Input 74 & 75 Indicator Output 
44 & 45 Keyboard Input 76 & 77 Special Output 
46 & 47 Time Statement Input 

00500 - 00501 Control Words #1 and #2 PCU (Printer #0) 

00502 - 00503 Control Words #1 and #2 PCU (Printer #1) 

00504 - 00505 Control Words #1 and #2 PCU (Printer #2) 

00506 - 00507 Control Words #1 and #2 PCU (Printer #3) 

00510 - 00511 Control Words #1 and #2 PCU (Printer #4) 

00512 - 00513 Control Words #1 al1d #2 PCU (Printer #5) 

00514 - 00515 Control Words #1 and #2 PCU (Printer #6) 

00516 - 00517 Control Words #1 and #2 PCU (Printer #7) 

00520 - 00521 Control Words #1 and #2 PCU (Printer #10) 

00522 - 00523 Control Words #1 and #2 PCU (Printer #11) 

00524 - 00525 Control Words #1 and #2 PCU (Printer #12) 

00526 - 00527 Control Words #1 and #2 PCU (Printer #13) 

00530 - 00531 Control Words #1 and #2 PCU (Printer #14) 

00532 - 00533 Control Words #1 and #2 PCU (Printer #15) 
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TABLE 1-3. Assigned Memory Addresses (continued) 

Octal Address Content Function 
~ 

00534 - 00535 Control Words #1 and #2 PCU (Printer #16) 

00536 - 00537 Control Words #1 and #2 PCU (Printer #17) 

00540 - 00541 Control Words #1 and #2 PCU (Printer #20) 

00542 - 00543 C·ontrol Words #1 and #2 PCU (Printer #21) 

00544 - 00545 Control Words #1 and #2 PCU (Printer #22) 

00546 - 00547 Control Words #1 and #2 PCU (Printer #23) 

00550 - 00551 Control Words #1 and #2 PCU (Printer #24) 

00552 - 00553 Control Words #1 and #2 PCU (Printer #25) 

00554 - 00555 Control Words #1 and #2 PCU (Printer #26) 

00556 - 00557 Control Words #1 and #2 PCU (Printer #27) 

00560 - 00561 Control Words #1 and #2 PCU (Printer #30) 

00562 - 00563 Control Words #1 and #2 PCU (Printer #31) 

00564 - 00565 Control Words #1 and #2 PCU (Printer #32) 

00566 - 00567 Control Words #1 and #2 PCU (Printer #33) 

00570 - 00571 Control Words #1 and #2 PCU (Printer #34) 

00572 - 00573 Control Words #1 and #2 PCU (Printer #35) 

00574 - 00575 Control Words #1 and #2 PCU (Printer #36) 

00576 - 00577 Control Words #1 and #2 PCU (Printer #37) 

00600 - 00601 Control Words #1 and #2 PCU (Printer #40) 
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TABLE 1-3. Assigned Memory Addresses (continued) 

Octal Address Content Function 

00602 - 00603 Control Words #1 and #2 PCU (Printer #41) 

00604 - 00605 Control Words #1 and #2 PCU (Printer #42) 

00606 - 00607 Control Words #1 and #2 PCU (Printer #43) 

00610 - 00611 Control Words #1 and #2 PCU (Printer #44) 

00612 - 00613 Control Words #1 and #2 peu (Printer #45) 

00614 - 00615 Control Words #1 and #2 PCU (Printer #46) 

00616 - 00617 Control Words #1 and #2 PCU (Printer #47) 

00620 - 00621 Control Words #1 and #2 (Printer #50) 

00622 - 00623 Control Words #1 and #2 (Printer #51) 

00624 - 00625 Control Words #1 and #2 (Printer #52) 

00626 - 00627 Control Words #1 and #2 (Printer #53) 

00630 - 00631 Control Words #1 and #2 (Printer #54) 

00632 - 00633 Control Words #1 and #2 (Printer #55) 

00634 - 00635 Control Words #1 and #2 (Printer #56) 

00636 - 00637 Control Words #1 and #2 (Printer #57) 

00640 - 00641 Control Words #1 and #2 (Printer #60) 

00642 - 00643 Control Words #1 and #2 (Printer #61) 

00644 - 00645 Control Words #1 and #2 (Printer #62) 

00646 - 00647 Control Words #1 and #2 (Printer #63) 
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TABLE 1-3. Assigned Memory Addresses (continued) 

Octal Address Content 

00650 - 00651 Control Words #1 and #2 

00652 - 00653 Control Words #1 and #2 

00654 - 00655 Control Words #1 and #2 

00656 - 00657 Control Words #1 and #2 

00660 - 00661 Control Words #1 and #2 

00662 - 00663 Control Words #1 and #2 

00664 - 00665 Control Words #1 and #2 

00666 - 00667 Control Words #1 and #2 

00670 - 00671 Control Words #1 and #2 

00672 - 00673 Control Words #1 and #2 

00674 - 00675 Control Words #1 and #2 

00676 - 00677 Control Words #1 and #2 

37600 - 37776 
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(Printer #64) 

(Printer #65) 

(Printer #66) 

(Printer #67) 

(Printer #70) 

(Printer #71) 

(Printer #72) 

(Printer #73) 

(Printer #74) 

(Printer #75) 

(Printer #76) 

(Printer #77) 

Bootstrap Load 
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CHAPTER 2 

INSTALLATION 

I - INSTALLATION PROCEDURES 

2-1. SITE SELECTION. - Available site facilities govern placement of 
the equipment. Select a site which protects the equipment, is free of 
excessive dust, provides proper heat dissipation, and allows adequate 
space for maintenance and airflow. Figure 2-1, page 2-2, shows minimum 
clearances required. 

2-2. INSPECTION. - No elaborate unpacking procedure is necessary as 
the computer arrives completely assembled. After unpacking the com­
puter, complete the following inspection procedure. 

1. Check cabinet for dents, scratches, and bent or broken parts. 

2. Extend each drawer and note any binding. 

3. Check each drawer for damaged parts. 

4. As each drawer is extended check cabinet interior for 'damaged 
parts. 

5. Rotate all fan blades and note any binding. 

6. Close each drawer and note any binding. 

7. Notify .supervisory per sonnel immediately of any damage noted in 
steps 1 through 6. 

Note: - Damage shall be reported according to the regula­
ations of the service having jurisdiction over the 
damaged equipment. 

2-3. MOUNTING. - Bolt the computer to the floor or to a base plate 
welded to the floor and bolt the stabilizers to the wall. This is necessary 
to prevent forward overbalance when several logic drawers are opened. 
Figure 2-1, page 2-'2, shows the required mounting dimensions. To bolt 
equipment to floor or base plate and stabilizers, complete the following 
steps. 
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Figure 2-1. CP-8i8A/U Dimensional Data 
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1. Remove power supply drawer PSI. 

2. Position equipment. 

3. Align all bolt holes (base and stabilizers). 

4. Insert and tighten all bolts. 

5. Replace power supply drawer PSI. 

The computer is shipped with the top cover removed. Prior to operation 
install the cover to insure RFI integrity and drip proofing. To install the 
cover complete the following procedure. 

1. Remove six cover-hinge mounting screws and two folding-stay 
mounting screws from the computer. 

2. Attach cover with six mounting screws. 

3. Attach folding stay. 

4. Ensure that lifting eyes or plugs are installed for RFI integrity. 

Note: - If top cover is not installed, all mounting screws 
must be in place to insure RFI integrity . 

. 2-4. CABLING CONNECTIONS. - All cable connectors are at the top 
rear of the computer (see figure 2-1, page 2-2). Table 2-1, page 2-4, 
lists all required cables and connectors. 

a. Power. - The four-conductor power cable connects to a set of 
high frequency line filters, FLl, FL2, and FL3, and a common ground. 
To connect the power cable complete the following procedure. 

WARNING 

BEFORE ATTEMPTING TO CONNECT 
POWER CABLE TO COMPUTER, EN­
SURE OTHER END OF CABLE IS 
DISCONNECTED OR EXTERNAL 
POWER SOURCE IS DE-ENERGIZED 
AND TAGGED. 
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TABLE 2-1. Cables and Connectors 

Jack External 
Connector Type Connectors 

No. Device 

J1 Power MS3106A20-15S 4 

J2 TCU Cannon DPD 4500-5207 50 

J3 PCU Cannon DPD 4500-5207 50 

J4 RD-277A (PTU) Cannon DPD 4500-5207 50 

J5(JI0) AUX CMPTR Cannon DPD 4500-5207 50 

J6 CSL 0 Cannon DPD 4500-5207 50 

J7 CSL 1 Cannon DPD 4500-5207 50 

J8 CSL 2 Cannon DPD 4500-5207 50 

J9 CSL 3 Cannon DPD 4500-5207 50 

1. Remove J1 cover. 

2. Seat plug Pl. 

3. Tighten retainer ring. 

b. Ground. - The dc level input/output communication used in the 
system makes the cabinet grounding system extremely important. All 
internal grounds and cable returns connect to a common ground bus. To 
connect the computer to the system ground, complete the following pro­
cedure. 

1. Remove nut from E1 ground stud on the back of computer 
(figure 2-1, page 2-2). 

2. Connect system ground lead to stud. 

3. Replace and tighten nut. 
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c. Signal. - All input/output signal connectors are 50-pin connectors 
mounted on the top of the cabinet (figure 2-2). Table 2-2, page 2-6, lists 
the peripheral equipment that connects to each jack and the signal as­
signed to each pin. Because of the cable driver s in the computer, cable 
length must not exceed 150 feet. 

CAUTION. - Connect only one auxiliary computer cable. An 
aUXiliary-computer cable connected to J5 of the 
CP-818A/U must connect to J10 of the auxiliary 
computer or a cable connected to JI0 of the 
CP-818A/U must connect to J5 of the auxiliary 
computer. 

To connect a signal cable, compl~te the following procedure. 

1. Locate proper jack number. 

2. Swing retainer strap forward. 

3. Insert plug. 

4. Push down to seat properly. 

J5 J4 J3 J2 . 

DODD 
AUX R D-277A pcu lCU 

CMPTR 

JIO J9 J8 J7 J6 

DDDDD 
AUX CSL 

CMPTR 3 
CSL 

2 

FL3(0C) 

CSL 
I 

CSL 
o 

EI GROUND STUD 
JI (SYSTEM) 
115 v 400 HZ 
30 

Figure 2-2. Input/Output Signal Connectors 
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TABLE 2-2. CP-818A/U Connector Pin Number Assignments 

~ o 
~ 
o 
~ 
~ 
I---f 
(J 

~ 
t-t 
c::: 
rll 
trj 

o z 

Connector 
Pin No. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

J2 
(TCU) 

0 Out Data 2 r 

1 
Out Data 2 r 

2 
Out Data 2 r 

3 
Out Data 2 r 

4 Out Data 2 r 

5 Out Data 2 r 

6 
Out Data 2 r 

7 
Out Data 2 r 

Out Data 2 
0 

Out Data 2 
1 

Out Data 2 
2 

S; * r = return line 

J3 
(PCU) 

0 Out Data 2 r 

1 
Out Data 2 r 

2 Out Data 2 r 

3 Out Data 2 r 

4 Out Data 2 r 

5 Out Data 2 r 

6 
Out Data 2 r 

7 Out Data 2 r 

Out Data 2 0 

Out Data 2 
1 

Out Data 2 
2 

Console 0-J6 Auxiliary Computer 
J4 Console 1-J7 

(RD-277A) Console 2-J8 J10 
Console 3-J9 J5 Pin No o . 

0 Out Data 2 r 
0 

Out Data 2 r 0 Out Data 2 r 25 

1 
Out Data 2 r 

1 
Out Data 2 r 

1 Out Data 2 r 44 

2 Out Data 2 r 2 Out Data 2 r 2 Out Data 2 r 45 

3 
Out Data 2 r 

3 
Out Data 2 r 

3 
Out Data 2 r 46 

4 Out Data 2 r 4 Out Data 2 r 4 Out Data 2 r 47 

5 Out Data 2 r 
5 

Out Data 2 r 5 Out Data 2 r 48 

6 Out Data 2 r 
6 

Out Data 2 r 6 Out Data 2 r 49 

7 
Out Data 2 r 

7 
Out Data 2 r 

7 Out Data 2 r 31 

Out Data 2 0 Out Data 2 
0 

Out Data 2 
0 34 

Out Data 2 
1 

Out Data 2 
1 

Out Data 2 
1 

35 

Out Data 2 
2 

Out Data 2 
2 

Out Data 2 
2 

36 



TABLE 2-2. CP-818AjU Connector Pin Number Assignments (continued) 

Console 0-J6 Auxiliary Computer 
Connector J2 J3 J4 Console 1-J7 

Pin No. (TCU) (PCU) (RD-277A) Console 2-J8 J10 
Console 3-J9 J5 Pin No. 

12 Out Data 2 
3 

Out Data 2 3 Out Data 2 3 Out Data 23 Out Data 2 3 37 

13 Out Data 2 
4 

Out Data 2 
4 Out Data 24 . Out Data 2 

4 
Out Data 2 4 38 

14 Out Data 2 5 
Out Data 2 5 Out Data 2 5 Out Data 2 5 Out Data 2 5 39 

15 Out Data 2 6 Out Data 2 6 Out Data 2 6 Out Data 2 6 Out Data 2 
6 40 

16 Out Data 2 
7 

Out Data 2 7 Out Data 2 7 
Out Data 2 

7 
Out Data 2 

7 22 

17 Tape Mark In Address 2 1 Lockout FF In Address 2 
1 

AoCo In Busy 18 

18 Tape Busy In Address 2 
2 

Ext. Function In Address 2 
2 

Out Busy 17 

19 Data Transfer In Address 2 
3 Input Active In Address 2 

3 
Spare 20 

Error 

20 Transport In Address 2 4 Spare In Address 2 
4 

Spare 19 
Ready 

21 Out Request In Address 2 5 Out Request In Address 2 
5 

Out Request 43 

*r = return line 



TABLE 2-2. CP-818A/U Connector Pin Number Assignments (continued) 

~ 
o 
~ 

o 
~ 
~ 
1-0-4 
(1 

:; 
~ 

o rn 
tIj 

o z 
~ 

Connector 
Pin Noo 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

J2 
(TCU) 

Select Error 

Out Ack 

In Request 

0 
In Data 2 r 

Tape Mark r 

Tape Busy r 

Data Transfer 
Error r 

Transport 
Ready r 

Out Request r 

Select Error r 

Out Ack r 

~ *r = return line 

J3 
(PCU) 

In Address 2 
6 

Spare 

Request 

Spare r (34) 

1 
In Address 2 r 

2 
In Addres s 2 r 

3 In Address 2 r 

4 
In Address 2 r 

5 
In Address 2 r 

6 
In Address 2 r 

-

Spare r (23) 

Console 0-J6 Auxiliary Computer 
J4 Console I-J7 

(RD-277A) Console 2-J8 JI0 
Console 3-J9 J5 Pin No. 

In Data 2 
7 

In Data 2 
7 

In Data 2 7 
16 

Out Ack Computer Run Out Ack 24 

In Request Request In Request 23 

0 In Data 2 r 0 In Data 2 r In Data 20 r 1 

Lockout FF r 1 In Address 2 r AoCo In Busy 27 

Ext. Funct. r 
2 

In Address 2 r Out Busy r 26 

In. Active r 
. 3 

In Address 2 r Spare r (19) 29 

Spare r (20) 4 In Address 2 r Spare r (20) 28 

Out Request 5 In Address 2 . r Out Request r 42 

7 
In Data 2 r 7 

In Data 2 r 7 
In Data 2 r. 8 

Out Ack r Computer Fault Out Ack r 33 



l\:) 

I 
co 

TABLE 2-2. CP-818A/U Connector Pin Number Assignments (continued) 

Console 0-J6 Auxiliary Computer 
Connector J2 J3 J4 Console 1-J7 

Pin Noo (TCU) (PCU) (RD-277A) Console 2-J8 J10 
Console 3-J9 J5 Pin No. 

33 In Request r Request r In Request r Request r In Request r 32 

34 In Data 2 
0 Spare In Data 2 0 In Data 2 0 In Data 2 0 9 

35 In Data 2 
1 Spare In Data 2 

1 In Data 2 
1 In Data 2 

1 10 

36 In Data 2 
2 Spare In Data 2 

2 In Data 2 
2 In Data 2 2 11 

37 In Data 2 
3 Spare In Data 2 3 In Data 2 3 In Data 2 3 12 

38 In Data 2 4 Spare In Data 2 4 In Data-2 4 In Data 2 4 13 

39 In Data 2 
5 

Spare In Data 2 
5 In Data 2 

5 In Data 2 
5 14 

40 Spare Spare In Data 2 
6 ' 6 

In Data 2 In Data 2 
6 15 

41 Spare Spare Spare Parallel Data Spare 41 

42 In Ack r Ack r In Ack r Ack r In Ack r 30 

43 In Ack Ack In Ack Ack In Ack 21 

44 
1 

In Data 2 r Spare r (35) 
1 

In Data 2 r 
1 

In Data 2 r 
1 

In Data 2 r 2 

*r = return line 



TABLE 2-2. CP-8I8A/U Connector Pin Number Assignments (continued) 

~ 
o 
!:d 
o 
~ 
~ 
1-4 
() 

~ 
~ 

C! 
00 
t:Ij 

o 
Z 
t-t 

Connector 
Pin No. 

45 

46 

47 

48 

49 

50 

J2 
(TCU) 

2 
In Data 2 r 

3 
In Data 2 r 

4 
In Data 2 r 

5 
In Data 2 r 

Spare r (40) 

Shield & 
Spare r (41) 

~ * r = return line 

J3 
(PCU) 

Spare r (36) 

Spare r (37) 

Spare r (38) 

Spare r (39) 

Spare r (41) 

Shield & 
Spare r (41) 

Console 0-J6 Auxiliary Computer 
J4 Console I-J7 

(RD-277A) Console 2-J8 JI0 
Console 3-J9 J5 Pin No. 

2 
In Data 2 r 

2 
In Data 2 r 

2 
In Data 2 r 3 

3 
In Data 2 r 

3 
In Data 2 r 

3 
In Data 2 r 4 

4 In Data 2 r 
. 4 
In Data 2 r 4 In Data 2 r 5 

5 
In Data 2 r 

5 
In Data 2 r 

5 
In Data 2 r 6 

6 In Data 2 r 6 In Data 2 r 
6 In Data 2 r 7 

Shield & Shield & Shield & 50 
Spare r (41) Parallel Data r Spare r (41) 
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5. Raise retainer strap over top of plug. 

6. Tighten screw in retainer strap. 

II - ADJUSTMENTS 

2-5. POWER. - The dc voltage supplies are factory adjusted for the cor­
rect output with a 115 vac input. Check the output voltages and fuses of 
each supply as shown in table 2-3. 

TABLE 2-3. DC Voltage Check Points 

Voltage Test Point* Fuses 
(2:5%) Number Color Number Rating 

+15v TB1-A4 Red F7, 8, 9 2ASB 

-4.5v TB1-A3 Yellow F1, 2, 3 1ASB 

-15v TB1-A2 Violet F4, 5, 6 3ASB 

Ground TB1-A1 Black Black 

+ 15v indicator TB2-G23 FlO, 11, 12 2ASB 

+ 15v indicator grd TB2-G01 

* Chassis A1A1 

If the output of a dc supply (+15v, -15v, or -4.5v) is not within the speci­
fied tolerance, adjust the taps on the primary side of the supply trans­
former. 

III - REPACKING AND STORAGE 

2-6. REPACKING. - To prepare the CP-818A/U for shipment or storage, 
complete the following procedure. 

1. Clear core memory to all zeros or all ones. 

2. De-energize and tag main power switch. 

3. Disconnect main power cable at Jl. 
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4. Disconnect system ground cable at stud El. 

5. Disconnect all input/output signal cables. 

6. Open all chassis. 

7. Tighten card hold-down straps. 

8. Close all chassis. 

9. Ensure all chassis locking screws are tight. 

10. Remove mounting bolts. 

The CP-818A/U is now ready fpr repacking. The type of crate and amount 
of repacking depend on the materials available and the equipment destina­
tion. However, the packaging used must protect the computer from dust, 
moisture, and vibration. 

·2-7. STORAGE. - To prepare the CP-818A/U for storage complete the 
procedure in paragraph 2-6, page 2-11. The crate or covering used must 
protect the computer from dust, moisture, and damage. The storage site 
temperature must be maintained between -40°C (-40°F) and 60°C (140°F). 
The relative humid~ty must not exceed 95%. 
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CHAPTER 3 . 

OPERATING INSTRUCTIONS 

I - CONTROLS AND INDICATORS 

3-1. OPERATOR CONTROLS AND INDICATORS. - Operator controls and 
indicators and all maintenance controls and indicators (except master clock 
margin and memory adjustment controls) are on the power control panel, 
logic panel AIA3, and logic panel A2A3. Many of these controls are indi­
cator-switches which connect to control flip-flops and register flip-flops. 
The indicator portion of the indicator-switch is lighted when the associated 
flip-flop sets. Pressing an indicator-switch sets the associated flip-flop 
and lights the indicator. Some groups of indicator-switches have an asso­
ciated clear push-switch. Pressing this switch clears all flip-flops in the 
group. 

a. Power Control Panel (figure 3-1, page 3-2). - Table 3-1 lists the 
switches and indicators on this panel and describes their function . 

.E: Logic Panel AIA3 (figure 3-2, page 3-6). - Table 3-2, page 3-5, 
lists the indicator-switches on this panel and describes their function. 

c. Logic' Panel A2A3 (figure 3-3, page 3-9). - Table 3-3, page 3-9, 
lists the indicator-switches and controls on this panel and describe their 
function. 

d. Console Input Bit Switch (figure 3-4, page 3-17). - The console 
bit selection switch, located behind logic panel A2, selects either 6-bit 
mode or 8-bit mode when the console specifies parallel inputs. 

TABLE 3-1. Power Control Panel Controls and Indicators 

Control or Type Function 
Indicator 

OVER TEMP Indicator Lights when cabinet interior 
(red) temperature exceeds 46°C 

(115°F). 
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TABLE 3-1. Power Control Panel Controls and Indicators (continued) 

Control or 
Indicator 

AIR FLOW 
FAULT 

BYPASS 

PROGRAM RUN 

RTM 

FAULT, 

Type 

Indicator 
(red) 

Toggle switch 

Indicator 
(green) 

Real time 
meter 

Indicator 
(red) 

FOR OFFICIAL USE ONLY 

Function 

Lights if cabinet airflow stops 
with power on (air leak, extended 
chassis, or a blower not oper­
ating). 

Enables dc power to be applied 
to the computer immediately; by­
passing 3D-second initial delay. 
Also, enables dc power to be ap­
plied to computer even though 
ther e is not sufficient airflow 
within cabinet to close internal 
airflow switch. 

Lights when computer is oper­
ating in high- speed run mode. 

Records time that computer dc 
power is on. The meter cycles 
from 0 through 9999.9 hours. It 
c'annot be reset. 

Lights when one of the following 
logic fault conditions occurs: 

1) Parity error 
2) Halt (function code error) 
3) Console data input overflow 
4) Console switch input overflow 
5) Console keyboard input over­

flow 

3-3 
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TABLE 3 -1. Power Control Panel Controls and Indicators (continued) 

Control or 
Indicator 

FAULT DISC 
HORN/HORN 
CLEAR 

INDICATE/SET­
OFF-INDICATE 

MARGINAL 
CHECK 

POWER 

3-4 

. Type 

Toggle switch 
(three-po­
sition) 

Toggle switch 
(three-po­
sition) 

Indicator 
(red) 

Indicator 
(green) 

Function 

C enter position: Horn sounds 
when fault occurs. 

HORN CLEAR: Silences horn if 
sounding. Horn will sound again 
for a different fault or when 
present fault is removed and 
occurs again. 

DISC HORN: Prevents horn from 
sounding when a fault occurs. 

OFF: Disables all indicator­
switches on both logic panels. 

INDICATE: Indicator-switches 
indicate flip-flop states but cannot 
set flip-flops. 

INDICATE/SET: Indicator­
switches indicate flip-flop states 
and can set flip-flops. 

Lights when marginal check switch 
on either memory chassis is in 
HIGH or LOW position, or when 
either CLOCK NARROW/NORMAL 
switch behind logic panel A1 is in 
NARROW position. 

Lights when ac power is applied to 
the computer (POWER ON/OFF 
switch placed to ON position). 
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TABLE 3-1. Power Control Panel Controls and Indicators (continued) 

Control or 
Type Function Indicator 

POWER Toggle switch ON: Applies ac power to the 
ON/OFF (two-position) blowers. Thirty seconds later 

(when rated air flow is reached) 
dc power is applied to the com-
puter logic. 

OFF: Removes ac and dc power 
from the computer logic. 

TABLE 3-2. Logic Panel A1A3, Control and Indicators 

Indicator-Switch Function 

A-register 00-23 Indicate the state of each bit in the A-register and 
enable the operator to alter the register contents. 
The A-register is the arithmetic section accumu­
lator. It holds the result of an add or subtract 
operation; the multiplier and the least significant 
product bits of a Inultiply operation, the least 
significant dividend bits and the quotient of a 
divide operation, and the mask for a logical oper­
ation and is used in shifting and complementing 
operations. 

D-register 00-23 Indicate the. state of each bit in the D-register and 
enable the operator to alter the register contents. 
The D-register is an arithmetic section operand 
register. It holds one operand during arithmetic 
and logical oper ations. 

X-register 00-23 Indicate the state of each bit in the X-register and 
enable the operator to alter the register contents. 
The X-register is the arithmetic section exchange 
register. It holds one of the operands during an 
arithmetic or logic operation and has a direct data 
path to the Z and D registers and the adder. 
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Figure 3-2. Logic Panel AIA3 
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TABLE 3-2. Logic Panel AIA3, Control and Indicators (continued) 

Indicator-Switch 

Z-register 00-23 

U-register 00-23 

B-register 00-13 

S-register 00-13 

P-register 00-13 

RC O 0 - 4 

Function 

Indicate the state of each bit in the Z-r egister and 
enable the operator to alter the register contents. 
The Z-register is the memory input/output buffer 
register. It routes memory data to the F, M, K, 
C, X, and RC-registers and serves as the selector 
input register for writing data into memory. 

Indicate the state of each bit in the U-register and 
enable the operator to alter the register contents. 
The U-register serves as the lower rank for the 
A-register during shifting operations. 

Indicate the state of each bit in the B-register and 
enable the operator to alter the register contents. 
The B-register is associated with index 37 in 
memory and normally contains the 14-bit address 
field of index 37. However, it can be used to 
modify an instruction without using the memory. 

Indicate the state of each bit in the S-register and 
enable the operator to alter the register contents. 
The S-register is the memory address register 
and holds the addresses to control the memory 
addr ess translator during the memory cycle. 

Indicate the state of each bit in the P-register and 
enable the operator to alter the register contents. 
The P-register is the program address register. 
It holds the address of the next instruction while 
the current instruction is being performed. It is 
incremented by the arithmetic section or reloaded 
with a new address (skip condition). 

Displ~y count in double-rarik repeat. counter. Load 
index instruction (27) loads this register. Repeat 
counter is active during a shift instruction when 
instruction specifies RCA mode of shifting. Repeat 
counter decrements by one for each shift when 
proper mode is selected. 
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TABLE 3-2. Logic Pannel A1A3, Control and Indicators (continued) 

Indicator -Switch 

K 0-4 o 

RCA 

RELOAD 

A24 

·PARITY 

UPPER 

LOWER 

3-B 

Function 

Indicate number of shifts specified by shift (06) 
instruction. Register decrements by one as each 
shift is executed. 

Lights when repeat-clear-add instruction {24} is 
executed and remains lighted until end-repeat­
count instruction {25} is executed or until a buffer 
terminate or RC = 0 occurs. 

Operates during RC I-sequence of the shift (06) 
instruction. Indicator is lighted after repeat 
counter reaches zero. 

Operates during a shift (06) instruction. Indicator 
is lighted during left shift operation when upper 
bit of A-register (A23) is a one and is extinguished 
when A23 is a zero. During right shift type 00, 
indicator is lighted when ADO is a one and is 
extinguished when ADO is a zero. During right 
shift type 10 or 11 operations, indicator is lighted 
when ZOO is a one and is extinguished when ZOO 
is a zero. 

Lights when upper half of a word read from memory 
(bits 12 through 23) contains an even number of 
one bits. 

Lights when lower half of a word read from memory 
(bits 1 through 11) contains an even number of one 
bits. 
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Figure 3-3. Logic Panel A2A3 
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TABLE 3-3. Logic Panel A2A3 Controls and Indicators 

Control or Type Function Indicator 

OUTPUT DATA 0 - 7 Indicator- Display characters sent to periph-
(C-register) switches eral equipments. Indicators 

clear just prior to reload. 

ACKNOWLEDGE Indicators do not clear until com-
puter sends another acknowledge. 

TCU IN Indicator- Lights when computer accepts a 
switch character from C-6573A/GYK-

9A(V) (TCU). 

TCU OUT Indicator- Lights when computer sends a 
switch character to TCU. 

CONSOLE 0 - 3 Indicator- Appropriate indicator lights when 
switches computer accepts a character from 

one of four OA-7385A/GYK-9A(V) 
consoles or when computer sends 
a character to a console. 

PTU IN Indicator- Lights when computer accepts a 
switch character from RD-277 A/GYK-

9A(V) (PTU). 

PTU OUT Indicator- Lights when computer sends a 
switch character to RD-277 A. 

PCU OUT Indicator- Lights when computer sends a 
switch character to C-6572A/GYK-9A(V) 

(PCU). 

AUX COMPUTER Indicator- Lights when computer sends a 
OUT switch character to auxiliary computer. 

AUX COMPUTER Indicator- Lights when computer accepts a 
IN switch character from auxiliary computer. 
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TABLE 3-3. Logic Panel A2A3 Controls and Indicators (continued) 

Control or Type Function Indicator 

REQUEST 

INT Indicator- Lights when an interrupt request is 
switch made by computer. Occurs once 

every millisecond while interrupt 
is armed. 

TCU OUT Indicator- Lights when TCU requests a 
switch character from computer. 

TCU IN Indicator- Lights when TCU has a character 
switch ready for computer. 

CONSOLE 0 - 3 Indicator- Lights when a console has a 
switches character ready for computer or 

when a console requests a char-
acter from computer. 

PTU IN Indicator- Lights when RD-277A has a 
switch character ready for computer. 

PTU OUT Indicator- Lights when RD-277A requests a 
switch character from computer. 

PCU OUT Indicator- Lights when PCU requests a 
switch character from computer. 

AUX COMPUTER Indicator- Lights when auxiliary computer 
OUT switch requests a character from com-

puter. 

AUX COMPUTER Indicator- Lights when auxiliary computer has 
IN switch a character ready for computer. 
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TABLE 3-3. Logic Panel A2A3 Controls and Indicators (continued) 

Control or 
Indicator 

INDEX 0 - 4 
(M-register) 

INT ARM 

FUNCTION 0 - 4 
(F-register) 

FAULT INDICATORS 

HALT 

PARITY 

OVERFLOW 

DATA 

3-12 

Type Function 

Indicator- Display contents of M-register. 
switches M-register contains address of 

index register used for instruction 
address modification and also 
holds status check code during 
execution of 02 (TRF) instruction 
and the constant to be added during 
a 21 (ADC) instruction. 

Indicator- Lighted by an EXF (07) instruction 
switch with arm interrupt code. Extin­

guished by RCIN sequence of EXF 
instruction with disarm code. 

Indicator- Display function code (octal) of 
switches instruction being executed. 

Indicator­
switch 

Lights whenever a halt instruction 
(00, 11, 37) is executed if the HALT 
DISCONNECT switch is in the 
normal position. Computer oper­
ation stops. 

Indicator- Lights whenever upper half or 
switch lower half of word read from 

memory contains an even number 
of one bits (including the parity 
bit). Computer operation stops. 

Indicator- Lights when a console sends com-
switch puter a data character and computer 

cannot accept character because of 
zero word count in assigned control 
words. 
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TABLE 3-3. Logic Panel A2A3 Controls and Indicators (continued) 

Control or Type . Function 
Indicator 

SWITCH Indicator- Lights when a console sends com-
switch puter a switch character and com-

puter cannot accept character 
because of zero word count iIi 
assigned control word. 

KEYBOARD Indicator- Lights when a console sends com-
switch puter a keyboard character and 

computer cannot accept character 
because of zero word count in 
assigned control word. 

SEQUENCE 

I Indicator- Lights during an I sequence (in-
switch struction is read from memory) and 

when computer is in master clear 
state. 

M Indicator- Lights during an M sequence (in-
switch struction address is modified with 

contents of an index register or 
divisor read from memory during 
divide operation). 

R Indicator- Lights during a read sequence (data 
switch read from memory). 

W Indicator- Lights during a write sequence 
switch (data written into memory). 

RCI Indicator- Lights during a read control word 
switch 1 sequence (first RCA, SUD shift, 

or I/O operation. 
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TABLE 3-3. Logic Panel A2A3 Controls and Indicators (continued) . 

Control or 
Type Function 

Indicator 

RC2 Indicator- Lights during a read control word 
switch 2 sequence (second RCA, SUD shift, 

or I/O operation). 

R/W Indicator- Lights during a read/write sequence 
switch (data from a peripheral equipment 

written into memory or data for a 
peripheral equipment read from 
memory). 

WC Indicator- Lights during a write control word 
switch sequence (RCA, SUD shift, or I/O 

operation). 

RCIN Indicator- Lights during the RCIN-sequence 
. switch of an interrupt instruction (TRU 

function code read from memory 
and jump address placed inP-
register). 

SHF CTL 1 Indicator- Indicates status of shift control FF 
switch 1. This flip-flop is set during I, 

R, or R/W-sequence of any 06 
instruction when conditions are 
satisfied to enable shift sequence 
to be performed. 

MAIN TIMING Indicator- Indicate status of 12 flip-flops 
11, 13, 21,23, switches which provide timing signals for 
31, 33, 41, 43, computer operation. 
51, 53, 61, 63 

PHASE 1 - 4 Indicator- The PHASE 1 indicator - switch 
switches lights when the master clock gen-

erates the phase 1 clock pulse. 
The PHASE 4 indicator-switch 
lights when the master clock gen-
erates the phase 4 clock pulse. 
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TABLE 3-3. Logic Panel A2A3 Controls and Indicators (continued) 

Control or 
Indicator 

MODE 

Type 

PHASE STEP Indicator-
switch 

OP STEP Indicator-
switch 

RUN Indicator-
switch 

HALT DISCONNECT Toggle 

PHASE REPEAT 

switch 

Toggle 
switch 

FUNCTION REPEAT Toggle 
switch 

MASTER CLEAR Toggle 

SEQ STOP/STOP 

switch 

Toggle 
switch 
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Function 

Enables computer to operate in 
PHASE STEP mode. 

Enables computer to operate in 
OP STEP mode. 

Enables computer to operate in 
RUN mode. 

Prevents a halt instruction (00, 11, 
37) or parity error from stopping 
computer operation. 

Used in conjun"ction with the PHASE 
STEP MODE switch and individual 
phase indicators. 

Allows certain instructions to be 
continuously executed. 

Returns all computer circuits to 
their initial condition. This switch 
does not function while computer is 
operating in high-speed RUN mode. 

SEQ STOP: Causes computer to 
execute one sequence of current 
instruction when OP STEP mode is 
selected. 

Normal: Causes computer to 
execute one instruction when OP 
STEP mode is selected. 

STOP: Stops computer operation. 
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TABLE 3-3. Logic Panel A2A3 Controls and Indicators (continued) 

Control or 
Type Function Indicator 

REST ART /ST ART Toggle START STEP (momentary): 
STEP switch Starts computer operation in 

selected mode. 

RESTART: Allows the OP STEP 
and PHASE STEP modes to be 
executed at a rate determined by 
setting of RESTART SPEED CON-
TROL. 

RESTART SPEED Potenti- Controls frequency of a low speed 
CONTROL ometer oscillator from 2 to 100 Hz. 

II - OPERATING PROCEDURES 

3-2. ENERGIZING. - Perform the following procedure to apply power to 
the computer. 

1. Throw main power switch on to apply ac voltage to computer 
cabinet. 

2. Place POWER ON/OFF switch to ON. POWER indicator is 
lighted and approximately 30 seconds later computer is ready 
for operation if sufficient airflow is attained. 

3-3. MASTER CLEAR. - Computer circuits master clear automatically 
as dc power is initially applied to the computer. To master clear after 
initial power application, perform the following steps. 

1. Place SEQ STOP/STOP switch to STOP. 

Note: - The computer cannot be master cleared while oper­
ating in the RUN mode. 

2. Momentarily place MASTER CLEAR switch to down position • 
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CONSOLE 
8-BIT / 6-BIT 

SWITCH 

CP-818A/U 

TEST POINTS 

.r " ..... , 

Figure 3-4. Console Input Bit Switch Location 
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3-4. MODES OF OPERATION. - The computer has three modes of oper­
ation: RUN, OP STEP, and PHASE STEP. 

a. RUN Mode. - The RUN mode is the normal, computer mode of 
operation. To place the computer in the RUN mode, perform the follow­
ing procedure. 

1. Momentarily place MASTER CLEAR switch to down position. 

2. Press RUN MODE indicator-switch. 

3. Manually load P-register with starting address of computer 
program. 

4. Place RESTART/START STEP switch to START STEP. 
Computer begins executing instructions at high speed and 
PROGRAM RUN indicator lights. Computer remains running 
until a fault occurs or until stopped manually. 

5. To stop computer operating in RUN mode, place SEQ STOP / 
STOP switch to STOP. Computer stops after executing I-se­
quence of next instruction; PROGRAM RUN indicator goes out. 

b. OP STEP Mode. - This mode of operation steps the computer 
through one instruction or one sequence of an instruction, depending on the 
position of the SEQ STOP/STOP switch. To operate the computer in the OP 
STEP mode, perform the following procedure. 

1. Place SEQ STOP/STOP switch to STOP if computer is oper­
ating in RUN mode. 

2. Momentarily place MASTER CLEAR switch to down position. 

3. Press OP STEP MODE indicator-switch. 

4. Manually load P-registe~ with address of instruction to be 
executed. 

5. Place SEQ STOP/STOP switch to SEQ STOP to enable step­
ping through one sequence of an instruction at a time, or 
leave it in normal position to enable stepping through one 
complete instruction at a time. 
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6. To enable sequential instructions or sequences to be per­
formed, leave FUNCTION REPEAT switch in down position. 
To enable the same instruction or sequence to be performed 
repeatedly, place FUNCTION REPEAT switch in up position. 

7. To perform OPSTEP mode manually, place RESTART/START 
STEP switch to START STEP. Each time operator places 
switch to START STEP, computer executes one instruction 
or one sequence at high speed and then stops. 

8. To perform OP STEP mode automatically, place RESTART/ 
START STEP switch to RESTaRT. Computer executes one 
instruction or one sequence at variable speed and then stops. 
A low-speed oscillator controls rate at which OP STEP mode 
is performed. RESTART SPEED CONTROL controls fre­
quency of low-speed oscillator from 2 to 100 cycles per 
second. 

c. PHASE STEP Mode. - This mode of operation steps the computer 
through one clock phase at a time. This clock phase is either a different 
clock phase each time (PHASE REPEAT switch in normal position) or the 
same clock phase repeated (PHASE REPEAT switch in PHASE REPEAT 
position). To operate the computer in the PHASE STEP mode, perform 
the following procedure. 

1. Place SEQ STOP/STOP switch to STOP if computer is oper­
ating in RUN mode. 

2. Momentarily place MASTER CLEAR switch to down pOSition. 

3. Press PHASE STEP MODE indicatoJ;-switch. 

4. Manually load P-register with desired address. 

5. To perform a single clock phase repeatedly, place PHASE 
REPEAT switch to PHASE REPEAT (up) position and press 
one PHASE (1, 2, 3, or 4) indicator-switch. Computer auto­
matically begins high-speed operation executing the selected 
clock phase. For non phase-repeat operation, omit this step 
and proceed to following steps. 

6. Place PHASE REPEAT switch in normal position. 
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7. Press PHASE 1, 2, 3, or 4 indicator-switch to select begin­
ning clock phase. 

8. Place FUNCTION REPEAT switch in up position to contin­
uously execute an allowable instruction. 

9. To perform PHASE STEP mode manually, place RESTART/ 
START STEP switch to START STEP. Each time operator 
places switch to START STEP, computer generates a single 
clock phase, performs those operations controlled by that 
clock phase, and then stops. The next sequential clock phase 
is performed the next time START STEP is operated. 

10. To perform PHASE STEP mode automatically, place RE­
START/START STEP switch to RESTART. Computer contin­
uously generates sequential clock phases and performs those 
operations controlled by each clock phase. The low-speed 
oscillator controls rate at which clock phases are generated. 
RESTART SPEED CONTROL controls frequency of low-speed 
oscillator from 2 to 100 Hz. 

3-5. PROGRAM LOADING. - Perform the following procedure to load 
c'omputer programs from a paper tape unit or a magnetic tape unit. 

1. Place SEQ STOP/STOP switch to STOP if computer is operating 
in RUN mode. 

2. Momentarily place MASTER CLEAR switch to down position. 

3. Press RUN MODE indicator-switch. 

4. If program is on paper tape, manually load P-register with ad­
dress 00060. This is address of first bootstrap instruction for 
loading a program from paper tape. 

5. If program is on magnetic tape, manually load P-register with 
address 00070. This is address of first bootstrap instruction for 
loading a program from magnetic tape. 

6. Check tape unit to ensure it is operative and program tape is 
loaded. 
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7. Place RESTART/START STEP switch to START STEP. Tape unit 
starts and reads program into computer. 

3-6. EMERGENCY OPERATION. 

a. Power Off. - If an emergency condition necessitates computer 
shutdown, perform the procedure in paragraph 3-7, page 3-22. 

b. Computer Faults. - There are three types of computer faults: 
logiCfault, overtemperature faults, and airflow fault. 

(1) Logic faults. - There are two types of logic faults, those that 
can stop computer operation and those that cannot. The logic faults 
(errors) can be cleared either by momentarily placing the MASTER 
CLEAR switch to down position or by placing the RESTART/START STEP 
switch to START STEP. 

(a) Halt and parity faults. - Halt and parity faults stop com­
puter operation if the HALT DISCONNECT switch is in the normal position. 
A halt fault occurs when the computer reads an instruction with a function 
code of 00, 01, or 37. A parity fault occurs when the upper half or lower 
half of the word read from memory, including the associated parity bit, 
contains an even number of one bits. When either fault occurs, observe 
the following indications. 

1) FAULT indicator lights. 

2) Horn sounds (if not disconnected). 

3) HALT or PARITY indicator-switch lights. 

Notify maintenance personnel if a parity fault or non-programmed halt 
fault occurs. 

(b) Overflow faults. - The overflow faults (data, switch, key­
board) do not stop computer operation. When an overflow fault occurs, 
observe the following indications. 

1) FAULT indicator lights. 

2) Horn sounds (if not disconnected). 

3} One of OVERFLOW indicator-switches lights. 
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Overflow faults are not a hardware malfunction. Notify appropriate super­
visory personnel when an overflow fault occurs. 

(2) Overtemperature fault. - An overtemperature fault occurs 
when the cabinet internal temperature exceeds (46°C) 115°F. Computer 
operation does not stop unless temperature rises to (60°C) 140°F (see 
note). The horn sounds and the OVER TEMP indicator lights. Unless it is 
necessary to operate the computer with an overtemperature fault, perform 
the following procedure. 

1. Place DISC HORN/HORN CLEAR switch to HORN CLEAR 
(down) position. 

2. Place POWER ON/OFF switch to OFF. 

3. Notify maintenance personnel. 

Note: - A cabinet internal temperature (60°C) 140°F auto­
matically removes computer dc voltages. . However, 
the blowers continue to operate. To operate the 
computer with an overtemperature fault place the 
DISC HORN/HORN CLEAR switch to HORN 
CLEAR and notify maintenance personnel immedi­
ately. 

(3) Airflow fault. - An airflow fault occurs when the blowers are 
not operating properly or when an air leak in the cabinet prevents sufficient 
airflow. Computer operation does not stop. The horn sounds and the AIR 
FLOW FAULT indicator lights. If continued computer operation is neces­
sary, place the DISC HORN/HORN CLEAR switch to HORN CLEAR and 
notify maintenance personnel. However, if the computer is allowed to 
operate with an airflow fault, the cabinet internal temperature may rise 
high enough [60°C (140°F)] to automatically stop computer operation. If 
continued computer operation is .not necessary, place POWER ON/OFF 
switch to OFF; then notify maintenance personnel. 

3-7. DE-ENERGIZING. - Perform the following procedure to remove 
power from the computer. 

1. Place POWER ON/OFF switch to OFF. 

2. Throw main pow:er switch off.. 
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III - OPERATOR ADJUSTMENTS AND MAINTENANCE 

3-8. ADJUSTMENTS. - The CP-818A/U requires no operator adjust­
ments. 

3-9. MAINTENANCE. - The CP-818A/U requires no operator mainte­
nance. 
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CHAPTER 4 

PRINCIPLES OF OPERATION 

I - INSTRUCTION REPERTOIRE 

4-1. GENERAL. - The CP-818A/U instruction repertoire consists of 31 
instructions (see table 4-1). Since the formats of these instructions vary, 
the instructions are divided into eight groups. The following paragraphs 
supply the instruction word format (with any variables) and all associated 
word formats and a description of how each instruction operates. 

TABLE 4-1. Instruction Repertoire 

Function Code (f) Mnemonic Notation Instruction Name 

Group I Instructions 

10 CLR Clear Memory Address 

12 STR Store A 

13 RPA Replace Address 

14 TRU Transfer Unconditionally 

15 TRA Transfer on Accumulator 

16 TRD Transfer if Different 

20 EXC Exchange 

22 ADO Add One to Memory 

23 AID Add One if Different 

24 RCA Repeat Clear Add 

25 ERe End Repeat Count 

30 CLA Clear Add 

31 ADD Add 

32 SUB Subtract 

33 COM Compare 
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TABLE 4-1. Instruction Repertoire (continued) 

Function Code (f) Mnemonic Notation Instruction Name 

34 LGA Logical Add 

35 LGM Logical Multiply 

Group II Instruction (7 Sub-orders) 

06 SHF Shift 

06-0 SHL Shift Left 

SCD or SCN (Type 00) (Suffix D, as in SXD, indi-
SAD or SAN (Type 01) cates decrement mode; 
SXD or SXN (Type 10) suffix N, as in SXN, indi-
SLD or SLN (Type 11) cates nondecrement mode.) 

06-1 DIV Divide 

06-2 SCA Scale Accumulator 

06-3 SCL Scale Index and Accumu-
lator 

06-4 SHR Shift Right 
SCR (Type 00) 
SAR (Type 01) 
SXR (Type 10) 
SLR (Type 11) 

06-5 MUL Multiply 

06-6 SUD Shift Until Different 

Group III Instructions 

26 STX/SRC Store Index/Store RCO 

27 LDX/LRC. Load Index/Load RCO 

Group IV Instructions 

02 TRF Transfer on Flip- Flop or 
Status Line 

03 TSR Transfer to Subroutine 

04 TRX Transfer on Index 
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TABLE 4-1. Instruction Repertoire (continued) 

Function Code (f) Mnemonic Notation Instruction Name 

05 TAX Transfer and Augment 
Index 

Group V Instruction 

17 SWC Sense Word Count 

Group VI Instruction 

07 EXF External Function 

Group VII Instructions 

00 } HLT Halt 
11 
37 HLD stop 

36 ADB Add B 

01 LGN Logical Negation 

Group VIn Instruction 

21 ADC Add Constant to Memory 

4-2. GROUP I INSTRUCTIONS. 

a. Formats. - Figure 4-1, page. 4-4, illustrates the instruction word 
formats and the index word format for the group I instructions. Figure 
4-1A, page 4-4, shows the instruction word format for index register 
modification to the base address of the instruction. The lower 14 bits of 
anyone of 368 memory locations (00001 through 00036) can be added to the 
base address of most group I instructions. For example, if the index regis­
ter address is zero, no base address modification occurs; if the index regis­
ter address equals one, the lower 14 bits of memory location 00001 are 
added to the base address of the instruction; if the index register address 
equals 368, the lower 14 bits of memory location 00036 are added to the 
base address. 

Figure 4-1B, page 4-4, shows the instruction word format for most group 
I instructions when bits 14 through 18 equal 378- When bits 14 through 18 
equal 378, the contents of the B-register are added to the base address. If 
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bits 9 through 13 of the instruction are not equal to zero, the contents of an 
index register are added to the modified address of the instruction. Figure 
4-2, page 4- 5, shows examples of both types of instruction address modi­
fication. 

Figure 4-1 C shows the format of the index words (memory locations 00001 
through 00036). The tally field is a value used by the computer program 
to count various computer conditions or events see paragraphs 4-5b(3), 
page 4-17, and 4-5~(4), page 4-17. The address field is the value added 
to the base address of the instruction. 

b. Descriptions. 

(1) Clear memory address (10). - This instruction stores zeros 
in the memory location specified by the address portion of instruction. 
The base address can be modified with the contents of an index register 
and/or the B-register. a ~Y. . 

23 - 19 18 - 14 13 - 0 

FUNCTION CODE ' INDEX REGISTER BASE ADDRESS 

(f) ADDRESS' (18 - 36 8 ) 

A. Instruction Word Format for Index Register Modification 

23 - 19 18 - 14 13 - 9 8 - 0 

FUNCTION CODE B-REGISTER INDEX REGISTER BASE ADDRESS 

(f) ADDRESS (378) ADDRESS (18 - 36 8 ) 

B. Instruction Word Format for Index and lor B -Register Modification 

o 

TALLY FIELD ADDRESS FIELD 

C. Index Word Format 

Figure 4-1. Group I Instruction Word Formats and Index Word Format 
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I NSTRUCTION WORD 

118--14 \13 0 Y = BASE ADDRESS (BITS 0-13) 

! 
INDEX REGISTER 

AD DRESS (018 TO 368 ) 

B 
AD 

IN 
ADDR 

.. 

p 

1
13 0 

INDEX REGISTER CONTENTS 

ADDER· .. Y= Y + CONTENTS OF INDEX 
REGISTER BITS 0-13 

A. BASE ADDRESS MODIFICATION WITH MEMORY INDEX REGISTER CONTENTS 

INSTRUCTION WORD 

118-14113-918 

/ [ 
REGISTER 

DRESS (378) 

B REGISTER 

DEX REGISTER 13 
ESS (018 TO 368) 

I 
13 

INDEX REGISTER CONTENTS 

0 

.... 
0 

0 

y = BASE ADDRESS 

~ 
ADDER .. 

r 

(BITS 0-8) 

Y=Y+ CONTENTS OF B-REG. 
+ CONTENTS OF INDEX-REG. 

BITS 0-13 

B. BASE ADDRESS MODIFICATION WITH BOTH MEMORY INDEX REGISTER CONTENTS 
AND B REGISTER CONTENTS 

Figure 4-2. Examples of Instruction Address Modification 
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(2) Store A (12). - This instruction stores the contents of the A­
register in the memory location specified by the address portion of the in­
struction. The base address can be modified with the contents of an index 
register and/or of the B-register. (A) -7 Y. 

(3) Replace address (13). - This instruction replaces the low­
order 14 bits of the memory location specified by the address portion of 
the instruction with the low-order 14 bits of the A-register. The instruc­
tion address can be modified with the contents of an index register and/or 
the B-register. (A 0 _ 13) ~YO - 13 and (Y 14 - 23)i = (Y14 - 23)f. 

(4) Transfer unconditionally (14). - This instruction transfers 
program control from the present memory position to the memory location 
specified by the address portion of the instruction. The base address can 
be modified with the contents of an index register and/or the B-register. 
NI = (Y). 

(5) Transfer on accumulator (15). - This is a conditional trans­
fer (jump) instruction, and its operation depends upon the contents of the 
A-register. 

1) If the contents of the A-register equal zero, no program 
transfer occurs and the next sequential instruction is 
executed. If A = 0: NI = (p). 

2) If the contents of the A-register are positive (A23 = 0), 
program control transfers from its pres€nt memory po­
sition to the memory location specified by the address 
portion of the instruction. The base address can be 
modified with the contents of an index register and/or 
the B-register. If A > 0: NI = Y. 

3) If the contents of the A-register are negative (A23 = 1), 
the next sequential instruction is skipped. 
If A < 0: NI = (P) + 1. 

(6) Transfer if different (16). - This is a conditional transfer 
instruction, and its operation depends upon the states of the upper bit of 
the A-register (A23) and the A24 flip-flop. The A24 flip-flop sets when 
the A-register is left shifted and bit A23 is a one. 
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1) If the A23 and A24 flip-flops are both set or both clear, 
no program transfer occurs and the next sequential in­
struction is executed. If A24 = A23: NI = (P). 

2) If the A23 and A24 flip-flops are not in the same state 
(one set and the other cleared), program control trans­
fers from its present position to the memory location 
specified by the address portion of the instruction.. For 
this condition the base address can be modified with the 
contents of an index register and/or the B-register. 
If A24 -f A23 : NI = Y. 

(7) Exchange (20). - This instruction exchanges the contents of 
the A-register with the contents of the memory location specified by the 
address portion of the instruction. The contents of the A-register go to the 
memory location and the contents of the memory location go to the A-regis­
ter. The instruction address can be modified with the contents of an index 
register and/or the B-register. (A)i ~ Y and (y)i ~ M. 

(8) Add one (22 ). - This instruction adds one to the contents of 
the memory location specified by the address portion of the instruction. 
The base address can be modified with the contents of an index register 
and/or the B-register. (y)i + 1 ---7 Yf. 

(9) Add one if different (23). - This is a conditional, add-one in­
struction. Its operation depends upon the states of the upper bit of the A­
register (A23) and the A24 flip-flop. The A24 flip-flop sets when the A­
register is shifted and the bit shifted out of A23 is a one. 

1) If the A23 and A24 flip-flops are both set or both clear, 
continue with the next sequential instruction. 
If A23 = A24 : no addition, NI = (P). 

2) If the A23 and A24 flip-flops are not in the same state 
(one set and the other cleared), add one to the contents of 
the memory location specified by the address portion of 
the instruction. For this condition the base address can 
be modified with the contents of an index register and/or 
the B-register. If A23 -f A24: (Y)i + 1 ~. Yf. . \. 

(10) Repeat clear add (24). - This instruction replaces the entire 
contents of the RCA control word (memory location 00040) with the contents 
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of the memory location specified by the address portion of the instruction 
and sets the RCA-flip-flop. The base address can be modified with the 

. contents of an index register and/or the B- register. (Y) ~ RCA CW1 and 
Set RCA FF. 

The RCA instruction is used in conjunction with the SHF (06) and ERC (25) 
instructions to process data one bit at a time. As words being processed 
in the A-register are shifted, the RC-register is decremented by one for 
each bit shifted. When the register reaches zero, the next sequential word 
in memory is loaded into the A-register and the RC-register is reset with 
the refill count. 

Figure 4-3 illustrates the RCA control-word format. The refill count 
specifies the number of times a word is to be shifted in multiples of 
four; four is the minimum and 28 the maximum number shifts. The refill 
count is stored in the RC-register (Z21 _ 23 ~ RCO 2 _ 4). The word 
count specifies the number of words to be shifted. The address specifies 
the beginning address of the first memory word to be shifted. Paragraph 
4-16~(I)(b), page 4-52, contains a detailed operational description of the 
RCA shift mode. (The RCA instruction-word format is illustrated in A and 
B of figure 4-1, page 4-4.) 

(11) End repeat count (25). - This instruction stores the contents 
of the RCA control word (memory location 00040) in the memory location 
specified by the address portion of the instruction. The address can be 
modified with the contents of an index register and/or the B-register. The 
instruction also clears the RCA control-logic flip-flop. (RCA CW1) -7- Y 
and Clear RCA FF. 

23 21 20 14 13 a 

REFILL COUNT WORD COUNT ADDRESS 

RCa 

16 8 4 2 

Figure 4-3. RCA Control Word Format 
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(12) Clear add (30). - This instruction replaces the contents of 
the A-register with the contents of the memory location specified by the 
address portion of the instruction. The base address can be modified with 
the contents of an index register and/or the B-register. (Y) ~ A. 

(13) Add (31). - This instruction adds algebraically the contents of 
the memory location specified by the address portion of the instruction to 
the contents of the A-register. The result remains in the A-register. The 
base address can be modified with the contents of an index register and/or 
the B-register. (A)i + (y) ~ Af. 

(14) Subtract (32 ). - This instruction subtracts algebraically the 
contents of the memory location specified by the address portion of the 
instruction from the contents of the A- register. The result remains in the 
A-register. The base address can be modified with the contents of an 
index register and/or the B-register. (A)i - (Y) ~ Af. 

(15) Compare (33). - This instruction is a conditional skip in­
struction. The contents of the A-register are compared with the contents of 
the memory location specified by the address portion of the instruction .. 
The base address can be modified with the contents of an index register 
and/or theB-register. The instruction operates as follows. 

Note: For this instruction, all ones are less than all 
zeros. 

1) If the contents of the A-register are greater (more 
positive) than the contents of the specified memory lo­
cation, the computer program continues with the next 
sequential instruction. If (A) > (Y): NI = (P). 

2) If the contents of the A-register are less (more negative) 
than the contents of the specified memory location, the 
next sequential instruction is skipped and the computer 
program continues. If (A) < (Y): NI == (P) + 1. 

3) If the contents of the A- register are equal to the contents 
of the specified memory location, the next two sequential 
instructions are skipped and the computer program con­
tinues. If (A) = (Y): NI = (P) + 2. 
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(16) Logical add (34). - This instruction adds logically (without 
carries) the contents of the memory location specified by the address 
portion of the instruction to the contents of the A-register. The result 
remains in the A-register. The base address can be modified with the 
contents of an index register and/or the B-register. (A)i <±> (y) ---7 Af. 

Example: (Y) = 0011 
(A)i = 0101 
(A)f = 0110 

(17) Logical multiply (35). - This instruction multiplies (bit by 
bit) the contents of the A-register with the contents of the memory location 
specified by the address portion of the instruction. The results remain in 
the A-register. The base address can be modified with the contents of an 
index register and/or the B-register. (A)i + (Y) ~ Af. 

Example: (Y) = 0011 
(A)i = 0101 
(A)f = 0001 

4-3. GROUP II INSTRUCTION. 

~. Format. - Figure 4-4, page 4- 11, illustrates three different in­
struction-word formats for the group II (SHF, 06) instruction. The shift 
count (bits 0 through 4) specifies the number of shifts to be performed; 
the number of shifts for a divide or multiply operation is normally 2410. 

The sub-order (bits 5 through 7) indicates that one of the sub-orders listed 
in table 4-2, page4-12, is to be executed. The mode designator is used for 
a shift left (06-0) instruction only and indicates the following: 

Mode 
1 - Do not decrement repeat counter. 

o Decrement repeat counter if the RCA flip-flop is set. 

(See instructions 24 and 25, pages 4-7 and 4-8.) 

The type shift (bits 12 and 13) specifies circular or end-off shifting and 
designates the registers to be shifted. See table 4-3, page 4-12. 
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23 19 18 14 13 12 II 10 8 7 5 4 0 

M 
FUNCTION INDEX REGISTER TYPE 0 

BLANK 
SUB SHIFT 

CODE ADDRESS SHI FT D ORDER COUNT 
E 

A. FORMAT FOR SHIFT INSTRUCTIONS OTHER THAN SUB-ORDER 001 2 AND 101 2 

23 19 18 14 13 12 II 10 9 8 7 5 4 0 

B 
FUNCTION INDEX REGISTER I NDEX REGISTER L SUB SHIFT 

CODE ADDRESS ADDRESS (DIVIDEND) A 
OROER COUNT N 

( DIVISOR) ( UPPER) K ( 001 2) 

B. FORMAT FOR SUB-ORDER 0012 (DIVI DE) INSTRUCTION 

23 19 18 14 13 8 7 5 4 0 

FUNCTION INDEX REGISTER BLANK SUB SHIFT 
CODE ADDRESS ORDER COUNT 

( MULTIPLICAND) ( 101 2 ) 

C. FORMAT FOR SUB-ORDER 1012 (MULTIPLY) INSTRUCTION 

Figure 4-4. Shift Instruction Word Format 
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TABLE 4-2. Shift Instruction Sub-Orders 

Sub-Order 
Bits Shift Instruction Reference 
7 6 5 

a 0 a Shift Left (SHL) 06-0 . 

a 0 1 Divide (DIV) 06-1 

a 1 0 Scale Accumulator (SCA) 06-2 

a 1 1 Scale Index and Accumulator (SCL) 06-3 

1 a 0 Shift Right (SHR) 06-4 

1 0 1 Multiply (MUL) 06-5 

1 1 a Shift Until Different (SUD) 06-6 

TABLE 4- 3. Shift Instruction Type Shift 

Sub-Order 
T-jpe 
Bits 
13 12 

a a Shift A- Register Circular 

a 1 Shift A-Register End-Off 

1 0 Shift Index Register End-Off 

1 1 Shift Index and A-Register End-Off 

* Mode 1 or RCA flip-flop clear 
** Mode 0 and RCA flip-flop set 

4-12 

000 (SHL) 100 (SHR) 
Left Right 
Shifting Shifting 

SCN SCD SCR 

SAN SAD SAR 

SXN SXD SXR 

SLN*SLD** SLR* 
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For sub-orders 0002 and 1002 (SHL and SHR), the index-register address 
(bits 14 through 18) designates which of the 378 index registers is to be 
shifted. These bits are only significant for type 10 and 11 instructions. 
For sub-order 0012 (DIV), bits 14 through 18 designate the address of the 
index register containing the divisor; bits 9 through 13 designate the ad­
dress of the index register containing the most significant bits of the 
dividend. The index-register address is not used for sub-order 0102 (SCA). 
For sub-order 0112 (SCL), the index-register address (bits 14 through 18) 
designates which index register is to be scaled at the time the A- register 
is scaled. For sub-order 1012 (MUL), the index-register address desig­
nates the location of the multiplicand. For sub-order 1102 (SUD), the index 
register specified by bits 14 through 18 counts the number of times the 
A-register is shifted. 

b. Description. - The sl).ift instruction is divided into six types. The 
type of shift instruction to be performed is selected by the sub-order code 
of the shift instruction format. A detailed description of the seven shift 
functions is provided in paragraph 4-16g, page 4- 50. 

(1) Shift left (SHL, 06-0). - This instruction sub-order shifts the 
contents of the A-register (previously loaded) and/or the contents of an 
index register to the left. The instruction specifies the number of shifts. 

(2) Shift right (SHR, 06-4). - This instruction sub-order shifts the 
contents of the A-register (previously loaded) and/or the contents of an 
index register to the right. The instruction specifies the number of shifts. 

(3) Multiply (MUL, 06-5). - This instruction sub-order multiplies 
the contents of the specified index register (multiplicand) with the contents 
of the previously-loaded A-register (multiplier). A 46-bit product of the 
two operands is obtained by this operation. The low order bits of the pro­
duct are in the A-register and the high order bits are loaded into the index 
register that supplied the multiplicand. 

(4) Divide (DIV, 06-1). - This instruction sub-order divides a 
46-bit dividend by a 23-bit divisor. The result is a 23-bit quotient plus a 
23-bit remainder. The low-order bits of the dividend are (previously 
loaded) in the A-register. The ~igh-order bits of the dividend are in the 
index register specified by bits 9 through 13 of the instructions. The 
divisor is in the index register specified by bits 14 through 18 of the in­
struction. 
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At the completion of the dividing operation, the quotient is stored in the A­
register and the remainder is loaded into the index register that provided 
the high-order bits of the dividend. 

(5) Scale accumulator (SCA, 06-2). - This instruction sub-order 
scales the contents of the A-register left (cyclic) until the two high-order 
bits are different (A23 f; A22) or shift counter equals zero. Either positive 
or negative numbers can be scaled. The index field (bits 14 through 18) of 
the instruction word is not used. The shift counter is loaded with the con­
tents of the shift count in the instruction word. Shifting terminates when 
A22 and A23 are different (scaled accumulator), or when the shift counter 
decrements to zero (mayor may not be scaled). When shifting terminates 
because the shift counter decrements to z'ero, the accumulator is scaled 
only if A22 and A23 are different (not zeros or ones at the same time). 

(6) Scale index and accumulator (SCL, 06-3). - This instruction 
sub-order scales a 48-bit operand contained in the specified index-register 
(high-order 24 bits) and the A-register (low-order 24 bits). Tbe index 
field of the instruction word specifies the index register to be shifted. In 
this sub-order, the A-register (loaded by the previous instruction) and the 
L-register are left shifted together one place at a time, end-around. 
Shifting continues until the two high-order bits of the Z-register (Z20 and 
Z21) are different, or the shift count register decrements to zero. 

(7) Shift until different (SUD, 06-6). - This instruction sub-order 
shifts the contents of a buffer left (end-off through the A-register) until 
bits 23 and 24 are different or buffer terminates. The index register 
specified in this instruction is used to tally the number of shifts. The 
RCA FF, the mode bit, and the shift field of the instruction word have no 
significance. 

4-4. GROUP III INSTRUCTIONS. 

a. Format. - Figure 4-5, page 4-15, illustrates the instruction word 
format for the group III instructions. The two group III instructions load 
index registers or store the contents of index registers elsewhere in mem­
ory. These instructions both operate on an index register and can be 
modified by an index register. 

Bits 14 through 18 specify which register contents are added to the base 
address of the instruction. If bits 14 through 18 equal 0, the base address 
is not modified. If bits 14 through 18 equal 18 through 368, the contents of 
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23 - 19 18 - 14 13 - 9 8 - 0 

FUNCTION INDEX REGISTER INDEX REGISTER BASE ADDRESS 

CODE ADDRESS (Modifier) ADDRESS (Operand) 

Figure 4-5. Group III Instruction Word Format 

an index register are added to the base address. If bits 14 through 18 
equal 378, the contents of the B-register are added to the base address. 

Bits 9 through 13 specify which register is operated on. Table 4-4 lists 
the interpretations of these bits for the two group III instructions. 

b. Descriptions. 

" 
(1) store index (26). - This instruction replaces the contents of 

the memory location specified by the address portion of the instruction with 
the contents of the index register specified by the instruction index field 

TABLE 4-4. Group III Instructions, Bits 9 through 13, Interpretation 

Instruction Interpretation 

26 

All zeros Repeat counter is operated on. 

18 through 378 An index register is operated on. 

27 

All zeros Repeat counter is operated on. 

18 through 368 An index register is operated on. 
378 (instruction 26) Index register 378 is operated on. 
378 (instruction 27) Index register 378 and the B-register are 

operated on. 
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(bits 9 through 13). If no index register is specified, the instruction stores 
the contents of the repeat counter (RC) in the five low order positions of 
the memory location specified by the address portion of the instruction. 
The base address may be modified with the contents of either an index 
register or the B-register. (I) ~ Y or [(RC) ~ YO-4 and 0 ~ Y5-23] . 

(2) Load index (27). - This instruction replaces the contents of 
the specified index register or index register and B-register with the con­
tents of the memory· location specified by the instruction address. If no 
index or B-register is specified, the five low order bits of the specified 
memory location are loaded into the repeat counter. The base address can 
be modified with the contents of either an index register or the B-register. 
(Y) ~ I or (YO- 4) -7 RC. 

4-5. GROUP IV INSTRUCTIONS. 

a. Formats. - Figure 4-6 illustrates two different instruction-word 
formats for the group IV instructions. The base address of the group IV 
instructions cannot be modified. The index register address (bits 14 
through 18) specifies the index register to be operated on. The status­
check code (bits 14 through 18) specifies which status condition is to be 
checked. 

TALLY FIELD 
(_--------------~A~--------------__ ~ 

23 - 19 18 - 14 13 - 0 

FUNCTION INDEX REGISTER BASE ADDRESS 

CODE ADDRESS 

A. Format for 03 (TSR), 04 (TRX), 05 (TAX) Instructions 

23 - 19 18 - 14 13 - 0 

FUNCTION STATUS CHECK BASE ADDRESS 

CODE CODE 

B. Format for 02 (TRF) Instruction 

Figure 4-6. Group IV Instruction Word Formats 
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b. Descriptions. 

(1) Transfer on flip-flop or status line (02 ). - This instruction is 
a conditional transfer instruction. The instruction checks the control­
logic jump flip-flop or status line specified by the status-check code por­
tion of the instruction. If the specified flip-flop or status line is set, the 
program continues in normal sequence. If the specified flip-flop or status 
line, is not set, program control transfers from its present position to the· 
memory location specified by the address portion of the instruction. 
Table 4-5, page 4- 18, lists the status-check codes and the conditions they 
check. FF CLR: NI = Y; FF Set: NI = (P) 

(2) Transfer to subroutine (03). - This is an unconditional trans­
fer instruction. This instruction stores the contents of the P-register 
(next instruction address) into bits 0 through 13 of the index register 
specified by the instruction. The lower 14 bits of the instruction (next 
instruction address) are then transferred to the P-register. 
(P) ~ 10 - 13' NI = Y. 

(3) Transfer on index (04). -' This is a conditional transfer in­
struction. If the tally-field portion (It) of the index register specified by 
the instruction equals zero, no program transfer occurs and the next se­
quential instruction is executed. If the tally field does not equal zero, it is 
decremented by one, and program control transfers from its present 
position to the memory location specified by the instruction address. 

If the index-register-address portion of the instruction equals 378, only 
the index register 378 is referenced and not the B-register. 
If It = 0: NI = (P). If It -J 0: (It)i - 1 ~ It and NI = Y. 

(4) Transfer and augment index (05). - This is a conditional 
transfer instruction. If the tally-field portion of index register specified 
by the instruction equals zero, no program transfer occurs and the next 
sequential instruction is executed. If the tally field does not equal zero 
the following occurs. 

1) The tally field '(It) of the specified index register is 
decremented by one 

2) The address-field (Ia) of the specified index register is 
incremented by one 
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TABLE 4-5. Transfer Conditions 

Status Check 
Codes Status Condition Equipment 

0 0 0 0 0 Tape Mark TCU 

0 0 0 0 1 Tape Busy TCU 

0 0 0 1 0 Data Transfer Error TCU 

0 0 0 1 1 Transport Ready TCU 

0 0 1 0 0 Input Overflow TCU 

0 0 1 0 1 Control Error TCU 

0 0 1 1 0 RCA (Set) Computer Control Section 

0 0 1 1 1 A23 = A24 Computer Control Section 

0 1 0 0 0 Initiate Auxiliary Computer 

0 1 0 0 1 Output Busy Auxiliary Computer 

0 1 0 1 0 Input Busy Auxiliary Computer 

0 1 0 1 1 Console Switch Input Word Consoles 0, 1, 2, or 3 
Complete 

0 1 1 o 0 Console Data Control Word Console 0 
1 Complete 

0 1 1 0 1 Console Data Control Word Console 1 
1 Complete 

0 1 1 1 0 Console Data Control Word Console 2 
1 Complete ) 

0 1 1 1 1 Console Data Control Word Console 3 
1 Complete 
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3} Program control transfers from its present position to 
the memory location specified by the instruction address. 

Note: - If the index-register-address portion of the instruc­
tion equals 378 and the tally-field portion of index 
register 378 does not equal zero, both index regis­
ter 378 and the B- register are operated on. The 
tally-field portion of the index register is incre­
mented by one, and the incremented address field is 
transferred to the B-register. If {It} = 0: NI = {P}. 
If {It} ~ 0: {It}i - 1 -7 {It)f, {Ia}i + 1 ~ {Ia}f, and 
NI = Y. 

4-6. GROUP V INSTRUCTION. 

a. Format. - Figure 4-7 illustrates the variable instruction-word 
format for sense word count instruction {17}. 

b. Description. - The ,sense word count {SWC} instruction is a con­
ditional skip instruction. It checks the word- count portion of a memory 
word specified by the address portion of the instruction. This memory is 
normally an I/O or RCA control word. If the word count equals zero, the 
next instruction of the program is skipped. If the word count is not equal 
to zero, no instruction is skipped and the program continues. The 17 in­
struction has two modes of operation. If bit 9 of the instruction is zero, a 
7-bit word count {bits 14 through 20} is checked. If bit 9 of the instruction 

,is one, an 8-bit word count {bits '14 through 21} is checked. The base ad­
dress may be modified with the contents of an index register {01 8 through 
368} or the contents oftheB-register{378}. If 114 _ 20 or 21 ~ 0: NI = {P}; 
If 114 _ 20 or 21 = 0: NI = {p} + 1; or Ywc ~ 0: NI = {P}; Ywc = 0: 
NI = {P} + 1. 

23 - 19 18 - 14 13 - 10 9 8 - 0 

FUNCTION INDEX REGISTER BLANK M BASE ADDRESS 
0 

CODE 
D 

ADDRESS E 

Figure 4-7. Group V Instruction Word Format 
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4-7. GROUP VI INSTRUCTION. 

a. Format. - Figure 4-8 illustrates the instruction-word format for 
the external .function instruction (07). The peripheral-unit code specifies 
which peripheral equipment receives the external function code or specifies 
time base interrupt. (See table 4-6). When this codes specifies the auxilia­
ry computer, it also specifies the function that the auxiliary computer is to 
perform. 

23 -

FUNCTION 

CODE 

Note: - The consoles initiate their own input and output 
operations and thus no external function for the con­
soles is required. 

19 18 - 14 13 - II 10 - 0 

PERIPHERAL BLANK EXTERNAL FUNCTION 

UNIT CODE CODE 

Figure 4-8. Group VI Instruction Word Format 

TABLE 4-6. Peripheral Unit Codes 

Peripheral Unit 
Code Peripheral Unit 

0 0 0 0 1 TCU 

0 0 0 1 0 RD-277A 

0 0 0 1 1 peu 

0 0 1 0 0 Auxiliary Computer Output 

0 0 1 1 0 Auxiliary Computer Input 

0 0 1 1 1 Time Base Interrupt 
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The external fUnction code specifies the type of operation the computer 
wants the peripheral unit to perform or the type of interrupt instruction to 
be performed (arm or disarm). Tables 4-7 through 4-10, pages 4- 21 
through 4- 24, list the function codes for the TCU, RD-277 A, PCU and time 
base interrupt. 

b. Description. - This instruction sends an external function code 
which either instructs a peripheral unit to perform an input or output oper­
ation, or controls a time base interrupt operation. The time base interrupt 
provides a variable count interrupt under program control. The range of -
variability is from one millisecond to one second in one-millisecond steps. 
The interrupt is initiated (armed) by an EXF instruction with a 3008 code. 
(A 2408 code will disarm the interrupt.) A control word in memory loca­
tion 42 must be previously loaded with a count (tally) and a jump address 
(address of subroutine). A Gontrol word in memory location 43 must be 
previously loaded with a TRU function code in order to return to the main 
routine at the point of exit. The time base interrupt has the highest priority 
in the I/O system. 

TABLE 4-7. TCU Function Codes 

External Function 
Code Function 

Bits 22 _ 20 

0 0 0 Tape Transport 0 Address 

0 0 1 Tape Transport 1 Address 

0 1 0 Tape Transport 2 Address 

0 1 1 Tape Transport 3 Address 

1 0 0 Tape Transport 4 Address 

1 0 1 Tape Transport 5 Address 

1 1 0 Tape Transport 6 Address 

1 1 1 Tape Transport 7 Address 

FOR OFFICIAL USE ONLY 4-21 



CP-818A/U 

TABLE 4-7. TCU Function Codes (continued) 

External Function 
Code Function 

Bits 27 _ 23 

1 0 0 0 0 Halt 

1 0 0 0 1 Status 

1 0 0 1 0 Read Odd Parity 

1 0 0 1 1 Read Even Parity 

1 0 1 0 0 Backspace Odd Parity 

1 0 1 0 1 Backspace Even Parity 

1 0 1 1 0 Rewind 

1 0 1 1 1 Unload 

1 1 0 0 0 Write Odd Parity ~ 

1 1 0 0 1 Write Even Parity 

1 1 0 1 0 Write End of File 

1 1 0 1 1 Write End of File 

1 1 1 0 0 Write Extended Inter-Record Gap, Odd Parity 

1 1 1 0 1 Write Extended Inter- Record Gap, Even Parity 

1 1 1 1 0 Write Extended Inter-Record Gap, End of File 

1 1 1 1 1 Write Extended Inter- Record Gap, End of File 
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TABLE 4-8. RD-277A Function Codes 

Function Codes 

For Computer For RD-277 A 

000 1 

000 1 

000 1 

100 1 

101 1 

010 1 

1 101 

100 1 

o 1 0 1 

o 1 1 1 

111 1 

100 1 

0000001 

0001000 

000 1 001 

0101000 

0101000 

0000101 

o 1 0 1 101 

o 1 0 1 001 

0001101 

0000101 

010 1 101 

1000000 
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Function 

Turn Punch Off 

Turn Reader Off 

Turn Reader and Punch Off 

Turn Reader On 

Turn Reader On with Lockout 

Turn Punch On 

Turn Reader and Punch On 

Turn Reader and Punch Off 

Turn Punch On and Reader Off 

Turn Punch On with Lockout 

Turn Reader and Punch On with Lockout 

Zero Suppression 
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TABLE 4-9. PCU Function Codes 

External Function Code 

Bits 27 

11xxxxxx 

10100000 

10000000 

Function 

Select Printer * 

Deselect Printer ** 

No Print 

* Selects one of a possible 4010 printers/ 
punches 

** The deselect printer function code is in 
response to a data request from the 
PCU. The printer/punch deselected is 
the one that the PCU requested data for. 

TABLE 4-10. Time Base Interrupt Function Codes 

External Function Code 

Bits 27 Function 

11xxxxxx Arm Interrupt 

101xxxxx Disarm Interrupt 
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When armed, the computer makes requests at a one KHz rate. As each 
request is honored, the control word in address 42 is read and a tally check 
is made: 

If the tally does not equal zero, it is decremented by 1 and restored to ad­
dress 42 with no change in the jump address. The program then proceeds 
to the next instruction. 

If the tally equals zero, the contents of the P-register are written into ad­
dress 43. The jump address from location 42 is then loaded into the P­
register. The program proceeds to the jump address (address of the sub­
routine), and the time base interrupt is automatically disarmed. A jump 
instruction to address 43 is required to return to the interrupted routine 
(main routine). 

4-8. GROUP VII INSTRUCTIONS. 

a. Format. - Figure 4-9 shows the instruction word format for the 
group VII instructions. The group VII instructions do not use address 
modification and are completed within four microseconds. 

b. Description. 

(1) Halt (00, 11). - The halt instruction conditionally stops com­
puter operation. With the HALT DISCONNECT switch in the center posi­
tion, the computer stops when a halt instruction is executed. The FAULT 
indicator lights and the horn, if not disabled, sounds. With the HALT DIS­
CONNECT switch in the up position, the computer does not stop when a halt 
instruction is executed. However, the FAULT indicator lights and the 
horn, if not disabled, sounds. There is no addr~ss modification. 

(2) Stop (37). - The stop instruction may be eliminated from a 
program by operator request during an assembly run. In all other respects, 
the stop instruction is the same as the halt (00, 11) instruction. 

23 - 19 18 - 0 

FUNCTION BLANK 

CODE 

Figure 4-9. Group VII Instruction Word Format 
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(3) Logical negation (01). - This instruction complements the 
contents of the A-register. It changes ones to zeros, and zeros to ones. 
Ai --7 A. 

(4) Add B (36). - This instruction algebraically adds the contents 
of the B-register to the contents of the A-register. The 24-bit result is 
stored in the A-register and the 14 low order bits are stored in the B­
register. {B}i + {A)i --7 A and (AO _ 13) -7 B. 

4-9. GROUP VIII INSTRUCTION. 

a. Format. - Figure 4-10 shows the instruction word format for the 
add constant to memory (21) instruction. This instruction does not use 
index modification. C + (Y) ~ Y. 

b. Description. - This instruction adds the five bit constant specified 
in bits 14 through 18 to the contents of the memory location specified by the 
address portion of the instruction word. 

23 - 19 18 - 14 13 - 0 

FUNCTION CONSTANT ADDRESS 

CODE 

Figure 4-10. Group VIII Instruction Word Format 

II - BLOCK DIAGRAM DESCRIPTION 

4-10. GENERAL. - The computer consists of five functional sections: 
control, arithmetic, input/output, memory, and power. Figqre A-1, page 
A- 3, is a block diagram of the computer, showing all computer sections 
except power. 

4-11. CONTROL SECTION. - The control section generates timing sig­
nals, and memory addresses, and routes data between the memory and all 
computer sections. The timing and control signals read instructions, 
interpret them, and execute them. The memory addresses specify the 
memory locations for reading instructions, instruction operands, and 
peripheral unit data from memory and for writing instruction operands 
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and peripheral unit data into memory. All data transfers to and from 
memory are via the control section. 

a. Computer Control. - Computer control master clears, starts, 
and stops the computer and initiates the mode of operation from panel 
controls. The computer has three modes of operation: RUN, OP STE P, 
and PHASE STEP (refer to paragraph 3-4, page 3-18). 

b. Timing Circuits. - The timing circuits consist of a master clock, 
main timing chain, arithmetic timing chain, shift timing chain, and advance­
P timing logic. 

(I) Master clock. - The master clock generates four pulses 
every 667 nanoseconds. Each pulse is approximately 167 nanoseconds 
long. The four pulses (~1, ~2, ~3, and ~4) comprise one clock cycle; six 
clock cycles (four microseconds) comprise one computer (memory) cycle. 

(2) Main timing chain. - The main timing chain, along with out­
puts from the master clock and other control section circuits, generates the 
timing signals required to perform the instructions. The main timing 
chain cycles continuously when the computer is in the RUN mode, stopping 
momentarily during arithmetic and shift instructions, and during instruc­
tions where skip conditions exist. 

(3) Arithmetic timing chain. - The arithmetic timing chain gener­
ates the signals necessary to perform arithmetic operations. Arithmetic 
operations consist of incrementing and decrementing index words and con­
trol words and of performing logical negation, addition, subtraction, divi­
sion and logical multiplication. 

(4) Shift timing chain. - The shift timing chain generates the 
signals required to perform the shifting portion of the shift instruction. 

(5) Advance- P timing logic. - The advance- P timing logic gener­
ates the signals required to increment the P-register. The P-register 
contains the memory address of the next instruction to be performed. 

c. Sequence Circuits. - The sequence circuits, along with the timing 
chains and master clock, generate the signals required to perform the in­
structions. Each instruction requires that certain sequences be performed 
in a specific order. The sequence circuits consist of a sequencer and se­
quence enable circuits. The sequencer indicates the sequence in process 
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and provides multiple outputs throughout the computer logic. These out­
puts, combined with timing chain outputs, master clock outputs, and other 
control signals, initiate the functions that must be performed during the 
sequence. The sequence enable circuits monitor the current sequence, the 
current instruction, and other control signals to enable the next sequence. 
At completion of the current sequence, the output of the sequence enable 
circuits is gated to the sequencer and the next sequence starts. 

d. Function Circuits. - The function circuits consist of an F-regis­
ter and a function code translator. The F -register is loaded from the Z­
register when an instruction is read from memory. It stores the 5-bit 
function code (bits 19 through 23) portion of the instruction while the in­
struction is executed. 

The function code translator decodes the F -register contents into enable 
signals. These enable signals represent the different instructions; they go 
to the sequence circuits and other circuits to control execution of the in­
struction. 

e. Shift Circuits. - The shift circuits control computer operation 
during a shift instruction. The shift circuits consist of a shift counter 
(K-register), and shift control. The shift counter is loaded from the Z­
register when a shift instruction is read from memory. It counts the num­
ber of shifts specified by the instruction and indicates to shift control 
when the specified number of shifts has been performed. The repeat 
counter is loaded from the Z-register when a shift instruction specifying 
an RCA mode shift is read from memory. The RCA mode allows the com­
puter to process sequential words in memory as a continuous stream of 
data. As the word being processed in the accumulator is shifted, the repeat 
counter is decremented by one for each bit shifted. When the counter 
reaches zero, the next sequential memory word is read into the accumu­
lator, and the counter is reset to continue the processing. Shift control 
initiates the type of shift operation specified by the contents of the K and 
RC-registers and generates the control enables for the appropriate circuits. 

f. Address Circuits. - The address circuits consist of the P, S, and 
B-registers. The P-register holds the memory address of the next in­
struction to be performed. While an instruction is operating, the contents 
of P are transferred to S (memory address register) which holds the in­
struction address while the instruction is being performed. When S is 
loaded, the address is sent to the memory circuits and the instruction is 
read into the Z-register. Immediately after the P register contents are 
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transferred to S, they are also sent to the arithmetic section. The arith­
metic section adds one to the current address and returns the incremented 
address to P. If the current instruction specifies a jump or skip, the P­
register is cleared and reloaded with the new value later in the instruction. 

The B-register functions as an index register or as an operand register. 
It stores a quantity which can be referenced by instructions to modify the 
instruction address. Normally it holds the 14-bit address of index 37 (see 
figure 4-2, page 4-5). However, a 36 (ADB) instruction loads an operand 
into the register and it is added to the value in the A- register with the 
lower order 14 bits returned to B. 

g. Data Transfer Circuits. - The data transfer circuits transfer 
data -between the memory section to all other computer sections. The 
data transfer circuits consist of a Z-register, selector, and parity circuits. 

(1) Z-register. - The Z-register is a 24-bit, data-routing regis­
ter. It is the output register for main memory and bootstrap memory. It 
is also an output register for the arithmetic section. Portions of the mem­
ory data loaded into the Z-register go to the K and RC-registers, F -regis­
ter, M-register, and C-register. The data which the Z-register receives 
from the arithmetic section generally goes to the selector for storage in 
memory. 

(2) Selector. - The selector functions as a word assembler and 
a data transfer ~ath. It assembles characters from input peripheral equip­
ment into words that are stored in main memory. The selector also routes 
data from the Z-register to main memory and the X-register. Data from 
the Z-register to the selector transfers directly or shifts one place to the 
left or right. 

(3) Parity circuits. - The parity circuits generate parity bits for 
data written into memory and for some output operations and check the 
parity of each word read from memory. When a parity error (the 26-bit 
word read from memory contains an even number of ones) occurs, com­
puter operation stops and the PARITY ERROR and FAULT indicators light. 

h. M-Register. - The M-register is loaded from the Z-register to 
perform either of two functions. It holds the memory-index-register-ad­
dress portion of most instructions and it holds the status check code por­
tion of the 02 (TRF) instruction. The index register addresses go to the 
S-register to read up the index contents for operand address modification 
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(see figure 4-2, page 4-5). The status check code generates status circuits 
enables. 

i. status Circuits. - The status circuits monitor and control input/ 
output conditions and compare the status-check-code portion of the 02 
(TRF) instruction (contained in the M-register) with the existing status con­
ditions (see paragraph 4-5, page 4-16). If the status condition specified by 
the instruction exists, the computer program continues in sequence. If the 
status condition specified by the instruction does not exist, the program 
control transfers to another memory location. 

1.. Fault Circuits. - The fault circuits detect computer faults and 
control computer operation when a fault occurs. The fault circuits detec.t 
five faults: halt, parity, console data overflow, console switch overflow, 
and console keyboard overflow. When the fault circuits detect a halt or 
parity fault, the associated indicator and FAULT indicator light, the horn 
sounds, and computer operation stops. When the fault circuits detect an 
overflow fault, the associated indicator and FAULT indicator light, the 
horn sounds, but computer operation does not stop. When any computer 
fault occurs, it is indicat'ed at the consoles. 

4-12. ARITHMETIC SECTION. - The arithmetic section performs arith­
metic and logical operations. Arithmetic operations are addition, subtrac­
tion, multiplication, and division. Logical operations are complementing, 
shifting, comparison, addition, and logical multiplication. The control 
section and the input/output section time-share the arithmetic section. 
The control section uses the arithmetic section to modify instruction ad­
dresses (P-register) and to perform the arithmetic instructions. The input/ 
output section uses the arithmetic section to update control words. The 
arithmetic section consists of an X-register, D-register, adder, A-regis­
ter, and U-register. 

a. X-Register. - The X-register is an exchange register between the 
data transfer circuits and the other arithmetic registers. Operands from 
memory enter the arithmetic section via the data transfer circuits and the 
X-register. Data from the arithmetic section that is to be stored in mem­
ory leaves the arithmetic section via the X-regist_er (or the adder). The 
X-register holds one of the operands added or subtracted by the adder. 

b. D-Register. - The D-register holds one operand during the multi­
ply or divide instruction and one of the operands added or subtracted by 
the adder. The D-register inputs are from the X-register, M-register, 
A-register, or B-register. 
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c. Adder. - The adder is a 24-bit subtractive type. It subtracts the· 
complement of the operand in the D-register from the operand in the x­
register. The X and D-register adder inputs are not gated so the adder 
output is always the difference between the X-register contents and the 
complemented D-register contents. Addition is performed by loading X 
and· D with the operands to be added. Subtracting the complement of D 
from X results in the addition of the two operands. Subtraction is per­
formed by loading D with the complement of the operand and X with the 
other operand. Then during the D-to-adder transfer the contents of Dare 
recomplemented, and the result is the difference of the two operands. 

d. A-Register. - The A-register is an accumulator and a data trans­
fer register. It receives inputs from the adder and the D and U-registers 
and transfers data to the X, U, and D-registers. The D-register inputs are 
for complementing and for exchanging the A-register contents with the con­
tents of a memory location. The U-register inputs are for shifted data. The 
adder inputs are for the results of arithmetic and logical operations. The 
A-register outputs to the X-register are for adding the contents of B to A 
and storing the contents of A in memory. In some SHF operations, A23 is 
transferred to XOO. The A-register outputs to the U-register are for left­
shifting or right-shifting the A-register contents. The A-register outputs 
to the D-register are for logical negation (LGN). 

e. U-Register. - The U-register serves as the lower rank for the 
A- register shifting operations. The contents of the A- register are shifted 
left or right when sent to the U-register. The shifted data is sent back to 
the A- register. 

4-13. INPUT/OUTPUT SECTION. - The computer receives data from 
input peripheral equipment and sends data to output peripheral equipment 
via the input/output section. The computer controls the transfer of data 
between it and all peripheral equipment. However, the peripheral consoles 
initiate data transfers to and from the computer when data is available or 
requested by the operator. 

a. Input/Output Control. - Input/output control monitors the se­
quencer output to determine if an input/output sequence is in process. If 
no input or output data transfer is in process , input/output control gates 
input and output requests from the peripheral equipment into the input/ 
output request logic. Input/output control performs other functions de­
scribed in paragraph 4-1812(1), page 4-109. 
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b. Input/Output Requests. - The input/output request logic stores 
input and output data requests from the peripheral equipment until they 
have been honored by the computer. Signals from the input/output request 
logic go to input/output priority and acknowledge circuits. 

c. Input/Output Priority. - Priority determines which input or output 
request is honored first if more than one are present. When an input or out­
put data request is present, the control section delays operation of the com­
puter program at the end of the current instruction, and the I/O data re­
quests present are processed. After processing all I/O requests, the com­
puter program continues until another I/O data request is received. The 
order of priority is listed in paragraph 4-1812(3), page 4-130. 

d. Data Input Gates. - The data circuits gate data from input periph­
eral equipment to computer memory via the selectors. If the data is from 
a console or PCU, a memory address accompanies the data. otherwise, 
the origin of the input data request determines where in memory the data 
is to be stored. 

e. Address Input Gates. - The address input amplifiers receive the 
address that accompanies input and output requests from the consoles and 
the address that accompanies output requests from the PCU and send it to 
the S-register with preset bits. The console address accompanying console 
input data identifies the origin of the data within the console and specifies 
the address of the memory control word for that data. The memory con­
trol word specifies where the data is to be stored. The console address 
accompanying a request for output data identifies the console unit request­
ing data and specifies the address of the memory control word for the data. 
The memory 'control word specifies the memory location from where the 
data is to be removed. The address accompanying the PCU output request 
specifies which of the printers or punches is requesting data and the lo­
cation of the memory control word for that printer or punch. This memory 
control word specifies the memory location from where the data is stored. 

f. C-Register. - The 8-bit C-register temporarily stores output data 
until it is accepted by peripheral eqUipment. C- register enables determine 
which portion of the 24-bit memory output is transferred from the Z-regis­
ter to the C-register. 

g. Acknowledge Circuits. - The input/output acknowledge circuits 
monitor the input and output data request selected by priority. From this 
information, these circuits provide enable signals which gate the appropriate 
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input data to memory or gate-output data from memory to the C-register, 
and which also generate input and output acknowledge signals for the pe­
ripheral equipments. 

4-14. MEMORY SECTION. - The memory section consists of a main 
memory, a bootstrap memory, and associated control and drive circuits. 
Both memories are random-access, with a four-microsecond cycle time. 

a. Main Memory. - The main memory consists of 16,384 {16,368 
useable} core storage locations. The memory consists of two chassis. 
Each chassis stores 16,368 13-bit {half-words} words. One bit of each 
half-word is a parity bit. 

b. Main Memory Control. - Main memory control controls the read­
ing of data from memory and. the writing or restoring of data in memory. 
It also monitors the printed-circuit-card voltages and disables the memory 
and stops the computer when logic voltages drop below minimums. Mem­
ory control cycles each time a sequence is executed. It does not cycle 
when a bootstrap memory location is referenced or when the computer is 
in the PHASE STEP mode. 

c. Address Translator. - The address translator translates the S­
register outputs to select the specified memory stack and the read, write, 
and inhibit current generators. 

d. Read, Write, and Inhibit Current Generators. - The current gener­
ators supply read, write, and inhibit currents through the memory cores. 
A read generator supplies read cu'rrent through the selected cores to read 
data from memory into the Z-register. A write current generator supplies 
write current through the selected cores to write data {from the Z-register 
via the selector} into memory or to restore data previously read out of 
memory. The inhibit current generator supplies inhibit current opposite 
in direction to the write current to prevent switching of the cores that are 
to remain in a zero state. 

e. Bootstrap Memory. - The nondestructive-readout bootstrap mem­
ory consists of 16 permanently-wired storage locations. This memory is 
divided into two parts. Each part has 16 permanently wired 13-bit half­
words. One bit is a parity bit. The bootstrap memory addresses are 
octal 00060 through 00077. Addresses 00060 through 00067 contain instruc­
tions for loading a computer utility program via an RD-277 A. Addresses 
00070 through 00077 contain instructions for loading a computer utility 
program via a TCU. 
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Whenever the S-register contains a bootstrap memory address, the boot-
. strap control disables main memory control and gates the bootstrap words 
into the Z-register. The bootstrap address translator automatically acti­
vates the proper drive line causing the word to be read out to the Z-regis­
ter. No restore cycle is required. 

4-15. POWER SECTION. - The power section consists of dc power supplies 
and power control circuits. The dc power supplies furnish power to the 
printed circuit cards and panel indicators. The power control circuits 
apply power to the computer, remove power from the computer, and con­
trol the lighting and extinguishing of power control indicators. 

III - FUNCTIONAL DESCRIPTION 

4-16. CONTROL SECTION. 

a. Computer Control (figure 4-11, page 4-35). 

(1) Master clear (figure 8-1a, page 8-3). - The operator cannot 
master clear the computer when it is operating in the RUN mode (PRO­
GRAM RUN indicator lighted). Placing the MASTER CLEAR switch to the 
down (MASTER CLEAR) position' returns all computer circuits to their 
initial operating condition. Also, if any of the printed circuit card voltages 
drop below the normal value, the computer circuits are master cleared. 

(2) Modes of operation. - The computer has three modes of oper­
ation: RUN, OP STEP, and PHASE STEP. The RUN mode is the on-line 
mode of operation. The OP STEP and PHASE STEP modes are off-line 
modes used for program debugging and maintenance. 

(a) RUN mode. - The operator selects the RUN mode (fig­
ure 8-1, page 8-1) by pressing the RUN MODE indicator-switch. This 
starts the master clock via circuit 04JOO. The OP STEP MODE and 
PHASE STEP MODE indicators are extinguished. The operator starts the 
computer by placing the RESTART/START STEP switch to START STEP. 
The run flip-flop sets via circuit 02J01 with the high outputs from the 
RESTART/START STEP switch and the start-enable-one-shot flip-flop_ 
Run flip-flop outputs disable the master clear circuits, light the PRO­
GRAM RUN indicator, start the main timing chain, and light the COM­
PUTER RUN indicators on the four consoles (figure 8-5, page 8-11). Com­
puter operation begins when the main timing chain starts. An output from 
the run flip-flop also clears the start-enable-one-shot flip-flop. The start­
enable-one-shot flip-flop performs the same function for all modes. The 
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flip-flop sets when the RESTART/START STEP switch is in the neutral 
position and clears when the RESTART/START STEP switch is placed to 
the START STE P position. The flip-flop remains clear until the switch 
returns to the neutral position. 

The purpose of the start-enable-one-shot flip-flop is to ensure that the 
computer stops when encountering errors, even though the operator may 
still be holding the RESTART/START STEP switch at START STEP. For 
example, the operator starts computer operation. A computer error that 
stops computer operation occurs before the operator releases the RE­
START/START STEP switch to the neutral position. Without the start­
enable-one-shot flip-flop, computer operation would not stop. With it, 
computer operation stops no matter how long the RESTART/START STEP 
switch is in the START STEPposition. The start-enable-one-shot flip-flop 
that was cleared when computer operation started sets again when the 
RESTART /ST ART STE P switch returns to the netural position. 

Computer operation continues until a halt or parity error occurs, or until 
the operator places the SEQ STOP/STOP sWitch\to STOP. 

\ 

A halt occurs when the computer reads an 00, 11, or 37 (HLT) instruction 
to set the halt flip-flop and clear the run flip-flop at time 5.2. of the I-se­
quence. A parity error occurs when the 26-bit word read from memory 
contains an even number of ones. The parity error can occur during an I, 
M, or R-sequence; it clears the run flip-flop at time 5.2 of that sequence. 

When the SEQ STOP/STOP switch is placed to STOP, the run flip-flop 
clears at time 5.2 of the next sequence. Any time the run flip-flop clears, 
it disables the main timing chain and stops the computer. 

Note: - A halt or parity error does not stop computer oper­
ation if the HALT DISCONNECT switch is in the up 
(HALT DISCONNECT) position. 

(b) OP STEP mode. - The operator selects the OP STEP 
mode (figure 8-1, page 8-1) by pressing the OP STEP MODE switch. This 
starts the master clock via circuit 04JOO. The RUN MODE and PHASE 
STEP MODE indicators are extinguished. 

The OP STEP mode can be started manually or automatically. To start it 
manually, the operator places the RESTART/START STE P to START 
STEP. To start it automatically, the operator places the RESTART/START 
STEP switch to RESTART. Then, a low-speed oscillator output performs 
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the same function as placing the RESTART/START STEP switch to START 
STEP. The low-speed oscillator is adjustable between 2 and 200 Hz. The 
computer control logic for starting the OP STEP mode manually or auto­
matically operates the same as that for starting the RUN mode. The com­
puter control logic for stopping the OP STEP mode differs from the RUN 
mode logic. Once the OP STEP mode starts, the computer operates to 
perform one instruction or one sequence of an instruction, depending upon 
the position of the SEQ STOP/STOP switch. If the SEQ STOP/STOP switch 
is in the SEQ STOP position, the run flip-flop clears at time 5.2 of every 
sequence. If the SEQ STOP/STOP switch is in the STOP position, the run 
flip-flop clears at time 1.2 of each I-sequence. Clearing the run flip-flop 
disables the main timing chain and stops the computer. 

(c) PHASE STEP mode. - The PHASE STEP mode (figures 
8-1, page 8-1 , and 8-3, page 8-7} can be started manually or automatically. 
The PHASE STEP mode can be executed in two different ways. First, each 
time the mode is started, a different clock pulse is generated. Secondly, if 
the PHASE REPEAT switch is in the up (PHASE REPEAT) position, the se­
lected clock pulse is generated continuously. The operator selects the 
PHASE STEP mode by pressingthe PHASE STEP MODE indicator-switch. 
The RUN MODE and OP STEP MODE indicators are extinguished. Pressing 
the PHASE STEP MODE indicator-switch prepares the control logic for the 
PHASE STEP mode as follows. 

1} It disables the memory. No memory reference can 
be made in the PHASE STEP mode. 

2} It disables the clock pulse amplifiers (50COl through 
50C04, figure 8-2, page 8-5) of the master clock. 
This enables the PHASE STE P mode logic (figure 
8-3, page 8-7) to control the master clock output. 

3} It enab~es the PHASE STEP logic (figure 8-3, page 
8-7). 

4} It disables the master clock via circuit 04JOO (fig­
ure 8-1, page 8-1). Now only the RESTART/START 
STE P switch can enable the master clock. 

b. Timing Circuits. 

(1) Master clock (figure B-2, page 8-5). - Figure 4-12, page 
4-38, shows the four clock pulses produced by the master clock. The 
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master clock consists of a feedback amplifier, delay network, phase gen­
erator circuits, phase flip-flops, and phase drivers. 

The feedback amplifier (term 20COO), in series with the delay line net­
work, inverts signals after they have propagated down the delay network. 
The delay network consists of one 100-nanosecond delay (term 20CIO) and 
two 50-nanosecond delays (terms 20C20 and 20C30). Each delay has ten 
taps (taps 6 through 15). For the lOO-nanosecond delay, each tap is a 10-
nanosecond delay. For the 50-nanosecond delay, each tap is a 5-nano­
second delay. Two phase-generator circuits, odd and even, receive delay 
line outputs and, from these outputs, help generate the clock pulses and set 
and clear the phase flip-flops. The two phase flip-flops, and the phase 
generator circuits control the phase drivers to produce the four clock 
phases. Figure A-2, page A-5, shows the master clock timing. 

The clock control logic provides enables for starting and stopping the 
clock. A high input to the feedback amplifier (20COO) starts the clock; a 
low input stops it. When the start signal appears, the clock begins cycling. 
The first pulse generated is an odd-numbered clock pulse. If the previous 
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stop signal occurred during ¢1 or ¢2 clock pulse time, the clock starts 
with a ¢3 clock pulse. If the previous stop signal occurred during ¢3 or ¢4 
clock pulse time, the clock starts with a ¢1 clock pulse. 

While the clock is stopped, all delay, phase-generator-circuit and phase­
driver outputs are 'high. If the clock previously stopped after ¢2 clock 
pulse time, both odd and even phase flip-flops are set. If the clock previ­
ously stopped after ¢4 clock pulse time, both phase flip-flops are clear. 
Assume that the first clock pulse to be generated is ¢1. 

When the clock starts, a low output from the feedback amplifier enables 
the odd-phase-generator circuit and starts propagating. With the odd­
phase-generator output low, and the odd flip-flop clear, phase driver 50C01 
is enabled, a ¢1 clock pulse is generated, and the even-phase flip-flop sets. 
The ¢1 output remains until the low input from the feedback amplifier 
propagates through the delay network to tap 9 of delay line 2. The odd­
phase generator is disabled and the ¢1 clock pulse drops. After the low 
clock-enable signal propagates through the delay network, the feedback 
amplifier inverts it to a high, and a high begins propagating through the 
delay network. When the high signal reaches tap 7 of delay line 1, it en­
ables the even-phase generator. With the even-phase generator output a 
low, and the even flip-flop set, phase amplifier 50C02 generates the ¢2 clock 
pulse. Also, the odd-phase flip-flop sets. The ¢2 output remains until the 
high signal propagates through the delay network and reaches tap 9 of delay 
line 2. The even-phase generator is then disabled and the ¢2 clock pulse 
drops. The high signal, after propagating through the delay network, is 
again inverted by the feedback amplifier. Clock pulses ¢3 and ¢4 are 
initiated and terminated the same as clock pulses ¢1 and ¢2, except that 
both phase flip-flops are set for ¢3 and ¢4. 

The CLOCK ODD NARROW/NORMAL and EVEN NARROW/NORMAL 
switches are maintenance switches. When these switches are in the 
NORMAL position, the master clock outputs are as shown in figure 4-12, 
page 4-38. When the switches are in the NARROW position, the duration 
of each clock pulse is 80 to 110 nanoseconds. 

(2) Main timing chain (figures 8-5, page 8-11, and 8-6, page 
8-13). - The main timing chain times the operations that are performed 
during all computer sequences. The main timing chain consists of 12 series­
connected flip-flops. During the run mode, these flip-flops continuously 
set and clear in sequence, stopping momentarily during skip instructions, 
when the skip condition is satisfied, and during shift instructions. One 
complete cycle of the main timing chain takes four microseconds. 
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Figure 4-13, page 4-41, is a timing diagram for the main timing chain. 
Each main timing chain cycle requires six master clock cycles. Six flip­
flops (TIl, T21, T3l, T4l, T5l, T6l) set at ~2, remain set for one clock 
cycle, and clear at the following ¢2. The remaining six flip-flops (T13, 
T23, T33, T43, T53, T63) set at ¢4, remain set for one clock cycle, and 
clear at the following ~4. Thus, two adjacent flip-flops are always set at 
the same time. The timing chain flip-flops have usable outputs for two of 
the four clock phases for which they are set. Those flip-flops set at ~2 
have outputs used during ¢4 and ~1 time; those set at ~4 have outputs used 
during ~2 and ¢3 time. The flip-flop designators (TIl, T13, T21, etc.) 
indicate when the flip-flop sets, clears, and has usable outputs. For ex­
ample, flip-flop T21 has its usable outputs during ¢4 time of the first 
master clock cycle (time 1.4) and ~1 time of the second master clock cycle 
(time 2.1). It sets at ~2 time of the first master clock cycle, and clears 
at ¢2 time of the second master clock cycle. 

Figure 4-14, page 4-42, shows two examples of how main-timing-chain 
outputs are used. Figure 4-14A, page 4-42, shows the main-timing-chain 
output from flip-flop T33. This output along with signals from the se­
quences and the master clock, generates signals to clear the Z-register 
and to gate a word from memory into the Z-register. The clear-Z signal 
occurs at time 3.2 of the .R-sequence. Time 3.2 is the second clock phase 
in the third clock cycle of the R-sequence. The memory ~ Z signal 
occurs one clock phase later. Figure 4-14B, page 4-42, shows the main­
timing-chain output from flip-flop T51. The clear-X signal occurs at time 
4.4 of the W-sequence~ Time 4.4 is the fourth clock phase in the fourth 
clock cycle of the W-sequence. The X -7 Z signal occurs one clock phase 
later at time 5.1. 

Shift-control flip-flop 2 (figure 8-15, page 8- 35) controls the main timing 
chain during shift instructions. During a shift instruction, the flip-flop 
sets until the shift operation is complete. 

(3) Advance- P timing logic (figure 8-7, page 8-15). - The ad­
vance- P timing logic times and controls the incrementing of the P-register. 

Figure 4-15, page 4-42, shows the operations controlled and timed by the 
advance- P timing logic and shows how the arithmetic section increments 
the P-register. The numbers on the lines indicate the order in which the 
events occur. The advance- P timing logic first clears the X and D-regis­
ters and then transfers the contents of the P-register to the X-register. 
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The D-register is set to plus one or plus two. The timing logic then 
clears the P-register and transfers the adder output to the P-register. 

The P-register is incremented at different times during computer oper­
ation for different conditions. 

Table 4-11 lists the conditions that increment the P-register and shows 
when the timing logic functions are performed. 

The output of gate 08L01 (figure 8-7, page 8-15) is used to set the skip 
flip-flop during the R-sequence of the COM instruction. It also is used to 
enable the adder ---7 Z during the shifting sequence of the 06-1 (DIY) 
instruction. 

(4) Arithmetic-timing (figure 8-8, page 8-17). - The arithmetic 
timing chain initiates and times some arithmetic section operations not 
controlled by the other computer sequences. The timing chain operates 

TABLE 4-11. Increment P-Register Timing 

R-Sequence Time 

Instruc- Instruc-
tion 33 & tion 17 & I-Sequence 

Normal (A) = (Y) Word Time In-
I-Se- (Adder Instruc- Counter =0 struction 
quence Equal FF tioi133 & (Skip FF 15 & A Timing Logic 
Time Set) (A) < (Y) Set) Negative Functions 

1.2 5.2 5.2 5.2 5.2 Clear X and D 

1.3 5.3 5.3 5.3 Set D to +1 

5.3 Set D to +2 

1.3 5.3 5.3 5.3 5.3 P~X 

2.2 6.2 6.2 6.2 6.2 Clear P 

2.3 6.3 6.3 6.3 6.3 Adder ---7 P 
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during arithmetic instructions 30 (CLA), 31 (ADD), 32 (SUB), 34 (LGA), 
35 (LGM) and 36 (ADB); during instructions 01 (LGN) and 20 (EXC); and 
during the RCA mode of instruction 06-0 (SHL), 06-1 (DIV), and 06-6 (SUD). 

The timing chain consists of three series-connected flip-flops. These flip­
flops cycle once and stop each time the timing chain is enabled. When the 
timing chain is enabled (by the setting of shift control flip-flop 2) during the 
shift instruction, it cycles through the last two flip-flops only. The timing 
chain runs concurrently with the sequence in which it is initiated and ends 
before the sequence. Thus, the main timing chain is not stopped for the 
arithmetic timing chain (except for the shifting operation). Table 4-12 
lists the conditions that start the arithmetic timing chain and the functions 
performed by the timing-chain outputs. 

£.. Sequencer Circuits (figures 8-9 through 8-13 and 8-13a, pa es 
8-19 through 8- • - The sequence circuits supply enable signals that, 
combined with main-timing-chain outputs, master clock outputs, and other 
computer signals, generate signals to execute all computer instructions. 
Each instruction requires certain groups of enable signals for proper 
execution. These groups of enable signals are referred to as sequences. 
A sequence lasts 4 microseconds (six master clock cycles). Paragraph 
4-21, page 4-171, lists each computer instruction, shows the sequences 
required, shows the order in which they are executed, and contains a 
detailed description of the functions performed by each sequence. 

The computer sequences are as follows. 

1) I- sequence - reads the instruction from memory and trans­
fers the various portions o'f the instructions to the proper 
circuits. 

2) M-sequence - adds the contents of an index register to the 
address portion of most instructions. 

TABLE 4-12. Arithmetic Timing Chain 

Condition Timing Chain Function 

I-Sequence, Time 4.2 5.2 Clear X 
Instruction 01 (LGN) 5.4 Clear A 

6.1 X@D~A 
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TABLE 4-12. Arithmetic Timing Chain (continued) 

Condition 

I-Sequence, Time 3.2 
Instruction 36 (ADB) 

R/W-Sequence, Time 3.2 
Instruction 06 (SHF) 
RCA Mode or SUD 

Shift Terminate, Time ¢4 
Set RC1-Sequence 

R-Sequence, Time 3.2 
Instructions: 
20 (EXC), 30 (CLA), 
31 (ADD), 32 (SUB), 
34 (LGA), 35 (LGM) 

M-Sequence, Time 3.2 
Instruction 06-1 (DIV) 

R-Sequence, Time 4.2 
Instructions 06-0 (Shift 
Left, RCA Mode), 06-6 
(SUD) if RCO = 0 
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Timing Chain Function 

4.2 Clear X 
4.3 A~ X, B ~D 
4.4 Clear A 

06-0 SHL RCA 

4.1 If BT + RCO = 0: 
X~D 

If BT. RCO I 0: 
X~D 

4.2 Clear X 
4.3 A ---7 X 
4.4 Clear A 
5.1i5~A 

Following 
¢2 (T6.2) Clear X, D 
¢3 (T6.3) Z ~ X 
¢4 (T6.4) Clear A 
¢1 (T1.1) XEt>D ~A 

06-6 SUD 

4.1 X D 

4.2 Clear X 
4.3 A ~X 
4.4 Clear A 
5.1i5~A 

4.1 X ~ D (instructions 20, 30, 32, 35) 
4.1 X~D (instructions 31,34) 
4.2 Clear X 
4.3 A~X 
4.4 Clear A 
5.1 is-7A (instructions 20,30,35) 
5.1 X (f) D ~ A (instruction 34) 

4.1 X ~D 
4.2 Clear X 
4.3 A ~X 

5.1 X~D 
5.2 Clear X 
5.3 A~X 
5.4 Clear A 
6.1i5~A 
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3) R-sequence - reads the operand from the memory location 
specified by the instruction address. 

4) W-sequence - writes the operand in the memory location 
specified by the instruction address. 

5) RCI-sequence - reads control word #1 from memory_ This 
may be the RCA control word or an input/output control word. 

6) RC2-sequence - reads control word #2 from memory. This 
may be the RCA control word or an input/output control word. 
The RC2 sequence is initiated only when the word count of 
control word #1 equals zero. 

7) R/W-sequence - reads datafrommemoryforoutputtoperiph­
eral equipment or writes data in memory received from input 
peripheral equipment. 

8) WC-sequence - updates the memory control words. It incre­
ments the address, decrements the word count, resets the 
character count, and writes control word 2 into the address of 
control word 1. 

The sequencer circuits consist of sequence enables and upper and lower­
rank sequence flip-flops. Figure 4-16, page 4-47, is a block diagram of 
these circuits. The sequence-enable circuits monitor the current sequence, 
the instruction, and the computer conditions encountered while executing 
the instruction. From this information, they decide which sequence should 
be executed next. Near the end of the current sequence, a sequence-enable 
output sets an upper-rank sequence flip-flop that corresponds to the next 
sequence to be executed. 

The upper-rank sequence flip-flops indicate the sequence in process and, 
near the end of the sequence, indicate the next sequence. There is one flip­
flop for each sequence. At time 5.4 of the current sequence, the upper­
rank sequence flip-flops clear. At time 6.1 of the current sequence, the 
flip-flop corresponding to the next sequence is set by an enable signal from 
the sequence-enable circuits. Upper-rank sequence flip-flop outputs, along 
with outputs from the lower-rank sequence flip-flops, help perform the 
sequence functions. 

The lower-rank sequence flip-flops indicate the current sequence. There 
is a flip-flop for each sequence and only one flip-flop is set at any time. 
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Outputs from the lower-rank sequence flip-flops help perform the sequence 
functions. The lower-rank sequence flip-flops are updated at time 1.2 of a 
new sequence. The flip-flop that sets corresponds to the set upper-rank 
flip-flop; the previously set lower-rank flip-flop is cleared. 

The first sequence of an instruction is always the I-sequence. The se­
quences that follow depend upon the instruction and conditions encountered 
during the instruction. Input/output operations have priority over the com­
puter program. Any time input or output requests are present, the com­
puter program stops at the end of an instruction and does not start again 
until all input or output requests are processed. When the operator stops 
computer operation, the computer stops after executing the 1-sequence of 
the next instruction. 

d. Function Circuits. 

(1) F-register (figure 8-17, page 8- 41). - The F-register holds 
the function-code portion of the instruction (bits 219 through 223) while the 
instruction is being executed. The function code enters the register at 
time 3.3 of the I-sequence and remains in the register until time 3.2 of the 
following I-sequence when the register clears. The contents of the F­
register are translated to form outputs that represent the various ranges. 
These outputs go to the translator. With the FUNCTION REPEAT switch 
in the up (FUNCTION REPEAT) pOSition, the contents of the register do 
not change and the computer continuously executes the same instruction. 
The operator clears the F-register by pressing the MASTER CLEAR 
switch or the FUNCTION Clear pushbutton. 

(2) Function code translator (figures 8-18 through 8-20, pages 
8-43 through 8-47). - The function code translator consists of a network 
of AND and OR circuits that combine the F -register outputs into the enable 
Signals necessary to control the execution of the instructions. Figure 4-17, 
page 4-49, shows typical translating circuits. The F-register supplies four 
inputs to these translating circuits. 

The output of 30F31 is high when the F-register contains function code 31 
(ADD); the output of 30F32 is high \Yhen the F-register contains function· 
code 32 (SUB); and the output of 30F36 is high when the F-register contains 
function code 36 (ADB). When any of the three AND circuits (30F31, 30F32, 
30F36) are enabled, OR circuit 50F31 generates a low output signal to 
transfer the contents of the adder to the A-register. When AND circuit 
30F31 is enabled, it generates a high output to transfer the contents of the 
X-register to the ,D-register. When AND 30F36 is enabled, inverter 40F36 
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generates a low output. This output inhibits the transfer of the complement 
of the X-register (X) to the D-register, transfers the contents of the B­
register to the D-register, conditions the M or R-sequences, or transfers 
the contents of the adder to the B-register. 

e. Shift Circuits (figures 8-14, 8-14a, 8-15, and 8-15a, pages 8..;31 
through 8-37). - There are five different types of shift operations: left­
shift, right-shift, multiply, divide, and scaling operands. Shifting is speci­
fied by instruction-word function code 06 (SHF). One of seven main cate­
gories is selected by the instruction-word sub-order (table 4-2, page 4-12). 

(1) Shift left (SHL, 06-0). - The shift left operation is performed 
in one of two modes: the standard mode and the repeat-clear-add (RCA) 
mode. Figure 4-18, page 4- 51, illustrates the shifting sequence for the 
SHL operations. 

(a) Standard mode. - The standard mode of left shifting is 
performed if the mode bit (instruction-word bit 11) is a one or if the RCA 
flip-flop is clear. The instruction word specifies the type of shift (table 
4-3, page 4-12) and the number of shifts (shift count, bits 0 through 4). The 
type and mnemonic codes for left shifting only the A-register are type 00 
and 01, SCN and SAN. The type and mnemomic codes for left shifting the 
index register are type 10 and 11, SXN and SLN. All shifting sequences 
begin when shift control flip-flop 2 is set (at time 6.2). Setting this flip­
flop stops the main timing chain. 

During the I-sequence (figure 4-19, page 4-52), the instruction is read 
from memory into the Z-register. The shift count (bits 0 through 4) is 
transferred from Z to the K-register. The index-register address (bits 
14 through 18), which is used only for type 10 and 11 shifts, is loaded into 
the M-register. The type, mode, and sub-order portions of the instruc­
tion are set into the type, mode, and CAT flip-flops. 

If the instruction is a type 10 or 11 (SXN or SLN), an R- sequence follows 
the I-sequence. (See figure 4-20, page 4-53.) The R-sequence reads the 
index register contents from memory into the Z-register and the X-regis­
ter. 

Shifting begins at the end of the I-sequence for a type 00 or 01 instruction 
and at the end of the R- sequence for a type 10 or 11 instruction. The A­
register and/or the index register is shifted left one place and the K-regis­
ter (shift counter) is decremented by one. K is tested for zero and, if not 
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Flow Diagram 

at zero, another shift is performed. When K reaches zero, indicating the 
specified number of shifts has been completed, the shifting stops, shift 
control flip-flops 1 and 2 are cleared, and the main timing chain takes over 
to execute the next sequence. 

If the instruction was a type 10 or 11 (SXN or SLN), a W-sequence is per­
formed to restore the shifted index-register contents to memory and the 
next I-sequence or I/O operation is enabled. For the SLN instruction, the 
shifted A-register contents remain in the A-register. 

(b) RCA mode. - The RCA mode of shifting is initiated by an 
RCA (24) instruction, executed by an SHF (06) instruction, and terminated 
by an ERC (25) instruction. 

1. Control word. - The RCA (24) instruction references 
the contents of a memory location and transfers the contents to memory 
location 00040. The data stored in memory location 00040 is the first RCA­
mode control word (CWl). Memory location 00041 contains the second 
RCA-mode control word (CW2) (memory location 00041 is loaded by a 
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separate instruction and not by the RCA instruction). The RCA instruction 
sets the RCA-mode flip-flop, indicating that the shift instruction is to be 
executed in the RCA mode. Figure 4-21 shows the format of the RCA­
mode control word. 

23 - 21 20 - 14 13 - 0 

00040 
and Refill Word Count Address 

00041 
Count 

Figure 4-21. RCA-Mode Control Word Format 

The RCA control word, which is referenced during the shift instruction, 
contains an address field (bits 0 through 13), a word-count field (bits 14 
through 20), and a refill-count field (bits 21 through 23). The address field 
specifies the address of the first memory location to be shifted;. the word­
count field specifies the number of sequential memory locations to be 
shifted; and the refill-count field specifies the number of times each mem­
ory location is to be shifted. An LDX (27) instruction (with bits 9 through 
13 = 0) loads the refill count (YO _ 4) into the RC-register. 

2. Shift operation. - The RC·A mode of left shifting is 
performed if the mode bit (instruction-word bit 11) is a zero and the RCA 
flip-flop is set (by a previous RCA instruction). The instruction word 
specifies the type of shift (table 4-3, page 4-12) and the number of shifts 
(shift count, bits 0 through 4). The type and mnemonic codes for shifting 
only the A-register are type 00 and type 01, SCD and SAD. The type and 
mnemonic codes for shifting the index register are type 10 and type 11, 
SXD and SLD. Figure 4-22, page 4-55, is a flow diagram of a left shift 
instruction in the RCA mode for type 00 or type 01 (A-register shifting 
only). 

The I-sequence reads the instruction word from memory into the Z-regis­
ter. The shift-count portioIT of the instruction is loaded from Z into the K­
register. The type, mode, and sub-order portions of the instruction are 
examined and the appropriate flip-flops are set. The RC-register is exam­
ined to see if the refill count is at zero. If RC is zero, the RC I-sequence 
is performed. (The RC -register could have been loaded by a previous LRC 
instruction. ) 
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The RCI-sequence reads CWI from memory. If CWI word count (WC) is 
greater than zero, the refill count from the control word is loaded into the 
RC-register (upper three bits) and a WC-sequence is performed. The WC­
sequence updates the control word (increments the address and decrements 
the word count) and loads it back in memory address 00040. 

The R/W -sequence reads the data word to be shifted into the A-register. 
The memory address of the data word (specified by the control word) was 
stored in the X-register before the control word was updated. If the shift 
count in K is not zero, the data word in A is shifted left one place, and the 
shift count (K) and refill count (RC) are decremented. Shifting continues 
until one of them is decremented to zero. 

If the shift-instruction shift-count in K reaches zero first, the instruction 
is complete. If the refill count reaches zero before, or at the same time 
as, the shift count, the RCI-sequence is performed. The RC-I sequence 
reads the updated CWI from memory. This control word contains the next 
sequential memory address of the data word to be shifted. If the word count 
of CWI is not zero, CWI is updated again and returned to memory address 
00040 (by the WC-sequence). The new data word is loaded into A by the 
R/W -sequence and, if (RC) -I 0 · (K) :J 0, shifting continues. 

When the CWI WC reaches zero, the RC2-sequence is performed. RC2 
reads CW2 from memory address 00041, stores it in the X-register, and 
clears address 00041. The CW2 refill count is placed in the RC-register, 
and the new word count is tested. If we is zero, the buffer terminate (BT) 
flip-flop is set, the R/W -sequence is performed to transfer the shift count 
from K to the A-register, and the instruction is complete. If WC is not 
zero, the WC-sequence is performed and the updated CW2 is stored in 10-. 
cation 00040. 

Figure 4-23, page 4-57, is a flow diagram of a type 10 or 11 left shift in­
structionin RCA mode (SXD or SLD). The SXD or SLD shift instructions 
are the same as the SCD or SAD instructions with the following exceptions: 

1) An R-sequence is performed immediately after 
1 the I-sequence. The index word specified by bits 
14 through 18 of the instruction is loaded into the 
Z-register. 

2) During the shift-sequence, the index word in the 
Z-register, or the index word and the A-register, 
ar e shifted. 
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3) A W -sequence is performed at the completion of 
shifting to load the shifted index word back into 
memory. 

The SLD instruction can be used to repack a new word from a memory 
buffer. 

(2) Shift until different (SUD, 06-6). - The SUD operation left­
shifts the contents of the A-register (loaded from the memory) until A23 
and A24 are different. The SUD operation is similar to the shift left (SHL, 
06-0) operation in RCA mode. The primary difference is that shifting con­
tinues until A23 and A24 are different instead of until the shift count reaches 
zero. The shift count portion of the instruction word is not used for the 
SUD operation. A number indicating the total number of shifts performed 
is stored in an index register at the end of the operation. 

A control word, previously loaded into memory location 00040, is refer­
enced during the SUD operation. The address field (bits 0 through 13) of 
the control word specifies the address of the first memory location to be 
shifted. The word count (bits 14 through 20) specifies the number of se­
quential memory locations to be shifted. The refill count (bits 21 through 
23) specifies the number of times each memory location is to be shifted. 

Figure 4-24, page 4- 59, is a flow diagram of the SUD instruction. The 
I-sequence reads the instruction word from memory into the Z-register. 
The shift-count, type, and mode portions of the instruction are not used. 
The sub-order (1102) portion is examined and the appropriate flip-flops 
are set. The memory address of an index register (bits 14 through 18) is 
stored in the M-register. 

During the R-sequence, following the I-sequence, the specified index word 
is loaded into the Z-register. If the repeat count is zero, the index word is 
put into A, the initiate-SUD flip-flop is set, and the RCI-sequence is per­
formed. If RC is not zero, A23 and A24 are tested and the shift-sequence 
is performed. 

During the RCI-sequence, the first control word (CWl) is read from mem­
ory location 00040. The word count (WC) portion of CWI is examined: if 
WC is zero, the RC2-sequence reads the second control word (CW2); if WC 
is not zero, the refill count (RC) portion of CWI is loaded into the RC-regis­
ter, and the WC-sequence is performed. The RC2-sequence reads CW2 
from memory location 00041 and stores zeros in that location. The -refill 
count portion of CW2 is loaded into the RC -register, and the word count 
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from CW2 is tested. If this word count is zero, the buffer terminate (BT) 
flip-flop is set and the R/W -sequence is performed. If the word count is 
not zero, the WC-sequence is performed before the R/W-sequence. 

The WC-sequence updates the CW (increments address count and decre­
ments WC) and restores it to the CWI location in memory. The R/W-se­
quence reads the data word to be shifted from memory and loads it in the 
A-register, using the X-register which contains the CW with the non-incre­
mented address,if the previous sequence was WC. If the previous sequence 
was RC 2, the incremented address is used. 

If (RC = 0) + BT + (INIT SUD FF clear) · (A23 ;t. A24), the W-sequence is 
performed and the operation is complete. The shift-sequence is performed 
if: (RC ~ 0) • (BT) · (INIT SUD FF set + A23 = A24). The shift sequence 
adds one to the index word stored in Z for each shift. The RC-register is 
decremented, and RC and A23 and A24 are tested. (In actual logic imple­
mentation, the pre-shifted A22 and A23 are tested.) If RC is decremented 
to zero, the RCI-sequence is performed to read the updated CWI from 
memory. . The next sequential memory data word is loaded into A by the 
R/W-sequence, and the CWI is again updated and placed back in 00040 by 
the WC -sequence. 

When a difference between A23 and A24 is obtained (equivalent to pre­
shifted A22 ;t. A23), the W-sequence is performed to store the indexword 
containing the number of shifts performed to its original memory location, 
and the operation is complete. 

The SUD instruction is used to count the number of continuous ones or zeros 
in a memory buffer. An index register is used to register that number and 
therefore the index register, or index word, in a SUD operation has a differ­
ent meaning as compared to the normal use of indexing (address modifi­
cation) procedures. 

(3) Shift right (SHR, 06-4). - The shift right operation is per­
formed in the standard mode only; the repeat-clear-add (RCA) mode is not 
used. The instruction word specifies the type of shift (table 4-3, page 4-12) 
and the number of shifts (shift count, bits 0 through 4). The type and 
mnemonic codes for right shifting only the A-register are type 00 and type 
01, SCR and SAR. The type and mnemonic codes for shifting the index 
register are type 10 and 11, SXR and SLR. Figure 4-25, page 4-61, illus­
trates the shifting sequence for the SHR operations. The right-shift oper­
ation is performed in the same manner as the left-shift operation; refer 
to paragraph 4-16~(I)(a), page 4-50, and figure 4-19, page 4-52). 
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(4) Scale accumulator (SCA, 06-2). - The scale accumulator oper­
ation shifts the contents of the accumulator (A-register) left until the two 
high-order bits are different. The number of shifts is limited by the in­
struction-word shift count; if the shift count is decremented to zero before 
a difference between the high-order bits is obtained, the shifting stops. 

The index-register-address portion of the instruction word (bits 14 through 
18) is not used for the SCA operation. A refill count (normally 2410) is 
assumed to have been previously loaded into the repeat counter (RC-regis­
ter), and the operand is assumed to have been previously loaded into the A­
register. 

During the I-sequence (figure 4-26, page 4-63), the instruction is read 
from memory into the Z-register and the sub-order portion of the instruc­
tion (010) is set into the appropriate CAT flip-flops. The shift count (K) is 
loaded with the five lower order bits of the instruction. A22 and A23 are 
tested at the completion of the I-sequence. If the operand in the A-register 
is already scaled, no shifting is performed, and the repeat counter is not 
changed; if the operand is not already scaled and the shift count is not zero, 
the shift sequence begins. 

During the shift sequence, A is shifted left (circular) one bit into U, and the 
shifted contents of U are loaded back into A. The K and RC-registers are 
decremented by one. The decremented contents of K ar e tested for zero, 
and the shifted U22 and U23 are tested for difference.' Shifting continues 
until K is decremented to zero or until the two high-order bits in the U 
register are different. 

At the completion of the operation, the number of shifts performed is indi­
cated by the difference between the initial and final contents of the repeat 
counter. 

(5) Scale index and accumulator (SCL, 06-3). - This shift-in­
struction sub-order scales a 48-bit operand contained in the index register 
high-order 24 bits) and the accumulator (low-order 24 bits). The 48-bit 
operand is shifted left (cyclic) until bits 21 and 22 of the index register are 
different or the shift counter decrements to zero. See figure 4-27, page 4-63. 

The index register to be scaled is specified by bits 14 through 18 of the 
instruction word. The accumulator (A-register) is assumed to have been 
previously loaded. A refill count (3110 maximum) is assumed to have been 
previously loaded into the repeat counter (RC-register). The shift count is 
specified by bits 0 through 4 of the instruction word. 
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During the I-sequence (figure 4-28, page 4-65), the instruction is read from 
memory and the sub-order portion of the instruction (011) is set into the 
appropriate CAT flip-flops. An R-sequence is performed to load the speci­
fied index word into the Z-register. Z21 and Z22 are tested; if the operand 
in the Z-register is already scaled, no shifting is performed and the repeat 
counter is not changed. If the operand is not scaled, and the shift count is 
not at zero, the shift sequence begins. 

During the shift sequence, A and Z are shifted left one bit (cyclic) and the 
K and RC registers are decremented by one. The shifted Z21 and Z22 are 
tested for difference (in actual logic implementation, the preshifted Z20 
and Z21 are tested), and K is tested for zero. Shifting continues until K is 
decremented to zero or Z21 and Z22. are different. 

At the completion of shifting operation, a W -sequence is performed to load 
the shifted index contents back into memory. The number of shifts per­
formed is indicated by the difference between the initial and final contents 
of the repeat counter. 

(6) Multiply (MUL, 06-5). - The multiply sub-order forms a 46-bit 
product of two 23-bit operands. The operands must be positive numbers (bit 
23 a zero). One operand (the multiplier) is assumed to have been previously 
loaded in the A-register. The other operand (the multiplicand) is located in 
the index register specified by bits 14 through 18 of the instruction word. 
During the operation, the multiplicand is loaded into the D-register. 

Multiplication is performed in the following manner. When the least signif­
icant bit of the multiplier (in the A-register) is zero, the partial product (in 
the Z-register) and the multiplier are shifted right one. place without adding 
the multiplicand. When the least significant bit of the multiplier is one, the 
multiplicand is added to the partial product (in the Z-register) and then Z 
and A are shifted right one place. This procedure is repeated 24 times 
(until K decrements from 24 to 0). The resulting product is in the Z and 
A-registers. 

Figures 4-28 and 4-29, pages 4- 65 and 4-66, illustrate the multiply oper­
ation. The I-sequence reads the instruction, loads the shift count portion of 
the instruction in the K-register, and sets the appropriate sub-order flip­
flops. The R-sequence is performed after the I-sequence to read the multi­
plicand from an index register and put it in the D-register. The shift count 
and AO are tested; and, since at this time the Z-register still holds the 
multiplicand for AO = 0 condition, Z is cleared before shifting is performed. 
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If AO = 1, Z is shifted without clearing (the multiplicand is already added 
to the original partial product, which is zero). 

During the shift-sequence, Z and A are shifted right one place into X and 
U, respectively, and Zo is shifted to U23. K and AO (UO = AO) are tested 
again; and, if K f. 0 and Uo = 0, the partial product (in the X-register) is 
loaded into Z without adding the multiplicand. If K .,. 0 and Uo = 1, the sum 
(in the adder) of the partial product and the multiplicand is loaded into Z. 
The contents of U are always loaded into A. This process continues until 
the K-register decrements to zero (normally 2410 shifts). The resulting 
product is contained in Z and A. The contents of Z (the high-order 22 bits 
of the product) ar e loaded back into the original index register from which 
the multiplicand was obtained. The low-order 24 bits of the product remain 
in the accumulator (A-register). 

(7) Divide (DIV, 06-1). - The divide sub-order divides a 46-bit 
operand by a 23-bit operand and forms a 23-bit quotient plus a 23-bit re­
mainder. All operands must be positive numbers. The low-order 24 bits of 
the dividend are presumed to have been previously loaded into the accumu­
lator (A-register). The high-order 22 bits of the dividend are located in 
the index register specified by bits 9 through 13 of the instruction word. 
The divisor is located in the register specified by bits 14 through 18 of the 
instruction word. 

DiviSion is performed in the following manner. For each step of diviSion, 
the dividend (in the Z and A-registers) is shifted left one pOSition. The 
high-order bits (in the Z-register) are shifted left into the X-register, and 
the low-order bits (in the A-register) are shifted left into the U-register. 
The shifted contents of Z are compared with the divisor. If they are less 
than the divisor, the shif~ed dividend is loaded back into the Zand A-regis­
ters, and the lowest-order bit of the dividend (AO) is set to zero. If the 
high-order bits (Z-register contents) are equal to or greater than the 
divisor, the divisor is subtracted from the shifted dividend, and the result 
is loaded back into the Z and A-registers. Bit AO is set to one. 

FigRres 4-30 and 4-31, pages 4-68 and 4-69, illustrate the divide operation. 
The I-sequence reads the instruction, stores the shift-count portion of the 
instruction in the K-register, and sets the appropriate sub-order flip-flops. 
The address of the index register containing the divisor (bits 14 through 18) 
is stored in the M-register, and the address of the index register containing 
the high-order bits of the dividend is stored in the X-register. The contents 
of the M-register are examined; if they are not zero, an M-sequence is per­
formed. 
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The M-sequence references the address in the M-register and reads the 
divisor from memory. The complement of the divisor is stored in the D­
register. The address of the high-order half of the dividend is loaded into 
the M-register. 

The R-sequence, which follows the M-sequence, references the address of 
the high-order half of the. dividend (now in the M-register) and reads it 
from memory. The shift count is tested; and, if it is not zero, the shift 
sequence is performed. 

The shift sequence decrements the shift count by one and performs one 
subtraction step. The low-order half of the dividend in the A-register is 
shifted left to the U-register and loaded back in the A-register. The high­
order half of the dividend in the Z-register is shifted left into the X-regis­
ter. If the contents of the X-register are equal to or greater than the 
divisor, the D-register contents are added to the X-register contents and 
a one is set into AO. Since the D-register contained the complement of the 
divisor, the result is to subtract the divisor from the dividend. The adder 
contents are then loaded back into the Z-register. If the contents of the X­
register are less than the divisor, the shifted X-register contents are 
loaded back into the Z-register and a zero is set into AO. 

The decremented shift count is tested after each shift-sequence. If the shift 
count (K) is not equal to zero, another shift-sequence is performed. When 
the shift count is decremented to zero, a W -sequence is performed. The 
W -sequence writes the Z-register contents (now the remainder) into the 
memory location that originally contained the high-order bits of the divi­
dend. The A-register now contains the 23-bit quotient. 

(8) Shift function register (figures 8-14 and 8-14a, pages 8-31 
and 8-33). - The shift function register stores the type, mode, and sub­
order portions of the shift instruction (06). The three CAT flip-flops 
(figure 8-14, page 8-31) and their associated circuits receive instruction­
word bits 5, 6, and 7 from the Z-register, store this data in the flip-flops, 
and decode the sub-order. Table 4-2, page 4-12, lists the seven sub-orders. 

The two type flip-flops (figure 8-14a, page 8- 33) and their associated cir­
cuits receive instruction-word bits 12 and 13 from the Z-register, store 
this data in the flip-flops, and decode the type shift. The four types, and 
the sub-orders in which they are used, are listed in table 4-3, page 4-12. 
The mode flip-flop is controlled by bit 11 of the shift instruction. When it 
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is set, the repeat counter is not decremented. Shifting stops when the K­
register (shift counter) reaches zero. If the mode flip-flop is cleared, the 
repeat counter is decremented; when it reaches zero, the reload sequence 
starts. 

(9) Shift control (figures 8-15 and 8-15a, pages 8-35 and 8-37). -
Shift control consists of a group of flip-flops and associated circuits that 
control the shift operations. Two shift-control flip-flops and two shift­
cycle flip-flops form a shift timing chain. Outputs from these flip-flops 
generate enable signals that transfer the data to be shifted through the 
various registers. The two shift-cycle flip-flops are used only for the 
multiply, divide, and shift-until-different shift operations. 

The bits-different flip-flop is set during the SUD operation when the two 
high-order bits in the accumulator are different; this clears the shift con­
trol flip-flops to stop shifting. The bits-different flip-flop is also set dur­
ing the SCL operation when bits 45 and 46 of the 48-bit operand are differ­
ent; this sets the W -sequence and inhibits the I-sequence. The initiate-SUD 
flip-flop is set during the R-sequence of a SUD operation or an RCA type 
IX shift operation when the repeat counter equals zero; this enables sett~ng 
shift-control flip-flop 1. 

The reload request flip-flop is set when refill-count is zero during either 
a type OX shift-left instruction in RCA mode (SCD, SAD) or a SUD instruc­
tion. The reload-request flip-flop enables the RCI-sequence. The reload 
flip-flop is set during the RCI-sequence to provide enables for the RC2, 
R/W, and W-sequences. 

The RCA flip-flop sets when the repeat-clear-add instruction (24) is 
executed and remains set until an end-repeat-count instruction (25) is 
executed, the word count of the second RCA-mode control word equals zero, 

. or the refill count in an RCA-control word is zero. Outputs from the RCA 
flip-flop control the repeat counter and also indicate to shift control that 
the RCA operation can be performed. 

(10) Shift counter (figures 8-21a and 8-22, pages 8- 51 and 8-53 ). -
The shift counter (K-register) is a five-bit, double-rank decremental 
counter. The K-register holds the five-bit shift count specifiEld in the shift 
instruction. The shift count enters the K-register during the I-sequence 
of the shift instruction. The register contents ar e decremented by one each 
time a shift is performed. The K-register outputs go to the shift control 
logic to indicate when the counter is equal to zero and when it is not equal 
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to zero. The K-register enables (figure 8-21a, page 8- 51) generate the 
signals to clear and load the shift counter. 

(11) Repeat counter (figures 8-21a and 8-23, pages 8-51 and 8-55).­
The repeat counter (RC-register) is a five-bit, double-rank decremental 
counter. During the shift-left (06-0) instruction in RCA mode and the shift­
until-different (06-6) instruction, the RC-register holds the refill count 
specifying the numDer of times each memory location is to be shifted. Dur­
ing the scale accumulator (06-2) and scale index and accumulator (06-3) 
instructions, the previously filled counter is used to indicate the number of 
shifts performed. 

The RC-register is loaded with the lower five bits of the 27 (LDX) instruc­
tion when no index or B-register is specified, or with the refill-count 
portion of the RCA-mode or SUD shifting control word. The RC-register is 
decremented by one each time a shift is performed during the 06-0, 06-2, 
06-3, and 06-6 instructions. Outputs from the repeat counter go to the 
shift control logic to indicate when the counter is equal to zero and when 
it is not equal to zero. Other outputs from the counter go to the Z-register 
and are stored in memory during a 26 (STX) instruction when no index 
register is specified (bits 9 through 13 = 0). 

The RC-register enables (figure 8-21a, page 8- 51) generate the Signals to 
clear and load the repeat counter ~ 

!: Address Circuits. - The address circuits consist of four registers 
(S, -P, M, and B) and their associated enable circuits. The registers, along 
with the arithmetic and input/output sections, generate and temporarily 
store memory addresses. There are five types of memory addresses 
generated and/or stored by the address circuits: instruction, instruction 
operand, index register, I/O control word, and input/output. 

The instruction address is the address of the next instruction to be exe­
cuted. The instruction operand address is the address of the location 
where instruction information is to be read from or stored. The index 
register address is the address of one of the 378 index registers. The I/O 
control word address is the address of the I/O control word for the pe­
ripheral equipment that wants to send or receive data. The input/output 
address (specified by the I/O control word) specifies where input data from 
peripheral equipment should be stored and from where output data for pe­
ripheral equipment should be removed. Figure 4-32, page 4-73, is a block 
diagram of the address circuits. 
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(1) S-register (figures 8-29 through 8-31, pages 8-67 through 
8-71). - The S-register is the 14-bit memory address register. The S­
register. receives instruction addresses from the P-register, input/output 
and instruction operand addresses from the arithmetic section, index 
register addresses from the M-register, and I/O buffer control words 
from the input/output section. The S-register contents go to the memory 
section for translation. S-register-enable circuits (figure 8-29, page 
8-67) generate the signals to clear and load the S-register. 

(2) P-register (figures 8-24 through 8-26, pages 8- 57 through 
8-61 ). - The P-register is the 14-bit program address register which holds 
the address of the next instruction. The P-register receives the next in­
struction address from either of two sources. When a program transfer 
instruction is executed and the transfer condition is satisfied, the P-regis­
ter receives the next instruction address from the D-register in the arith­
metic section. The D-register receives the address from the dat~ transfer 
circuits; refer to paragraph 4-17~(2), page 4-85. When no program trans­
fer condition exists, the P-register receives the next instruction address 
from the adder in the arithmetic section. The adder increments the cur­
rent instruction address. The P-register contents go to the S-register and 
the X-register in the arithmetic section. The input to the S-register is the 
next instruction address. This address also goes to the X-register to be 
incremented and returned to the P-register. The P-register-enable cir­
cuits (figure 8-24, page 8-57) generate the signals to clear and load the 
P-register. 

(3) M-register. (index) (figure 8-21, page 8-49 ). - The 5-bit M­
register holds the address of the index register specified by an instruction. 
The M-register receives the 5-bit address via the Z-register when the 
instruction is read from memory. The index register address goes to the 
S-register during the M-sequence. Then, when the index register contents 
are read from memory, they go to the arithmetic section via the data trans­
fer circuit. In the arithmetic section the contents of the index register are 
added to an instruction operand address. This address then goes from the 
arithmetic section to the· S-register as an instruction operand address. 
The M-register-enable circuits (figure 8-16, page 8-39) generate the signal 
to clear and load the M-register. 

(4) B-register (figures 8-24, 8-27, and 8-28, pages 8- 57, 8-63, 
and 8- 65). - The 14-bit B-register holds a value referenced by some in­
structions to modify an instruction operand address. The register receives 
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the modifying value from memory via the data transfer circuits and arith­
metic section. When an instruction references the B-register, the arith­
metic section adds the B-register contents to an instruction operand ad­
dress. This address then goes to the S-register as an instruction operand 
address. The B-register-enable circuits (figure 8-24, page 8-57) gene~ate 
the signals to clear and load the B-register. 

(5) Register enable circuits. - The register-enable circuits con­
trol the inputs to the address registers. Figure 4-33, page 4-76, shows the 
logic to clear P and load P with the contents of the D-register. During the 
W-sequence of the 03 (TSR) instruction, AND circuit 07N02 is enabled. The 
P-register clears at time 2.2 of the W -sequence and, at time 2.3, is loaded 
with the contents of the D-register. During the R-sequence of a 04 (TRX) 
or 05 (TAX) instruction when bits 14 through 23 of the Z-register are not 
equal to zero, AND circuit 05N22 is enabled. The P-register clears at time 
3.2 of the R-sequence and, at time 3.3, is loaded with the contents of the 
D-register. The instruction timing charts in paragraph 4-21, page 4-171, 
show the time and sequence for the clearing and loading of the address 
registers during each instruction. 

g. Data Transfer Circuits. - The data transfer circuits distribute 
information read from memory to other computer circuits and peripheral 
equipment, and collect information from computer circuits and peripheral 
equipments to store in memory. The data transfer circuits also add cor­
rect parity to the data stored in memory and then check the parity of all 
data read from memory. The data transfer circuits consist of the Z­
register , selector, and parity circuits. 

(1) Z-register (figures 8-54 through 8-58, pages 8-123 through 
8-131). - The 24-bit Z-register is a memory input/output register. All 
data read from memory enter the Z-register. The Z-register also receives 
data from the X-register, the RC-register, and the adde,r. The data goes 
to memory via the selector. 

The Z-register distributes data read from memory to the registers and 
circuits shown in figure A-3, page A-7. A of figure A-3, page A-7, shows 
the Z-register outputs going to the C-register during 8-bit output data 
transfers to various peripheral equipments. B of figure A-3, page A-7, 
shows the Z-register outputs going to the C-register during 6-bit output 
data transfers. C of figure A-3, page A-7, shows the Z-register outputs 
to the F, M, and K-registers when the Z-register holds an instruction 
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word. D of figure A-3, page A-7, shows the Z-register outputs to the RC­
register for the 27 (LDX) instruction, the paper tape unit enables for the 07 
(EXF) instruction, the shift type and mode flip-flops for the 06 (SHF) in­
struction, and the sequence-enable and console-data-terminate circuits 
when console serial data input is performed. E of figure A-3, page A-7, 
shows Z-register outputs to sensing circuits. These circuits constantly 
check the contents of bits 14 through 23 of the Z-register and indicate the 
following. 

1) Index address = 0 
2) Index address = 37 
3) Word count = 0 
4) Z14 - Z23 rf' 0 

F, G, and H of figure A-3, page A-7, show the Z-register outputs to the 
selector for left-shifting, right-shifting, or transferring Z-register data 
to memory without shifting. 

(2) Selector (figures 8-59 through 8-65, pages 8-133 through 
8-145). - The selector is a 24-bit word assembler and memory input gate. 
All data for memory enters the selector from either the Z-register (inter­
nal data) or data input gates (external data). Figure A-4, page A-9, shows 
the selector inputs. 

A, B, and C of figure A-4, page A-9, show the selector inputs from the Z­
register for left-shifting, right-shifting, or transferring data to memory 
without shifting. D of figure A-4, page A-9, shows the K-register input to 
the selector; this input is used during some shift operations to transfer the 
shift count from the K-register to the A-register. E, F, and G of figure 
A-4, page A-9, show the selector input from the Z-register and the con­
soles for one, two, and three-bit data transfers. H of figure A-4, page 
A-9, shows the selector inputs from the data input gates during 6-bit input 
data transfers. I of figure A-4, page A-9, shows the selector inputs from 
the data input gates during 8-bit input data transfers. 

Selector outputs go to memory, X-register, and parity circuits. The parity 
circuits receive the same data as memory and generate parity bits for the 
data to be stored in memory. The selector outputs to the X-register are 
operands read from memory and transferred to the arithmetic section via 
the Z-register, selector, and X-register. 
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(3) Parity circuits. - The parity circuits have four functions: 

1) Add parity bits to each half-word written into memory. 

2) Check the parity of each half-word read from memory. 

3) Add a parity bit to each 6-bit character transferred to 
the RD-277A or TCU. 

4) Generate the necessary control signals when a parity 
fault occurs. 

The parity circuits assure that the parity of the data read from memory is 
the same as the parity of the data written into memory. If not, they indicate 
a parity error. However, the parity circuits cannot detect a parity error if 
an even number of significant bits (ones) are dropped or picked up during a 
memory cycle. The parity circuits consist of lower parity check, upper 
parity check, and parity alarm. Figure 4-34, page 4-79, shows the parity 
Circuits, and the associated circuits. 

(a) Lower parity check (figure 8-66, page 8-147). - The com­
puter recognizes odd parity as valid parity; that is, each half-word written 
into or read from memory must contain an odd number of ones, including 
the parity bit. The lower-parity circuits check the number of ones in the 
lower half (bits 0 through 11) of the word being written into memory via the 
Z-register and selector. If the number of ones is odd, a zero from the 
lower parity circuit accompanies the 12-bit half-word to lower memory. If 
the number of one bits is even, a one from the lower parity circuit ac­
companies the 12-bit half-wo'rd to lower memory. 

The lower parity circuit also checks the number of ones in the lower half 
of each word read from memory. When a word is read from memory, each 
half-word, minus the parity bit, goes to the selector and lower parity cir­
cuit via the Z-register. The parity bit goes to the parity alarm circuit. The 
lower parity circuit checks the number of ones in the lower half of the 
selector and sends an odd or even Signal to the parity fault circuit where 
it is compared with the parity bit. If the parity changed, a parity error 
signal is generated. The lower parity circuit also checks the par ity of 6-bit 
characters transferred from ,lower memory to the computer. If the number 
of ones in the character is odd, the lower parity circuir sends a zero to 
pOSition 26 of the C-register. . 
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(b) Upper parity check (figure 8-67, page 8- 149). - These cir­
cuits function the same as the lower parity circuits except they generate 
and check parity for the upper 12-bits of the words written into and read 
from upper memory. 

(c) Parity fault (figure 8-90, C5, page 8-195). - The parity 
fault circuits detect parity errors and control computer operation when one 
occurs (see paragraph 4-161, page 4-82). A parity error can occur during 
an I-sequence when the instruction is read from memory, during the M­
sequence when the contents of the specified index register are read from 
memory, or during the R-sequence when instruction operands are read 
from memory. The parity fault circuits compare the outputs of the two 
parity check circuits with the two parity bits (one for each half-word) read 
from memory. A parity error in either of the half-words read from mem­
ory sets the parity-fault flip-flop and the following occurs: 

1) Computer operation stops, providing HALT DIS­
CONNECT switch is not in up (HALT DISCONNECT) 
position. 

2) FAULT indicator on power control panel is lighted 
and horn sounds. 

3) Computer fault is gated to the consoles. 

h. status Circuits. - The status circuits store status Signals from 
the TC U and auxiliary computer and internal status signals. When the 
computer executes the 02 (TRF) instruction, the status circuits compare 
the status-check~code portion of the instruction with the specified status 
signal. If the status Signal specified by the instruction is present, the 
status circuits generate a signal from the control section to continue the 
computer program in normal sequence. If the status Signal specified by 
the instruction is not present, the status circuits generate a signal from 
the control section to jump the computer program from its present position 
in memory to the memory location specified by the address portion of the 
02 (TRF) instruction. Table 4-5, page 4-18, lists the status check codes of 
the 02 (TRF) instruction and the status conditions that are checked with the 
codes. The M-register (index) holds the status check codes during the in­
struction. The status circuits conSist of status detectors and a status 
translator. 

(1) Status detectors (figures 8-79 and 8-80, pages 8-173 and 
8-175). - There are three sets of status detectors: one for TCU status 
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signals, one for auxiliary-computer-status signals, and one for console­
status signals. 

The TCU status detectors for control error, transport ready, data transfer 
error, and tape mark operate the same. When the computer is master 
cleared, flip-flop 7XV05 sets and flip-flop 7XVOO clears. The two flip-flops 
remain in this state until TCU sends the tape-mark signal. Then, flip-flop 
7XVOO sets at time 5.3 of any following sequence. One phase later flip­
flop 7XV05 clears. The flip-flops remain in this state until TCU removes 
the tape-mark signal or the 02 (TRF) instruction, specifying the tape-mark 
status line, is executed. If TCU removes the tape-mark signal before the 
instruction is executed, flip-flop 7XV05 again sets in preparation for the 
next tape-mark signal. . If the 02 (TRF) instruction is executed and the tape­
mark status line is specified, flip-flop 7XVOO clears at time 6.2 of the 1-
sequence of the 02 (TRF) instruction. Flip-flop 7XVOO remains clear until 
TCU removes the tape-mark signal. With the tape-mark signal gone, flip­
flop 7XV05 sets and the tape-mark detector is· ready to receive the next 
tape-mark signal. The TCU input-overflow detector, flip-flop 7XV20 sets 
when the computer honors a TCU input request and the memory area for 
TCU input data is full (buffer-terminate condition). The flip-flop remains 
set until it is sensed by the 02 (TRF) instruction. The flip-flop clears at 
time 6.2 of the I-sequence of the 02 (TRF) instruction. The TCU busy de­
tector sends the signal directly to the status translation circuits as long 
as TCU sends the busy signal. 

The auxiliary-computer-status detectors consist of flip-flops 7XV50 and 
7XV55. Flip-flop 7XV50 is for the input-busy-status signal, and flip-flop 
7XV55 is for the initiate-status signal. There is no flip-flop for the output­
busy signal as the signal is generated by the input busy flip-flop of the 
auxiliary computer. Flip-flops 7XV50 and 7XV55 set when the auxiliary 
computer sends an external function code of 3008 to the computer. Flip­
flop 7XV55 remains set until the computer (not auxiliary computer) 
executes an external-function code of 1008. Flip-flop 7XV50 remains 
set until the auxiliary computer requests an output character from the 
computer and all characters in the memory area have been transferred, 
(resulting in a terminate code of 2008 sent to the auxiliary computer) or 
until the memory area in the auxiliary computer is full and the auxiliary 
computer sends the terminate code of 2008. 

The console status detectors consist of flip-flops 7XV60, and 7XV71 through 
7XV74. Flip-flop 7XV60 detects the completion of a console switch input 
word. Flip-flop 7XV60 sets when a console-switch-input character is 
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received by the computer, and the I/O control word has a character count 
equal to 102. A character count of 102 indicates that memory location 
specified by the address portion of the I/O control word is filled with 
three console-switch-input characters. Flip-flop 7XV60 sets at time 4.3 
of the RC I-sequence and remains set until it i,s sensed by the TRF in­
struction. 

Flip-flops 7XV71 through 7XV14 detect and store the status of the first I/O 
control word assigned to each console input data operation. Flip-flop 
7XV71 sets when the computer accepts a data character from console 0, 
and the memory area specified by console-data I/O control-word 1 is full. 
One of the flip-flops, 7XV71 through 7XV74, depending on the console re­
quest, sets at time 4.3 of the RC2-sequence and remains set until sensed 
by the 02 (TRF) instruction. 

(2) Status translator (figure 8-81, page 8-177). - The status 
translator compares the status-check-code portion of the 02 (TRF) in­
struction with the specified status line or flip-flop output. If the specified 
status line is active or the flip-flop is set, flip-flop OXM46 remains clear 
and no transfer of the computer program occurs. If the specified status 
line is not active or the specified flip-flop is not set, flip-flop OXM46 sets 
and a signal from the flip-flop goes to the control section to jump the com­
puter program from its present position to the memory location specified 
by the address portion of the 02 (TRF) instruction. 

i. Fault Circuits (figure 8-90, page 8-195). - The fault circuits detect 
and display faults in the input/output section and errors in data read from 
memory (parity errors). 

The input/output faults detected and displayed by the fault circuits are data 
overflow, switch overflow, and keyboard overflow. The data-overflow flip­
flop is set when the memory ar ea for console input data is full (word count 
of control words 1 and 2 equals 0) and the console attempts to send more 
data to the computer. The switch-overflow flip-flop is set when the memory 
area for console switch input is full and the console attempts to send more 
switch data to the computer. The keyboard-overflow flip-flop is set when 
the memory area for console keyboard input is full and the console attempts 
to send more keyboard data to the computer. The three overflow flip-flops 
clear when the computer is master cleared, the FAULT INDICATORS Clear 
switch is pressed, or the start signal is activated at the beginning of an 
operation. 
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A parity error occurs when either of the half-words, including the parity 
bit, read from memory does not contain an odd number of one bits. The 
parity fault circuits consist of lower-parity, upper-parity, and parity-fault 
flip-flops. The lower-parity flip-flop sets vJhen the parity bit for the lower 
12 bits of the word read from memory is a one. The upper-parity flip-flop 
sets when the parity bit for the upper 12 bits of the word read from memory 
is a one. The parity-fault flip-flop sets at time 4.2 of an I, M, or R-se­
quence to signify a parity fault. If the lower-parity flip-flop is set, indi­
cating the parity bit is a one, and the lower half-word contains an odd num­
ber of ones, the parity-fault flip-flop sets. If the lower-parity flip-flop re­
mains clear, indicating that the parity bit is a zero, and the lower half-word 
contains an even number of ones, the parity-fault flip-flop sets. The upper­
par ity flip-flop operates the same way. When any of the described faults 
and errors or the halt error occur, the FAULT indicator on the power con­
trol panel is lighted, the horn sounds (if not disabled), the appropriate error 
indicator on logic panel A2 is lighted, and a fault control signal is gated to 
each console. In addition, if a parity or halt er ror occurs and the HALT 
DISCONNECT switch is not in the up (HALT DISCONNECT) position, com­
puter operation stops. 

4-17. ARITHMETIC SECTION. - The arithmetic section performs arith­
metic and logical operations. Arithmetic operations consist of algebraic 
addition, subtraction, multiplication, and division. In algebraic addition and 
subtraction, results include all borrows. Logical operations consist of 
shifting, negation, logical addition, and logical multiplication. In logical 
addition and multiplication, results do not include 'any borrows that may be 
generated. The following paragraphs contains a functional description of 
each part of the arithmetic section and a description of each arithmetic 
section operation. 

a. Function Sections. - The arithmetic section consists of the fol­
lowing sections: X-register, D-register, adder , A-register, and U -register. 
Figure 4-35, page 4-84, is a functional block diagram of the arithmetic 
section. 

(1) X-register (figures 8-32 through 8-36, pages 8-73 through 
8-81). - The X-register is the data exchange register between the memory 
and the arithmetic section. All data from memory enters the arithmetic 
section via the X-register. Data to memory leaves the arithmetic section 
via the X-register or adder. Data leaving the arithmetic section via the 
adder is data resulting from an add, subtract, or logical operation involv­
ing a memory value. Data leaving the arithmetic section via the X-register 
is data that has not been operated on by the adder. This data includes 
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store-the-contents-of-A, replace-an-address, and exchange-the-contents­
of-A. The X-register also receives the shifted data from the Z-register. 

Other X-register inputs are from the P, B, and A-registers. The P-regis­
ter input occurs every time the P-register must be incremented. The B­
register input occurs every time the instruction specifies B-register modi­
fication of the address in the instruction. A-register inputs occur at three 
different times: 

1) During the STR (12) and RPA (13) operations when the 
contents of A or the lower 14 bits of A are stored in 
memory. 

2) During the EXC (20), CLA (30), ADD (31), SUB (32), LGA 
(34), LGM (35) R-sequence operations, the ADB (36) 1-
sequence operation, and the 06-0 RCA mode and 06-6 
R/W -sequence operations when the contents of A are 
required to be exchanged with the contents of a memory 
location (EXC), the original contents of A are transferred 
to X (CLA, ADD, SUB, LGA, LGM); or the contents of A 
are to be added together with the contents of B(ADB). 

3) During some shifting sequences, A23 enters XOO when 
required. The other X-register output is to the D-regis­
ter. Refer to paragraph 4-17g(2), below. 

The X-register-enable circuits (figure 8-32, page 8-73) generate the signals 
to clear and load the X-register at the proper times. Paragraph 4-21, page 
4-171, contains timing charts for each instruction. These timing charts 
show when the X-register is loaded, what it is loaded with, the destination 
of X-register outputs, and when these outputs leave the X-register. 

(2) D-register (figures 8-37 through 8-42, pages 8-83 through 
8-93). - The D-register holds one of the operands to be added or subtracted. 
During transfer instructions the D-register holds the transfer address. 

The D-register inputs are from the X, A, M, and B-registers and also from 
control logic. The D-register receives operands from the X-register. 
During the add operation, the D-register input from the X-register is a 
straight X to D transfer. During the subtract operation, this transfer is 
X (complement of X) to D. During the logical negation (01), compare (33), 
and logical multiply (35) operations, the complement of A is transferred 
to D. The M-register input occurs only during the ADC instruc~ion when 
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bits 14 through 18 of the instruction are added to the contents of a memory 
location. The B-register input occurs during the ADB instruction when the 
contents of the B and A-registers are added. Control logic inserts values 
into the D-register when the following occur. 

1) One is added to a operand. 

2) P-r egister is incremented. 

3) Input/output and RCA control words are updated. 

4) Index words are augmented. 

Control logic sets the D-register to +1 when one is added to a memory 
location and to +1 or +2 when the instruction address (P-register) is in­
cremented. Control logic sets bits 14 through 23 of the D-register to all 
ones when the word-count portion of input/output and RCA control words 
and the tally portion of the index words is to be decremented by one. Other 
enables which are generated when bits 14 through 18 of the D-register are 
set to ones, go to the adder to increment the address portion if required. 

The D-register-enable circuits (figures 8-37 and 8-38, pages 8- 83 and 
8-85) generate the signals to clear and load the D-register at the proper 
times. Paragraph 4-21, page 4-171, contains timing charts for each in­
struction. These timing charts show when the D-register is loaded, what 
it is loaded with, the destination of D-register outputs, and when these out­
puts leave the D-register. 

(3) Adder (figures 8-43 through 8-47, pages 8-95 through 8-103). -
The adder (figure A-5, page A-II) is a subtractive type adder. It subtracts 
the complement of the D-register contents from the X-register contents to 
perform the addition. The adder automatically complements the D-register 
input. The adder inputs ar e not gated; ther efore, the output is always the 
sum of the contents of the X-register and the contents of the D-register. 
The adder has two types of outputs: the half-subtract output and the full­
subtract output. The half-subtract output is the difference between the X­
register and the complemented contents of the D-register without consid­
eration to any borrows that may be generated. The full-subtract output is 
the difference between the X-register and the complemented contents of 
the D-register with all borrows satisfied. 

4-86 FOR OFFICIAL USE ONLY 



CP-8I8A/U 

Operation of the subtractive adder is exactly the same for addition and sub­
traction. For addition, the addend is obtained by a straight X-to-D trans­
fer. The D input to.J:he adder is automatically complemented. This com­
plemented addend (D) is subtracted from the augend (X). The difference 
output from the subtractive adder, is actually the sum of X and D. For 
subtraction, because the adder is actually a subtracter, no complementing 
should be needed. However, to compensate for the automatic D-to-adder 
complementing, an X-to-D transfer occurs. This complements the addend 
before it enters D. Then when the automatic D-to-adder complementing 
occurs, the contents of D is recomplemented so that the original addend 
enters the adder. Now when the addend is subtracted from the augend, the 
subtractive adder output is the difference of X and D. 

The subtractive adder consists of four parts: half-subtracters, difference 
generators, borrow generators, and group borrow logic. There are 24 
stages, each consisting of a half-subtracter, a difference generator, and 
a borrow generator. Each stage corresponds to a bit and six stages com­
prise a group. Figure A-5, page A-II, is a simplified block diagram 
showing the first of four groups. 

(a) Half-subtracter. - Figure 4-36, page 4-88, shows a half­
subtracter stage. The 30A circuits are the half-subtracters of each stage. 
They compare the corresponding bits of the X and D registers and effec­
tively subtract the subtrahend (D) from the minuend (X), disregarding bor­
rows. 

Note: - The inputs being compared by the half-subtracter 
are from the oppOSite sides of the X and D-register 
flip-flops._Effectively, this is the same as compar­
ing X and D. If the same sides of the flip-flops were 
compared, it would be a comparison of X and D. 

When X and D are equal [both ones (L) or zeros (H) ] the half-subtracter 
outputs a zero (H). When X and D are not equal, the output is a one (L). 
This logic corresponds to normal binary subtraction, disregarding borrows. 

(b) Borrow generator. - Figure 4-37, page 4-89, shows an odd 
and even bit borrow-generator stage. The 40A circuits are the borrow­
generators of each stage, and determine if a borrow is requirec;l from the 
next higher stage. The borrow-generator logic reverses at each stage. A 
zero (H) output from the odd-numbered 40A circuits implies that a borrow 
is required from the next higher stage. A one (L) output from the even­
numbered 40A circuit implies that a borrow is r'equired from the next 
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higher stage. The odd-numbered 40A circuits produce a zero (H) output 
when the result of .the half-subtract is a zero (H) (indicating X = is) and a 
borrow is required from the previous stage or the result of the half-sub­
tract is a one (indicating X :f. is) and D is a one (L). 

The even-numbered 40A circuits produce a one (L) output when the half­
subtracter indicates a borrow may be required (X :f. is) and is is a one (L) 
or when the previous stage requires a borrow and either D is a one (L) or 
X is a zero (H). 

Note: - If a stage requires a borrow, because D > X, it can 
satisfy a borrow from the previous stage. If a stage 
does not require a borrow, it cannot satisfy the bor­
row from a previous stage and it propagates to the 
next higher stage. 
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Referring to the example below, stages 21 and 22 require borrows . 

Example: . 25 24 23 22 21 20 

0 0 1 0 0 1 X 

0 0 1 1 1 0 D 

0 0 0 1 1 1 Half-Subtract (30A) 

1 1 1 1 0 1 Borrows (40A) 

1 1 1 0 1 0 FuII"';Subtract (70A) 

Because 22 requires a borrow, it satisfies the borrow required by 21. Also, 
23, 24, and 25 do not require borrows and cannot satisfy a borrow. Thus, 
the borrow required from 22 must propagate end-around and be satisfied by 
20. Any time a borrow propagates through a stage that cannot satisfy it, 
the half-subtract result is complemented in the final result. 

(c) Difference generator. - Figure 4-38, page 4- 91, shows the 
difference-generator stages. The 70A circuits are the difference generators 
of each stage and compare the output of the half-subtracter with the output 
of the borrow generator of the previous stage. The output from these cir­
cuits is the final result of the arithmetic operation. 

The difference generator output is a one (L) if the output from the half­
subtracter is a one (L) and the previous stage does not require a borrow 
or if the output from the half-subtracter is a zero (H) and the previous 
stage requires a borrow. The difference-generator output is a zero (H) if 
the output from the half-subtracter is a one (L) and the previous stage re­
quires a borrow, or if the output from the half-subtracter is a zero (H) and 
the previous stage does not require a borrow. 

(d) Group borrow logic (figure 8-43, page 8-95). - The group 
borrow logic reduces the time required to perform a full-subtract operation 
when borrows are required. It is possible during a full-subtract operation 
that the low-order stage (20) may require a borrow and this borrow can only 
be satisfied by the high-order stage (223). The group-borrow logic reduces 
the time consumed propagating this borrow through all stages of the adder 
until it reaches stage 223. The group-borrow logic consists of four group­
borrow-enable circuits, and four group-borrow circuits. Figure A-6, page 
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A-13, shows these circuits along with simplified blocks of the adder and 
the X and D-registers. 

Each group-borrow-enable circuit monitors the half-subtract outputs of a 
6-bit adder group. When the half-subtract outputs from a group indicate 
that the contents of X and D are equal [all zeros (H) or all ones (L)] , the 
'group-borrow-enable circuit generates a borrow-enable signal. The signal 
indicates that the adder group does not require a borrow and thus cannot 
satisfy a borrow. The borrow-enable signals are combined; to indicate 
which adder groups cannot satisfy borrows. The combined signals go to the 
group-borrow circuits. 

The group-borrow circuits, one for each group, monitor the borrow-enable 
signals and control the propagation of the group borrows. For example, if 
group one requires a borrow and group two cannot satisfy it, but group three 
can, the borrow from group one bypasses group two and immediately starts 

. propagating through group three, where it is satisfied. Also, if group one 
requires a borrow and groups two, three, and four cannot satisfy the bor­
row, it bypasses these groups and immediately begins propagating through 
group one where it is satisfied as an end-around borrow. The same oper­
ation occurs for any combinations of groups requiring borrows a'nd any 
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combinations of groups not able to satisfy borrows. Anytime a group is 
bypassed because it cannot satisfy an existing borrow, the full-subtract 
output [all zeros (H)] is complemented to all ones{L). 

(4) A-register (figures 8-48 through 8-52, pages 8-105 through 
8-113 ). - The A-register (accumulator) receives two different outputs from 
the adder. during normal arithmetic operations: the logical difference be­
tween the contents' of the X-register and the complemented contents of the 
D-register, and the algebraic difference between the contents of the X­
register and the complemented contents of the D-register. The A-register 
operates in conjunction with the U-register to left-shift the contents of the 
A-register. The A-register also operates in conjunction with the D-regis­
ter to perform the logical negation, logical multiply, compare, exchange, 
clear add, RCA shift, and SUD shift instructions and the R/W reload se­
quence. 

The A-register-enable circuits (figure 8-48, page 8-105) generate the sig­
nals to clear and load the A-register at the proper times. Paragraph 4-21, 
page 4- 171, contains timing charts for each instruction. These timing 
charts show: when the A-r egister is loaded, what it is loaded with, the 
destination of the outputs, and when these outputs leave the A-register. 

(5) U-register (figures 8-53a, 8-53b and 8-53c, pages 8-117 
through 8-121). - The U-register serves as the lower rank for the A-regis­
ter during shifting operations. The contents of the A-register are right­
shifted or left-shifted by sending the shifted contents of A to U, and re­
turning the contents of U to A. The U-register enable circuits (figure 
8-53a, page 8-117) generate the signals to clear and load the U -register 
at the proper times. Paragraph 4-21, page 4-171, contains timing charts 
tij.at show when the U-register is loaded from the A-register and the time 
when the U-register is transferred to the A-register. 

b. Description of Operation. - The following paragraphs describe the 
arithmetic and logical operations performed by the arithmetic section. 

(1) Control word and index register updating. - Figure 4-39, page 
4-93, shows how the arithmetic section updates input/output control words, 
RCA control words, and index registers. The input/output control words 
and RCA control words consist of a word count and an address. During 
computer operation these control words are updated. The word count is 
decremented by one and the address is incremented by one. The index 
words consist of a tally field and an address field. During the execution of 
a 05 (TAX) instruction (and tally field not equal to zero), the tally field is 
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Figure 4-39. Control Word and Index Word Updating 

decremented by one and the address field is incremented by one. During 
the execution of a 04 (TRX) instruction (and tally field not equal to zero), 
the tally field is decremented by one but the address field remains con­
stant. 

The X register holds the word to be updated. In this example, the word 
count equals 7 and the address equals 7 .. Bits 14 through 23 of the D-regis­
ter are set to all ones. The contents of the X and D-registers enter the 
adder. The adder automatically complements the D-register contents. 

If the word being updated during the 05 (TAX) instruction is a control word 
or index word, two signals are generated for the adder to alter the half­
subtract result of X and D. These signals are force-borrow --7 214 and 
inhibit-end-around-borrow. The force-borrow signal simulates a borrow 
from bit position 213, regardless of the value of the address portion of the 
control or index word, to decrement the word count or tally field to 6. 
Also, since the half-subtract result of the address portion of the control 
word or index word and bits 20 through 213 of D is always one larger than 
the initial address, an inhibit-end-around-borrow signal is generated. This 
signal ensures that no end-around-borrow occurs to alter the incremented 
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address of 8. If the index word is being updated during the 04 (TRX) in­
struction, the force-borrow ~ 214 and force-end-around-borrow signals 
are generated for the adder to alter the half-subtract result of X and D. 
The force-borrow decrements the tally field to 6 as in a 05 (TAX) instruc­
tion. The force-end-around-borrow signal simulates an end-around­
borrow signal to subtract one from the incremented address, returning the 
address portion of the index word to its initial value of 7. 

(2) P-register incrementing. - Figure 4-40, page 4- 95, shows 
how the arithmetic section increments the P-register. The P-register 
contents go to the X-register, the D-register is set to +1 or +2 (depend­
ing upon whether the P-register is to incremented by one or two), and the 
results of the addition return to the P-register. 

(3) Index register address modification. - Figure 4-41, page 
4- 95, shows how the arithmetic section adds the contents of an index regis­
ter to the address of an instruction. First, the instruction is read from 
memory into the Z-register. Then the address portion of the instruction 
goes to the X-register and on to the D-register. The index register con­
tents are read from memory and the lower 14 bits go to the X-register. 
The adder output is the sum of the two values in X and D. This modified 
address specifies the memory location of an operand. 

(4) B-register address modification. - Figure 4-42, page 4-96, 
shows how the arithmetic section adds the contents of the B-register to the 
address of an instruction. First the instruction is read from memory into 
the Z-register. Then the address portion of the instruction goes to the 
X-register and on to the D-register. The B-register contents then go to 
the X-register.' The adder output is the sum of the 14-bit B-register con­
tents and the 9-bit address in the D-register. This modified address 
specifies the memory location of an operand. 

(5) Add one to memory. - Figure 4-43, page 4-96, shows how 
the arithmetic section adds one to a memory location for a 22 (ADO) in­
struction. The X-register holds the contents of the specified memory lo­
cation and the D-register is set to +1. The adder output goes to the selector 
and returns to memory. 

(6) Add constant to memory. - Figure 4-44, page 4- 97, shows 
how the arithmetic section adds a 5-bit constant to the contents of a mem­
ory location for a 21 (ADC) instruction. The 5-bit constant is specified in 
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the instruction. First the instruction is read from memory into the Z­
register. The 5-bit constant then goes to the M-register. Next, the con­
tents of the specified memory location are read from memory into the 
Z-register and go on to the X-register. The 5-bit constant in the M-regis­
ter goes to the D-register. The adder output which is the sum of the con­
tents of the memory location and the constant goes to the selector and 
returns to memory. 

(7) Add A and B-registers. - Figure 4-45, page 4-98, shows how 
the arithmetic section adds the contents of the B and A-registers for a 36 
(ADB) instruction. The 24-bit A-register contents go to the X-register 
and the 14-bit B-register contents go to the D-register. The sum from 
the adder goes to both the A and B-registers. The A-register receives the 
24-bit sum. The B-register receives the lower 14 bits of the sum. 

(8) Add, subtract memory and A-register contents. - Figure 
4-46, page 4-98, shows how the arithmetic section performs the algebraic 
add, algebraic subtract, and logical add operations involving the contents 
of a memory location and the contents of the A-register. First, the con­
tents of the specified memory location are read from memory into the 
Z-register. The memory contents then go through the X-register to the 
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D-register. The X-register clears and the A-register contents go to the 
X-register; the A-register then clears. The adder output (result of the 
operation) goes to the A-register. The adder output may be an algebraic 
or a logical output. 

(9) Logical negation. - Figure 4-47, page 4-100, shows how the 
arithmetic section performs the 01 (LGN) logical-negation instruction. 

(10) Logical multiply. - Figure 4-48, page 4-100, shows' how the 
arithmetic section performs the 35 (LGM) logical-multiply instruction. One 
of the values to be multiplied is in the A-register. The other value comes 
from memory into the X-register via the Z-register and selector; the com­
plement of this value then goes to the D-register, and the complement of the 
contents of the A-register goes to the D-register. The complement of the 
contents in D, then, is sent back to the A-register. Thus, the A-register 
contains the logical-multiply result of the original A-register contents and 
the contents of the memory location specified by the instruction. 

(11) Exchange. - Figure 4-49, page 4-100, shows how the arith­
metic section exchanges the contents of the A-register with the contents of 
a memory location specified by the address portion of a 20 (EXC) instruc­
tion. The contents of a memory location are read into the X-register 
through the Z-register and the selector during an R-sequence. The X­
register contents are complemented and sent to the D-register. Then, the 
A-register contents go to the X-register. The contents of the D-register 
are recomplemented (D) and sent to the A-register. During a W -sequence, 
the original A-register contents go to the Z-register where they are read 
into the memory location. 

(12) Clear add. - Figure 4-50, page 4-101, shows how the arith­
luetic section replaces the contents of the A-register with the contents of a 
memory location specified by the address portion of a 30 (CLA) clear add 
instruction. First, the contents of a memory location are read through the 
Z-register into the X-register. Then, the complement of the contents in 
the X-register (X) goes to the D-register. Then, the complement of the 
contents in the D-register (D) goes to the A-register. 

(13) Shift A-register. - Figures 4-18 and 4-25, pages 4-51 and 
4- 61, show how the arithmetic section performs the A-register shift. 

(14) Multiply. - Figures 4-28 and 4-29, pages 4- 65 and 4- 66 , 
illustrate the multiply operation. 

FOR OFFICIAL USE ONLY 4-99 



CP-818A/U 

NOTE: NUMBERS INDICATE 
SEQUENCE OF EVENTS 

D REGISTER 

Figure 4-47. Logical Negation, Instruction 01 

NOTE: NUMBERS INDICATE 
SEQUENCE OF EVENTS 

D REGISTER 

A REGISTER 

Figure 4-48. Logical Multiply, A-Register 

X REGISTER 

MEMORY~Z 
(R SEQ) 

4-100 FOR OFFICIAL USE ONLY 



Z .... MEMORY 
(W-SEQ) 7 

Z REGISTER 

MEMORY ..... Z 
(R-SEQ) 

Z-.X 

CP-818A/U 

SELECTOR 

X"Z 
~---------~6~---------~ 

(W-SEQ) 

D REGISTER 

A REGISTER 

MEMORY-+ Z 
(R = SEQ) 

D REGISTER 

A REGISTER 

X REGISTER 

A .... X 

NOTE: NUMBERS INDICATE SEQUENCE 
OF EVENTS 

Z-.. x 

Figure 4-49. Exchange 

Z REGISTER 

X REGISTER 

NOTE: NUMBERS INDICATE SEQUENCE 
OF EVENTS 

Figure 4-50. Clear Add 

FOR OFFICIAL USE ONLY 4-101 



CP-818A/U 

(15) Divide. - Figures 4-30 and 4-31, pages 4-68 and 4-69, 
show the divide operation. 

4-18. INPUT/OUTPUT SECTION. - The computer has eight input/output 
channels that connect to peripheral equipments (figure 4-51, page 4-103). 
Table 4-13 lists the types of peripheral equipment. 

The computer controls all peripheral equipments except the consoles. The 
consoles send data to the computer and request data from the computer. 
The computer controls all data transfers. For example, if the computer 
wants to send data' to the TCU, the computer executes the 07 (EXF) instruc­
tion with a peripheral unit code that instructs the TeU unit to request data 
from the computer. If the computer wants to input data from the RD-277 A 
unit, the computer executes the 07 (EXF) instruction with a peripheral unit 
code that instructs the RD-277 A to read data into the computer. 

Request signals from the peripheral equipment and acknowledge signals 
from the computer initiate data transfers between the computer and pe­
ripheral equipment. A request signal indicates that a peripheral equip­
ment has data ready for transmission to the computer (input request) or 
can accept data from the computer (output request). An acknowledge sig­
nal is the computer response to a request signal. If the request was an 
input request, the acknowledge signal indicates that the computer has 
accepted the input data. If the r,equest was an .output request, the ac­
knowledge signal indicates that the computer has placed data on the I/O 
lines for the requesting peripheral equipment. 

TABLE 4-13. Peripheral Equipment 

Input Output Input /Output 

*Keyboard PCU TCU 

*Switches *Monitor printers RD-277 A (PTU) 

*Time generator *Control printers Auxiliary computer 

*Console data generator *Status indicators Consoles 

*Spare device 

*Contained in console 

4-102 FOR OFFICIAL USE ONLY 



CP-818A/U 

CP-818A/U 
INPUT IOUTPUT 

SECTION 

.~ 0 

1 7 ~1 1 
( T CU) ( PTU) ( PCU) AUXILIARY 

COMPUTER 

C -6573A/GYK-9A(V) RD-277A/GYK-9A(V) C-6572A/GYK-9A(V) CP- 818A/U 

" 

I KEYBOARD ~ H CONSOLE DATA I ~ MONITOR PRINTERS I GENERATOR 

l SWITCHES }-H SPARE DEVICE j H CONTROL PRINTER' I 
OA-7385A/GYK-9A (V) 

l TIME GENERATOR ~ CONSOLE STATUS INDICATORS j 
( I OF 4) 

Figure 4-51. Peripheral Equipment 

FOR OFFICIAL USE ONLY 4-103 



CP-818A/U 

The input/output section monitors the request signals from the peripheral 
equipment. When a peripheral equipment has data for the computer or is 
requesting data from the computer, the input/output section sends an I/O 
enable to the control section. As soon as the current computer instruction 
is completed, the computer program stops and the peripheral equipments 
requesting data or sending data to the computer are serviced. Then the 
computer program resumes and continues until the input/output section 
detects another request from a peripheral unit. 

a. Interface. - Figures 4-52 through 4-56, pages 4-105 through 4-107, 
show the data lines, control lines, and status lines between the computer 
and the peripheral equipment. The following paragraphs describe the lines 
common to all peripheral equipment. 

(1) Data, request, and acknowledge lines. - All data lines carry 
input data to the computer or output data from the computer to the periph­
eral equipment. 

The request lines carry request signals to the computer. A request signal 
from the PCU indicates that it is ready to accept a character from the com­
puter. A request signal from the console indicates that the console either 
has a character for the computer or wants a character from the computer. 
The accompanying 5-bit address determines the type of request (input or 
output) and part of the control word address. All input request signals from 
the other equipments indicate that the peripheral equipment has placed a 
data character on the computer input lines. Output request signals indicate 
that the peripheral equipment can accept a data character from the com­
puter. 

The acknowledge lines carry acknowledge signals to the peripheral equip­
ment. An acknowledge signal to thePCU indicates that the computer has a 
character for the PCU. 

An acknowledge signal to the console indicates that the computer has either 
accepted an input character or placed an output character on the data lines 
to the console. The output acknowledge signals to the other peripheral 
equipment indicate that the computer has placed a data character on the 
output lines. 

(2) Computer - TCU (figure 4-52, page 4-105). 

1) Tape mark - indicates that the TCU read a tape-mark 
character from magnetic tape. 
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2) TCU busy - indicates that the TCU is busy with an oper­
ation and cannot start a new one. 

3) Data transfer error - indicates that the TCU detected an 
echo-check, output-timing, input-timing, read-parity, or 
output-parity error. 

4) Transport ready - indicates that the tape transport se­
lected by an external function can accept or send data. 
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Figure 4-55. Computer- Console Interface 
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5) Control error - occurs for any of three conditions: the 
computer instructs the TeU to perform an operation 
when the TeU is performing an operation; the computer 
instructs the TCU to perform a write operation on a 
tape transport that does not have a file protect ring on; 
or the computer instructs the TeU to perform an oper­
ation on a tape transport that is not ready for operation. 

(3) Computer - RD-277A(PTU) (figure 4-53, page 4-105). 

1) External function - indicates to the RD-277 A that the in­
formation on the data lines is a function code and not a 
data character. The function code specifies the opera­
tion to be performed by the RD-277 A. 

2) Reader lockout - when present, the RD-277 A stops when 
the input buffer is no longer active. The operator must 
then manually restart the reader for further reader 
operation. 
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3) Input active - indicates to the RD-277 A that the input 
buffer memory area assigned to the RD-277 A is not yet 
full. 

(4) Computer - PCU (figure 4-54, page 4-106). - The address-in 
lines carry a 6-bit address to the computer when the PCU requests a 
character. This address specifies part of the memory address of the con­
trol word associat~d with the requesting punch. The address-in bits 20 
through 25 specify bits 21 through 26 of the memory address. 

(5) Computer - console (figure 4-55, page 4-106). 

1) Address in - provide a 5-bit address to the computer 
when the console sends data to the computer or requests 
data from the computer. This address specifies part of 
the memory address of the control word associated with 
the request. The address in bits 20 through 24 specifies 
bits 21 through 25 of the memory address. 

2) Computer fault - indicates to the console that one of the 
computer faults has occurred: halt, parity, console key­
board-overflow, console-data-overflow, and console­
switch-overflow. 

3) Computer run - indicates to the console that the com­
puter is operating in the normal, high-speed run mode. 

4) Serial/parallel data - a high signal (Ov) indicates that the 
computer will accept console data in a parallel mode and 
store three 8-bit or four 6-bit console data characters in 
each memory location. A low signal (-6v) or an open 
line indicates that the computer will accept console data 
in a serial mode and' store 24 one-bit, 12 two-bit, or 8 
three-bit console data characters in each memory lo­
cation. 

(6) Computer - auxiliary computer (figure 4-56, page 4-107). 

1) Initiate - indicates that the computer wants to send data 
to the auxiliary computer and sets the busy status line in 
the auxiliary computer. See paragraph 4-18£,(3), page 
4-150, for more information on this Signal. 
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2} Busy status - accompanies the initiate signal and causes 
the auxiliary computer to return a busy status. Indicates 
to both computer programs that an I/O operation is in 
process. 

b. Functional Sections. - Figure 4-57, page 4-110, is a functional 
block diagram of the input/output section. 

(I) Input/output control. - The control section circuits generate 
most of the signals that control the operation of the input/output section. 

(a) Scan timing (figure 8-68, page 8-151). - Scan timing 
generates the timing enables that gate input and output request signals 
from the peripheral equipment into the I/O request logic (figures 8-69 
and 8-70, pages 8-153 and 8-155). Scan timing also disables the console 
translation logic during the time input and output requests enter the I/O 
request logic to prevent translation when the requests are changing. Scan 
timing consists of a scan flip-flop, request-enable circuits, and a console­
translation-timing flip-flop. 

The scan flip-flop determines when requests enter the I/O request logic. 
It sets at time 3.4 of most computer sequences. It does not set during the 
RC1 or RC2-sequences or when the computer operates in the function repeat 
condition. Also, the scan flip-flop does not set during the WC-sequence of 
a shift instruction, or R/W sequence when the buffer terminate flip-flop is 
clear and other conditions met. The scan flip-flop remains set for one 
clock cycle. During this time, it enables the request-enable circuits. 

The request-enable circuits generate the signals that clear and load the 
I/O request circuits with the input and output requests from the periph­
eral equipment. The request-enable circuits generate the following Signals. 

Time Function 

4.2 of Scan Clear Resync flip-flops 

4.3 of Scan Load Resync flip-flops 

1.3 of R/W Sequence Clear Resync One-Shot flip-flops 

The console-translation-timing flip-flop disables the console translation 
logic (figure 8-77, page 8-169) during the time input and output requests 
enter the I/O request logic. It sets with the scan flip-flop and remains set 
for approximately two clock cycles. 
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(b) Input/output control words. - Input/output control words 
specify where (memory locations) to store input data from peripheral 
equipment or where to extract output data for peripheral equipment. The 
control words also specify the size of the memory areas assigned to 
peripheral equipment. Since each memory location stores 24 bits of data 
and the peripheral equipment can send 1, 2, 3, 6, or 8-bit characters and 
receive 6 and 8-bit characters, the control words specify the number of 
peripheral equipment characters stored in or extracted from one memory 
location. 

Table 1-3, page 1-15, lists the memory locations of the input/output control 
words assigned to each peripheral equipment. All peripheral equipment 
except the consoles and PCU have four input/output control words, two for 
input and two for output. When the memory area specified by the first con­
trol word is full (input) or emptied (output), the second control word is 
referenced. The second control word is transferred to the memory location 
of the first control word, and the memory location of the second control 
word is cleared. The memory location of the second control word can be 
loaded with another control word by the computer program. Each console 
has 1008 control words for the input and output equipments shown in table 
4-13, page 4-102. The PCU has two control words for each of 40 printers 
or punches. Figure 4-58, page 4-112, shows the format for three types of 
input/output control words. 

Figure 4-58, page 4-112, shows the format for all of the input/output control 
words except those for the RD-277A and the console-data-input function 
when the computer is operating in. the serial data mode (see paragraph 
4-18~(9)(c), page 4-143). The address portion of the control word specifies 
the memory location in which input characters are to be stored or from 
which output characters are to be extracted. The word-count portion 
specifies the number of locations in memory assigned to a peripheral unit. 
For example, if the word count equals 258, the input/output control word 
specifies 2110 memory locations. The character-count portion of the con­
trol-word counts the number of characters written into or read from a 
24-bit memory location. Each time the character count reaches 102, for 
8-bit characters, or 112, for 6-bit characters, the control word is updated 
and the character count returned to 00. 

Figure 4-58B, page 4-112, shows the format for the RD-277A control words. 
This control word contains a mode bit. When the mode bit equals zero, 
four 6-bit characters are stored in each memory location or extracted 
from each memory location before the control word is updated. When the 
mode bit equals one, three 8-bit characters are stored in each memory 
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23 - 22 21 

~ 

/ 
CHARACTER COUNT 

OO=CHAR I } } 
01 =CHAR 2 a-BIT 
10 =CHAR 3 
" =CHAR 4 

23 - 22 

-11 

/ 
CHARACTER COUNT 

OO=CHAR I 
01 =CHAR 2 
10 =CHAR 3 

" =CHAR 4 

23 - 22 

.. '?I 

21 

~ 

21 

'?I 

t./ INPUT 

TOGGLE BIT 

- 14 13 - 0 

WORD COUNT ADDRESS 

A. TAPE CONTROL UNIT, AUXILIARY COMPUTER, PUNCH CONTROL UNIT, 
CONSOLE KEYBOARD INPUT, CONSOLE SWITCH INPUT, CONSOLE 
MONITOR PRINTER OUTPUT, CONSOLE CONTROL PRINTER OUTPUT, 

6-BIT CONSOLE SPARE DEVICE INPUT, CONSOLE TIME STATEMENT INPUT, 
CONSOLE STATUS INDICATOR OUTPUT, AND CONSOLE DATA INPUT 
(PARALLEL DATA MODE) 

20 

20 

- 14 13 - 0 

WORD COUNT ADDRESS 

- - -MODE - 0 FOUR 6 BIT CHARACTERS PER MEMORY LOCATION 

MODE = I THREE a-BIT CHARACTERS PER MEMORY LOCATION 

B. RD-277A (PTU) 

- 14 13 - 0 

WORD COUNT ADDRESS 

23 22 

o 0 = 24 ONE-BIT CHARACTERS PER MEMORY LOCATION 

o I = 12 TWO-BIT CHARACTERS PER MEMORY LOCATION 

I 0 = a THREE-BIT CHARACTERS PER MEMORY LOCATION 

C. CONSOLE DATA INPUT (SERIAL DATA MODE) 

Figure 4-58. Input/Output Control Word Format 
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location or extracted from each memory location before the control word 
is updated. 

Figure 4-58C, page 4-112, shows the format for the console-data-input con­
trol word when the input/output section is accepting console input data in 
the serial data mode. Bits 22 and 23 of the control word are input mode 
bits. When the input mode designator equals 00, the input/output section 
stores 24 one-bit characters of console data input in each memory location. 
When the input mode designators equal 01 the input/output section stores 
12 two-bit characters of console data input in each memory location. When 
the designators equal 10, the input/output section stores 8 three-bit char­
acters of console data input in each memory location. 

(c) Input/output sequences. - The control section generates 
the input/output sequences. The input/output sequences are RC 1, RC2, 
R/W, and" WC. All input data transfers or output data transfers require 
at least an RC 1 and R/W -sequence. Sometimes these data transfers re­
quire an RC1, R/W, and WC-sequence. Sometimes they require an RC1, 
RC2, R/W, and WC-sequence. No WC-sequence is required when the word­
count field of CW2 reaches zero. Figure 4-59, page 4-114, shows the input/ 
output sequences, when the different groups of sequences are required, 
and the general functions performed by each sequence. Tables 4-14 through 
4-17, pages 4-115 through 4-122, contain detailed lists of I/O sequence func­
tions. The following paragraphs describe when each group of sequences are 
used and the functions they perform. Each input data transfer or output 
data transfer always requires the RC1 and R/W- sequences. The RC1-
sequence reads control word #1 from memory, adds one to the character­
count portion of the control word, and restores it. The control word is 
gated to the X-register to provide required enables. The R/W -sequence 
either writes a character from the peripheral equipment into memory at 
the address specified by the control word or reads a character for the 
peripheral equipment from memory at the address specified by the control 
word. The character count determines in what portion of_ the memory lo­
cation the input data is stored or what portion of the memory location is 
transferred to the peripheral equipment. After the R/W -sequence, the 
next input/output request is processed; or, if none are present, the com­
puter program resumes and the next instruction is executed. 

An input or output data transfer requires an RC1, R/W, and the WC-se­
quence when the character-count portion of the control word indicates that 
the memory location specified by the address portion of the control word 
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RCI SEQUENCE 

I. I/O-'-'S 
2. READ C.W.:/I: I 
3. Z---+X 

4. CH. CT. +1--X22- 23 
5. CH. CT.+I RESTORED 

RIW SEQUENCE 

I. CW ADDRESS --.. S 
WC~O 2. Z-+C AS DETERMINED BY CH. CT ~ TERM I. PROCESS NEXT IIO 

CHAR. CT. (OUTPUT) --C REQUEST IF ONE IS 
... WORD 

COUNT 
CHECK 

)o--.......j~ .. 3. SET PROPER SEl. CTl. FF CH.CT. ... PRESENT. IF NOT, 
(INPUT) CHECK 4~" 2. CONTINUE COMPUTER 

WORD COUNT = 0 

RC2 SEQUENCE 

I. IIO ---S, SET So = I 
2. READ CWo :I/: 2 
3. Z---' X 

4. SET BUF. TERM IF WC = 0 
5. ZEROS. RESTORED IN RC2 

LOCATION 

PROGRAM BY EXEC-
4. DATA ...... SELECTOR (INPUT) UTING NEXT INSTRUC-
5. SEND ACKNOWLEDGE TION 

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

CH. CT. = TERM 

WC SEQUENCE 

I. I/O-.S 
2. WC-I 

3. ADDRESS + I 
4. RESTORE CW 

R I W SEQUENCE 

I. CW ADDRESS ----- S WORD 
.-_--.:::COUNT = 0 

~C~~~~ 
2. STOP CODE ----+ C 

~~ ... ~3. SEND ACKNOWLEDGE 

-~ CHECK 

WORD 
COUNT¢O 

... 4. LIGHT FAULT LAMP IF PRO­
CESSING CONSOLE KEY­
BOARD INPUT OR SWITCH 
INPUT 

.. 
- ... 

.. ... 

RIW SEQUENCE 
I. CW ADDRESS -+ S 

WC - WORD COUNT 
CW - CONTROL WORD 

2. Z .. C AS DETERMINED BY 
CHAR. C~ (OUTPUT) 

WC SEQUENCE 

I. I/O---'S 

CH. CT - CHARACTER COUNT 
3. SET PROPER SEl. CTL. FF 

( INPUT) 
4. DATA ~ SELECTOR (INPUT) 

5. SEND ACKNOWLEDGE 

~ 2. WRITE CW #2 
INTO CW #1 
LOCATION 

Figure 4-"59. Input/Output Sequences 
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TABLE 4-14. RC1-Sequence 

Time 

4.3 

4.4 

6.1 

Action 

Set appropriate resync flip­
flop. Enable appropriate S­
register bits 6, 7, and 8 

Clear scan flip-flop 

Set RC1-sequence enable flip­
flop 

6.4 Clear Sand Z 

1.1 

1.2 

1.4 

2.2 

Set console data flip-flop 

Clear advance character count 
flip-flop 

I/O -7 S 

Set RCI-sequence flip-flop 

Set advance character count 
flip-flop 

Strobe (memory to Z) 

2.3 Clear X and D registers 

FOR OFFICIAL USE ONLY 

Conditions and Notes 

If scan flip-flop, or request 
one-shot flip-flop set, and 
I/O request. If request is 
from PCU or console. 

Cleared every 4.4 time re­
gardless of sequence type. 

If I/O request 

Only for console serial data 
input request. 

Cleared every 6.4 time re­
gardless of sequence type. 

Control word address to S. 
For consoles and PCU the 
input address is added to the 
control word address. 

Set selector bit 21 if console 
data flip-flop set. 

Disabled on console serial 
data inputs, interrupt, or if 
CW rewrite flip-flop is set. 

Read control word 1 
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Time 

3.3 

TABLE 4-14. RCI-Sequence (continued) 

Action 

z~x 

Z23 _ 22 + 1 ---7 X 23 _ 22 
(no increment if Z21 = 1) 

Clear console-data-terminate 
flip-flop 

Conditions and Notes 

Control word to X. 

3.4 Disable set scan flip-flop 

4.2 

4.3 

Enable write 

Set console-data-terminate 
flip-flop 

Set CSL switch flip-flop 

Restore updated control word 

Only on console serial data 
input and Z21 = o. 

Only on CSL switch input re­
quest when character count 
= 102. 

4.4 Clear scan flip-flop 

5.4 Clear RC I-sequence enable 
flip-flop 

.6.1 

4-116 

Set R/W-sequenceenable 
flip-flop 

Set RC2-sequence enable 
flip-flop 

If Z14 _ 21 ~o. 

If Z14 _ 21 = 0 (buffer ter­
minate flip-flop set). 

This sequence is initiated by all I/O requests and serves to 
read up control word #1. Control word formats are shown in 
figure 4-58, page 4-112. It is followed by an RC2-sequence if 
the word count (bits 14 through 21) is 0 or by an R/W-sequence 
if the word count is not O. 
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TABLE 4-15. RC2-Sequence 

Time Action Conditions and Notes 

6.4 Clear Z-register -

1.1 I/O ~ S (set SOO flip-flop) Address of control word 2. 

1.2 Set RC2-sequence flip-flop 

Clear RC 1-sequence flip-flop 

Enable all inhibits 

1.4 Set advance character count Disabled on console serial 
flip-flop data inputs, interrupt, or if 

CW rewrite flip-flop is set. 

2.2 Strobe (memory to Z) Read control word 2 

3.2 Clear X and D-registers 

3.3 Z~X Control word #2 to X. Mem-
ory location of control word 
2 is cleared. 

3.4 Disable set scan flip-flop 

Inhibit wr ite Control word 2 location re-
mains cleared. 

4.2 Set console data terminate Only on console serial da!a 
flip-flop input and Z21 = O. 

4.4 Set buffer terminate flip-flop If (INT · Z14 _ 20 = 0 • (Z21 
= 0 + PTU REQ + CSL SDI 
REQ) 

Set 27 bit in C-register C = 2008 if Z14 _ 21 = o. 
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Time 

4.4 
(cant.) 

5.2 

TABLE 4-15. RC2-Sequence (continued) 

Action 

Set data overflow flip-flop 
on next T33 

Clear scan flip-flop 

Set control-ward-rewrite 
flip-flop 

Conditions and Notes 

If buffer ter minate flip-flop 
is set and console data input. 

If buffer terminate flip-flop 
is cleared. 

5.4 Clear RC2-sequence-enable 
flip-flop 

6.1 Set R/W -sequence enable flip­
flop 

Time 

6.4 

1.1 

1.2 

This sequence is initiated only when the word count of control 
'word #1 is 0 and upon the completion of an RC1-sequence. It 
serves to read up control word #2 so it can be placed at the 
address of control word #1. 

TABLE 4-16. R/W-Sequence 

Action Conditions and Notes 

Clear Sand Z registers 

Adder to S Buffer address. 

Set R/W -sequence flip-flop 

Clear RC I-sequence flip-flop Or RC 2-sequence flip-flop if 
following an RC2-sequence. 

Clear acknowledge flip-flops 
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TABLE 4-16. R/W-Sequence (continued) 

Time Action Conditions and Notes 

1.3 Set appropriate acknowledge 
flip-flop 

Clear appropriate request-one- If request is granted 
shot flip-flop 

Enable data input gates 

1.4 Clear 6 bits in flip-flop and Both flip-flops are cleared 
8 bits in flip-flop every 1.4 time regardless of 

sequence type. 

2.2 Strobe (memory to Z) If console data terminate 
flip-flop clear or buffer 
terminate flip-flop set. 

Inhibit strobe If console data terminate 
flip-flop set and BT flip-
flop clear. 

2.4 Set 8 bits in flip-flop (I 0 _ 7 If input request from RD-
to selector)* 277 A with X21 = 1 or CSL 

input in 8-bit mode and buf-
fer terminate flip-flop is 
clear. 

Set 6 bits in flip-flop (10 _ 5 If input request from RD-
to selector)* 277A with X21 = 0, TCU, 

* Placement in selector auxiliary computer, or CSL 
controlled by X22 _ 23. input in 6-bit mode and buf-

fer terminate flip-flop clear. 

Set serial input flip-flop Console data serial input 
Enable data to selector only. 

mode 00 - 1 bit 
mode 01 - 2 bits 
mode 10 - 3 bits 
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TABLE 4-16. R/W-Sequence (continued) 

Time Action Conditions and Notes 

2.4 Set selector bit 01 = 1 and If console data terminate 
{cont.} inhibit memory to Z flip-flop set and BT flip-

flop clear. 

3.2 Clear C-register If buffer terminate flip-flop 
is set or CSL output, or any 
one of the following output 
acknowledge flip-flops are 
set: TCU, auxiliary com-
puter, PCU and RD-277A. 

Clear control word rewrite If last character count is 
flip-flop reached. 

3.3 Z to C {as determined by 
character count} : 

X22- 23 = 01 Z18-23 to C If 6-bit output to TCU tape, 

X22- 23 = 10 Z12-17 to C 
auxiliary computer or RD-
277 A (6-bit mode). 

X22- 23 = 11 Z6_11 to C 

X22- 23 = 00 ZO_5 to C 

or 

X23 - 22 = 01 Z16-23 to C If 8-bit output to printer buf-

X23 - 22 = 10 Z8-15 to C 
fer, consoles, or RD- 277 A 
{8-bit mode}. 

X23 - 22 = 11 ZO_7 to C 

2008 to C If BT flip-flop is set. 

3.4 Set scan flip-flop If BT flip-flop is set or none 
of the conditions Ilisted in 
time 6.1 exist. 

Enable write 
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TABLE 4-16. R/W-Sequence (continued) 

Time Action Conditions and Notes 

4.2 Clear appropriate resync If scan flip-flop is set. 
flip-flop 

4.3 Set D 14-23 flip-flops If control-ward-rewrite flip-
flop is clear. 

Tally -1 enable 

Address +1 enable No forced end around borrow. 

Set appropriate resync flip- If scan flip-flop and request 
flop one-shot flip-flop set and 

I/O request. 

4.4 Clear scan flip-flop 

5.4 Clear R/W-sequence-enable 
flip-flop 

6.1 Set WC-sequence-enable If the buffer ter minate flip-
flip-flop flop is cleared and one of the 

following exist: 

1) 6-bit I/O and X23- 22 = 00. 

2) 8-bit I/O and X23- 22 = 11. 

3) Console data input and 

a) Z7 = 1 and X23- 22 = 10. 

b) Zll = 1 andX23_22 = 01. 

c) Z23 = 1 and Z23-22 = 00. 

4) Control-ward-rewrite flip-
flop set (by RC2 sequence). 

Set new sequence-enable If WC-sequence not enabled 
flip-flop 
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Time 

6.3 

Time 

6.4 

1.1 

1.2 

TABLE 4-16. R/W-Sequence (continued) 

Action 

Set enable acknowledge flip­
flop to send acknowledge to 
appropriate I/O device. 

Conditions and Notes 

4-microsecond duration 

This sequence is initiated by the completion of an RC1-se­
quence when the word count is not equal to 0 or upon the 
completion of an RC2-sequence. It is followed by an I-se­
quence if the I/O control word does not have to be updated 
and no new request is waiting, or by a WC-sequence if up­
dating is necessary. 

TABLE 4-17. WC -Sequence 

Action Conditions and Notes 

Clear Sand Z registers 

Clear BT flip-flop Even if WC-sequence does 
not exist, BT flip-flop is 
cleared at T6.4 by the new 
sequence. 

I/O~S S = address of control word 
#1 address incremented, 

Adder ~Z tally decremented. 

Set WC-sequence flip-flop 

Clear R/W -sequence flip-flop 

Set selector bit 21 IT console-data-terminate 
flip-flop set a~d console data 
input request, or CSL data 
input request and Z21 = 1. 
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TABLE 4-17. WC-Sequence (continued) 

Time Action Conditions and Notes 

1.4 Set advance character count Disabled on console serial 
flip-flop data inputs, interrupt, or 

CW rewrite flip-flop set. 

Clear serial input flip-flop 

2.4 Inhibit Z23 _ 22 to selector If advance character count 
23 - 22 flip-flop is set. 

3.2 Clear control-word rewrite 
flip-flop 

3.4 Set scan flip-flop If not shift reload. 

Enable write Rewrite updated control 
word (address incremented, 
word count decremented, and 
character count reset to 
00

2
). 

4.2 Clear appropriate resync If scan flip-flop is set. 
flip-flop 

4.3 Set appropriate resync If scan flip-flop is set and 
flip-flop I/O request. 

5.4 Clear WC-sequence-enable 
flip-flop 

6.1 Set new sequence-enable flip- I-sequence if no I/O request. 
flop RC I-sequence if I/O request. 

This sequence is initiated upon the completion of an R/W-
sequence to update the control word or upon the completion 
of an RC2-sequence to transfer control word 2 to the ad-
dress of control word 1 and clear memory location that 
held word 2. 
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is full. The RC 1 and R/W -sequences perform the same function as pre­
viously described. The WC-sequence increments the memory address by 
one, decrements' the word count by one, and restores the updated control 
word in its memory location. After the WC-sequence, the next input/output 

'request is processed; or, if none are present, the computer program re­
sumes and the next instruction is executed. 

An input or output data transfer requires an RC1, RC2, R/W, and WC-se­
quence when the word-count portion of control word #1 equals zero. This 
means that the memory area specified by the control word # 1 is either full 
or all data in the memory area has been transferred out to the peripheral 
equipment. The RC I-sequence performs the same function as described 
previously. The RC2-sequence follows the RC1-sequence. This sequence 
reads control word =#2 from memory, gates it to the X-register, and writes 
all zeros in the control-word #2 memory location. Control word #2 remains 
in the X-register during the WC-sequence. The R/W -sequence performs 
the same function as described previously. The WC-sequence writes the 
contents of control word #2 into the memory location for control word # 1. 
Thus control word #2 becomes control word #1. If, during the RC2-se­
quence, the word count of control word #2 equals zero, the computer does 
not accept or send data to the requesting peripheral equipment. The fol­
lowing R/W -sequence differs from the normal R/W -sequence. Instead of 
storing or reading data for the requesting peripheral equipment, the R/W­
sequence sends the 2008 terminate code and, if the request was an input 
data transfer from a console keyboard, switches, or data generator, lights 
OVERFLOW indicators. 

(d) Input/output timing. - The computer requires a minimum 
of 8 microseconds and a maximum of 16 microseconds for each input or 
output data transfer depending upon the status of the I/O control word. If 
the character-count portion of the control word does not indicate that the 
memory location specified by control word # 1 will be filled or emptied, 
the time for one input or output operation is 8 microseconds, the time 
required for an RC 1 and R/W -sequence. If the character count portion of 
the control word does indicate that the memory location specified by con­
trol word # 1 will be filled or emptied, the control word needs updating and 
the time required for the input or output operation is 12 microseconds, 
the time required for an RC1, R/W, and a WC-sequence. If the word-count 
portion of, control word #1 equals zero, a new control word is required. 
The time required for the input or output operation is 16 microseconds, 
the time required for an RC1, RC2, R/W, and a WC-sequence. If the word 
count portion of control word #2 equals zero, the following R/W-sequence 
sends a stop code 2008 and terminates the operation. The time required 
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for the input or output operation is 12 microseconds (the time required for 
an RCl, RC2, and R/W-Sequence). 

Figure 4-60, page 4-126, shows input/output timing for an 8-microsecond 
data transfer. The scan pulse (approximately 0.17 microseconds) occurs in 
every computer sequence (at 4.3 time) except when inhibited. If a request 
is present when a scan occurs, an input or output operation begins. If the 
request is an input request, the data is available before the request signal. 
After the scan pulse gates the request into the input/output section, the RC 1-
sequence begins, followed by the R/W -sequence. If the request is an output 
request, output data is placed on the output data lines near the middle of 
the R/W -sequence and remains on the output data lines until the next output 
data operation. At the middle of the R/W -sequence, the scan occurs again; 
and, if another request (from a different channel) is present, an RCI-se­
quence follows the R/W -sequence. Near the end of the R/W -sequence, the 
acknowledge Signal occurs and remains for 4 microseconds. When the 
peripheral equipment detects the acknowledge Signal, it drops the request 
and input data in preparation for its next input or output operation. 

Figure 4-61, page 4-127, shows input/output timing for a 12-microsecond 
data transfer. This data transfer differs from an 8-microsecond data 
transfer in two ways. 

1) A WC-sequence follows the R/W-sequence to update 
and restore the I/O control word. 

2) The scan does not occur until the middle of the WC­
sequence. 

Figure 4-62, page 4-128, shows input-output timing for a 16-microsecond 
data transfer. This data transfer differs from an 8-microsecond data 
transfer in two ways also. 

1) An RC2-sequence follows the RC I-sequence, and a 
WC-sequence follows the R/W-sequence. 

2) The scan does not occur until the middle of the WC­
sequence. 

(2) Input/output requests (figures 8-69 and 8-70, pages 8-153 and 
8-155). - The I/O request logic holds input and output requests from pe­
ripheral equipment and presents these requests to the I/O priority circuits 
(figure 8-71, page 8-157) until they are honored by the priority section. The 
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SCAN TIMING 

INPUT DATA "A" 

REQUEST I~I 

REQUEST "A" 
ONE-SHOT FF 

RESYNC FF I~" 

RCI-SEQ "A" 

R/W, SEQ I~I 

ACK SIGNAL I~" 

INPUT DATA "S" 

REQUEST "S" 

REQUEST "S" 
ONE-SHOT FF 

RESYNC FF "S" 

RCI-SEQ "S" 

R/W-SEQ "S" 

ACK SIGNAL "S" 

OUTPUT DATA "A" 

OUTPUT LJATA "S" 

~ 4fLS ~ / I NHISITED SY RCI-SEQ 

~ __ r: n n nL-_-----InL...-_--' 

~ ~I ~~~ ____ 
~IME TO NEXT REQUEST --~ • 

.-!-__________ .., DEPENDING ON SPEED OF 

---.J L--I/_O_D_E_VI_C_E _____ ___ 

14- 4 P.S--+I 

I 
-+I 2P.S ,+ AV. RISE/FALL TIME OF 

__________ --11 I ACK SIGNAL 

VI LOAD C­
~REGISTER 

L 

Figure 4-60. 8-Microsecond Data Transfer Cycle 

4-126 FOR OFFICIAL USE ONLY 



CP-818A/U 

SCAN TIMING 

/

INHIBITED BYRCI-SEQ _ 
_ I ,........INHIBITED BY BT 

1+4 fLS~ ~ 

~ n n n~ ____ ~n~~~ 
INPUT DATA 

l..- TIME TO NEXT REQUEST ___ ~ .. 
I DEPENDING ON SPEED OF 

REQUEST 
~~------------------~ __ I_/O __ D_EV_I_C_E ______________ _ 

REQUEST ONE-SHOT FF _____________ -, 

RESYNC FF 

14-4fLS~ 

RCI-SEQ ---,I I~ ___ _ 
tel- 4 fL S --1>1 

R/W-SEQ _----'II ~ __ _ 
14-4 fL S-.I 

WC-SEQ -----'I i I~_-
I 

-.l2JLSI4-AV. RISE/FALL TIME OF 

ACK SIGNAL 
___________ ~I I ACK SIGNAL 

OUTPUT DATA 

VI 
~ LOAD C-REGISTER 

Figure 4-61. 12-Microsecond Data Transfer Cycle 

FOR OFFICIAL USE ONLY 4-127 



CP-818A/U 

SCAN TIMING 

INPUT DATA 

REQUEST 

INHIBITED BY RCI-SEQ 

/ /

INHIBITED BY RC2-SEQ 
14- 4 fLS -.I ...,.INHIBITED BY BT 

~! n n n n~ __ _ 

:'-TIME TO NEXT REQUEST. 
1..---------------..; DEPENDING ON SPEED OF 

---.J I/O DEVICE 

REQUEST ONE-SHOT FF ___________ ---. 

RESYNC FF 

RCI-SEQ 

RC2-SEQ 

R/W -SEQ 

WC-SEQ 

ACK-SIGNAL 

OUTPUT DATA 

14-4fLS~ 

-----II ,---I _____ _ 
14- 4 fLS --.I 

-----~II ~ ________ _ 
14- 4 fLS -+I 

-------------~I ~I ______ _ 
14- 4 fLS-+I 

------------------------~I : ~I ______ _ 
1-+l2fL S:'- AV. RISE/FALL TIME 

______________ : ---,I I OF ACK. SIG. 

I 

I 
I 

-----------------~\V~-------------------

~ LOAD C-REGISTER 

Figure 4-62. 16-Microsecond Data Transfer Cycle 

4-128 FOR OFFICIAL USE ONLY 



CP-818A/U 

I/O request logic consists of 11 request circuits, one for each request line 
from the peripheral equipment. Each request circuit consists of a request­
one-shot flip-flop and a resync flip-flop. The following paragraphs de­
scribe each type of request circuit. 

All request circuits shown on figures 8-69 and 8-70, pages 8-153 and 
8-155, operate the same. This paragraph describes the TCU output request 
circuit. When the computer is master cleared or when no TCU -output­
request signal is present, the request one-shot flip-flop sets. If the scan 
flip-flop is set (at time T3.4) when TCU sends an output request signal, the 
resync flip-flop sets at T4.3. Outputs from the resync flip-flop indicate to 
the I/O priority and other I/O circuits that TCU is requesting an output 
character. The request one-shot flip-flop remains set until the I/O section 
honors the request (no interrupt request present) at time 1.3 of the R/W 
sequence, or time 1.3 of the ·WC /RCIN interrupt sequence. The resync 
flip-flop clears at time 4.2. The request-one-shot flip-flop remains clear 
until the TCU output request signal drops. This ensures that each TCU 
output request signal is recognized only once no matter how long it remains. 
When the TCU output request Signal drops, the request-one-shot flip-flop 
sets and the request circuit is ready for the next TCU output request Signal. 

There are two differences between the operation of the RD-277 A (PTU) in­
put request circuit and the TCU output request Circuit. 

1) The computer program must execute a 07 (EXF) instruc­
tion specifying a paper tape input before the PTU input 
request circuit accepts the request Signals. 

2) While the computer executes an external function in­
struction specifying a paper tape input, the PTU input 
request circuit is disabled. 

A comparison between the operation of the PTU output request circuit and 
the TC U output request circuit is similar since the PTU input and output 
request circuits operate in the same manner. 

1) The computer program must execute a 07 (EXF) instruc­
tion specifying a paper tape output before the PTU output 
request circuit accepts PTU output request Signals. 

2) While the computer executes an external function instruc­
tion for the RD-277 A, the PTU output request circuit is 
disabled. 
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The auxiliary-computer-output and auxiliary-computer-input request cir­
cuit operations differ from that of the other request circuits. This para­
graph describes the auxiliary-computer output request circuit. Assume 
that the request circuit is in the initial state (both flip-flops clear). The 
auxiliary-computer-request-one-shot flip-flop sets when an auxiliary­
computer-output-request signal is present and the computer is conditioned 
for intercomputer operation. At time 4.3 of the scan cycle, the resync 
flip-flop sets. Outputs from the resync flip-flop indicate to I/O priority 
and other input/output circuits that the auxiliary computer wants a char­
acter from the computer. The request circuit remains in this state until 
the input/output section honors the request. Then at time 1.3 of the R/W­
sequence, when the character is read from memory, the request-one-shot 
flip-flop clears, and at time 4.2, the resync flip-flop clears. The request­
one-shot flip-flop sets again as soon as the next auxiliary-computer output­
request Signal occurs. 

(3) Input/output priority (figure 8-71, page 8-157 ). - The I/O 
priority logic monitors request circuit outputs, and determines which re­
quest is honored first if more than one are present. The I/O priority logic 
also helps generate the addresses of I/O control words. The priority of 
the input/output system is as follows. 

1) Time base interrupt 

2} TCU output 

3) TCU input 

4) Console 0 

5) Console 1 

6) Console 2 

7) Console 3 

8) RD-277A (PTU) input 

9) RD-277A (PTU) output 

10) PCU 

11) Auxiliary computer output 
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12) Auxiliary computer input 

In addition to indicating which input or output operation has been selected, 
outputs from the I/O priority logic perform the following functions. 

1) A group of outputs enables the appropriate input data 
gates to gate data into the computer during an input 
request. 

2) Another group of outputs (if a console or PCU request 
is honored) enables the appropriate address input ampli­
fiers to gate an address into the computer. 

3) An output to the appropriate request circuit clears it. 

4) An output to the acknowledge circuits sets the proper 
input or output acknowledge flip-flop to generate the pe­
ripheral equipment acknowledge Signal. 

5) Outputs to the address input amplifiers and S-register 
help generate the I/O control word address. 

(4) Address input amplifiers (figures 8-72 and 8-73, pages 8-159 
and 8-161). - The address-input-amplifier circuits gate the addresses from 
the consoles and PCU to the address circuits to generate control word 
addresses. 

With each request the consoles send a 5-bit address to identify the origin 
of the request. The PCU sends a 6-bit address with each output request to 
specify which punch wants an output character. When I/O priority honors 
a request from a console or the PCU, it generates an enable signal that 
gates the appropriate address into the input/output section. These ad­
dresses help generate the address of the I/O control word. Table 1-3, page 
1-15, lists the assigned control word memory addresses that are generated 
by the I/O priority outputs and the outputs from the address input amplifiers. 

Address-input-amplifier circuits 51101 through 51106 and 24V08 encode the 
output from the address input amplifiers and some of the I/O priority out­
puts into a control word address. This address goes to the S-register to 
specify part of the control word address associated with the input or output 
operation being processed. The address-input-amplifier circuits also gate 
in the serial/parallel control Signal from the consoles and route this signal 
on to the console I/O translation logic (figure 8-77, page 8-169). Outputs 
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from the address input amplifiers also go to the console I/O translation 
logic described in paragraph 4-18g(9)(b), page 4-143). 

(5) Data input amplifiers (figures 8-74 through 8-76, pages 8-163 
through 8-167). - The data input amplifiers gate data from the peripheral 
equipment into the input/output section. The peripheral equipments send­
ing input data are consoles, TCU, and RD-277 A. The consoles send 1, 2, 
3, 6, or 8-bit characters to the computer. The RD-277 A sends 6 or 8-bit 
characters, as required by the computer program. The TCU sends 6-bit 
characters. Characters enter the input/output section via the data input 
amplifiers at time 1.3 of the R/W-sequence. The origin of the character 
that enters depends upon which input request I/O priority honors. For 
example, if priority honors an input request from console 3, the data input 
amplifiers for console 3 are enabled and the character enters the input/ 
output section. After a character enters the input/output section, it is 
stored in memory. 

Each memory location stores 24 bits of data. Thus, each memory location 
can store 3 eight-bit input characters, 4 six-bit input characters, 8 three­
bit characters, 12 two-bit characters, or 24 one-bit characters. 

Figure 4-63, page 4-133, shows how 8-bit input characters enter memory. 
During time 1.3 of the R/W sequence, an 8-bit character enters the input/ 
output section via the data input amplifiers. The character-count portion 
of the I/O control word (in the X register, loaded by the previous RC1-se­
quence) determines which bits of the selector the input character enters. 
If no previous characters have been stored in the memory location, the 
input character is transferred to bits 216 through 223 of the selector. If 
one character has already been stored in the memory location, the input 
character is transferred to bits 28 through 215 of the selector; and if two 
characters have already been stored in memory location, the input char­
acters enter bits' 20 through 27 of the selector. During the R/W -se-
quence the contents of the selector are returned to memory. When the 
memory location contains three 8-bit characters, the I/O control word is 
updated, and a new memory location is referenced for the next input 
character. 

Figure 4-64, page 4-134, shows how 6-bit input characters enter memory. 
The same procedure is used but the character counts and character place­
ment in the word ar e different. 
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(6) C-register (figures 8-82 through 8-84, pages 8-179 through 
8-183). - The C-register is an 8-bit output register shared by all periph­
eral equipment. It temporarily stores characters transferred from com­
puter memory to the peripheral equipment. The C-register has inputs 
from the Z-register, the buffer-terminate detector (figure 8-87, page 
8-189), and the parity circuits (figures 8-66 and 8-67, pages 8-147 and 
8-149). The inputs from the Z-register consist of two groups of inputs. 
One group of inputs transfers three 8-bit characters per memory location 
to the peripheral equipment.' The other group transfers four 6-bit char­
acters per memory location to the peripheral equipment. An input from 
the buffer-terminate detector generates a terminate code of 2008 when all 
characters in the memory area assigned to the peripheral equipment re­
questing data have been transferred. The parity input from the parity 
check circuits adds odd parity to all 6-bit characters transferred to the 
peripheral equipment. 

The C-register enable logic (figure 8-82, page 8-179) generates the signals 
that clear the C-register and load it with the proper part of the data in the 
Z-register. The C-register clears at time 3.2 of an R/W or R-sequence 
of the 07 (EXF) instruction. A data character is loaded into the C-register 
at time 3.3 of the R/W -sequence. An external function character is loaded 
into the C-register at time 3.3 of the R-sequence. The character-count 
portion of the control word determines which character in a memory lo­
cation is transferred to the C-register. The C-register-enable logic 
monitors the character count and the peripheral equipment requesting 
data and generates the enable signals to gate the appropriate character 
into the C-register. 

Figures 4-65 and 4-66, pages 4-136 and 4-137, show the data path of 6 and 
8-bit characters transferred from memory to the peripheral equipment. 
Figure 4-65, page 4-136, shows that when the character count portion of 
the I/O control word equals 00, bits 16 through 23 of the memory location 
specified by the I/O control word transfer to the peripheral equipment 
requesting the character. When the character count equals 10, the last 
character of the specified memory location (bits 0 through 7) transfers to 
the peripheral equipment. The I/O control word is then updated. The 
character count returns to 00, the word count is decremented by one, and 
the address is incremented by one. When the computer executes a 07 
(EXF) instruction, the C-register-enable logic simulates a character count 
of 10, and bits 0 through 7 of the instruction are sent to the specified 
peripheral equipment as a control character. 
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Figure 4-66, page 4-137, shows how 6-bit characters transfer from the 
memory location specified by the I/O control word to the TCU, auxiliary 
computer, and RD-277 A when it is operating in the 6-bit mode. The first 
character transferred consists of bits 18 through 23. The last character 
transfer red consists of bits 0 through 5. 

(7) Acknowledge circuits. - The acknowledge circuits generate 
input and output acknowledge signals for the peripheral equipment. When 
the input/output section honors an input request, it sends an input ac­
knowledge signal that indicates to the peripheral equipment that the com­
puter has accepted the input character. When the input/output se"ction 
honors an output request, it sends an output acknowledge signal indicating 
to the peripheral equipment that the computer has placed an output char­
acter on the output data lines. The acknowledge circuits consist of ac­
knowledge flip-flops and acknowledge enable circuits. 

(a) Acknowledge enable circuits (figure 8-86, page 8-187). -
The acknowledge-enable circuits generate the signals that clear and set the 
acknowledge flip-flops and gate the acknowledge signals to the peripheral 
equipment. When the acknowledge signal is in response to a data request, 
an acknowledge flip-flop clears at time 1.2 (R/W -sequence) and sets at 
time 1.3 (R/W -sequence). The acknowledge signal does not go to the periph­
eral equipment until time 6.3 of the R/W -sequence. The acknowledge signal 
remains until time 6.3 of the next sequence (approximately 4 microseconds). 
However, the acknowledge flip-flop remains set until time 1.2 of the next 
R/W -sequence or R-sequence of a 07 (EXF) instruction. The acknowledge 
signal accompanies an external function character in an R-sequence. All 
flip-flops acknowledge clear at time 1.2. 

(b)'Acknowledge flip-flops (figures 8-85 and 8-86, pages 
8-185 and 8-187). - There is one acknowledge flip-flop for each of the 
acknowledge signals generated by the input/output section. The conditions 
for generating acknowledge signals differ for the different peripheral equip­
ment. The following paragraphs describe the conditions necessary to 
generate each acknowledge signal. 

The TCU output acknowledge signal occurs for two different conditions. It 
occurs each time the input/output section honors a TCU output request. It 
also occurs when the computer executes the external function instruction 
with a peripheral unit code of 000012. A TCU output acknowledge signal 
accompanies each data and external function character sent to the TCU. 
The TCU input acknowledge signal occurs each time the input/output sec­
tion honors a TCU input request. 
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The console acknowledge signal occurs when the input/output section honors 
a console request. If the request is for output, the acknowledge signal ac­
companies the character sent to the console. If the request is for input, 
only the acknowledge signal goes to the console. 

The PTU input acknowledge signal occurs when the input/output section 
honors a PTU input request. The PTU output acknowledge signal occurs 
each time the input/output section honors a PTU output request. The PTU 
output acknowledge signal accompanies each data character sent to the 
RD-277A. 

The auxiliary-computer input acknowledge signal occurs and is sent to the 
auxiliary computer for two different conditions. It occurs each time the 
input/output section honors an auxiliary-computer input request. It also 
occurs when the computer executes the 07 (EXF) instruction with a periph­
eral unit code of 001102. The auxiliary-computer output acknowledge 
signal occurs for two different conditions. It occurs each time the input/ 
output section honors an auxiliary-computer output request. It also occurs 
when the computer executes the 07 (EXF) instruction with a peripheral unit 
code of 001002. 

The PCU output acknowledge signal occurs for two different conditions. It 
occurs each time the input/output section honors a PCU output request. It 
also occurs when the computer executes the 07 (EXF) instruction with a 
peripheral unit code of 000112. The PCU output acknowledge signal ac­
companies each data character and external function character sent to PCU. 

(8) Time base interrupt. - Two interrupt control words (figure 
4-67, page 4- 140) must be loaded into memory prior toexecuting the time 
base interrupt instruction. The control word loaded into memory location 
42 contains the address of a subroutine (jump address) in bits 0 through 13 
and a word count (tally) in bits 14 through 23. The value of the tally deter­
mines the length of the interrupt: all bits at zero result in 1 millisecond; 
all bits at one (102410 decrements) result in 1 second. The control word 
at location 43 is loaded with the address of the interrupted instruction. At 
the completion of the jump instruction, address 43 must be refere,nced to 
return to the interrupt instruction. 

The time base interrupt operation uses the RC 1, RC IN, and WC-sequences. 
The interrupt operation flow diagram is shown in figure 4-68, page 4-140. 
The RCI and WC-sequences are the same as for the other I/O operations 
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and are shown in tables 4-14 and 4-17, pages 4-115 and 4-122. The 
RC1N-sequence, used only for time base interrupt, is shown in table 4-18. 

TABLE 4-18. RC1N-Sequence 

Time Action Conditions and Notes 

6.4 Clear S- and Z-registers 

1.1 43 ~S 

1.2 Clear X-register and inter rupt 
arm flip-flop 

Disable future interrupt 
until enabled by programmer 

1.3 P~X 

2.1 Store next instruction word 
address of interrupted pro­
gram in location 43. Upper 
half of 43 should contain 
TRU function code 

2.2 Strobe upper and clear P 

2.3 Address of first instruction 
for new program 

3.2 Clear D 

5.4 Clear RC1N-sequence flip-flop 

6.1 Set I-sequence enable flip-flop Or RC1-sequence if I/O re­
quest is present 

This sequence is used only during an interrupt operation 
when bits 14 through 23 in memory location 42 (interrupt 
control word 1) equal zero. The sequence clear s the inter­
rupt arm flip-flop, stores the present contents of the P­
register into the 14 low-order bits of memory location 43, 
and loads a new address (from bits 0 through 13 of memory 
location 42) into the P-register. 
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The time base interrupt logic (figures 8-69 and 8-88, pages 8-153 and 
8-191), when armed, generates requests to the I/O system at a 1-KHz rate. 
The interrupt request-one-shot flip-flop sets when the interrupt arm flip­
flop is set and the oscillator output is low. It remains set until: 

1) The program executes a disarm code, which clears the 
inter rupt arm flip-flop, 

2) Word count equals zero during the RC1N-sequence, 

3) Approximately 1/2 millisecond later if the resync flip­
flop is set, and at time 1.3 of the R/W-sequence or the 
WC or RC1N interrupt-sequences. 

The resync flip-flop sets approximately 1/2-millisecond after the interrupt 
one-shot flip-flop is set if the scan flip-flop is set (time 3.4 of the scan 
cycle). Outputs from the resync flip-flop indicate to the I/O priority and 
other I/O circuits that an interrupt is underway and appropriate operations 
are to be followed. At time 4.2, the resync flip-flop clears. The request 
one-shot flip-flop remains clear until the interrupt arm flip-flop is set 
again by the program. The cycle time for the interrupt is thus approxi­
mately 1 millisecond. 

(9) Miscellaneous input/output circuits. - The following input/ 
output circuits perform special functions not common to all input/output 
operations. 

(a) Buffer terminate (figure 8-87, page 8-189). - The buffer 
terminate circuit monitors the memory areas aSSigned to the peripheral 
equipment. When an input memory area has been filled or all the data in 
an output memory area has been transferred to the peripheral unit, the 
buffer-terminate circuit indicates a terminate condition. The buffer­
terminate circuit also monitors the memory area specified by the RCA 
control words (shift instruction, RCA mode). When the contents of the 
specified memory area have been shifted, the buffer-terminate circuit 
sends a signal to the shift control logic to stop the shift operation. 

The buffer-terminate flip-flop sets at time 4.4 of the RC2-sequence when 
the word-count portion of the second I/O control word or RCA control word 
equals zero and no interrupt is granted. The buffer-terminate flip-flop 
remains set until time 6.4 of the W -sequence. When set, the buffer-termi­
nate flip-flop indicates the terminate condition. 
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(b) Console I/O translation (figure 8-77, page 8-169). - The 
console I/O translation logic consists of a priority network and a translator. 
The priority network operates when I/O priority (figure 8-71, page 8-157) 
grants priority to a console. The console priority logic then determines 
which console is serviced if more than one are requesting. Outputs from 
the console priority network enable the appropriate input data and address 
gates. 

'The console translator translates the 5-bit address that accompanies each 
console request. From this address, the translator determines whether the 
request is for input or output and which equipment in the console is request­
ing to send data to or receive data from the computer. The console trans­
lator also monitors the serial/parallel line from the consoles (figure 8-73, 
page 8-161) to determine the type of input data the console is sending. If it 
is serial data, the computer accepts the console input data one, two, or 
three bits at a time, depending upon the mode portion of the I/O control 
word. If it is parallel data the computer accepts the console input data 
six or eight bits at a time, depending upon the position of the console bit 
selector switch (figure 8-60, page 8-135). 

(c) Console data terminate logiC (figure 8-78, page 8-171). -
The terminate logic generates control bits for the control section so that 
the control section can count the number of console-data-input transfers 
and update the I/O control words associated with console data input. 

Before any console data input has been entered into a memory location, 
bit 21 of the I/O control word equals zero. This indicates that no console 
data input has been transferr ed into the memory location specified by the 
address portion of the I/O control word. When the first console data input 
occurs, the terminate logiC generates a Signal that sets bit 21 of I/O con­
trol word to one. For the first console data input transfer in each memory 
location the terminate logic sets bit 1 of the memory location where the 
console input data is being stored to one. As each console data input occurs, 
the contents of the memory location are shifted as shown in figure A-4, 
page A-9. The control section continuously monitors bit 7, 11, or 23 of the 
memory location where console data input is being stored. If the mode­
designator portion of the I/O control word indicates that the computer is 
accepting one bit of console data input at a time, the control section moni­
tor s bit 23 of the memory location. When the control bit inserted in bit 
pOSition 1 of the memory location reaches bit position 23, the control 
section knows that the 24th console data input is occurring. The I/O con-

. trol word is then updated, and bit 21 of the I/O control word clear ed to 
zero. If the mode designator pOSition of the I/O control word indicates that 
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the computer is accepting two bits of console data input at a time, the con­
trol section monitors bit 11 of the memory location. When the control bit 
inserted in bit position 1 of the memory location reaches bit position 11, the 
control section knows that the 12th console data input transfer is occurring. 
The I/O control word is then updated, and bit 21 of the I/O control word 
cleared to zero. If the mode designator portion of the I/O control indicates 
that the computer is accepting three bits of console data input at a time, the 
control section monitors bit 7 of the memory location. When the control bit 
inserted in bit position 1 of the memory location reaches bit position 7, the 
control· section knows that eighth console data input transfer is occurring. 
The I/O control word is then updated and bit 21 cleared to zero. 

(d) RD-277A enable circuits (figure 8-88, page 8-191). - The 
RD-277 A I/O enable circuits generate control signals that accompany PTU 
external function characters to the RD-277 A. These signals are: external 
function, PTU lockout, and input active. Control signals and external func­
tion codes go to the RD-277 A each time the computer program executes the 
external function instruction and this instruction references the RD-277 A 
The RD-277A I/O enable circuits consist of four flip-flops: external func­
tion, lockout, output, and input. Figure 4-69, page 4-145, shows these flip­
flops and associated circuits. During a 07 (EXF) instruction when the 
RD-277 A is referenced, the external function code (bits 0 through 10 of the 
instruction) goes to the C-register and the RD-277 A I/O enable circuits 
during the R-sequence of the instruction. Bits 0 through 7 of the Z-regis­
ter are gated to the C-register at time 3.3 of the R-sequence. Bits 7 
through 10 are gated to the RD-277A I/O enable flip-flops at time 5.1 of the 
R-sequence. The outputs of the C-register and three of the RD-277 A I/O 
enable flip-flops go to the RD-277 A. 

The external function flip-flop sets at time 5.1 of the R-sequence of the 07 
(EXF) instruction when the RD-277 A is referenced and bit 7 of the instruc­
tion equals one. When the flip-flop sets, one output prevents input and out­
put requests from the RD-277 A from being honored while the 07 (EXF) in­
struction for the RD- 277 A is executed. The other output, combined with 
the acknowledge enable signal, generates the PTU external function Signal 
for approximately 4 microseconds. 

The lockout flip-flop sets at time 5.1 of the R-sequence of the 07 (EXF) in­
struction when the RD-277 A is referenced and bit 8 of the instruction equals 
one. The flip-flop remains set until time 4.2 of the next sequence. While 
the flip -flop is set, the reader lockout signal is present. 
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The output flip-flop sets at time 5.1 of the R-sequence of a 07 (EXF) in­
struction when the RD-277A is referenced and bit 9 of the instruction equals 
one. The flip-flop remains set until the RD-277 A requests an output char­
acter and all characters in the memory area for paper tape output have 
been transferred. While the output flip-flop is set, the input/output section 
accepts output requests from the RD-277 A. 

The input flip-flop sets at time 5.1 of the R-sequence of a 07 (EXF) instruc­
tion when the RD-277 A is referenced and bit 10 of the instruction equals 
one. The flip-flop remains set until the RD-277A sends an input request to 
the computer and the memory area for RD-277 A input is full. While the 
input flip-flop is set, the input/output section accepts input characters 
from the RD-277 A. Also, an input active Signal is sent to the RD-277 A. 
This Signal indicates to the RD-277A that the computer memory area is 
not full and the computer will accept input characters. 

c. Description of Operation. 

(1) External function transfers. - The computer sends external 
function characters to the TCU, RD-277A, auxiliary computer, and PCU to 
instruct them to perform one of the functions listed in tables 4-7 through 
4-9, pages 4-21 through 4-24. To send the character, the computer exe­
cutes a 07 (EXF) instruction which contains a peripheral unit code and a 
function code. The peripheral unit code specifies which peripheral equip­
ment will receive the function code. The function code specifies the oper­
ation to be performed by the peripheral equipment. In the case of the PCU, 
a function code could specify which punch is to be selected. 

The 07 (EX F) instruction requires an I and R-sequence. The instruction is 
read from memory during the I-sequence. During the R-sequence the pe­
ripheral unit code enters the C-register. Near the end of the R-sequence, 
the appropriate acknowledge flip-flop sets, and an acknowledge Signal and 
function code are sent to the peripheral equipment. 

(2) Peripheral equipment data transfers. - The computer sends 
data to all of the peripheral equipment and accepts data from all peripheral 
equipment except the PCU. 

(a) Output to TCU. - The TCU initiates the output data trans­
fer operation after the computer instructs it to accept data. The TCU sends 
an output request signal to the computer. During the following scan cycle, 
the output request Signal enters the input/output request logic and sets the 
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TCU-output-request flip-flop. When input/output priority honors the re­
quest, the output data transfer begins. An RC-sequence reads the I/O con­
trol word for TCU output at memory location 00056. During the R/W -se­
quence the contents of the memory location specified by the I/O control 
word are read. One character from this memory location enters the C­
register. At the end of the R/W-sequence the TCU-output-acknowledge 
flip-flop sets. The character and an acknowledge signal go to the TCU. 
The TCU detects the acknowledge signal, accepts the character, and drops 
its output request. Four microseconds later it issues another request 
signal to the computer. This process continues until all data specified 
by the I/O control words in addresses 00056 and 00057 has been trans­
ferred. When all of the data has been transferred, the computer responds 
to succeeding output request signals by sending a buffer terminate char­
acter of 2008 to the tape control unit. This terminate character is sent to 
the TCU until the TCU stops requesting data or until the I/O control words 
are reloaded. 

(b) Output to RD-277A. - The RD-277A initiates the output 
data transfer operation after the computer instructs it to request data. 
The RD-277 A sends an output request signal to the computer. During the 
following scan cycle, the output request signal enters the input/output re­
quest logic and sets the PTU -output-resync flip-flop. When input/output 
priority honors the request, the output data transfer begins. The RC-se­
quence reads the I/O control word from paper tape output at memory 
location 00052. During the R/W -sequence the contents of the memory 
location specified by the I/O control word are read. One character of this 
memory location enters the C-register and the character and an acknowl­
edge signal go to the RD- 277 A. The RD-277 A detects the acknowledge 
signal, accepts the character, drops the output request, and 4 microseconds 
later sends another output request signal to the computer. This sequence 
continues until all data specified by the I/O control words in addresses 
00052 and 00053 has been transferred. When all of the data has been trans­
ferred, a buffer terminate occurs and the RD-277A acknowledge and output 
request logic are disabled. The computer does not accept any more 
RD- 277 A output request signals until after another 07 (EXF) instruction. 

(c) Output to PCU. - The PCU controls a group of punches. 
The computer enables the punches by executing the 07 (EXF) instruction 
(one instruction enables one punch). The PCU generates a 6-bit address 
and a PCU request signal for the computer. The address specifies which 
punch will receive the data. During the following scan cycle, the request 
enters the input/output request logic and sets the PCU resync flip-flop. 
When input/output priority honors the request, the output data transfer 
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begins. The RC-sequence reads the I/O control word from memory. The 
address accompanying the request signal from the PCU and the request 
signal determine the address of the I/O control word (see table 1-3, page 
1-15). During the R/W-sequence the contents of the memory location 
specified by the I/O control word are read. One 8-bit character from this 
memory location enters the C-register. The character and an acknowledge 
signal go to the PCU. The PCU detects the PCU acknowledge signal and 
accepts the character. The PCU then scans the punch addresses for other 
enabled punches and, when one occurs, it generates another address and 
another PCU request signal for the computer. This sequence continues 
until all punches are disabled. The computer disables a punch by respond­
ing to a PCU request signal with character 2408. The PCU then stops re­
questing data for that punch. The computer must execute another 07 (EXF) 
instruction to enable the punch again. If all of the data specified by the I/O 
control words have been transferred to a punch and that punch continues 
to request data, the computer responds to the request with a buffer terminate 
(no print) character of 2XX8. 

(d) Output to console. - The console initiates an output data 
transfer by sending a request Signal and an address to the computer. The 
address specifies the address of the I/O control word associated with the 
output equipment in the console. See table '1-3, page 1-15, for console I/O 
control word addresses. During the following scan cycle, the request 
enters the input/output request Jogic and sets the appropriate console 
resync flip-flop. When input/output priority honors the request, the data 
transfer begins. The RC-sequence reads the appropriate I/O control word 
from memory. During the R/W -sequence the contents of the memory lo­
cation specified by the I/O control word are read. One character of this 
memory location enters the C-register. The character and acknowledge 
Signal go to the console. The console detects the acknowledge signal, 
accepts the character, drops its request and generates another request 
Signal. Some console output request Signals are generated through­
out the console operation. If the console generates a request, and the I/O 
control words for that request indicate that all of the data has been trans­
ferred, the computer responds to the request (and succeeding requests) 
with a buffer terminate character of 2008 until the console stops requesting 
or until the I/O control words are reloaded. 

(e) Input from TCU. - The TCU initiates the input data trans­
fer operation after the computer instructs it to send data. The TCU sends 
an input request signal and an input character to the computer. During the 
following scan cycle, the input request signal enters the input/output request 
logic and sets the TeU input-resync flip-flop. When input/output priority 
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honors the request, the input data transfer begins and the character enters 
the data input amplifiers. The RC-sequence reads the I/O control word 
for TCU input at memory location 00054. During the R/W -sequence the 
input character is stored in memory at the location specified by the I/O 
control word. At the end of the R/W -sequence the TCU -input-acknowledge 
flip-flop sets, and the acknowledge signal goes to the TCU. The TCU de­
tects the acknowledge signal, removes the input request signal and input 
character, and generates another input request signal and input character. 
This sequence continues until the memory area specified by the I/O con­
trol words for TCU input is full. When the memory area is full, the com­
puter responds to input request signals with an acknowledge signal and a 
buffer terminate character of 2008 until the TCU stops requesting or 
until the I/O control words are reloaded. 

(f) Input from RD-277 A. - The RD-277 A initiates the input 
data transfer operation after the computer instructs it to send data. The 
RD-277 A sends an input request signal and an input character to the com­
puter. During the following scan cycle, the input request signal enters the 
input/output request logic and sets the PTU-input-resync flip-flop. When 
input/output priority honors the request, the input character enters the data 
input amplifiers and the input data transfer begins. The RC-sequence reads 
the I/O control word for PTU input at memory location 00050. During the 
R/W -sequence, the input character is stored in memory at the location 
specified by the I/O control word. At the end of the R/W -sequence, the 
PTU -input-acknowledge flip-flops set, and the acknowledge signal goes to 
the RD-277A. The RD-277A detects the acknowledge signal, removes the 
input request signal and input character, and generates another input re­
quest signal and character. This sequence continues until the memory 
area specified by the I/O control words is full. When the memory area 
is full, the computer disables the last acknowledge signal and disables the 
PTU-input-resync flip-flop. This prevents the computer from honoring 
any more input request signals from the RD-277 A until the I/O control 
words are reloaded. 

(g) Input from console. - The console initiates an input data 
transfer by sending a request signal, an input character, and an address to 
the computer. The address specifies the address of the I/O control words 
associated with input equipment 'in the console. See table 1-3, page 1-15, 
for console I/O control word addresses. During the following scan cycle, 
the request signal enterS the input/output request logiC and sets the appro­
priate console flip-flop. When input/output priority honors the request, the 
input character enters the data input amplifiers and the input data transfer 
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begins. The RC-sequence reads the appropriate control word from mem­
ory. During the R/W -sequence the input character is stored in memory at 
the location specified by the I/O control word. At the end of the R/W -se­
quence, the appropriate console-acknowledge flip-flop sets, and the acknowl­
edge signal goes to the console. The console detects the acknowledge 
signal; removes the input character and request signal; and generates an­
other character, address, and request signal. This sequence continues as 
long as the console has data for the computer. If the memory area from a 
particular type of input data is full, the computer continuously responds to 
the request with a buffer terminate character of 2008 and an acknowledge 
signal. 

(3) Intercomputer operation (figures 8-80 and 8-89, pages 8-175 
and 8-193). - The computer can send data to and receive data from another 
CP-818A/U computer, referred to as the auxiliary computer. The com­
puters have equal priority, thus, for this intercomputer description, the 
two computers are called computer A and computer B. Either computer 
can establish communication with the other. 

Each computer has two inter computer cable connectors, labeled J5 and 
J10, mounted on the top of the cabinet. Only one intercomputer cable 
connects the two computers. If the cable connects to J5 of computer A, 
it must connect to J10 of computer B. Figure 4-70, page 4-151, shows how 
the inter computer cable must be connected. 

CAUTION. - If the cable is not connected as shown in figure 
4-70, page 4-151, printed circuit cards are 
damaged. 

Figure 4-71, page 4-151, shows the data and control lines between the two 
computers. With reference to figure 4-71, page 4-151, note the following. 

1) The output acknowledge Signal that accompanies an out­
put data character or external function character enters 
the input request circuit of the other computer. 

2) The input acknowledge signal that informs the auxiliary 
computer that the computer has accepted an input char­
acter enters the output request circuit of the other com­
put~r. 

3) Bits 6 and 7 of the C-register are ones when a computer 
sends an external function to the other computer. This 
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sets the initiate and input-busy status flip-flops in the 
other computer. 

4) When a computer sends an external function to the other 
computer and the input-busy status flip-flop sets, an out­
put from the input-busy flip-flop activates the output-busy 
status line in the computer that sent the external function. 

The following sequence of events occurs during inter computer communi­
cation. Assume that computer A initiates the data transfer operation. 
Since the computers are identical; the same sequence of events occurs, 
when computer B initiates the data transfer operation. 

1) Computer A executes a 07 (EXF) instruction that speci­
fies auxiliary-computer output (computer B) and contains 
an external function code of 3008. The instruction also 
generates an external function (output acknowledge) sig­
nal. This external function Signal and the external func­
tion code are sent to computer B. 

2) /Bits 6 and 7 of the external function code from computer 
A set the initiate and input-busy status flip-flops in com­
puter B. . An output from the input-busy status flip-flop 
activates the output-busy status line to computer A. 

Note: - When bits 6 and/or 7 of the character transferred 
to computer B are set, computer B recognizes the 
character as an external function, and the char­
acter does not enter the intercomputer register 
(figure 8-89, page 8-193) of computer B. Computer 
B does not acknowledge the external function char­
acter. 

3) Computer B has its initiate and input-busy status flip­
flops set, and computer A has its output-busy status line 
active. The inter computer operation remains in this state 
until the computer B program senses, via a 02 (TRF) in­
struction that computer A wants to send data. 

4) In computer B the 02 (TRF) instruction senses the initiate 
and input-busy status flip-flops. When computer B exe­
cutes the 02 (TRF) instruction and senses the initiate 
status flip-flop is set, computer B knows that computer A 
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wants to send data. Computer B responds by executing 
the 07 (EXF) instruction. This instruction specifies 
auxiliary-computer input (computer A) and contains a 
function code of 1008. 

5) When computer B executes external function 1008, this 
instruction clear s the initiate status flip-flop in computer 
B and generates an external function (input acknowledge) 
signal for computer A. With the initiate status flip-flop 
cleared and the input-busy status flip-flop set, computer 
B's program knows that intercomputer communication 
has been established with computer A. 

6) Computer A receives the external function (input ac­
knowledge) signal from computer B as an auxiliary­
computer output request signal. Computer A recognizes 
bits 6 and/or 7, when set, as an external function code 
from computer B and does not enable the input gates on 
its inter computer register and does not acknowledge the 
external function from computer B. 

7) Since the output-busy status line in computer A is ac­
tive, computer A accepts the input acknowledge Signal 
from computer B as an auxiliary-computer output re­
quest Signal. 

8) When I/O priority in computer A honors the auxiliary­
computer output request signal, computer A sends 6-bit 
character and an output acknowledge Signal to com­
puter B. 

9) Computer B gates the 6-bit data character from com­
puter A into the intercomputer register. 

10) The character is then stored in memory and computer B 
returns an input acknowledge signal to computer A re­
questing the next character. The input acknowledge 
Signal is interpreted by computer A as an auxiliary­
computer output request signal. 

11) Events 7 through lOr epeat until one of two conditions 
occurs. First, if computer A transfers all of its specified 
data to computer B, events 12, 13, and 14 occur. Secondly, 
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if computer B fills its memory area assigned to auxiliary 
computer input, events 15 and 16 occur. 

12) Computer A generates a buffer terminate code of 2008 
and sends this code and an output acknowledge signal to 
computer B. 

13) Computer B does not accept the terminate code into the 
intercomputer register, but the terminate code clears 
the input-busy status flip-flop. The program in com­
puter B senses, via a 02 (TRF) instruction, the input­
busy status flip-flop and the word count of the I/O con­
trol word from auxiliary computer input and determines 
that computer A terminated the inter computer operation. 

14) When the input-busy status flip-flop in computer B 
clears, the output-busy status line in computer A is 
inactive. The- program in computer A can sense the 
output-busy status line and the word count of the I/O 
control word from auxiliary computer output and deter­
mine that computer A terminated the intercomputer 
operation. 

15) The buffer-terminate flip-flop in computer B sets and 
the input-busy status flip-flop clears. This clears the 
output-busy status line in computer A. 

16) The computer A program can sense its output-busy 
status line and the word-count portion of the I/O control 
word from auxiliary computer output and determine that 
computer B terminated the intercomputer operation. 
Conversely, the computer B program can sense the input­
busy status flip-flop and the word-count portion of the 
I/O control word for auxiliary computer input and deter­
mine that computer B terminated the inter computer 
operation. 

4-19. MEMORY SECTION (see figure A-7, page A-15). 

a. Main Memory. - The main memory is a random-access, bit­
oriented, destructive-readout, magnetic core memory. All memory cir­
cuits are contained in the two lower chassis, A3A2(6) and A4A2(8) of the 
computer. Except for the bootstrap modules, the chassis are identical and 
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interchangeable. All memory logic schematics (figures 8-92 through 8-99, 
pages 8-199 through 8-213) represent both chassis. Chassis A3A2(6) 
(lower left) contains the circuits for bits 0 through 11 and the lower parity 
bit. Chassis A4A2(8) (lower right) contains the circuits for bits 12 through 
23 and the upper parity bit. Each chassis contains four identical plug-in 
core stacks (A20-A23) that contain 4096 13-bit storage locations. 

The core stacks are sealed, non-repairable packages and must be replaced 
if a malfunction is traced to a stack. Table 4-19 lists the address range and 
bits associated with each stack. The random-access feature allows words 
to be read from memory in any order. Thus, the addresses placed in the 
S-register do not have to be sequential. The bit-oriented feature causes 
the word to be read from memory in a parallel mode. The destructive­
readout feature clears the memory location to zero when its contents are 
read out. Therefore, the word must be written back into memory (restored) 
if it is to be retained. 

(1) Magnetic core characteristics. - A magnetic core is a bi­
stable device capable of storing a one or a zero depending on the polarity 
of its residual magnetization. The cores used in main memory are made 
of ferrite material. The characteristics of these cores are such that a 
current of approximately 500 milliamper es for a period of 1.2 micro­
seconds is required to switch them from one stable state to the other. The 
coincident current method is employed to address the cores. Four wires 
pass through each core, as shown in figure 4-72, page 4-156: an X-axis 
drive wire, a Y-axis drive Wire, an inhibit wire parallel to the Y -drive 
Wire, and a sense wire. 

TABLE 4-19. Memory Stack Select Codes 

A3A2(6) A4A2(8) 
S Bits Stack Stack Address 

13 12 Bits 0-11 Bits 12-23 Range 

OXXXX 0 0 A20 A20 00000-07777 

1 xx XX 0 1 A21 A21 10000-17777 

2XXXX .1 0 A22 A22 20000-27777 

3 X XXX 1 1 A23 A23 30000-37777 
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Figure 4-72. Typical Magnetic Core 

The magnetization characteristics of ferrite cores are shown in figures 
4-73 through 4-76, pages 4-157 through 4-158. Table 4-20, page 4-159, 
summarizes core operations. These figures are diagrams of a hysteresis 
loop, plotting magnetic flux as a function of the magnetizing field induced 
by the currents in the X and Y -drive wires. Ferrite cores tend to resist 
the effect of a magnetizing force; and, if this force is not sufficient to 
cause' the polarity of their magnetization to reverse, they tend to return 
to their original state when the magnetizing force is removed. If the mag­
netizing force is sufficient to switch them, they change rapidly to the 
opposite polarity of magnetization. 

The hysteresis loop shown in figure 4-73, page 4-157, assumes that the 
core is originally in the one state of magnetization. If the magnetizing 
force on the X and Y -wires is great enough, it will drive the core to the 
zero state, thus causing a change of flux within the core. A change of flux 
induces a voltage in the wires passing through the core. 

The induce voltage on the sense wire is sampled to see if the core was in the 
one state. If it was, an output of approximately 50 millivolts should be 
induced in the sense line as the core switches. If, on the other hand, the 
core was originally in the zero state, as shown in figure 4-74, page 4-157, 
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TABLE 4-20. Core Operation 

Core State 
Operation Initial Final Figure Description 

Read-Restore Cycle 

Read One Zero 4-73, Clear /read pulses on X and Y -wires 
page drive core state from H, L, or K to C; 
4-157 and a one output (about 50 millivolts) 

is produced on sense wire •. When 
pulses terminate, core settles back 
to D. 

Zero Zero 4-74, Clear /read pulses on X and Y -wires 
page drive core state from A or F to C. No 
4-157 appreciable change in flux; no output 

observed or sense wire. When pulses 
terminate, core settles back to D. 

Restore Zero One 4-73, Write/restore pulses on X and Y-
page wires drive core state from D to G. 
4-157 No inhibit pulse is applied. When 

pulses terminate, core settles back to 
H. Succeeding half-currents (on X, Y, 
or inhibit wires) shift core state from 
H to I to K and then around minor hys-
ter esis loops from K to M to L, L to J 
to K, K to J to K, or L to M to L. 

Zero Zero 4-74, Inhibit pulse on inhibit wire cancels 
page effect of restore pulse on Y -wire; 
4-157 thus, half-amplitude pulse on X-wire 

shifts core state from D to E to A. 
Succeeding half-currents (on X, Y, or 
inhibit wires) shift core around 
minor loops from A to B to F, F to 
E to A, F to B to F, or A to E to A. 
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TABLE 4-20. Core Operation (continued) 

Core State 
Operation Initial Final Figure 

Clear-Write Cycle 

Clear 

Write 

4-160 

Zero Zero 4-75, 
page 
4-158 

One Zero 4-76, 
page 
4-158 

Zero One 4-75, 
page 
4-158 

Zero Zero 4-76, 
page 
4-158 

Description 

Clear /read pulses on X and Y -wires 
drive core state from A or F to C. 
Output induced on sense wire is neg­
ligible; sensing circuitry is not acti­
vated. When pulses terminate, core 
settles back to D. 

Clear /read pulses on X and Y -wires 
drive core state from K, L, or H to C. 
Induced output on sense wire is ig­
nored since core state prior to write 
oper ation is not important. When 
pulses terminate, core settles back 
to D. 

Write/restore pulses on X and Y­
wires drive core state from D to G. 
No inhibit pulse is generated. When 
pulses terminate, core settles back to 
H. Succeeding half:-currents (on X, Y, 
or inhibit wires) drive core from H to 
J to K, then around minor loops from 
K to M to L, L to J to K, K to J to K, 
or L to M to L. 

Inhibit pulse on inhibit wire cancels 
effect of write/restore pulse on Y­
wire; thus, half-amplitude pulse on 
X-wire shifts core state from D to E. 
When pulses terminate, core settles 
back to A. Succeeding half-currents 
(on X, Y, or inhibit wires) shift core 
around minor loops from A to B to F, 
F to E to A, F to B to F, or A to E to A. 
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the magnetizing force produces only a small change in the state of the core 
and no appreciable flux change occurs. Therefore, no output is observed 
on the sense wire. Because the state of the core is determined by clearing 
it (switching it to the zero state), the current pulse producing this action is 
called the clear/read pulse. 

The core will always be in the zero state after it has been read (destruc­
tive readout). To restore the core to a one condition, a write current 
opposite in polarity . to the clear/read pulse is applied on the X and Y­
wires. If a zero is to be stored, another current opposite in polarity to 
the write pulse on the Y -wire is simultaneously applied to the inhibit wire. 
This pulse reduces the effect of the X and Y -pulses sufficiently to prevent 
the core from being driven to the one state, and it remains in the zero 
state. The pulses associated with the write function are called write/ 
restore pulses and are equal in amplitude, but opposite in polarity from 
the clear/read pulses. 

When reading from cores, the process is called a read-restore cycle. 
The clear/read pulses switch all cores to the zero state, and the output 
from the sense lines is stored in a flip-flop register. The write/restore 
pulses then, controlled by the inhibit pulses, write the information back 
into the cores by switching the required cores back to the one state. When 
writing into cores, the process is called a clear-write cycle. The clear / 
read pulses switch the cores to the zero state, but the output from the 
sense lines is ignored. The write/restore pulses then, controlled by the 
inhibit pulses, write the information from a flip-flop register into the 
cores. See figures 4-75 and 4-76, page 4-158, for hysteresis loops in­
volved in writing. 

(2) Core memory addressing. - A coincident-current core stor­
age system stores information in parallel form, using one magnetic core 
for each binary digit. The cores which store the corresponding bit of all 
words are contained on a single digit plane. Each digit plane of the mem­
ory contains 4096 magnetic cores and their control wires are arranged in 
a 64 x 64 array. The cores are held in position by the Wires, which are 
soldered to a square printed-circuit frame. The complete core stack 
assembly consists of 13 such planes. 

Each word in the memory is identified by an address consisting of the X 
and Y -coordinates corresponding to its position. The X and Y -wires thread 
through the cores of the memory assembly in a three-dimensional pattern 
Similar to that illustrated in figure 4-77, page 4-162. The cores in each 
horizontal plane throughout the entire core assembly are connected in series 
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X 
WIRES 

o INTERCONNECTION OF X-WIRES 
IN ADJACENT DIGIT PLANES 

@) INTERCONNECTIONS OF Y-WIRES 
IN ADJACENT DIGIT PLANES 

Figure 4-77. Core Addressing 

4-162 

® COINCIDENT-CURRENT SELECTION 
OF A WORD IN MAGNETIC CORE 
MEMORY 

® PATH OF 1- WIRE THROUGH EACH 
DIGIT PLANE 
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by the X-wire; the cores in each vertical plane are connected in series by 
the Y -wire. The coincidence of currents at each intersection of one X-wire 
and one Y -wire provides the means for manipulating all cores identified with 
one word (see figure 4-77, page 4-162). Only those cores at the inter­
sections of a selected pair of X and Y -wires are affected by coincident 
currents. The other cores along these wires are not affected, since the 
pulse on a single wire is not sufficient to switch the cores. 

The inhibit wires provide the means for writing any desired combination of 
binary digits into any word address. Since each digit plane stores one digit 
of the word, a separate inhibit wire must be provided for each plane. The 
presence or absence of the inhibit current determines whether a zero or a 
one will be stored in that plane by the coincident X and Y -write pulses. 
Each inhibit wire threads through all the cores of a plane in series par­
alleling in the Y -wires, as shown in figure 4-77, page 4-162. The current 
flow in the inhibit wire is opposite in direction to the write/restore cur­
rent in the Y -wire. 

The sense wires provide the means for reading the words stored in mem­
ory. The digits of the word are read in parallel fashion. A separate sense 
wire is provided for each digit plane, and it follows a diagonal path with 
respect to the X and Y -Wires, connecting all the cores of that plane in 
series. During a reading operation, the presence or absence of a pulse on 
the sense wire is an indication of the information stored in that plane at 
the address specified by the X and Y -coordinates. The path of the S-wire 
through the core matrix is chosen so the output voltages induced in the 
sense wire from unselected cores cancel one another, since the sum of 
these voltages would otherwise approach the amplitude of the desired Signal. 
The sense wire passes back and forth over each X and Y -wire an even 
number of times so the transients produced in the wire by inductive coupling 
to the X and Y -wires tend to cancel each other. 

b. Main Memory Control. - The main memory control consists of the 
cycle control circuits and the memory protect circuits. 

(1) Cycle control circuits (figure 8-91, page 8-197). - The cycle 
control circuits generate the read, write, address, and inhibit enables. 
Main timing pulses set and clear the read, write, and inhibit flip-flops to 
generate the read, write, and inhibit enables. The read and write flip-flops 
also generate the address enable which is extended by the two timing pulses 
(01 T31 and 03T53) to 14AOO. Figure 4-78, page 4-164, shows the memory 
cycle timing. The read and the address enables activate the read current 
diverters causing a word to be read out and clearing the memory location 
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READ FLlP- FLOP SET 
(READ ENABLE) CLEAR 

WRITE FLIP-FLOP SET 
(WRITE ENABLE) CLEAR 

I 
I 
I 

INHIBIT FLIP-FLOP SET I 
(INHIBIT ENABLE) CLEAR I 

I I 
OV m ADDRESS ENABLE 

(14 LOO) -4.5V I I I 
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TIME 
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Figure 4-78. Memory Cycle Timing 

to all zeros. The read flip-flop, when set, also initiates the read strobe 
timing circuits that gate the memory word into the Z-register (figure 
8-54, page 8-123). The word is gated into Z approximately 1 microsecond 
after the memory cycle starts. At the completion of the read cycle, the 
write and address enables activate the write current diverters (19YOO 
and 19Y02) and the inhibit enable, via selector circuit, activates the inhibit 
current diverters. The write currents attempt to write a word of all ones 
into the memory. The write current is cancelled by the inhibit current in . 
cores that are to contain a zero. Thus the word read from memory is 
restored during the write cycle. The complete memory cycle of read and 
restore requires 4 microseconds. 

(2) Memory protect circuits (figure .8-91, C2, page 8-197). - The 
memory protect circuits consist of a -4.5v sensor and a +15v sensor. 
These sensors act as switches to open the +V regulator suPPly if the 115 
vac, 400-Hz input voltage drops below approximately 100 vac. The sensors 
enable OR 90J03 forcing the computer into the PHASE STEP mode at the 
end of the present memory cycle. The computer then master clears. 
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c. Address Translation. - The address in the S-register goes directly 
into the stack selection circuits and the X and Y -transformer and diode 
translator circuits of both memory chaSSis. 

(1) . Stack selector (figure 8-92, page 8-199). - The stack selector 
circuits are enabled by the address enable and translate the contents of 
bits 12 and 13 of the S-register to select one of the four core stacks in 
each chassis. Table 4-19, page 4-155, shows the stack selected in each 
chassis for the combinations of bits 12 and 13 and the address range con­
tained in the stacks. The stack-select outputs enable the inhibit, read, and 
write switches on the selected core stack. 

(2) X and Y -translator circuits. - The X and Y -transformer 
(16YXX terms) and diode (17YXX terms) translator circuits select one X 
and one Y -drive line in the selected core stack. S-register bits 6 through 
8, for the X-line (figure 8-93, A3, page 8-201) and bits 0 through 2, for the 
Y -line (figure 8-95, A3, page 8-205), are decoded via the transformer 
translator circuits to select one of eight groups of eight lines (figures 8-94 
and 8-96, pages 8-203 and 8-207). S-register bits 9 through 11, for the 
X-line (figure 8-93, C3, page 8-201) and bits 3 through 5, for the Y -line 
(figure 8-95, C3, page 8-205) are decoded, via the diode translator Circuits, 
to select one of eight lines in each of the selected groups (figures 8-94 
and 8-96, pages 8-203 and 8-207). 

d. Memory Drive Circuits. - There are two types of drive circuits 
in the main memory, the read/write drive CirCUits, and inhibit drive cir­
cuits. 

(1) Read/write drive circuits. - The read/write drive circuits 
consist of the R/W -current diverters and switches. These circuits con­
trol the direction of current flow in the memory drive lines. When the 
read flip-flop sets, it enables the X and Y -read current diverters (19Y03 
and 19YOl) which enable the read switches in the stack selection circuits. 
The combination of the read diverters and two switches being enabled in­
duces a voltage across the X and Y -transformer assemblies (figures 8-94 
and 8-96, pages 8-203 and 8-207) on the core stacks to cause current flow 
in the selected memory drive line. The write circuits operate in the same 
manner as the read circuits except they are enabled by the write flip-flop; 
the voltage induced on the X and Y -transformer assemblies is of the 
oppOSite polarity, and the drive-line current flow is in the opposite direc­
tion. 
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(2) Inhibit drive circuits (figures 8-97, and 8-98, pages 8-209 
and 8-211). - The inhibit drive circuits consist of the inhibit current 
diverters, switches, and transformer assemblies. They generate current 
flow in one inhibit line in each core plane of the selected stack. The in­
hibit current counteracts the effect of the write current when a core is to 
remain a zero. The inhibit switches of a selected stack are enabled by 
the stack-select circuits. The inhibit current diverters are enabled by 
the selector circuits when a bit is to remain a zero and the inhibit flip­
flop sets. When a switch and diverter are enabled, the inhibit current 
flows from the diverter to the inhibit transformer assembly, through the 
transformer primary, and on to the switch. Cur rent flow through the 
transformer primary induces a current on the inhibit line of a core plane 
and prevents all cores on the plane from switching. 

e. Sense Amplifiers (figure 8-99, page 8- 213). - A sense line from 
each of the 13 core planes of all four stacks in each chassis connects to 
sense amplifiers. The outputs of the amplifiers of corresponding bits in 
all four stacks connect to an OR circuit. The OR circuit output, a logic low 
when a logic one is read from the core plane, connects to the corresponding 
bit in the Z-register and is gated into the register by the read strobe from 
memory ·control. Operating the Marginal Check HIGH/NORMAL/LOW 
switch changes the sense amplifier bias by connecting pin 7 to the + 15v 
supply (for low) or to the -15v supply (for high). In the HIGH position less 
of the signal is sensed and the amplifier may fail to sense a switching core. 
In the LOW position more of the signal is sensed and the amplifier may 
sense background noise as a logic one. Either condition indicates the drive 
currents are out of adjustment or are not functioning properly. 

f. Bootstrap Memory (figure 8-100, page 8- 215). 

(1) Assembly. - The bootstrap memory is a permanent, pre­
wired memory. It consists of two assemblies, one in each memory chas­
sis. Each assembly contains four printed circuits bolted together and has 
a capacity of 32 words of 18 bits each. Only 16 words of 13 bits each (12 
data bits plus a parity bit) are used. However, the 16 unused words are 
wired with the same information as the 16 that are used. To use the 
duplicate information move the wire on pin J2D6 to J2D8 and the wire on 
pin J2D5 to J2D7. The chassis-bit-position assignment is the same as 
us ed in main memory, bits a through 11 and lower par ity bit in chassis 
A3A2(6) and bits 12 through 23 and upper parity in chassis A4A2(8). Fig­
ure A-8, page A-17, shows a schematic of the assembly. Card locations 
2D, 3D, and 5D shown in the figure indicate the position of the assemblies 
in each chassis. The memory elements are 18 toroid coils mounted over 
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holes in the cards, with a hole next to each coil and a word line for each 
word. The coil and associated hole represent one bit of all words. If a bit 
is a one, the word line thr eads through the coil; if the bit is a zero, the word 
line thr eads through the hole. For the five bits shown wired as zeros in 
figure A-8, page A-17, all 32 word lines are threaded through the first 
five holes. 

(2) Control. - The prewired bootstrap memory contains two 8-
word automatic-program-Ioading routines. One routine loads from paper 
tape and the other from magnetic tape. The 16 words are assigned addresses 
000608 to 000778. Figure 4-79, page 4-168, shows a block diagram of the 
bootstrap memory and figure 4-80, page 4-168, the functional operation of 
the bootstrap memory. When the S-register contains an address in the 
bootstrap range, a. word group driver, a word line driver, the bootstrap 
enable, and bootstrap-to-Z-gate are enabled. S-register bits 4-13 generate 
the bootstrap enable to disable main memory control and the bootstrap-to­
Z-gate to enable the input gates at the Z-register. Bit 3 of the S-register 
enables one of the two group drivers and bits 0 through 2 are translated to 
enable one of eight line drivers. With a group and line driver enabled, 
current flows in a specific word line, and the word is read out and gated 
into the Z-register. Once the word is in the Z-register, it is treated as if 
it came from main memory. 

4-20. POWER SECTION (figure 8-101 through 8-103, pages 8-217through 
8- 221). - The power section controls the ac power and provides dc voltage. 

a. Control and AC Distribution. - The power control circuits ar e in 
the power supply (PSI) and on the hood control panel. Figure A-9, page 
A-19,shows the simplified power control circuits. Placing the POWER 
ON/OFF switch to ON initiates the following power-on sequence. 

1) POWER ON/OFF switch contacts 1-2 close to energize 
power sequencing relay PSIKI (~A and ~B). 

2) Relay PSIKI contacts close to energize the +15v indicator 
supply, the memory blowers, the cabinet blowers, and heater 
voltage for relays A2Kl and A2K2 (~A and ~B). 

3) Approximately 30 seconds after PSIKI energizes, if +15v 
indicator voltage is up, thermal time delay relay A2K2 con­
tact closes, allowing A2K3 to energize if airflow sensor re­
lay A2Kl has been activated by cabinet airflow. 
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4) Relay A2K3 contacts 2-5 close to energize PS1K2 if the 
power supply interlock and 60°C (140°F) thermostats are 
closed. 

5) Relay PS1K2 contacts close to energize the -15v, +15v, and 
-4.5v dc supplies. 

The AIR FLOW BYPASS switch when operated bypasses contacts 2-5 of 
relay A2K3 to energize relay PS1K2 without the 30-second delay or suffi­
cient airflow. Table 4-21, page 4-170, lists all relays and contact functions. 

b. DC Supplies and Distribution (figure 8-103, page 8-221). - The dc 
voltage supplies are mounted in the power supply PSI. When power se­
quencing relay PS1K1 energizes, the +15v indicator supply (T2) is energized. 
The +15v indicator supply connects to all indicators in the hood control 
panel, and both logic panels. Energizing the +15v indicator supply before 
energizing the logic voltages causes all indicators to light until the logic 
voltages are available. Energizing power sequencing to relay PS1K2 
energizes the dc logic voltage supplies (-4.5, -15, and +15). The logic 
voltage and ground distribution networkds and test points are shown in 
figure 8-103, page 8-221. The fuses protecting each voltage supply are 
listed in table 5-3, page 5-10. 

c. Fault Indicator Control Circuits (figure 8-101, page 8-217 ). - The 
fault indicator control circuits consist of three flip-flops, driver circuits, 
indicators, and the fault horn. 

(1) Airflow fault circuits. - The airflows fault circuits ar e ac­
tivated when the airflow is insufficient to hold relay A2K1 contact closed. 
When relay A2K1 contact opens, relay A2K3 de-energizes. Contact A2-A3 
of A2K3 closes to light the AIR FLOW FAULT indicator, and contact A2-A1 
opens applying a logic low to AND gate 1 of 94 VO 1 which has been con­
ditioned by flip-flop 9XV52. When 94V01 is enabled, the horn sounds until 
the airflow fault drops or the FAULT DISC HORN/HORN CLEAR switch is 
placed to HORN CLEAR to clear flip-flop 9XV52. Flip-flop 9XV52 is set 
again when the airflow fault drops. 

(2) Overtemperature fault circuits. - The overtemperature fault 
circuits are activated when either of the 46°C (115°F) thermostats close. 
In the quiescent state the overtemperature flip-flop 9XV51 is held set by a 
constant enable, and AND gate 2 of 94 VO 1 is conditioned. When internal 
cabinet temperature exceeds 46°C (115°F), one or both of the thermostats 
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TABLE 4-21. Power Relay Contact Functions 

Relay Location Contact State Function 

Kl PSI Power sequencing. 

AI-A2 NO. ~A to blower sand + 15v indicator 
supply. 

BI-B2 NO. ~B to blowers, +15v indicator supply 
and heaters on A2Kl and A2K2. 

CI-C2 NO. ~C to blower s, + 15v indicator supply, 
and PSIK2 coiL 

D1-D2 NO. Holding path. 

K2 PSI Power sequencing. 

AI-A2 NO. ~A to dc supplies. 

BI-B2 NO. ~B to dc supplies and time meter. 

CI-C2 NO. ~C to dc supplies. 

DI-D2 NO. Holding path. 

Kl A2 Airflow sensor. 

3-8 NC Opens. if no air flow. 

K2 A2 3D-second time delay (approximately). 

5-7 NO. Closes approximately 30 seconds 
after heater voltage applied. 

K3 A2 Power sequencing. 

BI-B2 NO. Energize PSIKI. 

A2-Al NO. Holding path. 

A2-A3 NC AIR FLOW FAULT indicator. 
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will close applying a logic high to 93V02 which enables 94V01 to sound the 
horn and 93V03 to light the OVERTEMP indicator. This condition remains 
until the FAULT DISC HORN/HORN CLEAR switch is placed to HORN 
CLEAR to clear flip-flop 9XV51 or until the cabinet temperature drops to 
disable 94V01 and 93V03. If the switch is used, flip-flop 9XV51 clears and 
the horn is silenced, but the indicator remains lighted. In this condition 
the horn will not sound until another fault occurs. When the overtempera­
ture fault drops, the horn is silenced (if the FAULT DISC HORN/HORN 
CLEAR switch was not used), the OVER TEMP indicator goes out, and the 
constant set enable is applied to flip-flop 9XV51. 

(3) Logic fault circuits. - The logic fault circuits are activated 
when a logic fault (see paragraph 4-16i, page 4- 82) occurs. In the quiescent 
state the fault flip-flop 9XV50 receives a constant set enable to condition 
AND gate 4 of 94V01. When the fault occurs the fault flip-flop enables 
91V04 and 91V03 to light the FAULT indicator and activate the horn. This 
condition remains until the FAULT DISC HORN/f!:ORN CLEAR switch is 
placed to HORN CLEAR which clears flip-flop 9XV05 and silences the horn. 
If the switch has been placed in the DISC HORN position prior to the fault, 
the horn will not sound when the fault occurs. When the logic fault condi­
tion drops, the constant set enable is placed on 9XV50, AND gate 4 of 94V01 
is disabled to silence the horn, and 91 V04 is disabled to extinguish the 
FAULT indicator. 

IV - INSTRUCTION TIMING 

4-21. INSTRUCTION TIMING CHARTS. - The instruction timing charts 
list the sequences required to execute the instruction and the functions 
performed during each clock phase of each sequence. 

These timing charts are good reference data. for maintenance personnel 
already familiar with the operation of the computer. Table 4~22, page 
4-172, is an index to the instruction timing charts for the complete reper­
toire of instructions. The charts are subdivided according to function 
code and mnemonic notation. 

FOR OFFICIAL USE ONLY 4-171 



CP-818A/U 

TABLE 4-22. Index of Timing Charts 

Mnemonic 
Function Code Table Page 

(and 06 - Sub-Order) 

HLT,HLD 00, 11, 37 4-23 4-174 

LGN 01 4-24 4-175 

TRF 02 4-25 4-176 

TSR 03 4-26 4-177 

TRX 04 4-27 4-178 

TAX 05 4-28 4-179 

SCN, SAN, SXN, SLN (SHL) 06-0 4-29 4-180 
I, R, W -Sequences Mode = 1 + (RCA) 
Shift-Sequence s 

SCD, SAD, SXD, SLD (SHL) 06-0 4-30 4-183 
I, R, W -Sequences Mode = 0 . (RCA) 
Shift-Sequences 

DIV 06-1 4-31 4-187 
I,M, R, W -Sequences 
Shift-Sequence 

SCA 06-2 4-32 4-189 

SCL 06-3 4-33 4-191 
I, R, W -Sequences 
Shift-Sequence 

SCR, SAR, SXR, SLR (SHR) 06-4 4-34 4-193 
I, R, W-Sequences 
Shift-Sequences 

MUL 06-5 4-35 4-196 
I, R, W -Sequences 
Shift-Sequence 

SUD 06-6 4-36 4-198 
I, R, .W-Sequences 
Shift-Sequence 
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TABLE 4-22. Index of Timing Charts (continued) 

Function Code 
Mnemonic (and 06 - Sub-Order) Table Page 

Reload-Sequences 4-37 4-201 
(RC1, RC2, WC) 

R/W -Sequence 4-38 4-202 

EXF 07 4-39 4-204 

CLR 10 4-40 4-205 

STR 12 4-41 4-208 

RPA 13 4-42 4-207 

TRU 14 4-43 4-208 

TRA 15 4-44 4-209 

TRD 16 4-45 4-210 

SWC 17 4-46 4-211 

EXC 20 4-47 4-213 

ADC 21 4-48 4-215 

ADO 22 4-49 4-216 

AID 23 4-50 4-218 

RCA 24 4-51 4-220 

ERC 25 4-52 4-222 

STX, SRC 26 4-53 4-224 

LDX,LRC 27 4-54 4-226 

CLA 30 4-55 4-228 

ADD 31 4-56 4-229 

SUB 32 4-57 4-230 

COM 33 4-58 4-231 

LGA 34 4-59 4-233 

LGM 35 4-60 4-235 

ADB 36 4-61 '4-236 

Inte rrupt-Sequence s 4-62 4-237 
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TABLE 4-23. f = 00, 11, 37, Instruction Timing Chart 

HLT,HLD 

Time I-Sequence 

6.4 Clr: S, Z 

1.1 P~S 

1.2 Clr: X, D Initiate Memory 

1.3 p-? X, +1 ~D 

2.2 Strobe Memory Clr: P 

2.3 Adder~P 

3.2 Clr: X, D, F,M 

3.3 Zo - 13~X, Z14 - 18~M, Note: Zo - 18 Not Used 
ZIg - 23~ F, Clr:KO 

4.4 Set: Halt FF 

5.2 Clr: Run FF 

5.4 Clr: I-Seq 

6.1 Set: NI or I/O-Seq 
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TABLE 4-24. f = 01, Instruction Timing Chart 

LGN 

Time I-Sequence 

6.4 Clr: S, Z 

1.1 P--?S 

1.2 Clr: X, D Initiate Memory 

1.3 P~X, +l-7D \ 

2.2 Strobe Memory Clr: P 

2.3 Adder--? P 

3.2 Clr: X, D, F, M 

3.3 Zo - 13~X, Z14 - 18~ M Note: Zo _ 18 Not Used 

Z19 _ 23~ F, Clr: KO 

4.1 A~D 

4.2 Initiate Arithmetic Timing Chain 

5.2 Clr: X CD 
5.4 Clr: I-Seq Clr: A CD 
6.1 Set: NI or I/O-Seq X 0 D ~ A CD 

CD Enabled by Arithmetic Timing Chain 
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TABLE 4-25. f = 02, Instruction Timing Chart 

TRF 

Time I-Sequence 

6.4 Clr: S, Z 

1.1 P~S 

1.2 Clr: X, D Initiate Memory 

1.3 P~X, +l~D 

2.2 Clr: P Strobe Memory 

2.3 Adder~P 

3.2 Clr: X, D, F, M 

3.3 Zo _ 13 ~X, Z14 _ 18--?M, Z19 _ 23~F 
C.lr: KO 

5.4 Clr: I-Seq 

6.1 Set: NI or I/O-Seq 

6.2 If Jump FF Clr, Clr: P 
If RS/S type FF, Clr: Sensed Status FF CD 

6.3 If Jump FF, Clr: Adder~P 

CD FF may be cleared as late as time 6.4, depending on waveform of TIl. 
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TABLE 4-26. f = 03, Instruction Timing Chart 

TSR 

Time I-Sequence W-Sequence 

6.4 Clr: S, Z Clr: S, Z 

1.1 p--? S M~S 

1.2 Clr: X, D Initiate Memory Clr: X Initiate Memory 

1.3 P~ X, +l~D P~X 

2.1 Xo _ 13~Z 

2.2 Strobe Memory Strobe Memory Upper 
Clr: P Clr: P 

2.3 Adder ~P D~P 

3.2 Clr:X,D,F,M 

3.3 Zo _ 13 ~X, Z14 - 18 ~M 
Z19 _ 23 ~F, Clr: KO 

5.1 X~D 

5.4 Clr: I-Seq Clr: W-Seq 

6.1 Set: W-Seq Set: NI or I/O-Seq 
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TABLE 4-27. f = 04, Instruction Timing Chart 

TRX 

Time I Sequence R-Sequence W-Sequence 

6.4 Clr: S, Z Clr: S, Z Clr: S, Z 

1.1 P~S M---7 S M~ S, Adder ~Z 

1.2 Clr: X, D Initiate Memory Initiate Memory 
Initiate Memory 

1.3 P~X,+l~D 

2.1 X~D 

2.2 Strobe Memory Strobe Memory 
Clr: P 

2.3 Adder~ P 

3.2 Clr: X, D, F, M Clr: X 
If Z 14 _ 23 :f 0, 
Clr: P 

3.3 Zo _ 13 ~X, If Z 14 _ 23 :f 0, 
Z 14 _ 18 ---;.M, D~P,Z~X 

ZIg _ 23 ~F, 
Clr: KO 

4.2 Clr: D 

4.3 Set: D14 - 23, 
Foree Borrow 
Enable FF CD 

5.4 Clr: I-Seq Clr: R-Seq Clr: W-Seq 

6.1 Set: R-Seq If Z 14 - 23 :f 0, Set: NI or I/O-Seq 
Set: W-Seq 
If Z 14 - 23 = 0, 
Set: NI or I/O-Seq 

CD Forced End Around Borrow 
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TABLE 4-28. f = 05, Instruction Timing Chart 

TAX 

Time I-Sequence R-Sequence 

6-4 Clr: S, Z Clr: S, Z 

1.1 P~S M~S 

1.2 Clr: X, D Initiate Memory 
Initiate Memory 

1.3 P~X, +l~D 

2.1 X~D 

2.2 Strobe Memory Strobe Memory 
Clr: P 

2.3 Adder ~P 

3.2 Clr: X, D, F, M Clr: X 
If Z14 _ 23 ;£0, 
Clr: P 

3.3 Zo _ 13 ~X If Z14 _ 23 ;£0: 
Z14 - 18 ~M, D~P,Z~X 

Z19 - 23 ~M, 
Clr: Ko 

4.2 Clr: D 

4.3 Set: D14 - 23, 
Force Borrow 
Enable FF CD 

5.4 Clr: I-Seq Clr: R-Seq 

6.1 Set: R-Seq If Z14 - 23 ;£ 0, 
Set: W-Seq 
If Z14 - 23 = 0, 
Set: NI or I/O-Seq 

6.2 If M = 37, Clr: B 

6.3 If M = 37, 
Adder~B ® 

CD No Forced End Around Borrow 
@ B is incremented by 1 
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W-Sequence 

Clr: S, Z 

M~S, Adder ~Z 

Initiate Memory 

Clr: W-Seq 

Set: NI or I/O-Seq 
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TABLE 4-29. f = 06-0, Mode = 1 + (RCA), Instruction Timing Chart 

SCN, SAN, SXN, SLN 

Time I-Sequence R-Sequence W-Sequence 

6.4 Clr: S, Z Clr: S, Z Clr: S 

1.1 P~S M~S M---7 S 

1.2 Clr: X, D Initiate Memory Initiate Memory 
Initiate Memory 

1.3 P~X,+l~D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder~· P 

3.2 Clr: X, D, F, M Clr: X@ 

3.3 Zo - 13 ~X Z~X@) 
Z14 - 18 ~M, 
Z19 - 23 ~F, 
Clr: KO 

4.4 Zo - 4 ~ KO' Clr: 
Type, Mode, CAT FF's 

5.1 Enable: Type, Mode, 
CAT FF's 

5.4 Clr: I-Seq Clr: R-Seq Clr: W-Seq 
If Type OX . KO = 0, If KO -I 0, Set: 
Set: SHF CTL FF 1 SHF CTL FF 1 

6.1 If Type IX: Set: R-Seq If KO = 0, Set: Nlor Set: NI or 1/0-
If Type OX . KO = 0, Set: I/O-Seq Seq 
NI or I/O-Seq, Clr: K 1 Clr: K1 

6.2 If SHF CTL FF1 Set, If SHF CTL FF1 Set, 
Set: SHF CTL FF2 & Set: SHF CTL FF2 
Begin SHL Shift-Seq & Be gin SHL Shift-

Seq 

@) Don't Care Condition. 
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.TABLE 4-29. f = 06-0, Mode = 1 + (RCA), Instruction Timing Chart 
( continued) 

SHL Shift-Sequence 

Time SCN Type 00 Column B 

~2 Clr: U, A24 (KO - 1) ~K1 Clr: SHF CTL FF2 

~3 ALl ---7U, A23 ~A24 ~UOO Clr: KO 

~4 Clr: A K1~ KO If K1 = 0, Clr: Begin NI or I/O-Seq 
SHF CTL FF1, Set: Nlor I/O-Seq (T6.4) 

~1 U~A Clr: Kl If NI or I/O-Seq 
set, go to Column B; if not, repeat this 
column 

SAN Type 01 Column B 

~2 Clr: U, A24 (KO - 1)~ K1 Clr: SHF CTL FF2 

~3 ALl ~ U, A23 ~A24 Clr: KO 

~4 Clr: A Kl ---7KO If K1 = 0, Clr: Begin NI or I/O-Seq 
SHF CTL FF1, Set: Nlor I/O-Seq (T6.4) 

~1 U~A Clr: K1 If NI or I/O-Seq set, 
go to Column B; if not, repeat this column 

SXN Type 10 Column B 

~2 Clr: X {KO - 1)~K1 Clr: SHF CTL FF2 

~3 ZLl ~X Clr: KO 

~4 Clr: Z K1~KO If K1 = 0, Begin W-Seq (T6.4, 
Clr: SHF CTL FF1, Set: W-Seq page 4-180) 

~1 X~Z Clr: K1 If W -Seq set, go to 
Column B; if not, repeat this column 
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TABLE 4-29. f = 06-0, Mode = 1 + (RCA), Instruction Timing Chart 
( continued) 

SHL Shift-Sequence 

Time 

4-182 

SLN Type 11 

Clr: X, U, A24 

ALI ~U, A23 ~A24, ZL1 ~X, 
A23 ~XOo Clr: KO 

Clr: A, Z Kl ~KO If K1 = 0, 
Clr: SHF CTL FF1, Set: W-Seq 

U ~A, X ~ Z, Clr: K1 If W-Seq 
set, go to Column B; if not, repeat 
this column 

Column B 

Clr: SHF CTL FF2 

Begin W -Seq (T6.4, 
page 4-180) 
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TABLE 4-30. f = 06-0, Mode = 0 . (RCA), Instruction Timing Chart 

SCD, SAD, SXD, SLD 

Time I-Sequence 

6.4 Clr: S, Z 

1.1 P~S 

1.2 Clr: X, D Initiate Memory 

1.3 P ~ X, +1 ~D 

2.2 Clr: P Strobe Memory 

2.3 Adder~P 

3.2 Clr: X, D, F, M 

3.3 Zo _ 13 ~X, Z14 - 18 ~M, Z19 - 23 ~F, Clr: KO 

4.4 Zo - 4 ~KO, Clr: Type, Mode, CAT FF l s 

5.1 Enable: Type, Mode, CAT FF's 

If RCO = 0: If RCO f. 0: 

5.3 If Type OX, Set: REL REQ FF 

5.4 Clr: I-Seq Clr: I-Seq 
If Type OX · KO f. 0, 
Set: SHF CTL FF1 

If Type lX, Set: R-Seq (page 4-184) 

6.1 If Type OX, Set: RC 1-Seq If Type OX . KO = 0, 
(table 4-37, page 4- 201) Set: NIor I/O-Seq. Clr: K1 

6.2 If SHF CTL FF1 Set, Set: 
SHF CTL FF2; Begin Shift-
Seq (page 4-185) 
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TABLE 4-30. f = 06-0, Mode = 0 . (RCA), Instruction Timing Chart 
(continued) 

SCD, SAD, SXD, SLD 

Time R-Sequence W-Sequence 

6.4 Clr: S, Z Clr: S, BT FF 

1.1 M~S M~S 

1.2 Initiate Memory Initiate Memory 

2.2 Strobe Memory 

3.2 Clr: X 

3.3 Z~X 

If RCO = 0: If RCO ~ 0: 

4.2 Initiate Arithmetic 
Timing Chain 

5.1 X~DCV 
5.2 Clr: X CD 
5.3 A~XCD 

Set: REL REQ FF 

5.4 Clr: R-Seq Clr: R-Seq Clr: W-Seq 
Clr: A CD If KO ~ 0, 

Set: SHF CTL FF1 

6.1 Set: RC I-Seq If KO = 0, Set: NI Set: NI or I/O-Seq 
(table 4-37, page or I/O-Seq 
4-201) is ~A CD Clr: K1, RC 1 

6.2 If SHF CTL FF1 
Set, Set SHF CTL 
FF2, Begin Shift-
Seq (page 4-185) 

1 Enabled by Arithmetic Timing Chain 
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TABLE 4-30. f = 06-0, Mode = 0 . (RCA), Instruction Timing Chart 
(continued) 

SHL Shift-Sequences 

Time SCD Type 00 Column B 

~2 Clr: U, A24 (KO - 1)~Kl, (RCO - 1)~RCI Clr: SHF CTL FF2 
Clr: X, D CD 

~3 A Ll ~U, A23 ~A24 ~UOO Clr: KO,RCO Z~XCY 

~4 Clr: A Kl ~KO, RCI ~RCO Begin NI or 1/0-
If Kl = 0 . RCI ~ 0: 0Clr SHF CTL FFl, Seq (T6.4) or RCl-
Set: NI or I/O-Seq Seq (T6.4, table 
If RCI = 0, @ Clr: SHF CTL FFl, Initiate 4-37, page 4- 201) 
Arithmetic Timing Chain; Set: Reload Clr: A CD 
REQ FF and RCI-Seq 

~1 U~A Clr: K1, RCl, Reload FF X8D~ACD 
If NI, I/O, or RCI-Seq set, go to Column 
B. If not, repeat this column. 

SAD Type 01 Column B 

~2 Clr: U, A24 (KO - 1) ~Kl Clr: SHF CTL FF2 
(RCO - 1) ~RCI Clr: X, D CD 

~3 A Ll ~U, A23 ~A24 Clr: KO, RCO z~xCD 

~4 Clr: A Kl ~KO, RCI ~ RCO Begin NI or 1/0-
If Kl = 0 . RCl ~ 0, ® Clr: SHF CTL FFl, Seq (T6.4) or RCl-
Set: Nlor I/O-Seq; If RCl = 0, @Clr: Seq (T6.4, table 
SHF CTL FFl, Initiate Arithmetic Timing 4-37, page 4-201) 
Chain, Set: Reload REQ FF, RCl-Seq Clr: A CD 

~1 U~A Clr: K1, RCl, Reload FF XGD~ACD 
If NI, I/O, or RCI-Seq set, go to Column 
B. If not, repeat this column. 

1 Enabled By Arithmetic Timing Chain. 
2 If RC 1 = 0 · Kl = 0 at same time, reload operation (table 4-37, page 

4-201) will occur first; and then NI or I/O-Seq will be set, completing 
shift instruction. 
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TABLE 4-30. f = 06-0, Mode = ° . (RCA), Instruction Timing Chart 
( continued) 

SHL Shift-Sequence 

Time SXD Type 10 Column B 

~2 Clr: X (KO - 1) ~K1, (RCO - 1)~RCI Clr: SHF CTL FF2 
Clr: X, D CD 

~3 Z L1 ~X, Clr: KO, RCO z~xCD 

~4 Clr: Z Kl--'J>KO, Ret ~ RCO (T6.4) Begin W-
If K1 = ° · Re1 -I 0, 2 Clr: SHF CTL FF1, Seq (page 4-184) 
Set: W-Seq; If RC1 = 0, ® Clr: SHF CTL or RC 1-Seq (table 
FF1, Initiate Arithmetic Timing Chain, 4-37, page 4-201). 
Set: Reload REQ FF and RC I-Seq. Clr: A CD 

~1 X~Z Clr: K1, RC1, Reload FF XGD-7>AQ) 
If RC 1 or W -Seq set, go to Column B. 
If not, repeat this column. 

SLD Type 11 Column B 

~2 Clr: X, U, A24 (KO - 1) ~ Kl' Clr:SHF CTL FF2 
(RCO - 1) ~ RC1 Clr: X, D CD 

~3 A L1 ~U, Z L1 ~X, A23 ~A24 ~XOO Z~XCD 
Clr: KO, RCO 

~4 Clr:Z,A K1~KO RC1~RCO (T6.4) Begin W-
If K1 = ° · RC1 -I 0, ~ Clr: SHF CTL FF1, Seq (page 4-184) 
Set: W-Seq; If RC1 = 0, ® Clr: SHF CTL or RC1-Seq (table 
FF1, Initiate Arithmetic Timing Chain, 4-37, page 4-201) 
Set Reload REQ FF and RC1-Seq Clr: A 1 

~1 U~A, X~Z Clr: K1, RCl, Reload FF XGD--7AQ) 

If RC1 or W-Seq set, go to Column B. 
If not, repeat this column. 

CD Enable By Arithmetic Timing Chain. 
® If RC1 = 0 . K1 = ° at same time, reload operation (table 4-37, page 

4- 201) will occur first; and then W -Seq (page 4-184) will be set, com­
pleting shift instruction. 
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TABLE 4-31. f = 06-1, Instruction Timing Chart 

DIV 

Time I-Sequence 

6.4 Clr: S, Z 

1.1 p~S 

1.2 Clr: X, D Initiate Memory 

1.3 P~X,+l~D 

1.4 

2.2 Clr: P Strobe Memory 

2.3 Adder~P 

3.2 Clr: X, D, F, M 

3.3 Zo - 13 --7X, Z14 - 18 ---?M 
Z19 - 23 -7F, Clr: KO 

4.1 

4.2 

4.3 

4.4 Zo - 4 -7KO Clr: Type, 
Mode, CAT FFls 

5.1 Enable: CAT FFls 

5.4 Clr: I-Seq 

6.1 If M 10+ 37, Set: M-Seq 
If M = 0 + 37, Set: R-Seq 

G) Enabled by Arithmetic Timing Chain 
@ Donlt-Care Condition 
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M-Sequence 

Clr: X, Z 

M~ S, Adder~ Z 

Clr: M Initiate Memory 
Clr: X, D, d 

Zg _ 13 ~M, Zo - 13 ~X@ 
Clr: Z 

Strobe Memory 

Clr: X Initiate Arithmetic 
Timing Chain 

Z~X 

x~DCD 
Clr: xC!) 

A~XQ) 

\ 

Clr: M'-Seq 

Set: R-Se,q 
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TABLE 4-31. f = 06-1, Instruction Timing Chart (continued) 

DIY 

Time R-Sequence W-Sequence 

6.4 Clr: S, Z Clr: S 

1.1 M~S M~S 

1.2 Initiate Memory Initiate Memory 

2.2 Strobe Memory 

3.2 Clr: X@ 

3.3 Z~X 

5.4 Clr: R-Seq, If KO -I 0, Set: SHF CTL FF1 Clr: W-Seq 

6.1 If KO = 0, Set: NIor I/O-Seq Clr: K1 Set: NI or I/O-Seq 

6.2 If SHF CTL FF1 Set, Set: SHF CTL FF2, 
Begin DIY Shifting-Seq 

DIY Shifting Sequences Column B 

~2 Clr: X, U (KO - 1) ~K1 Clr: SHF CTL FF2 

~3 A L1 ~U, Z L1 ~X, A23~XOO Clr: KO 
Set: SHF CYC FFl 

~4 Clr: Z, A K1~KO Begin W-Seq (6.4) 

~1 U-7ACD Set: SHF CYC FF2 

~2 

~3 Clr: SHF CYC FF1 

~4 Clr: ACD If K1 = 0, Clr: SHF CTL FF1, 
Set: W-Seq 

~1 U~A, Clr: K1 Clr: SHF CYC FF2 

~ 
If X 2: D: Adder~ Z, +1 ~Aoo 
If X< D: X~ Z, 0 ~AOO 

If W -Seq is set, go to Column B; if not, 
repeat this column 

G) Don It-Care Condition 
CD Mayor may not occur due to race condition; has no effect on final re­

sult. 
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TABLE 4-32. f = 06-2, Instruction Timing Chart 

SCA 

Time I-Sequence 

6.4 Clr: S, Z 

1.1 p~s 

1.2 Clr: X, D Initiate Memory 

1.3 P--7X, +l~D 

2.2 Strobe Memory Clr: P 

2.3 Adder~P 

3.2 Clr: X, D, F, M 

3.3 Zo _ 13 ~X, Z14 - 18 ~M, Z19 - 23 ~F, Clr: KO 

4.4 ZO-4~KO Clr: Type, Mode, CAT FF's 

5.1 Enable: CAT FF's 

If A22 = A23: If A22 -I- A23: 

5.4 Clr: I-Seq Clr: I-Seq 
If KO -I- 0, Set: SHF CTL FFI 

6.1 If KO = 0, Set: NI or I/O-Seq Set: NI or I/O-Seq 
Clr: K1 

6.2 If SHF CTL FFI Set, Set: SHF 
CTL FF2, Begin Shift Seq 
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TABLE 4-32. f = 06-2, Instruction Timing Chart (continued) 

SCA 

Time Shift-Sequence Column B 

~2 Clr~ X @ , U (KO - 1)~Kl' Clr: SHF CTL FF2 
(RCO - 1)~RCI 

~3 ALl --'»®A23 ~UOO, ZL1---l>X 
(Lower) d Clr: KO, RCO 

~4 Clr: A, Z @ Kl -7KO, RCI ~RCO Begin NI or I/O-Seq 
If Kl = 0, Clr: SHF CTL FFl, Set: (T6.4) 
NI or I/O-Seq 

~1 U~A, X~Z@ Clr: Kl, RCI 
If U22 f. U23, Clr: SHF CTL FFl, 
Set: NI or I/O-Seq, go to Column B 

@ Don't-Care Condition 
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TABLE 4-33. f = 06-3, Instruction Timing Chart 

SCL 

Time I-Sequence R-Sequence W-Sequence 

6.4 Clr:S,Z Clr: S, Z Clr: S 

1.1 P~S M~S M~S 

1.2 Clr: X, D Initiate Memory Initiate Memory 
Initiate Memory 

1.3 P~X,+l~D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder~P 

3.2 Clr: X, D, F, M Clr: X @ 
3.3 Zo - 13~X, Z~X@ 

Z14 - 18~M, 
Z19 - 23 ~F, 
Clr: KO 

4.4 Zo - 4 ~KO Clr: Type, 
Mode, CAT FF's 

5.1 Enable: CAT FF's 

If Z21 = Z22: If Z21 ;j Z22: 

5.4 Clr: I-Seq Clr: R-Seq Clr: R-Seq Clr: W-Seq 
If KO ;j 0, Set: 
SHF CTL FF1 

6.1 Set: R-Seq Clr: K1 Set: W-Seq Set: Nlor 
If KO = 0, Set: NI I/O-Seq 
or I/O-Seq 

6.2 If SHF CTL FF1 Set, 
Set: SHF CTL FF2, 
Begin Shifting-Seq 

@ Don't-Care Condition 
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TABLE 4-33. f = 06-3, Instruction Timing Chart (continued) 

SCL 

Time SCL Shifting Sequence Column B 

~2 Clr: X, U (KO _ 1)--7KI, (RCO - I)~RCI Clr: SHF CTL FF2 

~3 ALI ~U, A23 XOO, ZLI ~X, Clr: BITS DIFF FF 
Z23~UOO 
If Z 20 :f Z21: Set: BITS DIFF FF 
Clr: KO, RCO 

~4 Clr: A, ZKI-.?KO, RCI ~RCO (T6.4) Begin W-Seq 
If Kl = 0, Clr: SHF CTL FFl, Set: W-Seq 
If BITS DIFF FF Set, Set: W-Seq 

~I U ~A, X -? Z Clr: KI, RCI 
If BITS DIFF FF Set, Clr: SHF CTL FFI 

4-192 

If W -Seq is set, go to Column B; if not 
repeat this column 
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TABLE 4-34. f = 06-4, Instruction Timing Chart 

SCR, SAR, SXR, SLR 

Time I-Sequence R-Sequence W-Sequence 

6.4 Clr: S, Z Clr: S, Z Clr: S 

1.1 p~S M~S M~S 

1.2 Clr: X, D Initiate Memory Initiate Memory 
Initiate Memory 

1.3 p~ X, +l~D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder~P 

3.2 Clr: X, D, F, M Clr: X 

3.3 Zo - 13 ~X, Z~X 

Z14 - 18 ~ M, 
Z19 _ 23 ~ F., Clr: KO 

4.4 Zo - 4 ~KO Clr: 
Type, Mode, CAT FF's 

5.1 Enable: Type, Mode, 
CAT FF's 

5.4 Clr: I-Seq Clr: R-Seq Clr: W-Seq 
If Type OX . KO -I 0, If KO -I 0, Set: 
Set: SHF CTL FF1 SHF CTL FF1 

6.1 Clr: K1 Clr: K1 Set: NI or I/O-Seq 
If Type OX . KO = 0, If KO = 0: Set: 
Set: NI or I/O-Seq NI or I/O-Seq 
If Type lX, Set: R-Seq 

6.2 If SHF CTL FF1 Set, If SHF CTL FF1 
Set: SHF CTL FF2, Set, Set: SHF 
Begin Shift-Seq CTL FF2, Begin 

Shift-Seq 
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TABLE 4-34. f = 06-4, Instruction Timing Chart (continued) 

SHR Shift-Sequences 

Time SCR Type 00 Column B 

~2 Clr: U, A24 (KO - 1) ~Kl Clr: SHF CTL FF2 

~3 A Rl -?U, AOO ~A24 ~ U23 Clr: KO 

~4 Clr:A K1~KO If Kl = 0, Clr: SHF Begin NI or I/O-Seq 
CTL FF 1, Set: NI or I/O-Seq (T6.4) 

~1 U -7A Clr: Kl If NI or I/O-Seq set, go 
go Column B; if not, repeat this column 

SAR Type 01 Column B 

~2 Clr: U (KO - 1)~Kl Clr: SHF CTL FF2 

~3 A RI-7U Clr: KO 

~4 Clr: A Kl ~KO If Kl = 0, Clr: SHF Begin NI or I/O-Seq 
CTL FFl, Set: Nlor I/O-Seq (T6.4) 

~1 U --7A Clr: Kl If NI or I/O-Seq set, go 
to Column B; if not, repeat this column 

SXR Type 10 Column B 

~2 Clr: X, A24 (KO _ 1}~K1 Clr: SHF CTL FF2 

~3 Z Rl ~X, ZOO ~A24 Clr: KO 

~4 Clr: Z Kl~KO If Kl = KO, Begin W-Seq (T6.4) 
Clr: SHF CTL FFl, Set: W-Seq 

~1 X~Z Clr: Kl If W -Seq set, go to 
Column B, if not, repeat this column 
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TABLE 4-34. f = 06-4, Instruction Timing Chart (continued) 

SHR Shift-Sequences 

Time SLR Type 11 

0'2 Clr: X, U, A24 (KO - 1) ~K1 

0'3 A R1 ~U, ZR1 ~X, ZOO ~A24 ~U23 
Clr: KO 

Column B 

Clr: SHF CTL FF2 

~4 Clr: A, Z K1 ~KO Begin W-Seq (T6.4) 
If K1 = 0, Clr: SHF CTL FF1, Set: W-Seq 

~1 U~A, X~ Z, Clr: Kl If W-Seq set, 
go to Column B; if not, repeat this column 
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TABLE 4-35. f = 06-5, Instruction Timing Chart 

MUL 

Time I-Sequence R-Sequence W-Sequence 

6.4 Clr: S, Z Clr: S, Z Clr: S 

1.1 P-7S M~S M--7S 

1.2 Clr: X, D Initiate Memory Initiate Memory 
Initiate Memory 

1.3 P--7X, +l~D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder --7P 

3.2 Clr: X, D, F, M Clr: X 

3.3 Zo - 13 ~X, Z~X 

Z14 - 18 ---7 M, 
Z19 - 23 ~F, 
Clr: KO 

4.1 X--7D 

4.4 Zo - 4~KO Clr: 
Type, Mode, CAT FF's 

5.1 Enable: CAT FF's 

5.4 Clr: I-Seq Clr: R-Seq Clr: W-Seq 
If KO I- 0, Set: 
SHF CTL FF1 
If AOO = 0, 
Clr: Z 

6.1 Set: R-Seq Clr: K1 If KO =0, Set: NI or I/O-Seq 
Set: NI or I/O-Seq 

6.2 If SHF CTL FF1 
Set, Set: SHF CTL 
FF2, Begin MUL 
Shift-Seq 
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TABLE 4-35. f = 06-5, Instruction Timing Chart (continued) 

MUL 

Time MUL Shifting Sequence 

~2' Clr:X,U {KO-1)~K1 

~3 A R1 ~U, Z R1 ~X, ZOO ~U23 
Clr: KO Set: SHF CYC FF 1 

~4 Clr: Z, A K1 ~KO 

Set: SHF CYC FF2 

~2 

~3 Clr: SHF CYC FF1 

~4 Clr: A CD If K1 = 0, Clr: SHF CTL FF1, 
Set: W-Seq 

~1 U ~A Clr: K1 Clr: SHF CYC FF2 
If UOO + KO = 0, X ~ Z 
If UOO = 1 . KO -f 0, Adder~ Z 

If W -Seq is set, go to Column B; if not, 
repeat this column. 

Column B 

Clr: SHF CTL FF2 

Begin W-Seq 
(T6.4) (table 4-31, 
page 4-188) 

CD Mayor may not occur, due to race condition; has no effect on final 
result. 
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TABLE 4 - 36. f = 06 -6, Instruction Timing Chart 

SUD 

Time I-Sequence R-Sequence W-Sequence 

6.4 Clr: S, Z Clr: S, Z Clr: S, BT FF 

1.1 p~S M~S M~S 

1.2 Clr: X, D Initiate Memory Initiate Memory 
Initiate Memory 

1.3 P~X,+l~D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder~P 

3.2 Clr: X, D, F, M Clr X 

3.3 Zo - 13 ~X , Z~X 

Z14 - 18 ~M, 
Z19 - 23 ~F, 
Clr: KO, IN IT SUD FF 

If RCO = 0: If RCO -f 0: 

4.2 Initiate Arith-
metic Timing 
Chain 

4.4 Zo - 4 ~KO, 
Clr: Type, 
Mode, CAT 
FF's 

5.1 Enable CAT x~DCD 
FF's 

5.2 Clr: X CD 
5.3 A~xCDSet: 

REL REQ FF 

CD Enabled by Arithmetic Timing Chain 
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TABLE 4-36. f = 06-6, Instruction Timing Chart (continued) 

SUD 

Time I-Sequence R-Sequence W-Sequence 

If RCO = 0: If RCO -f 0: 

5.4 Clr: I-Seq Clr: R-Seq Clr: R-Seq Clr: W-Seq 
Clr: A CD If (A23 = A24) + 

(INIT SUD FF 
Clr) · (A23 -f 
A24), Set: SHF 
CTL FFI 

6.1 Set: R-Seq Set: RCI-Seq Clr: RCI Set: NIor 
If RCO = 0, D--?AG) If A23 -f A24: I/O-Seq 
Set: INIT Set NI or 1/0-
SUD FF Seq 

6.2 If SHF CTL FFI 
Set, Set: SHF 
CTL FF2, 
Begin Shift-Seq 

CD Enabled By Arithmetic Timing Chain 

FOR OFFICIAL USE ONLY 4-199 



CP-818A/U 

TABLE 4-36. f = 06-6, Instruction Timing Chart (continued) 

SUD 

Time SUD Shifting-Sequence 

~2 Clr: X, U, A24 (RCO _ 1)~RCI (KO - 1)~Kl @ 
~3 A Ll ~U, A23 ~A24, Z ~X, +I--?D Set: SHF CYC FFI 

Clr: RCO and INIT SUD FF If A22 :J A23, Set: BITS DIFF FF 

~4 Clr: Z, A RCl~RCO Kl -7 KO @) 
~1 U ~A ® Set: SHF CYC FF2 Clr: Reload FF 

~2 

~3 Clr: SHF CYC FFI 

~4 Clr: A ® If RCI = 0, Set: RCI-Seq, Set: REL REQ FF, Clr: 
SHF CTL FFl, Initiate Arithmetic Timing Chain If BITS DIFF 
FF Set and RC 1 :J 0, Set: W-Seq 

~1 U~A, Adder~ Z Clr: RCl, SHF CYC FF2 
If BITS DIFFFF Set, Clr: SHF CTL FFI 

If neither RCI-Seq nor W-Seq was set at ~4, repeat shift-seq 
(~2) 

If W-Seq Set: If RC I-Seq Set: 

~2 Clr: SHF CTL FF2 Clr: SHF CTL FF2 
Clr: X, D CD 

~3 Clr: BITS DIFF FF Clr: BITS DIFF FF z~xCD 

~4 Go To W -Seq, Time 6.4 Clr: A CD RCI-Seq begins at Time 
(Page 4-198) 6.4 (table 4-37, page 4-201) 

~1 xGD-7ACD 

CD Enabled by Arithmetic Timing Chain 
® Mayor may not occur due to race condition. Has no effect on final 

result. 
@ Don't-Care Condition 
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TABLE 4-37. Reload Sequences, Instruction Timing Chart 

Time RC 1-Sequence RC2-Sequence WC -Sequence 

6.4 Clr: S, Z 40 ~ S Clr: Z Clr: S, Z 40----7 S 

1.1 41~S Adder ~Z 

1.2 Initiate Memory Initiate Memory Initiate Memory 

1.4 Set: Reload FF CD 
I 

2.2 Strobe Memory Strobe Memory 
Clr: REL REQ FF ® 

3.2 Clr: X, D Clr: X, D Clr: D 

3.3 Z~X Z ~X 

3.4 Inhibit Write 

4.3 If Z14 -20:f 0, Clr: Clr: RCO 
RCO Set: D14 - 23 Set D14 - 23 

4.4 If Z14 - 20 :f 0, IfZ14-20=0, 
Z21 - 23 -7 RC 02_4 Set Buffer TERM . 

FF 
Z21-23 ~RC02-4 

5.4 Clr: RC1-Seq Clr: RC2-Seq Clr: WC-Seq 

6.1 If Z14 - 20 :f 0, If Buffer Termin- Set: R/W-Seq 
Set: WC-Seq ate, Set: R/W -Seq 
If Z 14 _ 20 = 0, (table 4-38, page 
Set: RC 2 -Seq 4- 202) 

If Not Buffer Term, 
Set: WC-Seq 

G) FF may set as late as T2.2, depending on T23 waveshape. 
@ FF may set as late as T3.2, depending on Reload FF. 
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TABLE 4-38. R/W Sequence, Instruction Timing Charts 

Time SUD (SCD, SAD, SXD, SLD) SUD 

6.4 Clr: X, Z 

1.1 Adder~S 

1.2 Initiate Memory 

2.2 Strobe Memory If RCO = 0 + BT, Clr: X Strobe Memory 

2.3 If RCO = 0 + BT, KO ~ Xo - 4, Set: X5 - 23 

3.2 Initiate Arithmetic Timing Chain, Clr: D 

If RCO -f 0 . BT, Clr: X Clr: X 

3.3 If RCO -f 0 . BT, Z ~X Z~X 

4.1 If RCO" 0 · BT, X -7DI<& X~DQ) 
If RCO = 0 + BT, X ~ D 1 

4.2 Clr: xQ) 

4.3 A~XQ) 

4.4 ) 
Clr: ACD 

5.1 D~AQ) 

5.2 Clr: D 

5.4 If (KO = 0) + If (KO -f 0) ._ If (RCO -f 0) . BT · (INIT 
(RCO = 0) + (BT), (RCO I- 0) . (BT) SUD FF Set +A23=A24), 
Set: SHF CTL FF1 Set: SHF CTL Set: SHF CTL FF1 

FF1 

Clr: Z, R/W-Seq 

X~Z 

G) Enabled by Arithmetic Timing Chain 
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TABLE 4-38. R/W Sequence, Instruction Timing Chart (continued) 

'J 

Time SUD (SCD, SAD, SXD, SLD) SUD 

6.1 If Type OX, Set: Clr: K1, RC1 If SHF CTL FF1 Set, 
NI or I/O-Seq Clr: RC1 
If Type lX, Set: If (RCO = 0 + BT)" + (A23 
W-Seq I A24) · INIT SUD FF 

Clr, Set: W-Seq 

6.2 If (RCO =0) +BT, If SHF CTL FF1 Set, Set: SHF CTL FF2 
Clr: RCA FF Begin Shift-Seq Begin Shift-Seq this 

this phase (~2) phase (~2) (table 4-36, 
(table 4-30, page 4- 200) 
page 4-185, 

6.4 Begin NI or I/O-Seq If W -Seq Set: Begin W-
or W-Seq (table Seq at time 6.4 (table 
4-30, page 4-184) 4-36, page 4-198) 
at time 6.4 
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TABLE 4-39. f = 07, Instruction Timing Chart 

EXF 

Time I-Sequence R-Sequence 

6.4 Clr: S, Z Clr: Z 

1.1 P~ S 

1.2 Clr: X,D Initiate Memory Clr: Acknowledge FFts 
Initiate Memory 

1.3 P ~X, +1~ D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder ~p 

3.2 Clr: X, D, F, M Clr: X, C Clr: D @ 
3.3 Zo -13~X, Z14 -18 ~M Z~X 

Z19 - 23 ~F, Clr: KO Zo - 7~ C 

5.1 If M f. 7, Set: Appropriate I/O 
FFls If M = 7, Set/Clr: 
INTERRUPT ARM FF@ 

5.4 Clr: I-Seq Clr: R-Seq 

6.1 Set: R-Seq Set: NI or I/O-Seq 

6.3 Set: Enable ACK FF@ 

CD Cleared after 4 /lsec; acknowledge signal is sent to I/O device during 
this 4-/lsec period. 

@ If M = 1, Set: TCU.OutputAcknowledge FF 
If M = 2 and Z7 = 1,Set: External Function FF 
If M = 2 and Z8 = 1, Set: PTU Lockout FF 
If M = 2 and Z9 = 1, Set: PTU Output FF 
If M = 2 and Z10 = 1, Set PTU Input FF 
If M = 3, Set: PCU Output Acknowledge FF 
If M = 4, Set: Aux CMPTR Output Acknowledge FF 
If M = 6, Set: Aux CMPTR Input Acknowledge FF 
If M = 7, C6 = 1, and C7 = 1, Set: INT ARM FF 
If M = 7, C5 = 1, C6 = 0, and C7 = 1, Clr: INT ARM FF 

@) Don It-Care Condition 
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TABLE 4-40. f= 10, Instruction Timing Chart 

CLR 

Time I-Sequence M-Sequence W-Sequence 

6.4 Clr: S, Z Clr: S, Z Clr: X, Z 

1.1 P ----7 S (Instruction M~ S Adder~ S 
Address) Adder--? Z 

1.2 Clr: X, D Clr: X, D Initiate Memory 
Initiate Memory Initiate Memory 

1.3 p---7 X, +1 -7 D Zo - 13-7 X 

1.4 Clr: Z 

2.1 X---7D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder ~ P 

3.2 Clr: X, D, F, M Clr: X Clr: D @ 
3.3 Zo - 13 -7X, Zo - 13~X 

Z14 - 14 ~M, 
Z19 - 23 --7F, Clr: KO 

4.1 If ZM = 37, Xo - 8 ~ D 

4.2 If ZM = 37, Clr: X, M 

4.3 If ZM = 37 B ·-~X , , 
Zg _ 13---7M 

5.4 Clr: I-Seq Clr: M-Seq Clr: W-Seq 

6.1 If M = 0, Set: W -Seq Set: W-Seq Set: NI or I/O-Seq 
If M f. 0, Set: M-Seq 

@ Don't-Care Condition 
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TABLE 4-41. f = 12, Instruction Timing Chart 

STR 

Time I-Sequence M-Sequence W-Sequence 

6.4 Clr: S, Z Clr: S, Z Clr: S, Z 

1.1 P~S M-?S, Adder --7S 
Adder ---7 Z 

1.2 Clr: X, D Clr: X, D Clr: X 
Initiate Memory Initiate Memory Initiate Memory 

1.3 P ~ X, +1 ---7D Zo - 13 ~ X A ~X 

1.4 Clr: Z 

2.1 X~D X~Z 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder~P 

3.2 Clr: X, D, F, M Clr: X Clr: D@ 

3.3 Zo - 13~X, Zo - 13 ~X 
Z14 - 18 ~M, 
Z19 _ 23 --7 F, 
Clr: KO 

4.1 If ZM = 37, Xo _ 8 -7D 

4.2 If ZM = 37, Clr: X, M 

4.3 IfZM=37, B~X, 
Zg _ 13 ~M 

5.4 Clr: I-Seq Clr: M-Seq Clr: W-Seq 

6.1 If M = 0, Set: W-Seq Set: W-Seq Set: NI or I/O-Seq 
If M -f 0, Set: M-Seq 

® Don't-Care Condition 
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TABLE 4-42. f = 13, Instruction Timing Chart 

RPA 

Time I-Sequence M-Sequence W-Sequence 

6.4 Clr: S, Z Clr: S, Z Clr: S, Z 

1.1 P -7> S M --"7S Adde r -----7 S 
Adder ~Z 

1.2 Clr: X, D Clr: X, D Clr: X 
Initiate Memory Initiate Memory Initiate Memory 

1.3 P~X, +l---7D Zo _ 13 --7 X A--7X 

1.4 Clr: Z 

2.1 X--7D Xo - 13--7Z 

2.2 Strobe Memory Strobe Memory Strobe Memory 
Clr: P (Upper 10) 

2.3 Adder~P 

3.2 Clr: X, D, F, M Clr: X Clr: D@ 

3.3 Zo - 13 -7X, Zo - 13 --?-X 
Z14 - 18 --7 M, 
Z19 - 23 ---?F, 
Clr: KO 

4.1 If ZM = 37, Xo _ 8 ~D 

4.2 If ZM = 37, Clr: X, M 

4.3 If ZM = 37, B ~X, 
Zg - 13 ~M 

5.4 Clr: I-Seq Clr: M-Seq Clr: W-Seq 

6.1 If M = 0, Set: W-Seq Set: W-Seq Set: NI or I/O-Seq 
If M ~ 0, Set: M-Seq 

@ Don't-Care Condition 
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TABLE 4-43. f = 14, Instruction Timing Chart 

TRU 

Time I-Sequence M-Sequence 

6.4 Clr: S, Z Clr: S, Z 

1.1 P---7 S M--7 S, Adder--7 Z 

1.2 Clr: X, D Initiate Memory Clr: X, D Initiate Memory 

1.3 P--7X, +1 --7D Zo - 13 ~X 

1.4 Clr: Z 

2.1 X~D 

2.2 . Strobe Menlory Clr: P Strobe Memory 

2.3 Adder~P 

3.2 Clr: X, D, F, M Clr: X 

3.3 Zo - 13 ~X, Z14 - 18 ~M, Zo - 13~X 
Z19 _ 23 ~F, Clr: KO 

4.1 IT ZM = 37, Xo _ 8 ~ D 

4.2 IT ZM = 37, Clr: X, M 

4.3 ITZM=37,B~X, 
Zg _ 13 ~M 

5.4 Clr: I-Seq Clr: M-Seq 

6.1 IT M = 0, Set: NIor I/O-Seq Set: NI or I/O-Seq 
IT M :I 0, Set: M-Seq 

6.2 IT M = 0, Clr: P Clr: P 

6.3 IT M = 0, Adder --;.. P Adder~P 
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TABLE 4 -44. f = 15, Instruction Timing Chart 

TRA 

Time I-Sequence M-Sequence 

6.4 Clr: S, Z, Skip FF CD Clr: S, Z 

1.1 P ---7 S M~S, Adder ~Z 

1.2. Clr: X, D Initiate Memory Clr: X, D Initiate Memory 

1.3 P~ X, +1 ~D Zo - 13 ---7X 

1.4 Clr: Z 

2.1 X---7D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder ~ P 

3.2 Clr: X, D, F, M Clr: X 

3.3 Zo - 13 ~X, Z14 - 18 ~M Zo - 13 ~X 
ZIg _ 23 ~ F, Clr: KO 

4.1 If ZM = 37, Xo _ 8 ~D 

4.2 If ZM = 37, Clr: X, M 

4.3 If ZM = 37, B ~ X, Z9 _ 13---> M 

4.4 If A23 = 1, Set: Skip FF 

If (A) = 0: If (A) < 0 If (A) > 0 
(A23 = 1): (A23 = 0): 

5.2 Clr: X, D 

5.3 P ----> X, +1 ---7 D 

5.4 Clr: I-Seq Clr: I-Seq Clr: I-Seq Clr: M-Seq 

6.1 Set: Nlor Set: NI or I/O-Seq If M = 0, Set: Nlor Set: Nlor 
I/O-Seq I/O-Seq, If M f. 0, I/O-Seq 

Set: M-Seq 

6.2 Clr: P If M = 0, Clr: P Clr: P 

6 3 Adder ---7p If M - O. Adder---?>P Adder~P 

CD Skip FF cleared every T6.4 regardless of sequence type. 
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TABLE 4-45. f = 16, Instruction Timing Chart 

TRD 

Time I-Sequence M-Sequence 

6.4 Clr: S, Z Clr: S, Z 

1.1 P~S M ~ S, Adder --:> Z 

1.2 Clr: X, D Initiate Memory Clr: X, D Initiate Memory 

1.3 P~X,+I~D Zo _ 13 ~X 

1.4 Clr: Z 

2.1 X~D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder--7P 

3.2 Clr: X, D, F, M Clr: X 

3.3 Zo - 13 ~X, Z14 - 18 --:>M, Zo - 13 ---7 X 
ZIg - 23 ~ F, Clr: KO " 

4.1 If ZM = 37, Xo _ 8 ---7 D 

4.2 If ZM = 37, Clr: X, M 

4.3 If ZM = 37, B ~X, Zg _ 13 ~M 

If A23 = A24: If A23 ;) A24: 

5.4 Clr: I-Seq Clr: I-Seq Clr: M-Seq 

6.1 Set: NIor I/O-Seq If M = 0, Set: NIor Set: NIor I/O-Seq 
I/O-Seq If M ;) 0, 
Set: M-Seq 

6.2 If M = 0, Clr: P Clr: P 

6.3 If M = 0, Adder~P 

Adder~P 
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TABLE 4-46. f = 17, Instruction Timing Chart 

SWC 

Time I-Sequence M-Sequence 

6.4 Clr: S, Z Clr: S, Z 

1.1 P ----7 S M ~S, Adder ---7 Z 

1.2 Clr: X, D Initiate Memory Clr: X, D, M Initiate Memory 

1.3 P---7X, +l-7D Zo - 13 ~ X, Zg - 13 ~ M CD 
1.4 Clr: Z 

2.1 Xo _ 8 ----7 D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder~ P 

3.2 Clr: X, D, F, M Clr: X 

3.3 Zo - 13 ~X, Z14 - 18 --7M, Zo - 13 ~X 
Z19 - 23-7F, Clr: KO 

4.1 If ZM = 0 + 37, Xo - 8 ---?- D 

4.2 If ZM ~ 0 + 37, Clr: X, M 

4.3 If ZM'= 0 + 37, Zg _ 13 --7M 
If ZM' = 37, B ~ X 

5.4 Clr: I-Seq Clr: M-Seq 

6.1 If ZM = 0 + 37, Set: R-Seq Set: R-Seq 
If ZM f. 0 + 37, Set: M-Seq 

CD If M = 0, check bit 14 - 20 which is a word count of 1778 
If M f. 0, check bit 14 - 21 which is a word count of 3778 
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TABLE 4-46. f = 17, Instruction Timing Chart (continued) 

SWC 

Time R-Sequence 

6.4 Clr: S, Z, Skip FF 

1.1 Adder ~S 

1.2 Initiate Memory 

2.2 Strobe Memory 

3.2 Clr: X Clr: D @ 

3.3 Z~X 

If ZWC CD :f 0: If ZWC CD = 
4.4 Set: Skip FF 

5.2 Clr: X, D 

5.3 P~X, +1 ~D 

5.4 Clr: R-Seq Clr: R-Seq 

6.1 Set: NI or I/O-Seq Set: Nlor I/O-Seq 

6.2 Clr: P 

6.3 Adder~ P 

CD If M = 0, check bit 14 - 20 which is a word count of 1778 
If M :f 0, check bit 14 - 20 which is a word count of 3778 

@ Don't-Care Condition 

0: 
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TABLE 4-47. f = 20, Instruction Timing Chart 

EXC 

Time I-Sequence M-Sequence 

6.4 CIr: S, Z CIr: S, Z 

1.1 p~s M --> S, Adder ~ Z 

1.2 CIr: X, D Initiate Memory CIr: X, D Initiate Memory 

1.3 p -7 X, +1 ~ D Zo - 13 ----7 X 

1.4 CIr: Z 

2.1 X~D 

2.2 Strobe Memory CIr: P Strobe Memory 

2.3 Adder ~P 

3.2 CIr: X, D, F, M CIr: X 

3.3 Zo _ 13 ---7 X, Z14 _ 18 --7 M, Zo - 13 ~X 
Z19 - 23 ---7 F, CIr: KO 

4.1 IfZM=37,XO_8 ~D 

4.2 If ZM = 37, CIr: X, M 

4.3 If ZM = 37, B ~X, 
Zg _ 13 --7M 

5.4 CIr: I-Seq CIr: M-Seq 

6.1 If M = 0, Set: R-Seq Set: R-Seq 
If M :f 0, Set: M-Seq 
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TABLE 4-47. f = 20, Instruction Timing Chart (continued) 

EXC 

Time R-Sequence 

6.4 Clr: S, Z 

1.1 Adder~S 

1.2 Initiate Memory 

2.1 

2.2 Strobe Memory 

3.2 Clr: X, D Initiate 
Arithmetic Timing Chain 

3.3 Z~X 

4.1 x~DCD 

4.2 Clr: X CD 
4.3 A~X CD 
4.4 Clr: ACD 

5.1 D~A CD 
5.4 Clr: R-Seq 

6.1 Set: W-Seq 

CD Enabled By Arithmetic Timing Chain 
@ Donlt-Care Condition 

4-214 

W-Sequence 

Clr: Z 

Initiate Memory 

X ---7Z 

Clr: D @ 

Clr: W-Seq 

Set: NI or I/O-Seq 
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TABLE 4-48. f = 21, Instruction Timing Chart 

ADC 

Time I-Sequence R-Sequence 

6.4 Clr: S, Z Clr: S, Z 

1.1 P ---7 S Adder ~S 

1.2 Clr: X, D Initiate Memory 
Initiate Memory 

1.3 P---7 X, +1 ~ D 

2.2 Strobe Memory Clr:P Strobe Memory 

2.3 Adder ~P 

3.2 Clr: X, D, F, M Clr: X, D 

3.3 Zo - 13 ~X, Z ~X 
Z14 - 18 ---7M, M ---7 DO - 4 CD 
Z19 - 23 ~F, 
Clr: KO 

5.4 Clr: I-Seq Clr: R-Seq 

6.1 Set: R-Seq Set: W-Seq 

CD The Constant C: O.s C ~ 378 
@ Donlt-Care Condition 
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W-Sequence 

Clr: Z 

Adder --7Z 

Initiate Memory 

Clr: D @ 

Clr: W-Seq 

Set: NI or I/O-Seq 
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TABLE 4-49. f = 22, Instruction Timing Chart 

ADO 

Time I-Sequence M-Sequence 

6.4 Clr: S, Z Clr: X, Z 

1.1 P~S M--7S, Adder---7 Z 

1.2 Clr: X, D Initiate Memory Clr: X, D Initiate Memory 

1.3 P ---7 X, +1 ~ D Zo _ 13 ---7 X 

1.4 Clr: Z 

2.1 X~D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder~ P 

3.2 Clr: X, D, F, M Clr: X 

3.3 Zo - 13 ~X, Z14 - 18 ~M, Zo - 13~X 
Z19 - 23 ~ F, Clr: KO 

4.1 If ZM = 37, Xo _ 8 ---7 D 

4.2 .If ZM = 37, Clr: X, M 

4.3 IfZM=37,B~X, 
Z9 - 13 ---7 M 

5.4 Clr: I-Seq Clr: M-Seq 

6.1 If M = 0, Set: R-Seq Set: R-Seq 
If M -f 0, Set: R-Seq 
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TA.BLE 4-49. f = 22, Instruction Timing Chart (continued) 

ADO 

Time R-Sequence W-Sequence 

6.4 Clr: S, Z Clr: Z 

1.1 Adde r -----? S Adder ----7 Z 

1.2 Initiate Memory Initiate Memory 

2.2 Strobe Memory 

3.2 Clr: X, D Clr: D @ 
3.3 Z --7X, +l---7D 

5.4 Clr: R-Seq Clr: W-Seq 

6.1 Set: W-Seq Set: Nlor I/O-Seq 

@ Don't-Care Condition 
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TABLE 4-50. f = 23, Instruction Timing Chart 

AID 

Time I-Sequence M-Sequence 

6.4 Clr: S, Z Clr: S, Z 

1.1 P~S 
~ 

M~S, Adder~Z 

1.2 Clr: X, D Initiate Memory Clr: X, D Initiate Memory 

1.3 P~X, +l-7D Zo - 13~X 

1.4 Clr: Z 

2.1 X~D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder ~P 

3.2 Clr: X, D, F, M Clr: X 

3.3 Zo - 13 ~X, Z14 - 18 ~M, Zo - 13 ~X 
Z19 _ 23 ~ F, Clr: KO 

4.1 If ZM = 37, Xo - 8 ~D 

4.2 If ZM = 37, Clr: X, M 

4.3 If ZM = 37, B ~X, 
Zg _ 13 ---7M Ito?- ,.:~ 

5.4 Clr: I-Seq Clr: M-Seq 

6.1 If A23 :f A24 If A23 = A24 Set: R-Seq 

M = 0, Set: Set: NIor 
R-Seq I/O-Seq 
M -I 0, Set: 
M-Seq 
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TABLE 4-50. f = 23, Instruction Timing Chart (continued) 

AID 

Time R-Sequence W-Sequence 

6.4 Clr: S, Z Clr: Z 

1.1 Adder -7 S Adder --7 Z 

1.2 Initiate Memory Initiate Memory 

2.2 Strobe Memory 

3.2 Clr: X, D Clr: D @ 

3.3 Z ~ X, +1 ---7 D 

5.4 Clr: R-Seq Clr: W-Seq 

6.1 Set: W-Seq Set: NI or I/O-Seq 

@ Don't-Care Condition 
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TABLE 4 - 51. f =24, Instruction Timing Chart 

RCA 

Time I-Sequence M-Sequence 

6.4 Clr: S, Z Clr: S, Z 

1.1 P~S M~S, Adder~Z 

1.2 Clr: X, D Initiate Memory Clr: X, D Initiate Memory 

1.3 P~X,+l~D Zo - 13~X 

1.4 Clr: Z 

2.1 X~D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder ~P 

3.2 Clr: X, D, F, M Clr: X 

3.3 Zo - 13 ~X, Z14 - 18 ~M, ZO - 13 ~X 
ZIg - 23 ~F, Clr: KO 

4.1 If ZM = 37, Xo - 8 ~ D 

4.2 If ZM = 37, Clr: X, M 

4.3 If ZM = 37, B -7 X, 
Zg - 13 -7M 

5.3 Set: RCA FF Set: RCA FF 

5.4 Clr: I-Seq Clr:M-Seq 

6.1 If M = 0, Set: R-Seq Set: R-Seq 
If M :f 0, Set: M-Seq 

-
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TABLE 4-51. f = 24, Instruction Timing Chart (continued) 

RCA 

Time R-Sequence W-Sequence 

6.4 Clr: S, Z Clr: S 40~S 

1.1 Adder ~S 

1.2 Initiate Memory Initiate Memory 

2.2 Strobe Memory 

3.2 Clr: X, D @ 

3.3 Z-7X @ 

5.3 Set: RCA FF Set: RCA FF 

5.4 Clr: R-Seq Clr: W-Seq 

6.1 Set: W-Seq Set: NI or I/O-Seq 

@ Donlt-Care Condition 
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TABLE 4-52. f = 25, Instruction Timing Chart 

ERC 

Time I-Sequence M-Sequence 

6.4 Clr: S, Z Clr: S, Z 

1.1 P-7S M ~S, Adder~ Z. 

1.2 Clr: X, D Initiate Memory Clr: X, D Initiate Memory 

1.3 P ---7 X, +1 ~D Zo _ 13 ~X 

1.4 Clr: Z 

2.1 X~D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder--7P 

3.2 Clr: X, D, F, M Clr: X 

3.3 Zo - 13 ~X, Z14 - 18 ~M, Zo - 13--7-X 
Z19 - 23~ F, Clr: KO 

4.1 If ZM = 37, Xo _ 8 ---7D 

4.2 If ZM = 37, Clr: X, M 

4.3 If ZM = 37, B ---7X, 
Zg _ 13---7 M 

5.3 Clr: RCA FF Clr: RCA FF 

5.4 Clr: I-Seq Clr: M-Seq 

6.1 If M = 0, Set: R-Seq Set: R-Seq 
If M :f 0, Set: M-Seq 
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TABLE 4-52. f = 25, Instruction Timing Chart (continued) 

ERC 

Time R-Sequence W-Sequence 

6.4 Clr; S, Z, 40~S Clr; S 

1.1 Adder ~S 

1.2 Initiate Memory Initiate Memory 

2.2 Strobe Memory 

3.2 Clr: D @ 

5.3 Clr: RCA FF Clr: RCA FF 

5.4 Clr: R-Seq Clr: W-Seq 

6.1 Set: W-Seq Set: NIor I/O-Seq 

@ Donlt-Care Condition 
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TABLE 4-53. f = 26, Instruction Timing Chart 

STX, SRC 

Time I-Sequence M-Sequence 

6.4 Clr: S, Z Clr: S, Z 

1.1 P~S M-7 S, Adder ~ Z 

1.2 Clr: X, D Initiate Memory Clr: X, D, M 
Initiate Memory 

1.3 P~X, +l-7D Zo - 13 -7X, Zg _ 13 ~M 

1.4 Clr: Z 

2.1 Xo - 8 ~D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder -7P 

3.2 Clr: X, D, F, M Clr: X 

3.3 Zo - 13 ~X, Z14 - 18 -;>oM, Zo - 13 ~X 
Z19 - 23 ~F, Clr: KO 

4.1 If ZM = 0 + 37, Xo _ 8 --?D 

4.2 If ZM = 0 + 37, Clr: X, M 

4.3 If ZM = 0 + 37, Zg _ 13 --7 M 
If ZM = 37, B--7X 

5.4 Clr: I-Seq Clr: M-Seq 

6.1 If ZM = 0 + 37, Set: R-Seq Set: R-Seq 
If ZM = 0 + 37, Set: M-Seq 
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TABLE 4-53. f = 26, Instruction Timing Chart (continued) 

STX,SRC 

Time R-Sequence W-Sequence 

6.4 Clr: S, Z Clr: S 
If M = 0, Clr: Z 

1.1 M~S Adder~S 

If M = 0, RCO ~ Zo - 4 

1.2 Initiate Memory Initiate Memory 

2.2 Strobe Memory 
--.. 

3.2 Clr: D @ 

5.4 Clr: R-Seq Clr: W-Seq 

6.1 Set: W-Seq Set: NI or I/O-Seq 

@ Dontt-Care Condition 
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TABLE 4-54. f = 27, Instruction Timing Chart 

LDX~ LRC 

Time I-Sequence M-Sequence 

6.4 Clr: S, Z Clr: S, Z 

1.1 P--7 S M ~ S, Adder --7 Z 

1.2 Clr: X, D Initiate Memory Clr: X, D, M 
Initiate Memory 

1.3 P~X, +1 ~D Zo - 13 ~X, 
Zg - 13 ~M 

1.4 Clr: Z 

2.1 Xo - 8 ~D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder~P 

3.2 Clr: X, D, F, M Clr: X 

3.3 Zo - 13 ~X, Z14 - 18-.?M, Zo - 13 --7X 
Z19 - 23 ~F, Clr: KO 

4.1 If ZM = 0 + 37, Xo - 8 ~D 

4.2 If ZM = 0 + 37, Clr: X, M 

4.3 If ZM = 0 + 37, Zg _ 13 ~M 
If ZM = 37, B ~X 

5.4 Clr: I-Seq Clr: M-Seq 

6.1 If ZM = 0 + 37, Set: R-Seq Set: R-Seq 
If ZM = 0 + 37, Set: M-Seq 
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TABLE 4-54. f = 27, Instruction Timing Chart (continued) 

LDX,LRC 

Time R-Sequence W-Sequence 

6.4 Clr: S, Z Clr: S 

1.1 Adder -7S M --? S CD 
1.2 Initiate Memory Initiate Memory 

2.2 Strobe Memory 

3.2 Clr: X, D 

3.3 Zo - 13 ~X 

4.3 If M = 0, Clr: RCO 

4.4 If M = 0, Zo - 4 ~ RCO 

5.4 Clr: R-Seq Clr: W-Seq 

6.1 If M = 0, Set: NIor I/O-Seq Set: NIor I/O-Seq 
If M -f 0, Set: W -Seq 

6.2 If M = 37, Clr: B 

6.3 If M = 37, Adder --7 B 

CD If M = 37, IDX 37 and B-register will be loaded 
If M = 0, RCO will be loaded 
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TABLE 4-55. f = 30, Instruction Timing Chart 

CLA 

Time I-Sequence M-Sequence R-Sequence 

6.4 Clr: S, Z Clr: S, Z Clr: S, Z 

1.1 P~S M~S Adder~ S 
Adder ~S 

1.2 Clr: X, D Clr: X, D Initiate Memory 
Initiate Memory 

1.3 P ~X, +1 ~D Zo - 13~X 

1.4 Clr: Z 

2.1 X~D 

2.2 Strobe Memory Clr: P Strobe Memory Strobe Memory 

2.3 Adder~P 

3.2 Clr: X, D, F, M Clr: X Clr: X, D Initiate Arith-
metic Timing Chain 

3.3 Zo - 13~X, Zo - 13 ~X Z---7X 
Z14 - 18 ~M, 
ZIg - 23~F, 
Clr: KO 

4.1 IfZM=37, X~DCD 
Xo - 8~D 

4.2 If ZM = 37, Clr: X CD 
Clr: X, M 

4.3 If ZM = 37, B ~ X, A~XCD 
Zg _ 13 ~M 

4.4 Clr: A (0 
5.1 D~ACD 

5.4 Clr: I-Seq Clr: M-Seq Clr: R-Seq 

6.1 If M = 0, Set: R-Seq Set: R-Seq Set: NI or I/O-Seq 
If M -I 0, Set: M-Seq 

CD Enabled By Arithmetic Timing Chain 
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TABLE 4-56. f = 31, Instruction'Timing Chart 

ADD 

Time I-Sequence M-Sequence R-Sequence 

6.4 Clr: S, Z Clr: S, Z Clr: S, Z 

1.1 P -7S M~S~ Adder-7Z Adder~S 

1.2 Clr: X, D Clr: X, D Initiate Memory 
Initiate Memory Initiate Memory 

1.3 P -7X, +1 ~ D Zo - 13 ~X 

1.4 Clr: Z 

2.1 X~D 
I 

2.2 Strobe Memory Strobe Memory Strobe Memory 
Clr: P 

2.3 Adder---7P 

3.2 Clr: X, D, M, M Clr: X Clr: X, D Initiate 
Arithmetic Timing 
Chain 

3.3 Zo _ 13 -7X, Zo - 13~X Z~X 

Z14 _ 18 ~M, 
Z19 - 23 ~F, 
Clr: KO 

4.1 If ZM = 37, X~D CD 
Xo - 8 -?D 

4.2 If ZM = 37, CLR: X, M Clr: X CD 
4.3 If ZM = 37, B ~X, A~X CD 

Z9 - 13 --?M 

4.4 Clr: A CD 
5.4 Clr: I-Seq Clr: M-Seq Clr: R-Seq 

6.1 If M = 0, Set: R-Seq Set: R-Seq Set: NI or I/O-Seq 
If M f. 0, Set: M-Seq Adder~A 

CD Enabled By Arithmetic Timing Chain 
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TABLE 4 - 57 . f = 32, Instruction Timing Chart 

SUB 

Time I-Sequence M-Sequence R-Sequence 

6.4 Clr: S, Z Clr: S, Z Clr: S, Z 

1.1 P~S M~ S Adder ~Z Adder "-7 S 

1.2 Clr: X, D Clr: X, D InitiateMemory 
Initiate Memory Initiate Memory 

1.3 P~X +l--7D , Zo - 13 ---7 X 

1.4 Clr: Z 

2.1 X --7D 

2.2 Strobe Memory Clr: P Strobe Memory Strobe Memory 

2.3 Adder ~P 

3.2 Clr: X, D, F, M Clr: X Clr: X, D Initiate 
Arithmetic Timing 
Chain 

3.3 Zo - 13 ~X, Zo _ 13 ~X Z~X 

Z14 - 18 ~ M, 
Z19 - 23 ---7F, 
Clr: KO 

- CD 4.1 If ZM = 37, X"-7D 

Xo - 8 ~D 

4.2 If ZM = 37, Clr: X, M Clr: X CD 
4.3 IfZM=37,B-7X A~X CD 

Z9 - 13 ~M 

4.4 Clr: A 1 

5.4 Clr: I-Seq Clr: M-Seq Clr: R-Seq 

6.1 If M = 0, Set: R-Seq Set: R-Seq Set: NI or I/O-Seq 
If M -I 0, Set: M-Seq Adder~A 

CD Enabled By Arithmetic Timing Chain 
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TABLE 4-58. f = 33, Instruction Timing Chart 

COM 

Time I-Sequence M-Sequence 

6.4 Clr: S, Z Clr: S, Z 

1.1 P ---7S M ~S, Adder ~Z 

1.2 Clr: X, D Initiate Memory Clr: X, D Initiate Memory 

1.3 p ~X, +l-7D Zo - 13 ~X 

1.4 Clr: Z 

2.1 X~D 

2.2 Strobe Memory Clr: P Strobe Memory 

2.3 Adder~P 

3.2 Clr: X, D, F, M Clr: X 

3.3 Zo - 13 ~X, Z14 - 18 --7M, Zo - 13~X 
ZIg - 23 ~F, Clr: KO 

4.1 If ZM = 37, Xo - 8 ~D 

4.2 If ZM = 37, C lr: X, M 

4.3 If ZM = 37, B ~x 
Zg _ 13 ~M 

5.4 Clr: I-Seq Clr: M-Seq 

6.1 If M = 0, Set: R-Seq Set: R-Seq 
If M f 0, Set: M-Seq 
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TABLE 4-58. f = 33, Instruction Timing Chart (continued) 

COM 

Time R-Sequence 

6.4 Clr: S, Z, Skip FF, Adder Equal FF CD 
1.1 Adder --7 S 

1.2 Initiate Memory 

2.2 Strobe Memory 

3.2 Clr: X, D 

3.3 Z~X 

4.1 A~D 

If: (A) > (Y) If: (A) < (Y) If: (A) = (Y) 
ie, (fi) > (X) ie, (5) < (X) ie, (D) = (X) 
(Signs = and EAB) (Signs = and EAB) (Signs = and EAB) 
(Signs :f and EAB) (Signs :f and EAB) 

4.4 Set: Skip FF Set: Skip FF, 
Adder Equal FF 

5.2 Clr:X, D Clr: X, D 

5.3 P --? X, +1 -7D P ~X, +2 ~D 

5.4 Clr: R-Seq Clr: R-Seq Clr: R-Seq 

6.1 Set: NI or I/O-Seq Set: NI or I/O-Seq Set: NI or I/O-Seq 

6.2 Clr: P Clr: P 

6.3 Adder ~ P Adder~P 

CD Skip and Adder Equal FF's cleared every T6.4 regardless of sequence 
type 
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TABLE 4-59. f = 34, Instruction Timing Chart 

LGA 

Time I-Sequence M-Sequence R-Sequence 

6.4 Clr: S, Z Clr: S, Z Clr: S, Z 

1.1 P -->S M~S Adder ~S 
Adder ~Z 

1.2 Clr: X, D Clr: X, D Initiate Memory 
Initiate Memory Initiate Memory 

1.3 P ~X, +1 ~D Zo - 13 ~X 

1.4 Clr: Z 

2.1 X~D 

2.2 Strobe Memory Strobe Memory Strobe Memory 
Clr: P 

2.3 Adder~P 

3.2 Clr: X, D, F, M Clr: X Clr: X, D, Initiate 
Arithmetic Timing 
Chain 

3.3 Zo - 13 ~X, Zo - 13 ~X Z ~X 
Z14 - 18 ~M, 
Z19 _ 23 ~F, 
Clr: KO 

4.1 If ZM = 37, X~D CD 
Xo - 8~D 

4.2 If ZM = 37, Clr: X, M Clr: X CD 
4.3 If ZM = 37, B ~ X, A~xCD 

Z9 - 13~M 

4.4 Clr: A CD 
5.1 X(t)D~A CD 
5.4 Clr: I-Seq Clr: M-Seq Clr: R-Seq 

CD Enabled By Arithmetic Timing Chain 
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TABLE 4-59. f = 34, Instruction Timing Chart (continued) 

LGA 

Time I-Sequence M-Sequence R-Sequence 

6.1 If M = 0, Set: R-Seq Set: R-Seq Set: NI or I/O-Seq 
If M 'f 0, Set: M-Seq 
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TABLE 4-60. f = 35, Instruction Timing Chart 

LGM 

Time I-Sequence M-Sequence R-Sequence 

6.4 Clr: S, Z Clr: S, Z Clr: S,Z 

1.1 P~S M~S Adder ~S 
Adder~Z 

1.2 Clr: X, D Clr: X, D Initiate Memory 
Initiate Memory Initiate Memory 

1.3 P~X,+l ~D Zo _ 13---7X 

1.4 Clr: Z 

2.1 X~D 

2.2 Strobe Memory Clr: P Strobe Memory Strobe Memory 

2.3 Adder ~P 

3.2 Clr: X, D, F, M Clr: X Clr: X, D Initiate 
Arithmetic Timing 
Chain 

3.3 Zo - 13 ~X, ZO - 13 ~X Z-7X 
Z14 - 18 ~M, 
Z19 - 23 --?F, 
Clr: KO 

4.1 IfZM=37, X -----?oD CD 
Xo - 8~D A~D 

4.2 If ZM = 37, Clr: X, M Clr: X CD 
4,3 If ZM = 37, B ~X, A~X CD 

Zg _ 13 ~M 

4.4 Clr: A CD 
- CD 5.1 D~A 

5.4 Clr: I-Seq Clr: M-Seq Clr: R-Seq 

6.1 If M = 0, Set: R-Seq Set: R-Seq Set: Nlor I/O-Seq 
If M :f 0, Set: M-Seq 

CD Enabled By Arithmetic Timing Chain 
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TABLE 4 -61. f = 36, Instruction Timing Chart 

ADB 
Time I-Sequence 

6.4 Clr: S, Z 

1.1 P~S 

1.2 Clr: X, D Initiate Memory 

1.3 P~X,+l ~D 

2.2 Strobe Memory Clr: P 

2.3 Adder ~P 

3.2 Clr: X, D, F, M Initiate Arithmetic Timing Chain 

3.3 Zo -13 ~X, Z14 -18 ~M, Z19 - 23 ~F Clr: Ko 

4.2 Clr: X G) 
4.3 A~xCD,B~D CD 
4.4 Clr: A CD 
5.4 Clr: I-Seq 

6.1 Set: NI or I/O-Seq Adder ~A. 

6.2 Clr: B 

6.3 Adder~B 

CD Enabled By Arithmetic Timing Chain 
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TABLE 4-62. Interrupt Sequences, Instruction Timing Chart 

Time RC I-Sequence WC -Sequence RCIN-Sequence 

6.4 Clr: S, Z Clr: S, Z Clr: S, Z 

1.1 42~ S 42~ S 43~ S 
Adder ~Z 

1.2 Initiate Memory Initiate Memory Initiate Memory 
Clr: X, INT ARM FF 

1.3 Clr: Appropriate P~X Clr: 
Request-One- Appropriate Request-
Shot FF's One-Shot FF's 

2.1 Xo - 13 ~ Z 

2.2 Strobe Memory Clr: P Strobe 
Memory (Upper 10) 

2.3 D ~P 

3.2 Clr: X, D Clr: n@ 
3.3 Z ~X 

4.3 If Z14 _ 23 I: 0, Set: 
D14 - 23, Force 
Borrow Enable FF CD 

5.1 If Z 14 _ 23 = 0, 
X~D 

5.4 Clr: Re1-Seq Clr: WC-Seq Clr: RC IN-Seq 

6.1 If Z14 _ 23, I: 0, Set: Set: NI or 1/0- Set: NI or I/O-Seq 
WC-Seq, If Z14 - 23 = Seq 
0, Set RCIN-Seq 

@ Don't-Care Condition 
CD Forced End-Around Borrow (WC-1, Y not changed) 
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v - ,FUNCTIONAL SYMBOLS AND TERMS 

4-22. LOGIC SYMBOLOGY. - The CP-818A/U Digital Data Computer con­
tains many similar types of transistor circuits. These circuits ar e mounted 
on printed circuit cards that are identified by an ON number. The cards 
plug into chassis jacks that are arranged in a grid coordinate system on 
each chassis. The chassis map shows the correct card type for each jack. 

The logic diagrams in Volume II contain symbols representing the various 
logic functions performed by the circuits. The shape of the symbol iden­
tifies the logic function. Information inside the symbol identifies the cir­
cuit type and location. Information outside the symbol gives wiring in­
formation and operating characteristics. The wiring information corre­
sponds to that in the wire tabulations in Chapter 9, Volume III. Page xvii 
of Volume II also contains logic symbology diagrams. 

a. Tagging Lines. - The three tagging lines inside the logic symbol 
serve the following purposes (see figure 4-81). 

The top tagging line is a unique circuit identifier term. In all symbols 
except flip-flops, it consists of two digits, a letter, and two more digits. 
In flip-flop terms, the second digit is an X. The first two digits generally 
identify similar circuits. The letter identifies a functional group of cir­
cuits (see table 4-63, page 4-239). The last two digits generally indicate 
the circuit level. For example, the 93V02 term drives the 93V03 term. 

The second tagging line is the ON card type number. 

The third tagging line is the chassis location of the card. The first digit 
is the logic chassis number. J designates a jack, and the following digits 
and letter designate the horizontal and vertical coordinates of the jack. 

Figure 4-81. Tagging Lines 

\---CIRCUIT TERM 
\---CARD TYPE 
I---CARD LOCATION 
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TABLE 4-63. Circuit Identifier Cross Reference 

Letterl Circuit 

A A- Register, Adder, A24 

B B-Register, and Bootstrap Memory 

C C-Register, Master Clock and Distribution 

D D-Register 

E Unassigned 

F F-Register, Function Coding, Halt Circuits 

G Unassigned 

H Unassigned 

I Data Input, Address Input 

J Console Control, Phase Step 

K Shift (K) Register, Repeat Count Register 

L Memory Control, Advance P, Timing Chain, Low Speed Osc 

M M- Register, Status Circuits 

N Command Enables 

o Acknowledge Circuits 

P P-Register 

Q Unassigned 

R Shift Control 

'S S-Register 

T Main and Arithmetic Timing Chain, Sequence Circuits 

U Memory Voltage Regulator and Sensors 

V Command Enables (I/O), Fault Indicator Control Circuits 

W Intercomputer Circuits 

X X-Register 

Y Input Amplifier s, Output Amplifier s 

Z Z-Register, Selector, Parity 
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b. Signal Line Information. - The information on the input and output 
signal lines cross references the logic diagrams (see figure 4-82). When 
the source of destination term is a flip-flop, a -lor -0 added to the circuit 
term designates the set or clear side. The signal name below the line 
(input or output) describes the active state of the signal. The H (high, Ov) 
or L (low, -4.5v) in the signal name denotes the logic level of the active 
state. A small circle on a symbol input indicates the line must be a logic 
low (-4.5v) to activate the circuit. No circle indicates the line must be a 
logic high. A circle on the symbol output indicates the line is a logic low 
(-4.5v) when the circuit activated; no circle indicates a logic high (Ov) 
when activated (see figure 4-83). 

DRAWING TITLE FIGURE NO. ZONE DESTINATION TERM 

~ \ I / 
CMPTR CTL (8-1 , A3) OOJOI 

L=9VOLTAGE FAILURE + MASTER CLEAR 

/ \ " LOW IMPLIES SIGNAL NAME 

OUTPUT LINE 

SOURCE TERM FIGURE NO. ZONE 

~ ,/ 
OXS06-0 (8-30 , 04) 

H ~ 56= I 

" SIGNAL NAME 

INPUT LINE 

FIgure 4-82. Signal Lines 

AND 

Figure 4-83. Logic States 
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c. Connector And Test Point Information. - A connector shown on 
the logic diagrams is accompanied by all its location information (see 
figure 4-84). The number in front of the P is the chassis number. The 
J and following number represent the matching jack of the given plug 
number. The movable portion of a connector is defined as the plug; the 
stationary part as the jack. The number in the connector symbol is the 
pin number within the connector. The dashed line between signal lines 
indicates the lines are in the same connector. The test point shown in 
figure 4-84 is on a logic chassis. The memory chassis differ only in that 
there is no test block number. 

PLUG NUMBERj 

CHASSIS NUMBER~2PI 

,TEST BLOCK NUMBER 

2B 11 
\ 'L VERTICAL COORDINATE 

~HORIZONTAL COORDINATE 

AI A2 • PIN NUMBER 

JACK NUMBER 
______ t P INDICATES TWISTED PAIR J3 H-

Figure 4-84. Connector and Test Point Locations 

d. Indicator Switch. - The panel indicator switches are shown as a 
rectangle on the logic diagrams. The indicator displays the state of the 
driving circuit, in most cases a flip-flop, and the switch provides a means 
of setting the flip-flop or activating the driving circuit. Figure 4-35 shows 
a schematic of the indicator switch module. The logic signal connects to 
pin 5, pin 3 or 4 connects to ground, and pin 1 or 6 to the +15v indicator 
supply. The incandescent bulb can be replaced by removing the lens from the 
front. Connections to module are via wire wrap to pins on the back of the 
module. 

2 5 4 3 
SIGNAL GROUND 

3.3K MIN 

22.8K 
MIN 

I 6 
+15 V IND 

GE T3
V
:4E ORfjKEV 

EQUIVALENT 
6 I 

300Jl. 0 0 
MIN 5 0 0 2 

o 0 

4 3 

NOTE: PINS 3 AND 4 
MAY NOT BE 
CONNECTED 
INTERNALLY 

Figure 4-85. Indicator-Switch Module 
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G 

4-23. CHASSIS MAPS (figures 8-104 through 8-108, pages 8-223 through 
8-231). - A chassis map shows card side view of the location of each card 
on the chassis and the circuit terms of each card (see figure 4-86). The 
card can contain from one to five circuit terms depending on the card type. 
An unused circuit on a card is shown by five dashes. 

CARD TYPE 
DESCRIPTOR 

2 3 34 

2XJOI 90V03 
3 101 

2XJ02 91V04 
3 101 

94V03 
_.JO..! __ 

FF IND DR 
71774 71779 

CHAPTER 8 
FIGURE NUMBER OF 
DRAWING THAT 
CONTAINS TERM 90V03 

35 

CAP 
71777 

G 

CAPACITOR' 
ASSEMBLY 

A 

91V02 
101 

02Z21 
58 

32MOI A 

EMPTY JACK 
1ST CKT 
2ND CKT 
3RD CKT 
4TH CKT 
5TH CKT (UNUSED) 

Figure 4-86. Chassis Map Card Location 

81 
32MII 

81 
I:-I:-I:j:j - CAP 
64012 71777 

34 35 

CARD TYPE NUMBER 
NUMBER OF INPUTS TO 
EACH CIRCUIT 

4-24. ABBREVIATIONS. - Table 4-64 lists the abbreviations used on the 
logic schematics in addition to the abbreviations used in the instructions 
repertoire. 

TABLE 4-64. Abbreviations 

ACK Acknowledge FNCTN Function 

ADD Adder GRP Group 

ADR Address INHIB Inhibit 
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ADV Advance 

AMPL Amplifier 

ARITH Arithmetic 

ASSY Assembly 

BTSTRP Bootstrap 

BRW Borrow 

BFFR Buffer 

CKT Circuit 

CLR Clear 

CMPTR Computer 

CSL Console 

CTL Control 

CTR Counter 

CW Control Word 

DISTR Distribution 

ENBL Enable 
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Abbreviations (continued) 

LWR Lower 

MN Main 

MA Master 

MEM Memory 

PRIOR Priority 

PWR Power 

REG Register 

REP Repeat 

REQ Request 

SEL Selector /Select 

SEQ Sequence 

T Timing/Time 

TERM Terminate 

TRNSLTR Translator 

UP 

• 

+ 

(f) 

Upper 

And (x-y= >x and y) 

Or (x+y= > x or y) 

Logical ADD 
(Exclusive OR) 

4-243 
Reverse (Page 4-244) Blank 
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CHAPTER 5 

PREVENTIVE MAINTENANCE 

I - GENERAL 

5-1. TOOLS AND TEST EQUIPMENT. - Computer maintenance requires 
the following tools and test equipment. 

1) Oscilloscope, Tektronix Model 545B or equivalent 

2) Preamplifier, Dual Trace, Tektronix Model CA or equivalent 

3) Voltage Probe, X10 Attenuated, Tektronix P6006, 6 ft. or equiva­
lent 

4) Voltage Probe, Xl Straight, Tektronix P6028, 6 ft. or equivalent 

5) Voltohmmeter, AN/PSM-4 Series or equivalent 

6) Wire Wrap Tool, Hand Operated, Gardner-Denver #14H-IC, or 
equivalent 

7) Nose Assembly for #14H-1C Tool, Gardner-Denver #500312, or 
equivalent 

8) Bit and Sleeve Unit for Wire Wrap Tool, Gardner-Denver, or 
equivalent 
18 gauge - Bit #A-26336 - Sleeve #19688 
20 gauge - Bit #18633 - Sleeve #26245 
24 gauge - Bit #A-17612-2 - Sleeve #18840 

9) Wire Unwrapping Tool, Dual Right and Left Hand 
20-26 gauge, Gardner-Denver #500130 

10) Taper Pin Driver, AMP #389396-5 

11) Tips for T-aper Pin Driver 
18-20 gauge - Berg #35847 
22-24 gauge - Berg #34965 
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12) Taper Pin Crimpers 
16-20 gauge, Berg #HT17 
22-24 gauge, Berg #HT14 

13) Hand Terminal Lug Crimper, 10-24 gauge, Thomas and Betts 
#WT-145A 

14) Hand Terminal Lug Crimper, AMP #69061 

15) Die for AMP Hand Terminal Lug Crimper, AMP #48752 

16) Card Extender Cable Assembly, ON068146 

17) Indicator-Switch Wrench (spintight), Gulmite Socket, 1/20D#1418 
or equivalent 

5-2. MAINTENANCE SCHEDULES. - Regular scheduled maintenance of 
the computer consists of logic maintenance and cleaning. 

a. Logic Maintenance. - Logic maintenance consists of running the 
automatic maintenance routines and diagnostic tests. The computer 
maintenance routines (Chapter 10, Volume IV) and diagnostic tests (Chapter 
11, Volumes V and VI) contain the dynamic tests for the computer and all 
procedures required to run them. These tests can be used as a preventive 
maintenance check. Completion of the tests without an error ensures that 
the computer is operating properly. The schedule for running the routines 
and tests as preventive maintenance checks depends on the operating 
schedule of the system. However, they should be run on a regularly sched­
uled basis not exceeding a weekly schedule. 

b. Cleaning. - Table 5-1, page 5-2, contains the cleaning schedules 
and procedures. 

5-3. POWER CHECKS. - Use the following procedure to check the dc 
voltages on each chassis. 

1. Place POWER ON/OFF switch to ON. 

2. Check input voltage for 115 vac, line-to-line +1% of the average. 
Measure at power supply terminal board TB1, pins 4, 5, and 6. 
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TABLE 5-1. Cleaning Schedule and Procedures 

Time Item Procedure 

Weekly Air 1. Release snap screws on filter grill (above 
filter power control panel). 

2. Pull grill work out and up to expose filter. 

3. Remove air filter. 

4. Clean thoroughly with hot soapy water or 
steam. 

5. Dry thoroughly. 

6. Re-oil with light film of high-grade, filter 
oil. 

7. Replace filter (reverse steps 1 through 3). 

Air 1. Check for obstructions in louver s. 
exhaust 
vent 2. Place main power switch off. 

3. Extend power supply drawer (refer to 
paragraph 5-4b, page 5- 6). 

4. Vacuum exhaust port at rear of cabinet. 

5. Close power supply drawer. 

Cabinet 1. Place main power switch off. 
exterior 

2. Wipe cabinet exterior with damp cloth. 

3. USing a soft brush, dust both logic panels 
and power control panel. 

Monthly Drawer 1. Place main power switch off. 
slide 
lubrication 2. Extend logic drawer AI. 
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TABLE 5-1. Cleaning Schedule and Procedures (continued) 

Time 

Monthly 
(cont.) 

As 

Item 

Drawer 
slide 
lubrication 

Cabinet 
required interior 

3. 

Procedure 

Apply a light film of oil to bearing races of 
both drawer slides using a cloth dipped in a 
light lubricating oil. 

4. Move drawer back and forth several times. 

5. Close drawer. 

6. Repeat for d~awers A2, A3, A4, and PSI. 

1. Place main power switch off. 

2. Extend logic drawer Al (refer to paragraph 
5-4a ). 

3. Vacuum inside of cabinet behind extended 
drawer. 

4. Vacuum drawer. 

5. Close drawer. 

6. Repeat steps 2 through 5 for each drawer. 

7. Vacum top connector assembly. 

3. Check dc voltages at test points shown in table 5-2, page 5-5. 
Measure voltage between listed test point and corresponding 
ground test point. 

II - SERVICING 

5-4. DRAWER ACCESS AND REMOVAL. 

a. Logic and Memory. - To remove a logic or memory drawer com­
plete the following procedures. To gain access to the test points perform 
steps 1 through 5. If it is not necessary to completely remove drawer, per­
form steps 1 through 8 to bring drawer to extended position. 
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TABLE 5-2. DC Voltage Test Points 

Max. Ripple 
Test Point Voltage Voltage 

Chassis Number Color (+5% Tolerance) (Peak-to-Peak) 

A1A1 TBI-A4 Red +15 0.2 
TBI-A3 Yellow -4.5 0.2 
TBI-A2 Violet -15 0.2 
TBI-Al Black Ground 
TB2-G33 + 15 indicator 
TB2-GOI +15 indicator grd 

AIA2 TBI-A4 Red +15 0.2 
TBI-A3 Yellow -4.5 0.2 
TBI-A2 Violet -15 0.2 
TBI-Al Black Ground 

A2Al TBI-A4 Red +15 0.2 
TBI-A3 Yellow -4.5 0.2 
TBI-A2 Violet -15 0.2 
TBI-Al Black Ground 

A2A2 TBI-A4 Red +15 0.2 
TBI-A3 Yellow -4.5 0.2 
TBI-A2 Violet -15 0.2 
TBI-Al Black Ground 
TBI-Gll +15 indicator 
TBI-G33 +15 indicator grd 

A3A2 C27 +15 0.2 
A27 -15 0.2 
B27 -4.5 0.2 

A4A2 C27 +15 0.2 
A27 -15 0.2 
B27 -4.5 0.2 

1. Place POWER ON/OFF switch to OFF. 

2. Lift and turn drawer door handle and swing door open. 

FOR OFFICIAL USE ONLY 5-5 



CP-B1BA/U 

3. To remove door swing open and lift straight up. 

4. Remove knob in center of indicator panel. 

5. Using Allen-end of drawer wrench, loosen three screws on 
edge of indicator panel. 

6. Swing indicator panel open. 

7. Insert drawer wrench in square socket at center of drawer 
and turn counterclockwise until drawer is free. 

B. Pull drawer to extended position (locking catch engages). 

CAUTION. - Due to weight of drawer do not attempt to re­
move it alone. 

9. Remove drawer locking screws on upper and lower slide 
rails (see figure 1-5, page 1-7). 

10. Release rear locking catch on lower rail. 

11. Pull drawer from main cabinet and place on a hard smooth 
surface. Do not lay drawer on its sides. 

12. To replace drawer, extend the slide rails and reverse re­
moval procedure. To close extended drawer, release front 
locking catch on lower slide rail and reverse steps 1 through B. 

b. Power Supply. - To remove the power supply drawer complete the 
following procedure. If it is not necessary to completely remove drawer, 
perform steps 1 through 4 to bring drawer to extended pOSition. 

1. Place POWER ON/OFF switch to OFF. 

2. Throw main power switch off. 

3. Lift and turn the two catches on the front panel. 

4. Pull drawer to extended pOSition (locking catches on both slide 
rails engage). 

5. Disconnect plugs PI and P2 (see figure 1-7, page 1-9). 
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6. Release both rear locking catches. 

7. Pull drawer out of cabinet. 

8. Place drawer on hard smooth surface. 

9. To replace drawer, extend slide rails and reverse removal 
procedure. To close extended Qrawer, release both front 
locking catches and reverse steps 1 through 3. 

5-5. REPLACEMENT PROCEDURES. 

~ Printed Circuit Cards. - To replace a printed circuit card in a 
logic or memory drawer complete the following procedure. 

1. Place POWER ON/OFF switch to OFF. 

2. Open drawer (see paragraph 5-4a, page 5-4). 

3. Check associated chassis map (see paragraph 4-22, page 
4-238) for chassis coordinates and card type of card to be 
replaced. 

4. Remove card hold-down straps on each end of card. 

5. Grasping card at upper and lower edge pull it out of jack with 
a slight rocking motion. 

6. To install a card in a chassis, check chassis map for corr ect 
card type and reverse steps 4 and 5. 

b. Indicator-Switch. -To remove and replace an indicator-switch 
or push-switch on the logic panel, complete the following procedure. 

1. Place POWER ON/OFF switch to OFF. 

2. Open logic drawer panel (see paragraph 5-4a, page 5-4). 

3. Lift catch at top of protective plate and slide out plate. 

4. Tag and remove wire-wrap connections from back of switch. 

5. Remove locking nut on front panel with special wrench. 
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6. Remove switch. 

7. Insert new switch. 

B. Tighten locking nut with special wrench. 

9. Rewire with wire-wrap tool. Original wires being rewrapped 
must also be solder ed. 

To replace the indicator portion complete the following procedure. 

1. Turn amber lens counterclockwise and lift out. 

2. Pry bulb from the lens and replace. 

3. Replace bulb and lens assembly and turn clockwise until tight. 

c. Power Panel. 

(1) Switches. - To replace switches or indicator sockets on the 
power panel use the following procedure.' 

5-B 

1. Release six snap-screws on grill and raise grill. 

2. Remove filter. 

3. Remove five screws along bottom edge of power panel. 

4. Swing grill work up and remove five screws along inner 
top edge of the panel. 

5. Pull panel forward and down for access to panel wiring. 

6. Remove locking ring. 

7. Push switch back through panel. 

B. Tag and remove all wires. 

9. To install new switch connect all wires and reverse re­
moval procedur e. 
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(2) Indicator bulbs. - To replace an indicator-bulb complete the 
following procedure. 

1. Place POWER ON/OFF switch to OFF. 

2. Unscrew the lens cover. 

3. To remove bulb, press and turn counterclockwise one­
quarter turn. 

4. Insert new bulb, press, and turn clockwise. 

5. Replace lens cover. 

d. Fuses. 

(1) Power supply. - To replace a fuse in the power supply com­
plete the following procedure. Table 5-3, page 5-10, lists the location, 
rating, and associated circuit of fuse. 

1. Place POWER ON/OFF switch to OFF. 

2. Open power supply drawer (see paragraph 5-4b, page 5-6). 

3. Locate faulty fuse. 

4. Unscrew fuse cap. 

5. Remove blown fuse from cap. 

6. Replace fuse with new fuse of proper current and voltage 
rating. 

7. Replace fuse cap. 

(2) Main cabinet. - Fuses are located behind each drawer in the 
main cabinet. To replace a fuse located behind a drawer complete the 
following procedure: 

1. Throw main power switch off. 

2. Place POWER ON/OFF switch to OFF. 
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TABLE 5-3. Fuses 

Fuse Location Rating Volts Circuit Protected 
..... 

F16 PSI 8A * 115 115v f11 

F17 PSI 8A * 115 115v f12 
> Input voltage 

fuses 

F18 PSI 8A * 115 115v f13 
~ 

FlO PSI 2A * 115 + 15v indicator supply 

F11 PSI 2A * 115 + 15v indicator supply 

F12 PSI 2A * 115 + 15v indicator supply 

F13 PSI 2A * 115 A6 and A7 Blower Assembly 

F14 PSI 2A * 115 A3 and A4 Blower Assembly 

F15 PSI 2A * 115 A3 and A4 Blower Assembly 

F1 PSI 1A * 115 -4.5v supply 

F2 PSI 1A * 115 -4.5v supply 

F3 PSI 1A * 115 -4.5v supply 

F4 PSI 3A * 115 -15v supply 

F5 PSI 3A * 115 -15v supply 

F6 PSI 3A * 115 -15v supply 

F7 PSI 2A * 115 +15v supply 

F8 PSI 2A * 115 +15v supply 

F9 PSI 2A * 115 +15v supply 

F1 Al 8A 4.5 -4.5v supply 

* Slow blow 
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TABLE 5-3. Fuses (continued) 

Fuse Location Rating Volts Circuit Protected 

F2 Al IDA 15 -15v supply 

F3 Al 3A 15 +15v supply 

F4 Al 8A 4.5 -4.5v supply 

F5 Al IDA 15 -15v supply 

F6 Al 3A 15 +15v supply 

'1~1 A2 8A 4.5 -4.5v supply 

F2 A2 IDA 15 -15v supply 

F3 A2 3A 15 +15v supply 

F4 A2 8A 4.5 -4.5v supply 

F5 A2 IDA 15 -15v supply 

F6 A2 3A 15 +15v supply 

F4 A3 8A 4.5 -4.5v supply 

F5 A3 IDA 15 -15v supply 

F6 A3 IDA 15 +15v supply 

F4 A4 8A 4.5 -4.5v supply 

F5 A4 IDA 15 -15v supply 

F6 A4 IDA 15 +15v supply 

3. Open affected drawer (see paragraph 5-4a, page 5-4). 

4. Release chassis lock at rear left-hand chassis. 

5. Swing movable chassis open. 
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6. Locate and remove fuse cap containing faulty fuse. 

7. Replace fuse with new fuse of proper current and volt­
age rating. 

8. Replace fuse cap. 

~ Wiring. - Wiring replacement should be accomplished o~ly when 
the trouble has been definitely traced to the wiring or the replacement of 
another part requires wiring replacement. To replace a logic or memory 
chassis wire complete the following procedure. 

5-12 

1. Throw main power switch off. 

2. Place POWER ON/OFF switch to OFF. 

3. Open affected drawer (see paragraph 5-4a, page 5-4). 

4. Release chassis lock at rear of left-hand chassis. 

5. Swing movable chassis open. 

6. Locate wire to be replaced. 

7. Remove one end of wire with unwrapping tool. 

Note: - If the wire being replaced is on the second or third 
level the wires above it and all affected wires must 
also be replaced. 

8. Remove other end of wire (see note). 

9. Use wire-wrap tool to replace wire. Use the same gauge, 
color, and length as the original wire. 

10. Repeat steps 6 through 8 until all affected wires are replaced. 

11. Close chassis. 

12. Close drawer. 
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5-6. ADJUSTMENTS. 

a. Master Clock. - Adjust the master clock if the output does not 
meet the following requir ements. 

TEST 
POINT 

2GII 
(CYCLE) 

2GI 
(¢ J) 

2G2 
(¢2) 

2'G3 
(913) 

2G4 
(914) 

TO 

Note: - Before adjusting the clock, check for malfunction or 
marginal conditions in the associated circuits. Any 
change in circuit loading affects the clock output. 

1) Cycle time: 670 +34 nanoseconds (test point 2TB2Gll, figure 
5-1. -

2) Pulse width: 120 nanoseconds minimum at -2v amplitude. 

3) 

Testpoints: ~1 - 2TB2G 1 
~2 - 2TB2G2 
~3 - 2TB2G3 
~4 - 2TB2G4. 

No phase pulse overlap between adjacent pulses at -Iv ampli­
tude. 

Figure 5-1. Master Clock Waveforms 
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(1) Cycle time adjustment. - To adjust the master-clock cycle­
time, complete the following procedure. 

1. Place POWER ON/OFF switch to ON. 

2. Momentarily place MASTER CLEAR switch to down 
position. 

3. Press OP STEP MODE switch. 

4. Adjust oscilloscope for an amplitude of 2 volts/cm and a 
time base of O.lllsec/cm. 

5. Connect scope probe to test point 2TB2G 11 and measure 
cycle time. Figure 5-1, page 5-13, shows the idealized 
wavclorm. . 

6. If cycle time is greater than 704 nanoseconds, move the 
lead going to pin 8 of the 64016 card at 2J34C (20COO) to 
a delay line tap on 20C 20 or 20C 30 that provides less time 
delay (figure 5-2, page 5-15). 

7. If cycle time is less than 636 nanoseconds, move the 
lead to a delay line tap that provides more time delay. 

Changing the cycle time will affect the phase pulse timing. After adjusting . 
the cycle time, check and adjust the phase pulse timing as required. 

(2) Phase pulse adjustment. - To adjust phase pulse timing com­
plete the following pro.cedure. 

1. Complete steps 1 through 4 of cycle-time, adjustment 
procedure in paragraph 5-6a(I). 

2. Measure and record the pulse width of each phase pulse. 
Figure 5-2, page 5-15, shows initiation and termination 
control of each pulse. Figure 5-1, page 5-13, shows the 
idealized, phase-pulse waveforms. 

3. Display adjacent pulses on dual traces of oscilloscope (1 
and 2, 2 and 3, 3 and 4, 4 and 1) and record results. 
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4 Place clock margin switches, ODD and EVEN, to NAR­
ROW position. 

5. Repeat steps 2 and 3. Phase pulse width should be 
between BO and 110 nanoseconds at -2v amplitude. 

6. From results of steps 2 through 5 adjust delay line taps 
as r equir ed. 

b. Memory-Protect Voltage Adjustment. - Adjust the four voltage­
sensor cards (two on each memory chassis) to force the computer into the 
phase-step mode when a logic voltage or the input voltage drops to 100 
volts. Use the following procedure. 

5-16 

1. Place POWER ON/OFF switch to OFF. 

2. Open chassis A4, remove cards at locations A12 and A13, and 
close chassis. 

3. Open memory chassis A3 and remove cards at locations A12 
and A13. 

4. Insert card extenders in jack locations A12 and A13 and close 
chassis A3. 

5. Insert one of the 6B006 cards in A13 extender and connect 
oscilloscope probe to test point A3TBlG33. 

6. On front panel of motor generator controller, turn AUTO 
VOLTAGE ADJUST rheostat to obtain A-C VOLTS meter 
indication of 100. 

7. Check computer input voltage. If less than 100 vac repeat 
step 6. 

B. Place POWER ON/OFF switch to ON. 

9. Adjust R7 on 6B006 card for a small negative signal (-0.1 v) 
on oscilloscope. (Scope indications: ground, then slight os­
cillation, then -O.lv.) 

10. Place POWER ON/OFF switch to OFF. 
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11. Place other 68006 card in extender. 

12. Repeat steps 8 and 9. 

13. Place POWER ON/OFF switch to OFF. 

14. Remove 68006 card from extender. 

15. Place one of the 68002 cards in A12 extender. 

16. Place POWER ON/OFF switch to ON. 

17. Adjust R3 and R8 on 68002 card for a small negative signal 
(-0.1 v) on oscilloscope. 

18. Place POWER ON/OFF switch to OFF. 

19. Repeat steps 16 through 18 using other 68002 card. 

20. Place one of the 68006 cards in A13 extender. 

21. Place POWER ON/OFF switch to ON. 

22. Press RUN MODE switch. 

23. Turn AUTO VOLTAGE ADJUST rheostat to reduce A-C 
VOLTS meter indication by slight amount (0.5v). Computer 
should switch to PHASE STEP mode. 

24. Place POWER ON/OFF switch to OFF. 

25. Turn AUTO VOLTAGE ADJUST rheostat to obtain A-C 
VOLTS meter indication of 100. 

26. Repeat steps 21 through 24 using other set of cards (68006 
and 68002). 

27. Open chassis A4, replace 68002 card in jack A13, replace 
68006 card in jack A12, and close chassis. 

28. Repeat step 27 with chassis A3. 

29. Place POWER ON/OFF switch to ON. 
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5-18 

30. Press RUN MODE switch. 

31. Repeat step 23. Computer should switch to PHASE STEP 
mode. If it does not, readjust all cards. 

32. Turn AUTO VOLTAGE ADJUST rheostat to obtain A-C 
VOLTS meter indication of 115. 

33. Check computer input voltage for 115 vac, line to line +1% of 
average. 
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CHAPTER 6 

CORRECTIVE MAINTENANCE 

I - GENERAL 

6-1. TOOLS AND TEST EQUIPMENT. - Paragraph 5-1, page 5-1, lists 
all tools and test equipment required for corrective maintenance. 

6-2. MAINTENANCE ROUTINES AND DIAGNOSTIC TESTS. - Chapter 10, 
Volume IV, contains complete maintenance routines which test all com­
puter cIrcuits. 

Chapter 11, Volumes V and VI, contains complete corrective maintenance 
procedures for all logic and memory circuits. The manual contains all 
procedures for running the tests and isolating the malfunction to a card 
or cards. 

II - TROUBLESHOOTING 

6-3. OBSERVABLE SYMPTOMS. - When a malfunction is suspected, in­
spect the panel switches and indicators and the fuses for any indications 
which may isolate the trouble. If a malfunction occurs during program 
loading or shortly after starting a new program, check the initial switch 
settings as contained in the program documentation. Table 6-1 lists mal--­
function indications and possible cause of the malfunction. Table 5-3, 
page 5-10, lists all fuses and assoc.iated circuits. 

TABLE 6-1. Malfunction Indications 

Indication Probable Cause Reference 

Power not applied 1. Main power switch open 
when POWER ON/ 
OFF switch is 2. Fuses PSI, F16, F17, Table 5-3, page 5-10 
placed to ON and F18 

3. Power sequence relay Figure 8-102, page 
PSIKI 8-219 

4. POWER ON/OFF switch Figure 8-101, page 
8-217 
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TABLE 6-1. Malfunction Indications (continued) 

Indication Probable Cause Reference 

Logic voltages 1. Airflow sensor relay Figure 8-101, page 
not applied A5A2K1 8-217 and paragraph 

6-6, pa,ge 6-28 
2. Time delay relay Figure 8:"'101, page 

A5A2K1 8-217 

Power applied, 1. Fuses PSI, F16, F17, Table 5-3, page 5-10 
blowers (cabinet F18, F13, F14, or F15 
& memory) do not 
start 2. Power sequence relay K1 

3. 60°C (140°F) sensors Figure 8-102, page 
8-219 

4. PSI interlock 

5. Blower motors 

6. Memory chassis not 
fully engaged (memory 
blowers only) 

Power applied, 1. Fuses FlO, F11, and Table 5-3, page 5-10 
blower s start, F12 
indicator s ar e not 
lighted 2. +15v indicator-supply Figure 8-103, page 

transformer T2 and 8-221 
associated circuits 

Indicator s ar e not 1. Fuses F1, F2, and F3 Table 5-3, page 5-10 
extinguished 

2. -4.5v transformer T4 Figure 8-102, page 
and associated circuits 8-219 

Individual indi- 1. Indicator-switch module Paragraph 4-22d, 
cators are not page 4-241 
lighted or ex- 2. Indicator-driver circuit 
tinguished. 

3. Panel wiring Chapter 9, Volume III 
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TABLE 6-1. Malfunction Indications (continued) 

Indication Probable Cause Reference 

Horn sounding and 1. Cabinet temperature 
OVER TEMP exceeds 46°C (115°F) 
alarm indicator 
lights 2. 46°C (115°F) sensor Figure 8-101, page 

shorted 8-217 

Horn sounding and 1. Cabinet temperature 
OVER TEMP indi- exceeds 60°C (140°F) 
cator is lighted, 
when all indi- 2. 60°C (140°F) sensor Figure 8-102, page 
cator s ar e lighted open 8-219 

Horn sounds and 1. Cabinet air leak (in-
AIR FLOW FAULT sufficient airflow) 
indicator lights 
during operation 2. Relays A5A2 Kl, K2, Figure 8-101, page 

or K3 8-217 

3. Blowers inoperative Figure 8-102, page 
8-219 

MARGINAL .CHECK 1. Indicator bulb Paragraph 5- 5, page 
indicator is not 5-7 
lighted when mem- 2. Logic terms 92V02 & Figure 8-101, page 
ory or clock mar- 92V03 8-217 
gin switch is op-
erated 3. Memory or clock mar- Figure 8-99, page 

gin switch 8-213 or 8-2, page 
8-5 

PROGRAM RUN 1. Indicator bulb Paragraph 5-5, page 
indicator is not 5-7 
lighted when RUN 2. Logic term 90V03 Figure 8-101, page 
MODE switch is 8-217 
pressed 3. Run flip-flop circuits Figure 8-1, page 

8-1 
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TABLE 6-1. Malfunction Indications (continued) 

Indication Probable Cause Reference 

FAULT indicator Logic fault exists Figure 8-90, page 
and one of the 8-195, and paragraph 
FAULT INDI- 4-16i, page 4-82 
CATORS are 
lighted 

6-4. SECTIONAL TROUBLESHOOTING. - The computer comprises three 
troubleshooting sections, power ; memory, and logic. The procedures 
listed for each section serve to isolate a malfunction to that particular sec­
tion and to check most of the circuits in that section. The example in each 
section assumes that a malfunction has been isolated to that section and 
shows a typical procedure for further isolation of the malfunction. The 
symptoms used in the example may not occur in normal operation and may 
be caused by a circuit other than the one isolated. 

a. Power Section. - Use the following procedure to isolate a mal­
function within the power s,ection. 

(1) Power troubleshooting procedure. - Perform the following 
steps to check the power circuits. 

1. Place POWER ON/OFF switch to ON. The following 
normal power-up sequence occurs. 

1) AIR FLOW FAULT indicator and all logic panel in­
dicators light. 

2) Thirty seconds after power-on, AIR FLOW FAULT 
and logic panel indicators go out, and dc logic volt­
ages become available. 

2. If ,normal power-up sequence does not occur, see table 
6-1, page 6-1, for indication and probable cause of mal­
function. 

3. Check line-to-line input voltage (115 vac, line-to-line, 
±.1 % of average 400 Hz). 
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4. Check dc logic voltages. Table 5-2, page 5- 5, lists test 
points and voltages. 

5. If a dc logic voltage is not as specified in table 5-2, page 
5-5, check associated fuses (table 5-3, page 5-10) and 
circuits (figure 8-103, page 8-221). 

(2) Power .troubleshooting example. - Use this example as a guide 
in analyzing a malfunction to isolate a defective component. 

(a) Conditions and symptoms. 

1) POWER ON/OFF switch placed to ON. 

2) Normal power-up sequence occurs with one excep­
tion: logic panel indicator s ar e not extinguished 
after 3D-second delay. 

(b) Logical analysis. - The +15v indicator supply, the -4.5v 
supply, and the individual driver circuits control the logic panel indicators. 
Since all indicators are affected, the individual driving circuits are not 
causing the malfunction. The +15v indicator supply turns on the individual 
collectors (see figure 4- 85, page 4- 241); therefore it is not causing the 
malfunction. The -4.5v supply provides the base bias on the indicator 
modules to hold the indicators extinguished until they are lighted by the 
individual driver circuits. Therefore the -4.5v supply is the probable 
cause of the malfunction. Perform the following steps to further isolate 
the defective component. 

\ 

1. Check all dc logic voltages. The +15v and -15v are 
present and within tolerance. The -4. 5v is not avail­
able- at any chassis test points. 

2. Place POWER ON/OFF switch to OFF. 

3. Open power supply drawer. 

4. Check fuses PS1F1, PSIF2, and PSIF3. Fuses are 
not defective. 

5. Check diodes CR19 through CR24 for open or shorted 
diodes. Diodes are not defective. 
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6. Check inductor L2 for open circuit. Inductor L2 is 
an open circuit. 

7. Remove and replace inductor L2. 

8. Close power supply drawer. 

9. Place POWER ON/OFF switch to ON. Normal 
power-up sequence now occurs. 

10. Check output of -4.5v supply on each chassis (see 
table 5-2, page 5-5). Voltage is present and within 
tolerance; malfunction is corrected. 

b. Memory Section. 

(1) Memory troubleshooting procedure. - Memory errors that 
occur in a logical pattern generally indicate component failure, either in 
the memory itself or in associated logic circuits. Random memory errors 
generally indicate poorly adjusted drive currents or read strobe. See para­
graph 6-5, page 6-22, for drive current and read strobe adjustment pro­
cedures. 

CAUTION. - Do not adjust memory drive currents or read 
strobe timing until the equipment has been 
energized for at least four hours and no circuit 
malfunctions exist. 

Paragraphs 6-4E(1)(a) through 6-42,(1)(h), pages 6-7 through 6-14, provide 
procedures for checking the memory section and isolating malfunctions. 
Perform the following preliminary procedure before performing these 
checks. 

1. Check dc voltages (see table 5-2, page 5- 5). 

2. Check Sand P-registers to make sure they function cor­
rectly and P advances correctly. 

3. OP STEP through a 12 (STR) and then a 30 (CLA) instruc­
tion to see if logic circuits concerned with storing and 
reading are working correctly. Paragraph 4-21, page 
4-171, contains instruction timing charts. 
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4. Set computer switches as follo~s. 

HALT DISCONNECT in up position 

FUNCTION REPEAT in up position 

MASTER CLEAR momentarily to down position 

F-register equal zero 

RUN MODE pressed 

RESTART/START STEP to START STEP 

5. Cycle the computer to check the memory. Computer 
cycles 00 (HLT) instructions, advancing P through its 
entire range and reading all memory addresses. 

(a) Memory control check. 

1. Use the following oscilloscope settings. 

Time / cm: 0.5 sec 

Triggering mode: EXT -

Trigger input: A2AlTBlGOl (02Tll) 

2. Check waveforms of following circuits in both mem-
ory chassis at test points indicated (see figure 8-91, 
page 8-197, for waveforms). 

Read enable (lOLll) N27 

Write enable (lOLlO) 027 

Address enable (14LOl) N22 

Address enable (15LOO) P27 

Address enable (17LOO) Q27 
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3. Check the following at the test points indicated. 

Inhibit enable (12L02) AlAI TB1A10 

Inhibit enable (14L02) A1A2TB2G8 

Read strobe (mem Z) - lower (30N30) AlAI TB1G 1 

Read strobe (mem Z) ~ upper (31N30) A1A2TB2A33 

(b) y -transformer translation check. 

1. To force the computer to operate with only one stack 
in each memory chassis, insert jumpers listed in 
table 6-2. 

2. Use the following oscilloscope settings. 

Time/cm: 5 sec 

Triggering mode: EXT + 

Trigger input: P12 (16YOO) on memory chassis 

TABLE 6-2. Jumper Connections for One-Stack Memory Operation 

Stack Jumper Connections From Ground 
(AlAI TB2A33) to 

A20 (S13 and S12) 01PI2 (A1AITB2A23) and 00P13 (A1A2TB2C23) 
Translation 00 

A21 (813 and S12) OOP12 (AIA1TB2B23) and OOP13 (A1A2TB2C23) 
Translation 01 

A22 (S13 and 812) 01P12 (A1A1TB2A23) and 00P13 (A1A2TB2D23) 
Translation 10 

A23 (S13 and S12) 01P12 (A1A1TB2B23) and 00P13 (A1A2TB2D23) 
Translation 11 

6-8 ' 'FOR OFFICIAL USE ONLY 



PI2 (16YOO) 

QI2 (l6YOI) 

RI2 (16Y02) 

SI2 (l6Y03) 

Tl2 (16Y04) 

UI2 (l6Y05) 

VI2 (l6Y06) 

WI2 (l6Y07) 

CP-818A/U 

3. Check for the following waveforms in both memory 
chassis. 

I~E-----------------32~SEC----------------~)1 

~ f--4~SEC 
It. r--I "'- r·O v J "'I \. ____________________ .....J1 ~ -15V 

---~~-------------------------------------~I\ 
------~~~--------------------
-----------~~-------------------
---------------~~--------------------------------
-------------------------~~----~-----------------
-------------------------~~---------
---------------------------------~~----------

4. Repeat waveform check for each memory stack. 

(c) Y -diode translation check 

1. Make jumper connections listed in table 6-2, page 
6-8. 

2. Use the following oscilloscope settings. 

Time/cm: 50 Ilsec 

Trigger ing mode: EXT + 

Tr igger input: PI0 (17YOO) 
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PIO (l7YOO) 

QIO (17YOI) 

RIO (l7Y02) 

SIO (17Y03) 

TIO (17Y04) 

UIO (l7Y05) 

VIO (l7Y06) 

WIO (17Y07) 

PII (l7YOO) 

QII (l7YOI) 

RII (17Y02) 

SII ( 17Y03) 

Til (17Y04) 

UII ( 17Y05) 

VII (l7Y06) 

WII (l7Y07) 

3. Check for the following waveforms in both memory 
chassis. 

j
lE:-k--------- 256 fL SEC 

~32fLSEC 1 
~ ,...,......-.-. .OV 

) ,'"'--________________ -----JI L -15V 

__ ~r--1~ ____________________________ ~~ 

----~~~--------------------------------
------------~~~---------------
__________________ ~r___l~ ____________________ __ 
_____________________ ~r___l~ ______________ __ 

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

~+15V 
.OV 

4. Repeat waveform check for each memory stack. 

(d) X-transformer translation check. 

1. Make jumper connections listed in table 6-2, page 
6-8. 
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PI5 (I6YOS) 

QI5 (I6Y09) 

RI5 (16YIO) 

515 (l6YII) 

TI5 (l6YI2) 

UI5 (l6YI3) 

VI5 (I6Y14) 

WI5 (l6YI5) 

CP-818A/U 

2. Use the following oscilloscope settings. 
\ . 

Time/cm: 200 /-Lsec .'" 

Triggering mode: EXT + 

Trigger input: PI5 (16Y08) 

3. Check for the following waveforms in both memory 
chassis. 

~~(----r------25-6-~-S-E-C----2M5----------------~1 

~ ~.OV -1 IL_ __________________ , L-15V 

---~~~------------------------~ 
-------~~~-----------------------------------
___________ ~~L__ _____________________ _ 

__________________ ~~L_ ___________________ _ 

________________ ~~L_ __________________ __ 

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

4. Repeat waveform check for each memory stack. 

(e) X-diode translation check. 

1. Make jumper connections listed in table 6-2, page 
6-8. 

2. Use the following oscilloscope settings. 

Time/cm: 2 ms 

Triggering mode: EXT + 

Trigger input: PI3 (17Y08) 
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PI3 (l7Y08) 

QI3 (I7Y09) 

RI3 (17YIO) 

SI3 (17YII) 

TI3 (l7YI2) 

UI3 (l7YI3) 

VI3 (l7YI4) 

WI3 (l7YI5) 

PI4 (l7Y08) 

QI4 (l7Y09) 

RI4 (l7YIO) 

SI4 (17YII) 

TI4 (17YI2) 

UI4 (l7Y13) 

VI4 (17YI4) 

WI4 (17YI5) 

3. Check for the following waveforms in both memory 
chassis. 

1~(--------16.4MS --------~~ 

~ jE-2 MS I 
~~----------------------~~~~V 
~~~--------------------~~ 
________ ~~L ___________________ __ 

____________ ~~L ________________ __ 

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

1~(----------------16.4 MS --------~1 

-1 r- 2 MS I 
Ii-1--------------, r + 15V 
I-vvvvvvJ ~ .OV 

~ 

~r----.--

4.. Repeat waveform check for each memory stack. 
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(f) Stack selection translation check. 

1. Use the following oscilloscope settings. 

2. 

N21 (lOSOO) 

021 (lOSOI) 

P21 (lOS02) 

021 (lOS03) 

N20 (l2S00) 

020 (l2S01) 

P20 (l2S02) 

020 (l2S03) 

Time/cm: 10 ms 

Triggering mode: EXT + 

Trigger input: N21 (10S00) 

Check for the following waveforms in both memory 
chassis. 

r---65.6MS~ 

~ r I6.4MS' I 
111111111111111111 111111111111111111 ~0:'5V 

11111111111111111 111111111111111'" 

1111111111111111111 

1111111111111111111 

r 65.6MS ---1 
~ \E-- 16.4 MS I 

I I _---JI ,--I _-...J1· OV 
- - . -4.5V 

(g) Read/write transient checks. 

1. Use the following oscilloscope settings. 

Time/cm: 1 J1.sec 

Triggering mode: EXT -

Trigger input: A2A1 TB1G01 (02T11) 
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2. Check for the following waveform in both memory 
chassis. 

Y Write (19YOO) T24 

Y Read (19YOl) T25 

X Write (19Y02) S22 

X Read (19Y03) T23 

Correct waveform is approximately as follows. 
Actual voltage levels will depend on potentiometer 
(cur rent) adjustment. A waveform similar to the 
dotted line indicates an open circuit. 

+ 12V . 

+7V 

+2V 

An open indication for both read and write of a particular axis usually 
indicates an open drive line. An open indication on only the read or the 
write usually indicates an open diode. Diode numbering coincides with 
diode translation. To discover the location of the open circuit compare the 
frequency of its appearance with the translation frequencies in paragraphs 
6-4Q(1)(b) through 6-42(1)(f), pages 6-8 through 6-13, or load all address 
with ones, read them back, and observe the pattern of failing addresses. 

(h) Sense output and inhibit checks. - This procedure checks 
the inhibit circuits by proving the ability of the memory to read and write 
ones and zeros. 

1. Use the following oscilloscope settings. 

Time/cm: 0.5 sec 

Triggering mode: EXT -

Trigger input: A2AITB1GOI (02T11) 
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2. While computer is cycling, hold each bit of Z set 
momentarily to load all ones into memory. 

3. Check the following in both memory chassis. 

A20 (14YOO) 20 or 2 12 

B20 (14Y01) 21 or 213 

C20 (14Y02) 22 or 214 

D20 (14Y03) 23 or 215 

E20 (14Y04) 24 or 216 

F20 (14Y05) 25 or 217 

G20 (14Y06) 26 or 2
18 

H20 (14Y07) 2
7 

or 2
19 

120 (14Y08) 28 or 220 

J20 (14Y09) 29 or 221 

K20 (14Y10) 210 or 222 

L20 (14Y11) 211 or 223 

M20 (14Y12) Parity 

The waveforms should appear approximately as 
follows. 

.ov 

-4.5V 

4. Place Marginal Check switch to HIGH position. 
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5. Press and hold Z-register Clear button to load all 
zeros into memory. 

6. Repeat step 3. The signals remain at Ov. 

7. Hold one bit of the Z-register set momentarily to 
clear parity bit to a zero. 

(2) Memory troubleshooting example. 

(a) Conditions and symptoms. 

1) Computer running. 

2) PARITY ERROR indicator is lighted. 

3) Preliminary troubleshooting indicates bit 0 of the 
A-register does not set unless indicator-switch is 
pressed. 

(b) Logical analysis. - Perform the following procedure to 
systematically isolate the malfunction. 

1. Perform steps 1 and 2 of paragraph 6-412(1), page 
6- 6. This procedure fails to isolate malfunction. 

2. Step through a 12 (STR) instruction with all- bits of 
the A-register set to one and P set to 07008• 

3. Step through a 30 (CLA) instruction with P set to 
0700

8
• Bit 1 of the A-register fails to set. 

4. Set computer to cycle 00 (HLT) instruction see step 
5 of paragraph 6-412(1), page 6- 6. Since malfunction 
affects only bit 0, malfunction is probably in bit-O 
sense, inhibit, or gating circuits. 

5. Perform procedures in paragraph 6-42(1)(h), page 
6-14. Check waveform at test point A20 of chassis 
A3A2. Waveform is a constant ground potential. 
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6. Check input to bit-O inhibit generators a bit-O se­
lector output (AlAI TB1 F7). Input is -4.5v neces­
sary to write a one in bit-O. 

7. Check output waveforms of all four bit-O sense 
amplifiers at A21, A22, A23, and A24 on chassis 
A3A2. Each waveform is a positive-going, 0.5 Ilsec 
pulse every 6.8 Ilsec. This isolates the malfunction 
to logic term 14YOO (figure 8-99, page 8-213) at card 
location A3A2-J2C. 

8. De-energize computer (see paragraph 3-7, page 
3-22. 

9. Open chassis A3A2. 

10. Remove and replace 71761 card at jack 2C. 

11. Close chassis. 

12. Energize computer (see paragraph 3-2; page 3-16). 

13. Perform procedure in paragraph 6-4Q(1)(h), page 
6-14. Malfunction is corrected. 

(3) Bootstrap memory troubleshooting procedure. - To check the 
operation of the bootstrap memory complete the following procedure after 
the computer has been energized. 

1. Momentarily place MASTER CLEAR switch to down po­
sition. 

2. Place FUNCTION REPEAT switch in up position. 

3. Press OP STEP MODE indicator switch. 

4. Set F -register to 308 (CLA) instruction. 

5. "Set P-register to 608 (first bootstrap address). 

6. Place RESTART/START-STEP to START-STEP. The 
contents of the first bootstrap address should be read 
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into the Z-register. Table 6-3, lists the contents of 
all bootstrap addresses. 

7. Repeat step 6 for all 208 addresses. 

8. If a malfunction occurs refer to figure 8-100, page 8-215, 
and check the output, the word drivers, and the bootstrap 
to Z-register gates. 

c. Logic Section. 

(1) Troubleshooting procedures. - Logic errors that occur as 
solid recurring faults generally indicate component failure. Intermittent 
or random errors generally indicate an intermittent component failure or 
failure of a timing circuit component. Paragraph 5-6~, page 5-13, contains 
computer timing check and adjustment procedures. Use the following 
general procedure to check the operation of the logic section of the com­
puter. For complete checkout procedures, see the manuals listed in par­
agraph 6-2, page 6-1. 

1. Energize computer (see paragraph 3-2, page 3-16). 

TABLE 6-3. Bootstrap Memory Contents 

Address Contents Address Contents 

00060 20000051 00070 20000055 

00061 60000067 00071 60000077 

00062 24000050 00072 24000054 

00063 16102351 00073 16040220 

00064 36001050 00074 36000054 

00065 30000064 00075 30000074 

00066 30037600 00076 30037600 

00067 04037600 00077 07777600 
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2. Check dc voltages on each logic chassis (see table 5-2, 
page 5-5). 

3. Check master clock output (see paragraph 5-6a, page 
5-13). 

4. Check operation of all registers by pressing all register 
indicator-switches and associated clear switches. 

5. Set computer switches as follows. 

HALT DISCONNECT in up.position 

FUNCTION REPEAT in up position 

RESTART SPEED CONTROL turned fully counterclock­
wise 

MASTER CLEAR momentarily to down position 

F-register equal zero 

OP STEP MODE pressed 

RESTART/START STEP to RESTART 

6. Cycle computer to check preliminary operation. Com­
puter cycles 00 (HLT) instructions to advance P through 
its entire range at slow speed. 

7. If the malfunction occurs, stop computer and OP STEP 
through the 00 (HLT) instruction. (See paragraph 4-21, 
page 4-171, for 00 (HLT) instruction timing.) 

8. If the malfunction prevents the advance of P, check P­
register enables, P-register, and adder. 

9. OP STEP computer through the first three instructions 
in table 6-4, page 6-21, in the order listed. 

10. Set computer switches as follows. 

HALT DISCONNECT in up position 
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MASTER CLEAR momentarily to down position 

PHASE STEP MODE pressed 

11. Repeatedly place RESTART/START STEP sWitch to 
START STEP to generate successive phase pulses. 

12. PHASE STEP computer through the last two instructions 
in table 6-4, page 6-21, in the order listed. 

Table 6-4, page 6-21, lists the result of each instruction if the circuits are 
operating properly. If the listed result is not obtained, trace the malfunction 
by analyzing the contents of the A-register and th~' events listed in the in­
struction timing charts. 

(2) Troubleshooting example. 

(a) Conditions and symptoms. 

1) Computer running. 

2) FAULT indicator is lighted. 

3) Horn sounds. 

4) FAULT INDICATORS HALT indicator is lighted. 

5) P-register contains 01777. 

(b) Logical analysis. - Perform the following procedures to 
systematically isolate the malfunction. 

1. Perform steps 1 through 4 of paragraph 6-4~(1), 
page 6-18. This fails to isolate malfunction. 

2. Set computer. to op step through 00 (HLT) instruc­
tion. Normal operation continues until P-register 
contains 01777. 

3. Stop computer and manually check operation of P­
register. No malfunction is evident. 

4. Set the P-register .to 01776~ " 
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Instruction 

LGN(f = 01) 

STR(f = 12) 

CLA(f = 30) 

ADD(f = 31) 

SHF(f = 06) 

CP-818A/U 

TABLE 6-4. Instruction Logic Checks· 

Initial Register Settings Result 

F = 018 A = 777777778 
M = 00 
A = 00000000 

F = 128 777777778 
M = 00 (stored in memory 
ZO-13 = 00010 address 00010. Checked 
A = 77777777 with next instruction). 

F = 308 A = 777777778 
M = 00 (placed in memory· ad-
ZO-13 = 00010 dress 00010 by STR in-

struction above). 

F = 318 A = 700000008 
M = 00 
A = 677777778 
X = 018 (at T32 of R seq.) 

F = 068 A = 77007700 
M = 00 
ZO-13 = 040068 
A = 00770077 

5. Set computer to PHASE STEP through 00 (HLT) in­
structions. The P-register advances to 01777 through 
the first instruction but fails to advance to 02000. 
The advance from 01777 to 02000 requires that bit 
10 set and bits 0 through 9 clear. 

6. Check P-register logic schematics (figures 8-24, 
8-25, and 8-26, pages 8-57, 8-59, and 8- 61). P10 is 
set by either of two gates, adder or D-register. 

7. Since register failed when used with adder, check 
adder gate on bit 10. 
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8. To enable the gate, set master clock ~1 and ground 
test point A2A1 TB1 B33 (output of term 07N02, fig­
ure 8-24, page 8-57). 

9. Simulate the output of adder term 70A.10 by grounding 
test points A1A1TB1 B17 and A1A1TB2 A6. Indi­
cator-switch P10 is not lighted. Malfunction is in 
term OXP10. 

10. De-energize computer (see paragraph 3-7, page 
3-22). 

11. Open logic drawer A1. 

12. Remove and replace 71760 card at A1A1J8D. 

13. Clof?e logic drawer. 

14. Energize computer (see paragraph 3-2, page 3-16) 
and repeat steps 8 and 9. 

15. Remove jumpers used for grounding in steps 8 and 9. 

16. Repeat steps 4 and 5. P-register advances without 
error; malfunction is corrected. 

III - ADJUSTMENTS 

6-5. MEMORY CIRCUITS. - The read and write drive currents switch 
magnetic field direction in the ferrite cores in the memory stacks. The 
inhibit currents prevent this switching during the write cycle when zeros 
are written. High read or write currents usually cause a random pickup 
of bits, low currents usually cause a random dropping of bits. 

Note: - Before adjusting memory current, make sure no 
failure, intermittent, or marginal conditions exist in 
the associated memory and computer logic circuits. 
Do not adjust memory currents or read strobe timing 
until the equipment has been energized for at least 
four hours. 
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a. Initial Setup. 

1. Open memory drawer and install memory chassis extender 
cables (see paragraph 5-4a, page 5-4). 

Note: - The extender cables must not be used while oper­
ating. 

2. Clear memory using the following procedure. 

1) Press RUN MODE switch. 

2) Momentarily place MASTER CLEAR switch to down po­
sition. 

3) Place FUNCTION REPEAT switch to up position. 

4) Set F-register to 010002. 

5) Place RESTART/START-STEP switch to START-STEP. 

6) Press SEQ STOP/STOP switch to STOP. 

3. Store 777777778 at alternate addresses throughout memory 
using the following procedure. 

1) Momentarily place MASTER CLEAR switch to down po­
sition. 

2) Place FUNCTION REPEAT switch to up position. 

3) Set F-register to 010102. 

4) Set A to 7777777. 

5) Press and hold bit 0 of P-register while p.erforming sub-
steps 6) and 7). . 

6) Place RESTART/START-STEP switch to START-STEP. 

7) Place SEQ STOP/STOP switch to STOP . 

. FOR OFFICIAL USE ONLY 6-23 



CP-818A/U 

4. Ground test points A1A1TB2 A23 and C23. 

Note: - Step 4 holds bits 13 and 12 of the P-register cleared. 
This reduc'es current repetition in the memory and 
stabiliz~s the oscilloscope presentation. 

CAUTION. - Solid wires are used between the core stacks 
and the logic circuits. Do ,not bend or flex these 
wires. 

5. Use the following oscilloscope settings. 

Time/cm: 1 usec 

Triggering mode: EXT +, AC FAST 

Trigger input: A2A1TB1 G1 (02T11) 

b. Inhibit Current Adjustment. - Use the following procedure to ad­
just the inhibit currents on both memory chassis. 

1. Perform steps 1 through 4 of paragraph 6-5~, page 6-23 . 

2. Place current probe around leads from A4J203-1 (figure 
8-97, Bl, page 8-209). Observe waveform A on figure 6-1, 
page 6-25. 

3. Adjust the +V regulator potentiometer, R24 (figure 8-91, B3, 
page 8-197) to obtain 230 +20% ma pulse (figure 6-1, page 
6-25). -

4. Connect oscilloscope probe to test point H27 (figure 8-97, B1, 
page 8-209) and record value obtained. It should be 2.3v 
+10%. For further adjustments, this procedure and value of 
drive current can be used. 

5. Place voltage scope probe at test point H27. 

6. Adjust + V regulator potentiometer (figure 8-91, page 8-197) 
to obtain a 2.3v + 10% pulse. Figure 6-1A, page 6-25, shows 
the approximate waveform. The pulse_ is the inhibit trans­
former primary current and is approximately 20 ma greater 
than the bit plane currents. 
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INHIBIT PULSE 

T 
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T 

WRITE PULSE 

, 240 MA 

~ 
Figure 6-1. Memory Waveforms 
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c. X-Axis Read and Write Current Adjustment. - Use the following 
procedure to adjust the X read and write currents. 

Note: - Adjust the inhibit current before adjusting the read 
and write current. 

1. Perform steps 1 through 4 of paragraph 6-5a, page 6-23. 

2. Place current probe around leads from J202-17 and J212-18 
(figure 8-93, C4, page 8-201), observe waveform B on figure 
6-1, page 6-25. 

3. Adjust XR potentiometer (R22, figure 8-93, C6, page 8-201) 
to obtain a 230ma read pulse (figure 6-1, C, page 6-25). 

4. Connect scope probe to test point E27 and record value ob­
tained. It should be 3.0v + 10%. For further adjustments 
this procedure and value of drive current can be used. 

5. Adjust XW potentiometer (R23, figure 8-93, B6, page 8-201) 
to obtain a 240 ma write pulse (figure 6-1, D, page 6-25). 

6. Connect scope probe to test point D27 (figure 8-93, B6, page 
8- 201) and record value obtained. It should be 3.1 v + 10%. 

d. Y -Axis Read and Write Current Adjustments. - Use the following 
procedure to adjust Y read and write currents. 

1. Perform steps 1 through 4 of paragraph 6-5g, page 6-23. 

2. Place current probe around leads from J202-1 and J202-2 
(figure 8-95, C4, page 8-205) and observe waveform B on 
figure 6-1 (page 6-25). 

3. Adjust YR potentiometer (R20, figure 8-95, C6, page 8-205) 
to obtain 230 +20% ma read pulse (figure 6-1, C, page 6-25). 

4. Connect scope probe . to test point G27 . (figure 8-95, page 
8-205 and record value obtained. It should be 3.1 v + 10%. 

5. Adjust YW potentiometer (R21, figure 8-95, B6, page 8-205) 
to obtain a 240 +20% ma write pulse (figure 6-1, D, page 
6-25). -
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6. Connect scope probe to test point F27 and record value ob­
tained. It should be 3.1 v + 10%. 

If required, repeat procedures in paragraphs 6-5c and 6-5g, page 6-26, 
for the second memory chassis. 

e. Memory to Z Strobe (Read Strobe) Adjustment. - An adjustable 
strobe pulse provides correction timing for the pulse which gates informa­
tion from the memory sense amplifiers to the Z-register. An early strobe 
results in bits being picked up; a late strobe results in bits being dropped. 

Note: - Before the strobe adjustment is made, make sure 
no failur e, marginal, or inter mittent conditions exist 
in the associated logic and memory circuitry. 

1. Store 777777778 throughout memory" 

2. Run a CLA (30) instruction continuously. 

3. Use the following oscilloscope settings. 

Time/cm: 0.1 f.lsec 

Triggering mode: EXT +, AC FAST 

. Trigger input: A2A1TB1 G01 (02T11) 

4. Insert channel A probe (dual-trace preamplifier) into AlAI TB1 
G1 to display strobe pulse for ZO-13 (pulse for Z14-23 is 
identical when observed at A1A2TB2 A33). The strobe pulse 
is approximately 140 nanosecond at the -2v level. 

5. If necessary, adjust strobe pulse on 64024 card (figure 8- 54, 
B2, page 8-123) by increasing or decreasing total number of 
tap pOSitions which separate initiations and terminating sig­
nals going to 64015 card. 

6. Insert probe B into sense amplifier output test point (A20 to 
M20 on both memory chassis) which has narrowest pulse 
width. 
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7. Use an alternate dual-trace to compare sense output and tim­
ing of strobe. The strobe pulse occurs in the last half of the 
sense pulse. 

SENSE 

-'-----0 v 

::-::::=-=-==-=t~~:::.....--~--- - 4. 5V 

COMPUTER TIME: 1.2 2.2 3.1 

8. To adjust strobe timing, move both initiating and terminating 
signal taps on 64024 card forward (earlier) or backward 
(later) an equal number of taps. 

9. Run BRAINWASH memory test (refer to paragraph 10-31, page 
10- 50, Volume IV). If errors occur in normal, high margin, 
or low margin, further adjustment is necessary. 

10. Scope sense amplifiers of failing bits during BRAINWASH to 
check if strobe must be advanced and retarded in sense ampli­
fier pulse. 

6-6. AIRFLOW SENSOR ADJUSTMENT. - Perform the following steps to 
adjust the airflow sensor. 

Note: - Make sure airflow sensor needs adjusting. Check 
fans and air intake and exhaust ports before making 
adjustment. Sensor operation is temperature de­
pendent. If the ambient room temperature changes, 
sensor adjustment may be required. 

1. Release snap screws on filter grill (above power control panel). 

2. Pull grill work out and up to expose filter. 

3. Remove air filter. 

4. Place POWER ON/OFF switch to ON. 
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5. Loosen clamp and remove tape covering sensor adjustment screw 
hole. 

6. Using a screwdriver, turn adjustment screw clockwise (switch 
operates at decreased airflow) 1/8 turn. 

7. Replace tape covering the adjustment screw hole and tighten clamp. 

Note: - The hole for adjustment must be covered for the 
sensor to operate properly. 

8. Replace air filter and close grill. 

9. Open logic panel AIA3. The AIR FLOW FAULT indicator is 
lighted. 
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CHAPTER 7 

ILLUSTRATED PARTS BREAKDOWN 

I - INTRODUCTION 

7-1. EXPLANATION. - The illustrated Parts Breakdown identifies as­
semblies and detail parts contained in the CP-818A/U Digital Data Com­
puter. The parts list should not be used for disassembly or assembly 
procedures. Maintenance, overhaul, or repair should be performed by 
authorized . personnel using the applicable maintenance, service, or over­
haul instructions. This publication is divided into three sections. 

II - GROUP ASSEMBLY PARTS LIST 

7-2 .. EXPLANATION. - The group assembly parts list consists of ex­
ploded view illustrations and listings of assemblies and detail parts. Each 
assembly listed in this section is followed by its component parts listing. 
Attaching parts are listed immediately following th.eassembly or part 
which they secure. The symbol " ___ * ___ " is used to denote the end of the 
attaching parts. 

7-3. FIGURE AND INDEX COLUMN. - This column shows the chapter 
number, .a figure number of an assembly and all index numbers aSSigned 
to its component parts. 

7-4. REFERENCE DESIGNATION COLUMN. - This column lists the 
reference designator assigned to the assembly or detail part. These desig­
nators coincide ylith the deSignation marked on the equipment, draWings, 
and diagr~m$. The designator complies with MIL-STD-16. 

7:...5. DESCRIPTION COLUMN. - This column lists the item name of a 
part or assembly, followed by an identifying description, when required. 
The data is indented to show relationship. Whenever parts are procured 
from. a vendor, the vendor's part number is listed in the Part Number 
column and th~ vendor's code II (~~~~~ II is placed after the description of 
the item. The Department of Defense drawing number is also listed after 
the vendor code number. The vendor's code number is taken from the 
Federal Supply Code for Manufacturer's Cataloging HandbookH4-1. These 
codes are listed in numerical sequence at the end of the Introduction. 

7-6. PART NUMBER COLUMN - The column lists the Department of 
Defense draWing numbers except when military part numbers are listed. 
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a. "No Number" Entry. - This entry indicates that a part number 
has not been assigned to the part or assembly. Reference to its next pro­
curable item is made by indenture or explanation in the Description column. 

b. "Coml' Entry. - This entry indicates that the part may be pro­
cured from normal commercial sources. Sufficient descriptive information 
is given to permit part procurement. 

7-7. UNITS PER ASSEMBLY COLUMN. - This column indicates the 
quantity of parts per assembly. If an equipment contains two or more 
identical assemblies, or if similar assemblies have been combined in one 
illustration, this column will indicate the quantity of parts for one assembly 
only. 

~. "NP" (Nonprocurable) Entry. - This designation is entered when 
a part or assembly is listed as a "No Number" in the Part Number column. 

bl) "AR" (As Required) Entry. - This designation is entered when a 
definite quantity is not specified. 

c. "Ref" (Reference) Entry. - This designation is entered when the 
quantity of an assembly has been previously considered. 

7-8. USABLE ON CODE COLU.MN. - This column has not been employed 
in this illustrated Parts Breakdown. 

III - NUMERICAL INDEX 

7-9. EXPLANATION. - This index lists all part numbers, figure and 
index numbers, and quantities listed in the group assembly parts list. The 
part numbers are arranged in alphanumeric sequence. 

IV - REFERENCE DESIGNATOR INDEX 

7 -10. EXPLANATION. - This index lists all reference designations as­
signed in the group assembly parts list. The reference designations are 
arranged in alphanumeric sequence with the corresponding figure and 
index number and part number. 
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Code 

~~142 

~1295 

CY266~ 

~5236 

~5581 

~5587 

~7137 

~9922 

12881 

VENDORS' CODES 

Name and Address 

EFCO Hydraulics Inc. 
235 Kilvent St. 
Warwick, R. I. ~2886 

Texas Instruments Inc. 
1359'~ North Central Expressway 
Dallas, Texas 75231 

Amphenol Corp. 
28~1 S. 25th Ave. 
Broadview, lll. 6~153 

Jonathan Mig. Co. 
72~ E. Walnut 
Fullerton, Calif. 92632 

A.G.1. Rubber Co. 
PO Box 898 
Bridgeport, Conn. ~669'1 

Couch Ordnance Inc. 
North Quincy, Mass. 

Transistor Electronics Corp. 
Hwy 169 - Co. Rd 18 
P.O. Box 6191 
Minneapolis, Minn. 55424 

General Electric Co. 
Miniature Lamp Dept. 
Nela Park, Cleveland, Ohio 44112 

Burndy Corp. 
Richards Ave. 
Norwalk, Conn. ~6852 

Metex Corp. 
979' New Durham Road 
Edison, N.J. ~8817 
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Code 

156!J'5 

16512 

22526 

37942 

43766 

56289 

7!J'674 

71279 

71286 

714!J'!J' 

7-4 

VENDORS' CODES (continued) 

Name and Address 

Cutler-Hammer Inc. 
42!J'1 N. 27th St. 
Milwaukee, Wis. 53216 

, National Connector Corp. 
921~ Science Center 
Minneapolis, Minn. 55429 

Berg Electronics, Inc. 
New Cumberland, Pa. 17~7!J' 

Mallory P.R. and Co., Inc. 
3!J'29 East Washington St. 
Indianapolis, Ind. 462!J'6 

Nice Ball Bearing Co. 
3~th and Harting Park Ave. 
Philadelphia, Pa. 1914!J' 

Sprague Electric Co. 
Mar shall St. 
North Adams, Mass. !J'1247 

ADC Products Inc. 
64~5 Cambridge St. 
Minneapolis, Minn. 55426 

Cambridge Thermionic Corp. 
445 Concord Ave. 
Cambridge, Mass. !J'2138 

Camloc Fastener Corp. 
22 Spring Valley Rd. 
Paramus, N.J. !J'7652 

Bussmann Mfg., DiviSion of McGraw Edison 
2536 W. University St. 
St. LouiS, Mo. 63~17 
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Code 

71468 

71744 

72619 

72962 

738~3 

74545 

78189 

8~294 

VENDORS' CODES (continued) 

Name and Address 

ITT, Cannon Electric Inc. 
32~8 Humbolt St. 
Los Angeles, Calif. 9~~31 

Chicago Miniature Lamp Works 
4433 Ravenswood Ave. 
Chicago, TIl. 6~64~ 

Dialight Corp. 
6~ Stewart Ave. 
Brooklyn, N.Y. 11237: 

Elastic Stop Nut Corp. of America 
233Q' Vauxhall Road 
Union, N.J. ~7~83 

Metals and Controls, Inc. 
Metallurgical Products Group 
34 Forest St. 
Attleboro, Mass. ~27~3 

Hubbell Harvey Inc. 
State St. and Bostwick Ave. 
Bridgeport, Conn. ~66~2 

CP-818A/U 

Shakeproof, Division of TIlinois Tool Works, Inc. 
St. Charles Road 
Elgin, TIl. 6~12~ 

Schott, Oscar A. Co., Inc. 
5~~ 11th Ave. S. 
Minneapolis, Minn. 55415 

Bourns Inc. 
12~~ Columbia Ave. 
Riverside, Calif. 925~7 
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Code 

82877 

83~58 

9~536 

915~6 

91637 

91886 

91929 

93929 

94144 

94222 

7-6 

VENDORS· CODES (continued) 

Name and Address 

Rotron Mfg. Co., Inc. 
7-9 Hasbrouck Lane 
Woodstock, N.Y. 12498 

Carr Fastener Co. 
238 Main St. 
Cambridge, Mass. ~2142 

Univac, Division of Sperry Rand Corp. 
Univac Park 
St. Paul, Minn. 55116 

Augat, Inc. 
33 Perry Ave. 
Attleboro, Mass. ~27~3 

Dale Electronics, Inc. 
P.O. Box 6~9 
Columbus, Nebr. 686~1 

Malco Mfg. Co., Inc. 
4~25 W. Lake 
Chicago, TIl. 6~624 

Honeywell, Inc., Micro Switch Division 
Chicago and Spring Str eets 
Freeport, TIl. 61~32 

G-V Controls, Inc. 
81 Okner Parkway 
Livingston, N.J. ~7~39 

Raytheon Co. 
465 Centre St. 
Quincy, Mass. ~2169 

South Chester Corp. 
Chester, Pa. 
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96881 

VENDORS' CODES (continued) 

Name and Address 

Thomson Industries, Inc. 
1~29 Plandome Rd. 
Manhasset, N. Y. 11~3~ 
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Figure 7-1. CP-818A/U Digital Data Computer 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND 
INDEX REF. DESIGN. DESCRIPTION 

NO. 

7-1- COMPUTER, DIGITAL OAT A ................ 
COVER ASSEMBLY, cabinet ............... 

(ATTACHING PARTS) 
SCREW, pan hd, 8-32UNC-2A by .0.5 in. 19 

(DOD no. ,ON123138-5) ................. 
SCREW, pan hd, 6-32 UNC-2A by .0.375 in. 19 

(DOD no. ,ON123137-3) ................. 
SPACER, sleeve ....................... --_._--

-1 THUMBSCREW, ext reI body ..........•.. 

(ATTACHING PARTS) 
W ASHER, flat, no. 8 ................... --_._--

-2 ST A Y, folding ....................... 

(ATTACHING PARTS) 
NUT, self-locking, hex ................. 
WASHER, flat, no. 6 ................•.. --_.:._-

-3 SKIN, extension •..................... 

(ATTACHING PARTS) 
SCREW, pan hd, 8-32UNC-2A by .0.312 in. 19 

(DOD no. 'oNI23138-2) ............... 
W ASHER, flat, no. 8 .................•. --_._--

-4 HINGE, butt ........................ 
(ATTACHING PARTS) 

SCREW, pan hd, 8-32UNC-2A by .0.312 in. 19 
(DOD no. ,ON123138-2) ............... --_._--

-5 COVER, cabinet ...................... 
-6 RET AINER, air filter ..............•..... 
-7 SHIELDING, gasket, electronic .........•.... 

(ATTACffiNG PARTS, 
for indexes 6 and 7) 

SCREW, ext reI body, 8-32UNC-2A by .0.75 in. 19 
(81453) (DOD no. ,ONI23217-2) ............ 

W ASHER, flat, no. 8 ..................... 
WASHER, lock, spring, no. 8 .•.•.....•..... --_._--

-8 FILTER, air conditioning ................. 
-9 A5 HOOD ASSEMBLY (For breakdown see Figure 7-4, 

page 7-22) ..................•....... 
-1.0 SHIELDING, gasket, electronic ........•..... 

(ATTACHING PARTS, 
for indexes 9 and It!) 

SCREW, pan hd, 6-32UNC-2A by .0.625 in. 19 
(000 no. ,ON123137-6) ................. 

W ASHER, flat, no. 6 .......•.....•.....•. --_._--
-11 Al CONVERTER, DIGITAL TO DIGITAL (For breakdown 

see Figure 7-5, page 7-26) .....•.......•. 
-12 A2 CONVERTER, DIGITAL TO DIGITAL (For breakdown 

see Figure 7-5, page 7-26) .....•..•...... 
-13 A3 MEMORY CHASSIS ASSEMBLY (For breakdown 

see Figure 7-6, page 7-32) ............... 
-14 A4 MEMORY CHASSIS ASSEMBLY (For breakdown 

see Figure 7-6, page 7-32) .....•......... 

FOR OFFICIAL USE ONLY 

UNITS USABLE 
PART NO. PER ON 

ASSY. CODE 

,ON1l68,O,O 1 
,ON.oo8218-2 1 

Coml 5 

Coml 1 
,ONt!67333 1 

,ON.oo8251 2 

MS15795-8,07 2 

.oNt!68192 1 

MS21,044-C.oo 2 
MS15795-8,05 2 

,ON,068219-2 1 

Coml 6 
MS15795-8,07 6 

,ON.oo8238-2 1 

Coml 6 

'oN.oo8133-2 1 
,ON1l6819 1 
,ONI23319-11 AR 

CS-l,01 1.0 
MS15795-8,07 1.0 
MS35338-137 1.0 

,ON1l6812 1 

,ON1l6816 1 
,ON123319-1,O AR 

Coml 14 
MS15795-8,05 14 

,ON1l68,01-1 1 

,ON1l68,Ol-2 1 

,ON1l68,02-1 1 

,ON1l68t!2-2 1 

7-9 
Reverse (Page 7-10) Blank 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-1- (ATTACHING PARTS, 
for indexes 11 thru 14) 

SCREW, flat hd, ,£).312-18UNC-2A by 1 in. 19 
(DOD no. '£)NI23131-3) .................. Coml 8 

SCREW, pan hd, ,£).3l2-l8UNC-2A by ,£).5 in. 19 
(DOD no. '£)N123l43-l) ................. Coml 8 

SPACER, sleeve, ,£).166 in. 19 ............... ,£)N,£)67,£)62 8 --_._--
-15 PLATE, identification (component of .f)Nll6826) .. ,. '£)N116857-2 1 

(ATTACHING PARTS) 
SCREW, pan hd, 4-4,£)UNC-2A by ,£).5 in. 19 ...... MS51957-l7 4 
WASHER, flat, no. 4 .................... MSI5795-8,£)3 4 
NUT, self-locking, hex ................... MS21,£)44-C,£)4 4 --_._--

-16 PSI POWER SUPPLY (For breakdown see 
Figure 7-11, page 7-48) ..........•...... ,£)N116826 1 

(ATTACHING PARTS) 
SCREW, flat hd, 1,£)-32UNF-2A by ,£).625 in. 19 

(DOD no. '£)NI23394-4) .................. Coml 16 
--- ._--

-17 A6, A7 FAN ASSEMBLY (For breakdown see 
Figure 7-12, page 7-52) ................. .f)N116843 2 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by '£).625 in. 19 

(DOD no. '£)NI23137-6) ................. Coml 4 
SCREW, pan hd, 6-32UNC-2A by ,£).5 in. 19 

(DOD no . .f)N123137-5) ................. Coml 16 
W ASHER, flat, no. 6 ..................... MS15795-8.f)5 16 
NUT, self-locking, hex ................... MS21.f)44-C'oo 16 --_._--

-18 HINGE, upper, lh ....................... .f)N1l6841-1 4 
-19 HINGE, upper, lh ....................... '£)N1l6463-1 4 

(ATTACHING PARTS, 
for indexes 18 and 19) 

-2.0 SCREW, flat hd, 8-32UNC-2A by .0.375 in. 19 
(DOD no . .f)NI23126-1) .................. Coml 24 --_._--

-21 HINGE, lower .....•................... .f)N11684.f) 8 

(ATTACHING PARTS) 
-22 SCREW, flat hd, 8-32UNC-2A by 1.25 in. 19 

(DOD no . .f)N123126-9) .................. Coml 16 --_._--
-23 PLUNGER, hinge ............•.....•.... .f)N1l6854 8 
-24 SPRING, hinge ....................••... .fIN116859 8 
-25 LATCH, rim clinching (94222) (DOD no . .f)NI23197-1) 62-99-193-1.0 16 
-26 LATCH, rim clinching ................... .fIN1l6853-1 2 
-27 PAWL, latch •.......•........... ' ....•. .fIN11685.f1-1 8 
-28 PAWL, latch .....•.....•.....•...•.... .oN1l685.o-2 1.0 
-29 WRENCH, chassis engaging •...........•.•. .oN1l6856 1 
-3.0 PLATE, identification ·W ARNING," 1.74 in. by 

3.6 in. (9.0536) (DOD no . .oN123282) ......... 79.01489-.0.0 4 
-31 DOOR, electrical equipment ............... .fIN1l6B.tl7-1 1 
-32 DOOR, electrical equipment ............... .oN1168.o7-3 1 
-33 DOOR, electrical equipment ............... .oN1l68.o7-2 2 
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Figure 7 -2. Upper Cabinet 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 

INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-2- COMPUTER, DIGITAL DATA, upper cabinet .•..... ,ON 116 B.DP Ref 
-1 A5LS1 HORN, electrical, solid state osc (37942) 

(component of PN116816) (OOD no. PN123233) •. SC-628 1 
-2 BRACKET, horn (component of ,£)N116816) ....... PN,0682,04 1 

(ATTACHING PARTS) 
SCREW, pan hd, 8-32UNC-2A by .0.438 in. 19 

(OOD no. '£)N123138-4) .................. Coml 2 
W ASHER, flat, no. 8 ................•...• MS15795-8P7 2 

---*---

-3 S4 SWITCH, thermostatic, spst (738,£)3) 
(OOD no. PN123287-11) •••..•.•.•••...•• M221F115,04P541 1 

-4 S5 SWITCH, thermostatic, spst (738,£)3) 
(OOD no. '£)N123287-1,f» ..•.............• M221L136,04p541 1 

(ATTACHING PARTS, 
for indexes 3 and 4) 

SCREW, pan hd, 2-56UNC-2A by .0.25 in. 19 
(OOD no. '£)N1231.D5-3) ............•..• : . Coml 4 

WASHER, flat, no. 2 •..............•...•. MS15795-8P2 4 
NUT, self-locking, 2-56UNC-3B (72962) 

(OOD no. ,£)N123.D22-1) ................. 79LH166P-26 4 
---*---

-5 BRACKET, thermostatic switch ............. PN116448-2 1 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .0.375 in. 19 

(OOD no. '£)N123137-3) .•................ Coml 2 
W ASHER, flat, no. 6 .•.•.........•....... MS15795-8P5 2 
NUT, self-locking, hex .................•. MS21,044-C,06 2 

---*---

-6 SLIDE, telescoping (P5236) 
(OOD no. PN123216-1) ................. 35.D235-B 2 

-7 SLIDE, telescoping (P5236) 
(DOD no . .DN123216-2) ................. 35P235-T 2 

(ATTACHING PARTS, 
for indexes 6 and 7) 

SCREW, flat hd, p.25-28UNF-2A by .0.875 in. 19 
(OOD no . .DN123395-4) ................. Coml 12 

SHIM, steel, .0.,£)16 in. thk by 3 in. 19 ..•...•... PN,067P,06 AR 
SHIM, steel, .0 . .031 in. thk by 3 in. 19 ..•....... PN,067115 AR 
SHIM, steel, .0.,062 in. thk by 3 in. 19 .......... PN,067l24 AR 
SHIM, steel, .0 . .016 in. thk by 3.5 in. 19 ......... PN,067PP7 AR 
SHIM, steel, .0.,£)31 in. thk by 3.5 in. 19 ......... PN,067l25 AR 
SHIM, steel, .0.,062 in. thk by 3.5 in. 19 .•...•... PN,067l26 AR 

---*---
A12 CONNECTOR ASSEMBLY .....•.....•...•. PN,068228-2 1 

-8 COVER, connector hole ................ PN,067739 9 
-9 RET AINER, connector ................. PN,067PP5 9 
-1.0 AI2J2 thru CONNECTOR, receptacle, elect, male, 5.0 

A12Jl,O contact (7l468) (OOD no . .DN123165) ..•.•.. DPD5p-34PIGF 9 
32A1l5 

(ATTACHING PARTS, 
for indexes 9 and 1,0) 

SCREW, flat hd, 6-32UNC-2A by .0.625 in. 19 
(OOD no. PNI23125-5) ............... Coml 36 

---*---
-11 SHIELDING, gasket ................... ,ON,067322 9 
-12 PLATE, mounting elect conn ..........•.• PN,0681P2 9 

(ATTACHING PARTS, 
for indexes 11 and 12) 

SCREW, pan hd, 6-32UNC-2A by .0.5 in. 19 
(OOD no . .oN123137-5) ............... Coml 36 

W ASHER, flat, no. 6 •.................. MS15795-8,OS 36 

---*---
-13 A12A1Ff, FUSE, cartridge ..................... F,£)3A25.oV8AS 4 

A12A1F4, 
A12A2Fl, 
A12A2F4 
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FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-2-14 A12AIF2, FUSE, cartridge ..................... F.o3A25'oVl.oAS 4 
AI2AIF5, 
A12A2F2, 
A12A2F5 

-15 A12AIF3, FUSE, cartridge ..................... F.o2A25,OV3AS 4 
AI2AIF6, 
A12A2F3, 
A12A2F6 

-16 AI2AIXF2, FUSEHOLDER ...................... FHLI8G2-1 8 
AI2AIXF3, 
AI2AIXF5, 
AI2AIXF6, 
AI2A2XF2, 
AI2A2XF3, 
AI2A2XF5, 
A12A2XF6 

-17 AI2AIXFl, FUSEHOLDER, indicating, 2.0 amp, 4-6v (714.0,0) 
AI2AIXF4, (DOD no. ,ON123229) ................. HKU 4 
AI2A2XFl, 
A12A2XF4 

-18 BRACKET, angle, fuseholder ............ .oN1l6848-2 1 
-19 BRACKET, angle, fuseholder ............ ,ON1l6848-1 1 

(ATTACHING PARTS, 
for indexes 18 and 19) 

SCREW, pan hd, 8-32UNC-2A by .0.5 in. Ig 
(DOD no. ,ONI23138-5) ............... Coml 6 

---*---
AI2Al, CONNECTOR ASSEMBLY, electrical ....... .oN,067.o59-2 2 
A12A2 

(ATTACHING PARTS) 
SCREW, pan hd, l,O-32UNF-2A by 1.25 in. 19 

(DOD no. ,ONI2314,O-8) ............... Coml 16 
WASHER, flat, no. 1.0 ........•.......•. MS15795-8,08 16 
W ASHER, lock, spring, no. 1.0 ............ MS35338-138 16 

---*---
-2.0 SUPPORT, connector bracket .......... .oN,0672,03 2 
-21 SHIM, .0 . .02 in. thk by 4.78 in. 19 ......... .oN,067128 AR 
-22 SHIM, .0.,032 in. thk by 4.78 in. 19 ........ .oN,067138 AR 
-23 SHIM, .0 . .05 in. thk by 4.78 in. 19 ......... .oN,067139 AR 

(ATTACHING PARTS, 
for indexes 2.0 thru 23) 

WASHER, flat, no. 8 .........•....... MSI5795-8.D7 6 
NUT, self-locking, hex ... ........... . MS21,044-C.o8 6 

---*---
-24 A12AIJI CONNECTOR, receptacle, elect, male, 189 

thru contact (91886) (DOD no. ,ON123224) ..•.. 3614875 4 
AI2AIJ4, 
AI2A2Jl 
thru 
A12A2J4 

(ATTACHING PARTS) 
WASHER, flat, no. 6 ..............•.. MS15795-8,05 16 
NUT, self-locking, hex ............... MS21,044-C,06 16 

---*---
-25 CONTACT, elect, male, snap-in (91886) 

(DOD no. ,ONI23467-1) ........... 361.0,049-4 189 
-26 NUT, plain, plate ..•••.............. .oN1l6625 1 

(ATTACHING PARTS) 
SCREW, flat hd, l,O-32UNF-2A by 1.125 in. 19 

(DOD no. ,ONI23,064-2) ............. Coml 8 
WASHER, flat, no. 1.0 ..............•. MS15795-8.o8 8 
NUT, self-locking, hex .....•......... MS21.f)44-C3 8 

---*---
-27 BRACKET, electrical conn ............ .oN,067.o58 1 
-28 CATCH, door latch •..................... .oN1l6851-4 4 
-29 CATCH, door latch .•....•............... .oN1l6851-1 4 
-3.0 SHIM, catch .......................... .oN1l6852-1 AR 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND 
INDEX 

NO. 

7-2-31 
-32 

-33 

-34 
-35 
-36 

-37 

-38 

-39 
-4.0 
-41 

-42 
-43 

-44 

-45 

REF. DESIGN. 

Jl 

FLl, FL2, 
FL3 

WI 

W2, W3, W4 

SHIM, catch 
SHIM, catch 

DESCRIPTION 

(ATTACHING PARTS, 
for indexes 28 thru 32) 

SCREW, flat hd, 8-32UNC-2A by 1 in. 19 
(000 no. ,ONI23126-7) ................ . 

SCREW, flat hd, 8-32UNC-2A by 1.25 in. 19 
(000 no. ,ONI23126-9) ................ . --_._--

CABINET, electrical equipment ........•... 
COVER, plate ..•...................• 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .0.5 in. 19 

(000 no. 'oNI23137-5) .............•. 
WASHER, flat, no. 6 .................. . --_._--
COVER, electrical connector .•...•...... 
CONNECTOR, receptacle, elect .......... . 
SHIELDING, gasket, elect .............. . 

(ATTACHING PARTS, 
for indexes 35 and 37) 

SCREW, pan hd, 4-4,OUNC-2A by .0.562 in. 19 
(000 no. ,ONI23136-8) ..•.......•.... 

WASHER, flat, no. 4 ....•.....•........ 
NUT, self-locking, hex ................ . --_._--
FILTER, radio interference, 4.0.0 vdc, 2.0 amp 

(56289) (000 no. ,ON1232,02) .......... . 
BRACKET, electrical connector ....•..... 

(ATTACHING PARTS) 
SCREW, flat hd, l,O-32UNF-2A by .0.625 in. 19 

(000 no. 'oNI23394-4) •....•.......... 
SCREW, pan hd, l,O-32UNF-2A by .0.625 in. 19 

(000 no. 'oNI2314,O-4) ....... . 
W ASHER, flat, no. 1.0 ... : ....•......... --_._--
BRACKET, stabilizer ................ . 
BRACKET, stab'ilizer ................ . 
SHIELDING, gasket, electronic .......... . 

(ATTACHING PARTS, 
for indexes 39 thru 41) 

SCREW, pan hd, 1.f)-32UNF-2A by .0.75 in. 19 
(000 no. ,ONI2314,O-5) .............. . 

W ASHER, flat, no. 1.0 ................. . --_._--
SHIELDING, gasket, electronic .......... . 
BUS BAR, ground .' ..........•........ 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .f).562 in. 19 

(000 no. 'oNI23137-9) .............. . 
WASHER, flat, no. 6 .................. . 
NUT, self-locking, hex, 6-32UNC-3B (72962) 

(000 no. 'oNI23.f)44-2) .............. . --_._--
BUS BAR ......................... . 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .0.5 in. 19 

(000 no. ,ONI23137-5) .............. . 
W ASHER, flat, no. 6 ............•...... --_._--
INSULATOR, bus bar ................ . 
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PART NO. 

,ON1l6852-2 
,ON1l6852-3 

Coml 

Coml 

,ON1168,05 
,ON,068152 

Coml 
MS15795-8,05 

MS25,043-2,OC 
MS31,02A2,O-15PW 
,ON,068132 

Coml 
MS15795-8,03 
MS21,044-C,04 

2,DJX31 
,ON,06823,O-2 

Coml 

Coml 
MS15795-8,08 

,ON1l6863-1 
,ON1l6863-2 
,ON123363-34 

Coml 
MS15795-8,08 

,ON123319-17 
,ON,068212 

Coml 
MS15795-8,05 

L79NKM-62 

.f)N,0682l3 

Coml 
MS15795-8,05 

,ON,068 136 

UNITS 
PER 

ASSY. 

AR 
AR 

8 

6 
6 

4 
4 
4 

3 
1 

19 
19 

1 
1 

AR 

4 
4 

AR 
1 

4 
4 

4 

12 
12 

2 

USABLE 
ON 

CODE 

7-15 
Reverse (Page 7-16) Blank 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

(ATTACHING PARTS) 
SCREW, pan hd, l,O-32UNF-2A by .0.438 in. 19 

(OOD no. ,ONI2314.D-2) ................ Coml 4 
W ASHER, flat, no. 1.0 ..........•........ MSI5795-8.£l8 4 

---*---

-46 BRACKET, lower ..................... ,ON1l6823-1 1 
BRACKET, upper ..................... ,ON1l6824-2 1 

(ATTACHING PARTS) 
SCREW, pan hd, l,O-32UNF-2A by .0.5 in. 19 

(OOD no. ,ONI2314,O-3) ............... Coml 4 
W ASHER, flat, no. 1.0 .... ' ...........•.. MS15795-8,08 4 

--- *---
-47 SCREW, pan hd, 8-32UNC-2A by .0.75 in. 19 

(OOD no. ,ON123133-3) ................. Coml 1 
-48 TERMINAL, lug, insulated ................ MS25,036-49 1 
-49 WASHER, lock, no. 8 (OOD no. ,ON123148-3) ..... Coml 2 
-5.0 WASHER, flat, no. 8 (OOD no. ,ON123147-3) ...... Coml 1 
-51 W ASHER, lock, spring, no. 8 ............... AN935-B8L 1 
-52 NUT, plain, hex, 8-32UNC-2B (OOD no. ,ONI23144-3) Coml 2 
-53 SCREW, cap, hex hd, full thd, ,O.375-16UNC-2A by 

2 in. 19 (OOD no. ,ON123274) .............. Coml 1 
-54 WASHER, lock, .0.375 in. id ................ AN936-B616B 2 
-55 TERMINAL, red, size 4 <.0.0779) 

(OOD no. ,ONI23281-18) ................. 322.055 1 
-56 WASHER, flat, brass, .0.375 in. id 

(OOD no. ,ON123429) ................... Coml 3 
-57 WASHER, lock, spring, .0.375 in. id ........... MS35338-141 2 
-58 NUT, plain, hex, ,O.375-16UNC-2B 

(OOD no. ,ONI23128-12) ................. Coml 2 

I 

( 
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Figure 7-3. Lower Cabinet 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-3- COMPUTER, DIGITAL DATA, lower cabinet ....... ~N1168~~ Ref 
-1 S2 SWITCH, thermostatic, spst (738~3) 

(DOD no. ~Nl23287-11) ............•.•.. M22lF115,04~541 1 
-2 S3 SWITCH, thermostatic, spst (738.03) 

(DOD no. ,ONl23287-l,D) ................. M221L136,04,0541 1 

(ATTACHING PARTS, 
for indexes land 2) 

SCREW, pan hd, 2-56UNC-2A by ~.25 in. 19 
(DOD no . .DNl23l.D5-3) ................. Coml 4 

WASHER, flat, no. 2 ...•................. MS15795-8.D2 4 
NUT, self-locking, 2-56UNC-3B (72962) 

(DOD no. ~Nl23.D22-l) ................•. 79LHI66~-26 4 
---*---

-3 BRACKET, thermostatic switch .•.......•••. ,ON116448-3 1 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .0.375 in. 19 

(DOD no . .DNl23l37-3) .................. Coml 2 
W ASHER, flat, no. 6 ..................... MSI5795-8~5 2 
NUT, self-locking, hex ................... MS21,044-C.D6 2 

---*---
-4 BRACKET, mounting .................... ~N116832 1 
-5 SLIDE, telescoping (,05236) 

(DOD no . .DNl232l6-2) .................. 35,0235-T 2 
-6 SLIDE, telescoping (,05236) 

(DOD no . .DNI23216-l) .•................ 35~235-B 2 

(ATTACHING PARTS, 
for indexes 5 and 6) 

SCREW, flat hd, .D. 25-28UNF-2A by .0.875 in. 19 
(DOD no . .DNI23395-4) .•...............• Coml 12 

SHIM, steel, .0 . .016 in. thk by 3 in. 19 .......... ~N.D67,O~6 AR 
SHIM, steel, .0 . .031 in. thk by 3 in. 19 .........• ~N.D67115 AR 
SHIM, steel, .D . .D62 in. thk by 3 in. 19 .......... ,ON.D67124 AR 
SHIM, steel, .0 • .016 in. thk by 3.5 in. 19 .•....... .DN.D67~~7 AR 
SHIM, steel, .0 . .031 in. thk by 3.5 in. 19 ......... ~N.D67125 AR 
SHIM, steel, .D . .D62 in. thk by 3.5 in. 19 ......... .DN.D67126 AR 

---*---
-7 SHIELD, air vent, 7 in. by 2.0.5 in (12881) 

(DOD no . .DNI2321,O-12) ............•.•.. .D6-,032~2-To 1 
be est. 

-8 SKIN, cabinet, ·rear ..................... ~N116845 1 
-9 SHIELDING, gasket, electronic ............. ~Nl23319-17 AR 
-1~ COVER, louvered ...................... ~N116828 1 

(ATTACHING PARTS, 
for indexes 7 thru 1.0) 

SCREW, pan hd, l.D-32UNF-2A by .0.75 in. 19 .... MS51958-65 52 
SCREW, pan hd, 1.D-32UNF-2A by lin. 19 ....... MS51958-67 26 
SCREW, pan hd, l,O-32UNF-2A by 1.25 in. 19 MS51958-68 2.0 
WASHER, flat, no. 1.0 •.•...••••.••••••••• MSI5795-8~8 98 
NUT, self-locking, hex ................... MS21,044-C3 2~ 

---* ---
-11 CATCH, door latch .....................• ,ON1l6851-4 6 
-12 CATCH, door latch ....... , .............. ~N116851-1 4 
-13 SHIM, catch .......................... ~N116852-l AR 
-14 SHIM, catch .......................... ~N116852-2 AR 
-15 SHIM, catch .......................... ~N116852-3 AR 

(ATTACHING PARTS, 
for indexes 11 thru 15) 

SCREW, flat hd, 8-32UNC-2A by 1 in. 19 
(DOD no . .DNI23126-7) ................. Coml 12 

SCREW, flat hd, 8-32UNC-2A by 1.25 in. 19 
(DOD no . .DNI23l26-9) ................. Coml 8 

---*---
A12 CONNECTOR ASSEMBLY ................. .DN.D68228-2 Ref 

-16 AI2A3Fl, FUSE, cartridge ..................... Fp3A25,OV8AS 4 
Al2A3F4, 
AI2A4Fl, 
A12A4F4 
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-17 A12A3F2, FUSE, cartridge .................... F,03A25,OVl.oAS 8 
A12A3F3, 
A12A3F5, 
A12A3F6, 
A12A4F2, 
A12A4F3, 
A12A4F5, 
A12A4F6 

-18 A12A3XF2, FUSE HOLDER ............•.•...... FHL18G2-1 8 
A12A3XF3, 
A12A3XF5, 
A12A3XF6, 
A12A4XF2, 
A12A4XF3, 
A12A4XF5, 
A12A4XF6 

-19 A12A3XF1, FUSEHOLDER, indicating, 2.0 amp 4-6v (714.o1J) 
A12A3XF4, (DOD no . .oN123229) .........•..... HKU 4 
A12A4XF1, 
A12A4XF4 

-?O BRACKET, angle, fuseholder ..........• .oN116848-2 1 
-21 BRACKET, angle, fuseholder ........... .oN116848-1 1 

(ATTACHING PARTS, 
for indexes 2.0 and 21) 

SCREW, pan hd, 8-32UNC-2A by .0.5 in. 19 
(DOD no . .oN123g..a.-_51_ ..•.......... Coml 6 

A12A3, CONNECTOR ASSEMBLY ............. .oN{J6818.o-2 2 
A12A4 

(ATTACHING PARTS) 
SCREW,· pan hd, 1.o-32UNF-2A by 1.25 in. 19 

(DOD no . .oNI2314.o-8) ............. Coml 16 
WASHER, flat, no. 1.0 ...........•.... MS15795-8.o8 16 
WASHER, lock, spring, no. l,fl .......... MS35338-138 16 --_._--

-22 SUPPORT, connector bracket ........ ,flN,fl672.o3 2 
-23 SHIM, .0.02 in. thk by 4.78 in. 19 ...... ,flN,fl67128 4 
-24 SHIM, .o.,fl32 in. thk by 4.78 in. 19 .oN{J67138 2 
-25 SHIM, .0.05 in. thk by 4.78 in. 19 ....... .oN,fl67139 2 

(ATTACHING PARTS, 
for indexes 22 thru 25) 

NUT, self-locking, hex .....•....... MS21,fl44-C.o8 6 
WASHER, flat, no. 8 ....•.•.......• MS15795-8.o7 6 

---*---
-26 A12A3J1 CONNECTOR, receptacle, elect, 73 male and 

thru 4 female contact (91886) 
A12A3J4, (DOD no . .oN123228) ........•..•. 3614679 4 
A 12A4J 1 thru 
A12A4J4 

(ATTACHING PARTS) 
NUT, self-locking, hex .........•... MS21,fl44-C,fl6 16 

---*---
-27 CONTACT, eiect, male, snap-in (91886) 

(DOD no. ,flN123467-1) .....•.... 3614792-4-361.0.013 73 
-28 CONTACT, elect, female, snap-in (91886) 

(DOD no . .oNI23231-2) ......... 3614791-4-361.o.o1.flW 4 
-29 NUT, plain, plate •........•....... .oN116625 1 

(ATTACHING PARTS) 
SCREW, flat hd, 1,fl-32UNF-2A by 1 in. 19 

(DOD no. ,flNI23394-7) ........... Com1 8 
NUT, self-locking, hex ..•.•.......• MS21,fl44-C3 8 

---*---
-3,fl BRACKET, electrical connector •..•.•• ,flN,fl68181 1 
-31 A12P1 CONNECTOR, receptacle, elect .•....... MS31,fl6A32-6S 1 
-32 A12P2 CONNECTOR, receptacle, elect ......... MS31{J6A32-6SW 1 
-33 ADAPTER, cable to connector ...•...... MS3.o57-2.oA 2 
-34 BUSHING, elect conductor ..........•.• MS39.o56-7 2 
-35 BAND, marker, black, 4.75 in. 19 

(DOD no . .oN123,fl45) ..............• Coml 2 
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7-3- CABINET, electrical equipment ............. 'cNU68.05 Ref 
-36 SCREW, pan hd, 6-32UNC-2A by .0.5 in. 19 

(OOD no. ,t)N123137-5) ..... ........... Coml 1 
-37 S1 SWITCH, push, interlock, 10 amp (91929) 

(OOD no. ,t)NI22982) . . . . . ............ 2AC6 1 

(ATTACHING PARTS) 
SCREW, flat hd, 6-32UNC-2A by .0.312 in. 19 

(DOD no. ,t)N123125-1) ............... Coml 2 --_._--
-38 BRACKET, interlock switch ............. .flNU6861 1 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .0.312 in. 19 

(OOD no. ,t)NI23l37-2) ............... Coml 2 
WASHER, flat, no. 6 .•.•...•••.......•. MSI5795-8,t)5 2 --_._--

-39 INSULATOR, bus bar .•.....•......•.•. .flN,D68136 2 

(ATTACHING PARTS) 
SCREW, pan hd, 1.fl-32UNF-2A by .0.438 in. 19 

(OOD no . .flN123 14.0-2) ...•.......•.... Coml 4 
WASHER, flat, no. 1.0 •......•.........• MSI5795-8,t)8 4 --_._--

-40 BRACKET, lower •...........•...•.... .flN1l6823-2 1 
-4i BRACKET, upper .................... .flN1l6824-1 1 

(ATTACHING PARTS, 
for indexes 4.0 and 41) 

SCREW, pan hd, 1.fl-32UNF-2A by .0.5 in. 19 
(OOD no . .flNI2314,t)-3) .............. Coml 4 

WASHER, flat, no. 1.0 .......•.......•. MSI5795-8.flS 4 --_._--
-42 BRACKET, telescoping slide ............ .flN,D6822,O 2 

(ATTACHING PARTS) 
SCREW, pan hd, l,O-32UNF-2A by .0.625 in. 19 

(OOD no. ,oNI2314,t)-4) .•.........•... Coml 16 
W ASHER, flat, no. 1.0 ...•...........•. MS15795-S,08 16 

--- ._--
-43 COVER, cabinet, bottom ..••..•.....•.. ,ON1l6833 1 

(ATTACHING PARTS) 
SCREW, flat hd, 8-32UNC-2A by .0.625 in. 19 

(OOD no . .flN123l26-4) .............. Coml 4.0 --_._--
-44 CABINET SIDE, elect equipment ......... .flN,D68l'o9-2 2 
-45 SHIELDING, gasket, electronic .......... .flN123363-l5 AR 

(ATTACHING PARTS, 
for indexes 44 and 45) 

SCREW, pan hd, 1,t)-32UNF-2A by .0.75 in. 19 
(DOD no. ,ON123l4,O-5) .............. Coml 88 

W ASHER, flat, no. 1.0 ......•.......... MS15795-8,08 88 --_._--
-46 FRAME, electrical equipment ........... ,oN1l683l 1 
-47 FRAME, electrical equipment ........... .flN1l683,O 1 
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FIG. AND 
INDEX REF. DESIGN. DESCRIPTION 

NO. 

7-4- A5 HOOD ASSEMBLY (For NHA see Figure 7-1, 
page 7-8) .•........•.........•...••.. 

A2 SWITCH ASSEMBLY, airflow ............... 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .0.375 in. 19 

(DOD no . .oNI23137-3) ................. 
WASHER, flat, no. 6 .•....•.........•.•.. 

---*---

-1 A2Kl RELAY, thermal, 15 sec, 5,0.0-125.0 fpm (93929) 
(DOD no. ,ONI23276-2) ............... 

-2 RETAINER, electron tube (915.06) 
(OOD no. ,ONI23,072) .....•........... 

(ATTACHING PARTS) 
SCREW, pan hd, 4-4,OUNC-2A by .0.375 in. 19 

(DOD no. ,ONI23136-5) ............... 
WASHER, flat, no. 4 ..............•.... 

---*---

-3 A2K2 RELAY, thermal, 3.0 sec delay (93929) 
(OOD no. ,ONI23,019-1) •.......•....... 

-4 A2XKl SOCKET, electron tube ....•...•........ 

(ATTACHING PARTS, 
for indexes 3 and 4) 

SCREW, pan hd, 4-4,OUNC-2A by .0.375 in. 19 
(DOD no. ,ONI23136-5) ...........•••.. 

W ASHER, flat, no. 4 .•..•.............. 
NUT, self-locking, hex, 4-4~UNC-3B (72962) 

(DOD no. ,ONI23.o22-3) •......•........ 
---*---

-5 A2CRI SEMICONDUCTOR DEVICE, diode (,07263) .•.. 
-6 A2K3 RELAY, armature, 25.0.0 ohm, 2 spdt ••...•.. 

(ATTACHING PARTS) 
SCREW, pan hd, 2-56UNC-2A by .0.375 in. 19 

(DOD no. 'oNI231.o5-5) •...........•.•. 
WASHER, flat, no. 2 •.................. 
NUT, self-locking, hex, 2-56 (72962) 

(DOD no. ,ONI23.o12-3) .............•.. 
---*---

-7 BRACKET, angle, airflow switch .......... 
-8 Cl, C2 CAPACITOR, fixed ..................... 
-9 TERMINAL, stud, insulated (71279) 

(DOD no . .oNI23.o78-1) ...............•.. 

(ATTACHING PARTS) 
SCREW, pan hd, 4-4,OUNC-2A by .0.312 in. 19 

(DOD no . .oNI23136-4) .......•••.....••. 
WASHER, flat, no. 4 .....•......•........ 
W ASHER, lock, spring, no. 4 ........•...... 

---*---
Al RESISTOR ASSEMBLY ...........•....•.. 

(ATTACHING PARTS) 
SCREW, flat hd, 4-4.oUNC-2A by .0.375 in. 19 .... 
W ASHER, flat, no. 4 ......•.........•.•.. 
NUT, self-locking, hex, 4-4,OUNC-3B (72962) 

(DOD no . .oNI23.o22-3) ...........•.•.•.. 
---*---

-1.0 AIRl, AIR4, RESISTOR, fixed ...••...............• 
AIR5, AlRB, 
AlR9 

-11 AlR2, AIR3, RESISTOR, fixed .••.•.....•...•..•.•. 
AIR6, AlR7, 
AlRl.o 

-12 BRACKET, angle, resistor .............. 
-13 TB2 TERMINAL BOARD .••...............•.. 
-14 TBl TERMINAL BOARD • '.' ......•........•.. 

FOR OFFICIAL USE ONLY 

UNITS USABLE 
PART NO. PER ON 

ASSY. CODE 

,ON116816 Ref 
,ON116846 1 

Coml 2 
MS15795-8,05 ~ 

FS31,04 1 

251.0-2 1 

Coml 1 
MS15795-8,03 1 

RF-6,O-NC- 1 
115-6.f) 
TS 1.03 P,03 1 

Coml 4 
MS15795-8,03 4 

79LH166,O-4,O 4 

IN4,086 1 
RY4XX2B3L32 1 

Coml 2 
MS15795-8,02 2 

L79NM-26 2 

.oN116847 1 
CP,09AIKCl,04K3 2 

365.0-1-.05 4 \ 

Coml 4 
MS15795-8,03 4 
MS3533B-135 4 

.oN.06B147 1 

,ON123124-3 2 
MS15795-B,03 2 

79LHI66.f)-4.o 2 

RC32GFl.o.t1J 5 

RC32GF6BIJ 5 

,ON,D6B247 1 
26TB12 1 
26TBB 1 

7-23 
Reverse (Page 7-24) Blank 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-4- (ATTACHING PARTS, 
for mdexes 13 and 14) 

SCREW, pan hd, 6-32UNC-2A by .0.625 in. 19 
(OOD no . .oN123137-6) .....•.•.•......•. Coml 4 

WASHER, flat, no. 6 ..•••..•.•.•...•..... MS15795-8.o5 4 
---*---

-15 C3 thru Cll, CAPACITOR, fixed .•.....•.......••..•.. CZ24BKF1.o3 16 
C13 thru C19 

-16 El SCREW, pan hd, 8-32UNC-2A by .0.875 in. 19 
(OOD no . .oNI23133-4) .•.....•..••...... Coml 1 

-17 TERMINAL, lug ••..................••.• MS25.D36-53 2 
-18 W ASHER, lock, ext tooth, no. 8 

(OOD no . .oN123148-3) .••.•..•••.•.....• Coml 3 
-19 WASHER, flat, no. 8 (OOD no . .oN123147-3) ..•... Coml 3 
-2.0 W ASHER, lock, spring, no. 8 ..•........ : ... AN935-B8L 2 
-21 NUT, plain, hex, no. 8 (OOD no . .oN123144-3) ..•.• Coml 2 
-22 BRACKET, electrical equipment ...•••....... .DN1l682.D 1 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .0.375 in. 19 

(OOD no • .oNI23137-3) ................. Coml 14 
W ASHER, flat, no. 6 ..•.•.............••• MS15795-8.D5 14 

---*---
-23 XDS2 thru LIGHT, indicator, red lens (72619) 

XDS5 (OOD no . .oN12329.o-1) ...•••.•....•....• 81-,041.0-.0111-2.03 4 
-24 XDSI, XDS6 LIGHT, indicator, green lens (72619) 

(OOD no . .oN12329.o-2) ...•.•..•.••...••• 81-,041.0-.0112-2.03 2 
-25 DS1 thru DS6 LAMP, incandescent, 18v, 15.0 rna (71744) 

(OOD no . .oN1232.o7) ••••.•..•......•••. 1826 6 
-26 S4, S5 SWITCH, toggle, 2 pole, 3 position (91929) 

(OOD no . .oN1232.o5-3) ......•.......... '. 13AT4.ol-T2 2 
-27 Ml METER, time totalizing .................. MS17325-1 1 

(ATTACHING PARTS) 
SCREW, pan hd, 4-4.oUNC-2A by .0.312 in. 19 ..... MS51957-14 4 
WASHER, flat, no. 4 ...•.•...•.•...•.•... MS15795-8.o3 4 
NUT, self-locking, hex, 4-4,DUNC-3B (72962) 

(OOD no. ,DN123.o22-3) ..•••••.....•...•• 79LH166,d-4.o 4 

---*---
-28 SI SWITCH, toggle, 2 pole, 3 position (91929) 

(OOD no. ,ON1232.o5-2) ................. 13AT4.o3-T2 1 
-29 S2 SWITCH, toggle .•.......•...•.........• MS35.o59-21 1 
-30 PANEL, control-indicator ......•.••••..... .oN116821 1 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .0.375 in. 19 

(OOD no . .oNI23137-3) ....•............. Coml 7 
WASHER, flat, no. 6 .....•••...•......... MS15795-8.o5 7 

---*---
-31 PLATE, identification ................... .oN116858-2 1 

(ATTACHING PARTS) 
SCREW, pan hd, 4-4.oUNC-2A by .0.312 in. 19 ..... MS51957-14 2 
W ASHER, flat, no. 4 •...•..•.•........... MS15795-8.o3 2 

---*---
-32 GRILL ASSEMBLY ....•.....•.•...•....• .oN1l6818 1 

(ATTACHING PARTS) 
SCREW, flat hd, 6-32UNC-2A by .0.375 in. 19 .•..• MS51959-25 3 
NUT, self-locking, hex .....•••.......•... MS21.f)44-C.f)6 3 
STUD, turnlock, fastener (71286) 

(OOD no. ,DNI232,D3-4) ..........•.....•. 15Sll-1AC- 2 
15S1-7-1AC 

SOCKET, pushbutton fastener (71286) 
(OOD no . .oN1232.f)4) .•................• 15RI-1AC- 2 

15Rl.o-1AC 
---*---

-33 HOOD, cabinet ........................ .oN116817 1 

FOR OFFICIAL USE ONLY 7-25 
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Figure 7-5. Digital to Digital Converter 
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FIG. AND 
INDEX 

NO. 

7-5-

-1 
-2 

-3 

-4 

-5 
-6 

-7 

-8 
-9 
-1.0 

-11 

-12 

-13 

-14 

-15 

-16 
-17 

REF. DESIGN. 

Al 

A2 

A3 

A3 

CRl, CR2, 
CR4, CR5 
CR3, CR6 

XCR3,XCR6 

GROUP ASSEMBLY PARTS LIST 

DESCRIPTION 

CONVERTER, digital to digital (For NHA see 
figure 7-1, page 7-8) ..•.........•......• 

CONVERTER, digital to digital (For NHA see 
figure 7-1, page 7-8) .......•.......•.... 
CAP, end seal ....................... . 
SHIELD, semiconductor device ............ . 

(ATTACHING PARTS) 
SCREW, pan hd, .D.25-2.DUNC-2A by .D. 5 in. 19 

(000 no. ,ONI23141-1) .........•....... 
WASHER, flat, .0.25 in. id .............•... --_._--
STAY, folding (used on AI) ........•...•... 
STAY, folding (used on A2) ............••.• 

(ATTACHING PARTS) 
NUT, self-locking ....................•. 
SCREW, pan hd, 6-32UNC-2A by .0.375 In. 19 

(000 no. ,ONI23137-3) ................. . 
WASHER, flat, no. 6 .•................... 
SPACER, sleeve ...................•... --_._--
HINGE, butt 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .D.375 In. 19 

(000 no . .DNI23137-3) .......•......... --_._--
SHIELDING, gasket, electronic ............ . 
THUMBSCREW. . . . . . . . . . . . . . . . . ...... . 
CONTROL-INDICATOR ASSEMBLY (used on AI) 

(For breakdown see figure 7-7, page 7-36) •... 
CONTROL-INDICATOR ASSEMBLY (used on A2) 

(For breakdown see figure 7-8, page 7-40) ... . 
FRAME, panel ....................... . 

(ATTACHING PARTS) 
SCREW, cad, hex hd, .D.25-2,OUNC-2A by 

.0.625 in. 19 ............•.•.•.....•.. --_._--
SEMICONDUCTOR DEVICE, diode 

SEMICONDUCTOR DEVICE, diode 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .D.438 In. 19 

(000 no . .DNI23137-4) .....•.•......... 
WASHER, flat, no. 6 .................... . 
WASHER, lock, spring, no. 6 ...•...•....... --_._--
SOCKET, semiconductor device (915,06) 

(DOD no. ,ONI23177-1) ................ . 

(ATTACHING PARTS) 
SCREW, pan hd, 2-56UNC-2A by .0.438 In. 19 

(000 no . .DNI231,05-6) .•..••..•........ 
WASHER, flat, no. 2 ..............•.•.... 
WASHER, lock, spring, no. 2 ...•........... 
NUT, plain, hex, no. 2 .....•.......••..... --_._--
BRACKET, semiconductor device .•..•..•...• 
BRACKET, semiconductor device ..•..•...... 

(ATTACHING PARTS, 
for indexes 16 and 17) 

SCREW, pan hd, 6-32UNC-2A by .0.625 in. 19 
(000 no . .DNI23125-5) •..........•...... --_._--

PART NO. 

.DN1168/H-l 

.DN1168.D1-2 
,ON.D67,033 
.DN,0681.D5 

Coml 
MS15795-81,O 

,ON,068192 
,ON.D67,074 

MS21,0444-C,06 

Coml 
MS15795-8,05 
,ON.D67333 

,ON,067,Ol8 

Coml 

.DNI23319-6 

.DN116671 

.DN1168,06 

,ON11681.D 
.DN116661 

MS353.D7-3.D5 

IN1l86 

IN28,04RB 

Coml 
MSI5795-8.D5 
MS35338-136 

8.D38-1GI3 

Coml 
MS15795-8,02 
MS35338-134 
MS35649-249 

Coml 

FOR OFFICIAL USE ONLY 

CP-818A/U 

UNITS 
PER 

ASSY. 

Ref 

Ref 
1 
1 

2 
2 

1 
1 

2 

1 
3 
1 

1 

24 

AR 
3 

4 

4 
4 
4 

2 

4 
4 
4 
4 

I­
I 

4 

USABLE 
ON 

CODE 

7-27 
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FIG. AND 
INDEX 

NO. 

7-5-18 

-19 
-2.0 
-21 
-22 

-23 
-24 

-25 

-26 
-27 
-28 
-29 
-3,t1 
-31 

-32 

-33 

-34 

-35 

-36 

7-28 

REF. DESIGN. 

Al 
Al 
A2 
A2 

A1C1 thru 
AIC42, A2C1 
thru A2C42 
AIP1, AIP2, 
A2P1, A2P2 

GROUP ASSEMBLY PARTS LIST 

DESCRIPTION 

SETSCREW, hex, socket, l,t1-32UNF-2A by .0.25 
in. 19 ....•..............••.•...... 

NUT, plain .•..•...•.......•.......... 
BEARING, ball (43766) (DOD no. ,f!N123188-6) .... 
LOCK ROD ASSEMBLY •.•.•......• " ....•. 
BEARING, sleeve, double flanged (96881) 

(DOD no . .oN123138-2) •........•.•..... 
BRACKET, chassis center ••....•..•...•.. 
SPACER, plate, chassis ..••.........•...• 

(ATTACHING PARTS, 
for indexes 23 and 24) 

SCREW, pan hd, 8-32UNC-2A by ,tI.625 in. 19 
(DOD no. ,tINI23138-6) .••...•...•.....•. 

WASHER, flat, no. 6 •.........•....••...• 
---*---

CORD •.•.....•.....•......••...•.•• 

(ATTACHING PARTS) 
SCREW, pan hel, 8-32UNC-2A by ,tI.5 in. 19 

(DOD no. ,tIN123126-3) ••.......••...•.• 
NUT, self-locking .•...•••.......••..•.• 

---*---

SCREW, shoulder ....••••............•. 
WASHER, nonmetallic ........•.......... 
WASHER, nonmetallic •....•......•.•...• 
NUT, self-locking .•.••...•...........•. 
BRACKET, chassis, top .....•.•.....•••.• 
BRACKET, chassis, bottom •.••..•.•..•••.. 

(ATTACHING PARTS 
for indexes 3,t1 and 31) 

SCREW, flat hd, 1.o-32UNF-2A by ,tI.625 in. 19 
(DOD no. ,tIN123394-4) ..•.•.•.......••• 

---*---

. LOGIC CHASSIS ASSEMBLY, LH (used on AI) • •.. 
LOGIC CHASSIS ASSEMBLY, LH (used on A2) • •.• 
LOGIC CHASSIS ASSEMBLY, RH (used on AI) • •.. 
LOGIC CHASSIS ASSEMBLY, RH (used on A2) • ••• 

CLAMP, loop, nylon (09922) 
(DOD no. ,tIN122981-2) (used on AlAI 
and A2A1) •....••......•.••...••.. 

(ATTACHING PARTS) 
SCREW, panhd, 6-32UNC-2A by ,tI.625 in • 19 

(DOD no. ,tIN123137-6) ...•..•..•.•••. 
WASHER, flat, no. 6 .•.•.....•.......•. 
NUT, self-locking •...•..••.••....•.•. 

---*---

HINGE, chassis (used on AlAI and A2A1) •.•. 

(ATTACHING PARTS) 
SCREW, pan hd, 8-32UNC-2A by ,tI.625 in. 19 

(DOD no. ,tIN123138-6) ...•.••••.•.... 
WASHER, flat, no. 8 .•.......•.....•.•. 

---*---

CAPACITOR, fixed, ceramic dielectric, 25 vdc, 
,tI.47 uf (56289) (DOD no. ,tIN12317,t1-5) •••.. 

CONNECTOR, receptacle, elect, 189 contacts 
(91886) (DOD no. ,tIN123225-1) •.•••....• 

(ATTACHING PARTS) 
SCREW, flat hd, 6-32UNC-2A by .0.438 in. 19 

(DOD no. ,tIN123125-3) •.............. 
---*---

CONTACT, elect, female, 2 wire wrap, white 
(91886) (DOD no. ,tIN123231-2) ...•.... 

PART NO. 

MS51,t123-49 
,ON1l6626 
6,t13-1/4 
,ON1l6627 

8L2-FF 
,tIN,067,t155 
,tIN,tI68119 

Coml 
MS15795-8,t17 

,tIN,067325 

Coml 
MS21,t144-C,tI8 

,tIN,068117 
,tIN,067,064 
,ON,067249 
MS1783,O-4F 
,tIN,067,t1.o3 
,ON,067,t154 

Coml 

,tIN1l68,t13-1 
,tIN1l68,t13-2 
,ON116813-1 
,tIN1l6813-2 

HP-2N 

Corol 
MS15795-8,t15 
MS21,t144-C,06 

,ON,067,t152 

Coml 
MS15795-8,t17 

5CllA9 

3614676 

Coml 

3614791-4-
361,t1,t11,tIW 

UNITS 
PER 

ASSY. 

2 
2 
2 
1 

1 
.1 
1 

4 
4 

2 
2 

2 
4 
4 
2 
1 
1 

6 

6 
6 
6 

9 
9 

42 

16 

189 

USABLE 
ON 

CODE 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND 
INDEX 

NO. 

7-5 -37 

-3B 
-39 

-4.0 

-41 

-42 
-43 

-44 

-45 

-46 

-47 

-4B 

-49 

-5.0 
-51 
-52 
-53 

REF. DESIGN. 

A1TB1, 
A2TB1 
A1TB2, 
A2TB2 

A2S1, A2S2 

A2S1 

DESCRIPTION 

BEARING, block (used on AlAI and A2A1) 

(ATTACHING PARTS) 
SCREW, pan hd, ,O.25-2BUNF-2A by .0.5 in. Ig 

(DOD no . .oN123142-1) ............•.... 
WASHER, lock, spring, .0.25 in. id ..•...•.•. 
W ASHER, flat, .0.25 in. id ...••......•.... 
SHIM .....•.............•.......•.. 
SHIM ...••..•...................... 

---*---

SHIM (used on A1A2 and A2A2) ........... . 
CLIP, spring, tension (used on A1A2 and A2A2) .. 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .0.375 in. 19 

(DOD no . .oN123137-3) ......•.......... 
WASHER, flat, no. 6 •................... 
W ASHER, lock, no. 6 .............••.... 

---*---
BEARING PLATE, lock rod (used on A1A2 

and A2A2) ...••.•.•.•.••....••..•• 

(ATTACHING PARTS) 
SCREW, flat hd, 1.o-32UNF -2A by \1.625 in. 19 

(DOD no. !1N123394-4) ...•............. 
---*---

STUD, extension, 6-32UNC (055B7) 
(DOD no. !1N1231\11-3) ...•...••..•..... 

CLAMP, loop ....•................... 
TEST POINT ASSEMBLY, 264 cont (91BB6) 

(DOD no . .oN123295) ......•......•.... 
TEST POINT ASSEMBLY, 264 cont (91BB6) 

(DOD no. ,ON123295~1) .......••........ 

(ATTACHING PARTS) 
SCRJi:W, pan hd, 6-32UNC-2A by .o.43B in. 19 

(DOD no. ,ON123137-4) .....••....•...•. 
---*---

CONTACT, elect, female, 1 wire wrap, white 
(91BB6) (DOD no . .oN123231-1) •.•...... 

SWITCH, toggle, dpdt (used on A1A2) (15M5) 
(DOD no . .oN1231B7-1) •...•.•...•••..•. 

BRACKET, angle, switch ............•... 

(ATTACHING PARTS) 
SCREW, pan hel, B-32UNC-2A by .0.625 in. 19 

(DOD no . .oN12313B-6) •.•.•.••..•.•.•. 
---*---

SWITCH, toggle, dpdt (used on A2A2) (156.05) 
(DOD no • .oN1231B7-1) ..••...•.......• 

BRACKET, angle, s)Vitch (used on A2A2) ..••.• 

(ATTACHING PARTS) 
SCREW, pan hd, B-32UNC-2A by .0.25 in. 19 

(DOD no . .oN12313B-6) ..•.•••.•••.•••. 
---*---

THUMBSCREW •.....••••••••..••.••.. 
WASHER, lock, spring (DOD no • .oN1234B5-1) ... 
RET AINER, electronic circuit plug-in unit ....• 
STUD, extension .•.•.........•.•...•.. 
CONNECTOR ASSEMBLY (used on AlAI, 

A1A2 and A2A1) .•.•...•••..•••••••• 
CONNECTOR ASSEMBLY (used on A2A2) • .••.• 

(ATTACHING PARTS) 
SCREW, pan hd, B-32UNC-2A by .o.43B in. 19 

(used on AlAI and A1A2) 
(DOD no . .oN12313B-4) •.......•.•...... 

FOR OFFICIAL USE ONLY 

PART NO. 

,ON,06B145 

Coml 
MS3533B-139 
MS15795-B1,O 
,ON,06B2.o3 
,ON,06B2,06 

,ON,0672.o2 
,ON.o6B197 

Coml 
MS 15795-B,05 
MS3533B-136 

,ON,06B194 

Coml 

R1,09,O 
,ON.06 B 1,04 

3617351 

No Number 

Coml 

361479B-2-
361'o.ol.oW 

BB69-K4 
.oN.06B151 

Coml 

BB69-K4 
.oN116B42 

Coml 

,ON.067332 
Coml 
,ON.f)67,066 
,ON.f)67.f)67 

,ON.f)67.o51-1 
,ON.067.o51-2 

Coml 

UNITS 
PER 

ASSY. 

2 • 
2 
2 
1 
1 

2 
2 
2 

4 

4 
AR 

12 

264 

16 
16 
B 

16 

11 

USABLE 
ON 

CODE 

7-29 
Reverse (Page 7-30) Blank 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-5- SCREW, pan hd, 8-32UNC-2A by .0.438 in. 19 
(used on A1A2) (DOD no . .oN123138-4) .....• Coml 18 

SCREW, pan hd, 8-32UNC-2A by .0.438 in. 19 
(used on A2A2) (DOD no . .oN123138-4) ...•.• Coml 2.0 

---*---

-54 BUS BAR, chain, preformed (22526) 
(DOD no . .oN123176-1.o) ....•........ 4.£!829 28 

-55 SCREW, pan hd, 6-32UNC-2A by I..£! in. 19 .. MS51957-34 64 
-56 TERMINAL, lug. . . . • . • . • . . ...•..... .oN.D68281 56 
-57 W ASHER, flat, no. 6 •........•......• MS15795-8.£!5 64 
-58 W ASHER, lock, no. 6 ................ MS35338-136 64 
-59 RET AINER, electrical conn ............ .£!N.£l67.£!27 8 
-6.0 GROMMET, special shaped ............ .£!N.D67.D65 7 
-61 AlJ1A thru CONNECTOR, receptacle, electrical, female 

A1J35A, A1J1B (22526) (DOD no . .oN123189-2) ...•..... A2345-10 245 
thru A1J35B, 
AlJIC thru 
A1J35C, AlJlD 
thru AIJ35D, 
AIJIE thru 
A1J35E, AIJIF 
thru AIJ35F, 
A1JIG thru 
A1J35G, A2J1A 
thru A2J35A, 
A2JIB thru 
A2J35B, A2JIC 
thru A2J35C, 
A2JlD thru 
A2J35D, A2JIE 
thru A2J35E, 
A2JIF thru 
A2J35F, A2JlG 
thru A2J35G 

-62 NUT STRIP .......••....•••......• .oN.D67.o5.£! 8 
-63 PANEL, mounting, elect conn (used on AlAI, 

AIA2 and A2AI) ...•.....••••....• .£!N.D67,fl48-1 I 
PANEL, mounting, elect conn (used on 

A2A2) ........................ .oN.D67,fl48-2 I 
-64 CHASSIS FRAME (used on AlAI, AIA2 

and A2AI) ....................... .£!N1l68,fl4-1 I 
CHASSIS FRAME (used on A2A2) .......... .oN1l68,fl4-2 I 
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Figure 7-6. Memory Chassis Assembly 
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FIG. AND 
INDEX REF. DESIGN. 

NO. 

7-6- A3 

A4 

-1 A2.o, A21, 
A22, A23 

-2 

-3 
-4 
-5 
-6 
-7 

-8 

~ . 
: 

"I 
I 

" ~ 

-9 
-1.0 A4 

Al 

-11 
-12 
-13 
-14 

-15 
-16 

-17 

-18 
-19 

GROUP ASSEMBLY PARTS LIST 

DESCRIPTION 

MEMORY CHASSIS ASSEMBLY (For NHA see 
figure 7-1, page 7-8) ...................• 

MEMORY CHASSIS ASSEMBLY (For NHA see 
figure 7-1, page 7-8) .....•.............. 
CORE MEMORY STACK ..•.•............. 

SETSCREW, hex, socket, l.o-32UNF-2A by .0.25 
in. 19 ............................ . 

NUT, plain, hex .........•.............. 
BEARING, ball (43766) (DOD no . .oNI23188-6) .... 
LOCK ROD ASSEMBLY ......•.........•. 
THUMBSCREW ....•......•...........• 
PANEL CONTROL-INDICATOR (used on A3) ..•. 
PANEL CONTROL-INDICATOR (used on A4) .... 
HINGE, butt •.............•.....•..... 

(ATTACHING PARTS, 
for indexes 7 and 8) 

SCREW, pan hd, 6-32UNC-2A by .0.375 in. 19 
(DOD no . .oNI23137-3) ...........•...... 

---*---

SHIELDING, gasket, electronic •..•........• 
PANEL, memory array stack (For breakdown 

see figure 7-9, page 7-44) .............. . 

(ATTACHING PARTS) 
SCREW, flat hd, 8-32UNC-2A by .D.625 in. 19 

(DOD no. ,ONI23136-4) .........•........ 
SCREW, pan hd, 8-32UNC-2A by .0.438 in. 19 

(DOD no. ,ONI23138-4) ................. . 
WASHER, flat, no. 8 ....•........•....... 

---*---
CHASSIS, blank .........•.............. 

(ATTACHING PARTS) 
SCREW, shoulder ..•.................... 
W ASHER, nonmetallic .................. . 
WASHER, nonmetallic .......•........... 
NUT, self-locking ..................... . 

---*---

HINGE, chassis, upper ..•..•........... 
HINGE, chassis, lower ........•........ 

(ATTACHING PARTS, 
for indexes 15 and 16) 

SCREW, pan hd, 8-32UNC-2A by .0.625 in. 19 
(DOD no . .DN123138-6) ............... . 

---*---

BEARING, block •.................... 

(ATTACHING PARTS) 
SCREW, flat hd, 1,O-32UNF-2A by .0.438 in. 19 

(DOD no. ,ON123394-2) •.......•.....• 
SCREW, pan hd, .o.25-28UNF-2A by .0.5 in. 19 

(DOD no. ,ONI23142-1) .••....•••..... 
WASHER, lock, spring, .0.25 in. id ..•.....• 
WASHER, flat, .0.25 in. id .........•...•. 
SHIM, copper ....•.••..........•.... 
SHIM, copper ....•.•................ 

---*---

CHASSIS, blank ...•••......•.•.••.... 
FRAME, front panel, memory .........•.... 

(ATTACHING PARTS) 
SCREW, pan hd, l,O-32UNF-2A by .0.625 in. 19 

(DOD no . .DNI2314.D-4) • ••••••••••••••.•• 
SCREW, pan hd, 6-32UNC-2A by .D.312 in. 19 

(DOD no . .DN123137-3) .•.•••..........•• 
SPACER, sleeve •.•.....•.....•.••..... 
WASHER, flat, no. 6 •......••......•...•• 

---*---

PART NO. 

.oN1l68,02-1 

.oN1l68.o2-2 

.oN.o68229 

MS51.o23-49 
.oN1l6626 
6.03-1/4 
.oN1l6627 
,ON1l6671 
,ON1l6814 
,ON1l6815 
,ON,067,018 

Coml 

.oN123319-6 

'oN.f)68174 

Coml 

Coml 
MS15795-8.o7 

,ON,068178 

,ON,068117 
,ON,067.f)64 
,ON,067249 
MS1783.o-4F 

,ON,068172 
'oN.f)68173 

Coml 

,ON,068145 

Coml 

Coml 
MS35338-139 
MS15795-81.o 
,ON,0682,03 
,ON,0682.f)6 

'oN.f)68179 
,ON1168.o8 

Coml 

Coml 
.oN,067333 
MS15795-8.o5 
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UNITS 
PER 

ASSY. 

Ref 

Ref 
4 

2' 
2 
2 
1 
2 
1 
1 
1 

24 

AR 

4 
4 

2 
4 
4 
2 

6 

4 
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ON 
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FIG. AND 
INDEX 

NO. 

7-6-2.0 

-21 
-22 

-23 

-24 

-25 
-26 
-27 
-28 
-29 
-3.0 
-31 

-32 

-33 

-34 

-35 

-36 

7-34 

REF. DESIGN. 

A2 
A2A2 

A2Cl thru 
A2C42 

A2CR2,A2CR3 

A2Q2 
A2Ql 
A2CRI 

A2XCRI 

A2Pl, A2P2 

GROUP ASSEMBLY PARTS LIST 

DESCRIPTION 

STAY, folding (used on A3) ............... . 
STAY, folding (used on A4) ............... . 

(ATTACHING PARTS) 
WASHER, flat, no. 6 .................... . 
NUT, self-locking .....•................ 

---*---

BRACKET, top .......•................ 
BRACKET, bottom ..................... . 

(ATTACHING PARTS) 
SCREW, pan hd, 8-32UNC-2A by .0.625 in: 19 

(DOD no. ,ONI23138-6) ................ . 
---*---

MEMORY CHASSIS ASSEMBLY ..•.......... 
RESISTOR-CAPACITOR ASSEMBLY (For 

breakdown see figure 7-1.0, page 7-46) ..... 

(ATTACHING PARTS) 
SCREW, pan hd, 8-32UNC-2A by .0.5 in. 19 

(DOD no. ,ONI23133-2) ..........•.... 
WASHER, lock, external tooth, no. 8 

(DOD no. ,ON123148-3) .............. . 
---*---

CAPACITOR, fixed, ceramic dielectric, 25 vdc, 
fJ.47 uf (56289) (DOD no. fJN12317fJ-5) ••... 

TERMINAL, lug, crimping .............. . 
SEMICONDUCTOR DEVICE, diode ........ . 
TERMINAL, lug, crimping ......•....••.. 
TERMINAL, lug, crimping ...........•... 
TRANSISTOR (fj1295) (DOD no. fJN123214-1) ... 
TRANSISTOR (fj1295) (DOD no. fJNI23213-1) .•. 
SEMICONDUCTOR DEVICE, diode ....•.... 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .0.5 in. 19 

(DOD no. fJN123137-5) .•..•.•.•.•.•.. 
W ASHER, lock, spring, no. 6 ....•........ 

---*---
SOCKET, semiconductor device (915,06) 

(DOD no. fJNI23177-1) .....••.•••.••. 

(ATTACHING PARTS) 
SCREW, pan hd, 2-56UNC-2A by fJ.5 in. 19 

(DOD no. fJNI231fJ5-7) ........•.•.•.. 
WASHER, flat, no. 2 .................. . 
WASHER, lock, spring, no. 2 .........••.. 
NUT, plain, hex, no. 2 ..............•.. 

---*---
CONNECTOR, receptacle, elect, 77 contacts, 

73 female, 4 male contacts (91886) 
(DOD no. fJN12323fJ-1) ....•..•..•.••• 

(ATTACHING PARTS) 
SCREW, flat hd, 6-32UNC-2A by fJ.5 in. 19 

(DOD no. fJN123125-4) .•............. 
---*---

CONTACTS, electrical, male (91886) 
(DOD no. fJNI23467-1) ....••...••• 

CONTACTS, electrical, female (91886) 
(DOD no. fJN123231-1) ...•.•...... 

CLIP, spring, tension ...........•...•• 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by fJ.375 in. 19 

(DOD no. ,t'lNI23132-3) .............. . 
W ASHER, flat, no. 6 ................. . 
WASHER, lock, spring, no. 6 ........... . 

---*---

PART NO. 

.£IN.£l68192 

.£IN.£l67.£l74 

MS15795-8.£l5 
MS21,f!44-C.£l6 

.£IN.£l6817.£l 

.£IN.£l68171 

Com1 

.oN.£l68165-2 

.DN.D68148 

Coml 

Com1 

5C11A9 
MS25.£l36-2 
1N1186 
MS25fJ36-5.D 
MS25fJ36-54 
SP4167 
SP4166 
1N28,f!4RB 

Coml 
MS35338-136 

8.o38-1G13 

Coml 
MS15795-8.o2 
MS35338-134 
MS35649-224 

361468.0 

Coml 

3614792-4-
361fJ,t'l13 

3614798-2-
361.o.D1.oW 
.oN,068197 

Coml 
MS15795-8.D5 
MS35338-136 

UNITS 
PER 

ASSY . 

42 
2 
2 
1 
1 
1 
1 
1 

2 
2 

2 
2 
2 
2 

2 

8 

4 

73 

2 
2 
2 

USABLE 
ON 

CODE 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-6-37 BEARING PLATE .................... 'oN.oo8194-2 1 

(ATTACHING PARTS) 
SCREW, flat hd, l.o-32UNF-2A by .0.75 in. 19 

(DOD no . .DNI23394-5) ............... Coml 4 
---*---

-38 SHIM .........................•... .DN.oo816.D 2 
-39 GROMMET, rubber, .0.375 in. groove .•.....• MS35489-46 5 
-4.0 THUMBSCREW .....................• .DN.o67332 16 
-41 W ASHER, lock, spring, high collar, no. 6 

(DOD no . .DNI23485-3) ................. Coml 16 
-42 RET AINER, electronic circuit ............ .DN,068184 8 
-43 STUD ............................. .DN.o68185 16 

A2Al CONNECTOR ASSEMBLY ........•...... .oN,068166 1 

(ATTACHING PARTS) 
SCREW, pan hd, 8-32UNC-2A by .0.5 in. Ig 

(DOD no . .oN12313B-5) ................ Com1 18 
---*---

-44 BUS BAR, chain, preformed (22526) 
(DOD no . .oNI23176-11) •............ 473.09 28 

-45 SCREW, pan hd, 6-32UNC-2A by 1..0 in. 19 .. MS51957-34 4.0 
-46 RET AINER, electrical conn ............ .DN.D68122 B 
-47 A2AIJIA thru CONNECTOR, receptacle, elect, female, 

A2A1J22A, 15 solder contacts (16512) 
A2AIJIB thru (DOD no . .oNI231B9-2) ............. A2345-1.o 154 
A2AIJ22B, 
A2AIJIC thru 
A2AIJ22C, 
A2AIJlD thru 
A2AIJ22D, 
A2AIJIE thru 
A2AIJ22E, 
A2AIJIF thru 
A2AIJ22F, 
A2AIJIG thru 
A2AIJ22G 

-48 NUT STRIP ....................... .oN,068168 8 
-49 PANEL, mounting, elect conn .......... .oN,068167 1 
-50 CHASSIS FRAME ..................... .oN.oo8169 1 
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Figure 7 -7 . Control Indicator, AlA3 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND 
INDEX REF. DESIGN. DESCRIPTION 

NO. 

7-7- AlA3 CONTROL-INDICATOR (For NHA see 
figure 7-5, page 7-26) .•..........•.•..•. 

-1 SHIELDING, control-indicator ...........•. 
-2 SHIELDING, control-indicator .......••..•. 

XDSIA thru SWITCH, push, indicator type (72619) 
XDS1L, XDS2A (DOD no. ,t"lNI23195) .....••..•........ 
thru XDS2L, 
XDS3A thru 
XDS3L, XDS4A 
thru XDS4L, 
XDS5A thru 
XDS5L, XDS6A 
thru XDS6L, 
XDS7A thru 
XDS7L, XDS8A 
thru XDS8L, 
XDS9A thru 
XDS9E, XDS9H 
thru XDS9L, 
XDSl.DA thru 
XDSl.DL, XDS11A 
thru XDSllL, 
XDS12A thru 
XDSI2E, 
XDSI2J, 
XDSI2L, 
XDS13A thru 
XDSI3I, 
XDS14A thru 
XDSI4E, 
XDSI4L, 
XDS15A thru 
XDSI5I, 
XDS16A thru 
XDSI6E, 
XDSI6J, 
XDSI6L, 
XDS17A thru 
XDSI7G, 
XDS17I 

-3 LENS, indicator light, amber (72619) 
(OOD no . .DNI23441-2) ............••.. 

-4 LAMP, incandescent, l,Ov, .D.,t"l14 amp (,088.66) 
(DOD no . .oN12344.f» ......•.•....•... 

-5 NUT, plain, round, black, 3/8-32NEF-2 (1)7137) 
(DOD no . .DNI23236-2) .....•.•.......• 

-6 NUT, plain, round, clear, 3/8-32NEF-2 (1)7137) 
(DOD no . .DNI23236-1) ..•.........•.•. 

-7 W ASHER, lock, external tooth, ,t"l.375 in. id 
(78189) (DOD no . .DNI23446) ..........•• 

-8 SWITCH, push, indicator type .........•.•• 
-9 SUPPORT, shield .......•.....•.•..••... 
-1.D SUPPORT, shield ..............•..•.•..• 
-11 NUT, plain, round, clear, 3/8-32NEF-2 (,07137) 

(DOD no . .DNI23236-1) .....•...........• 
-12 W ASHER, lock, internal tooth, .D.375 in. id 

(78189) (DOD no . .DNI23446) ....•.....•.•• 
-13 S1 thru SI.D SWITCH, push, spdt, white button (,07137) 

(DOD no . .oNI2325.D-l) ................•• 
-14 RET AINER, electrical cable ............... 
-15 CLIP, spring tension .................... 

(ATTACHING PARTS, 
for indexes 14 and 15) 

SCREW, pan hd, 6-32UNC-2A by .D.312 in. 19 
(DOD no . .DNI23137-2) ................. 

W ASHER, flat, no. 6 ..............•....•. 
---*---

-16 RET AINER, shield ...................•.. 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .D.312 in. 19 

(DOD no . .DNI23137-2) ................. 
---*---

FOR OFFICIAL USE ONLY 

UNITS USABLE 
PART NO. PER ON 

ASSY. CODE 

,t"lN1168.66 Ref 
,t"lN,t"l68271 1 
,t"lN,t"l6827,t"l 1 

9,t"l8-1166- 177 
1634-526 

ST 1-6.6.Il,t"l-1633 1 

344 1 

1112-1 1 

1112-2 1 

112.D-12-CPDD 1 
No Number NP 
,t"lN.668255-1 1 
,t"lN.668255-2 1 

1112-2 1,t"l 

112.o-12-CPDD 1.0 

MBS-S-1838A-9 1,0 
,t"lN,t"l68257 2 
,t"lN,t168279 2 

Coml 12 
MSI5795-8,t"l5 12 

.oN,t168256 2 

Coml 8 

7-37 
Reverse (Page 7 -38) Blank 





CP-818A/U 

GROUP ASSEMBLY PARTS LIST 
-J 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-7-17 SUPPORT, shield ........................... .t1N.o68273 2 
-18 BRACKET, angle, indicator ..........•..... .oN116839 1 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .t1.312 in. 19 

(000 no. \1N123137-2) • .•..••..••.•••••. Coml 2 
W ASHER, flat, no. 6 •....••...........•.. MS15795-8.t15 2 
NUT, self-loCking ................................. MS21.044-C,t16 2 

---*---
-19 PANEL, control-indicator ............................ .£!N1l6836 1 

, 
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Figure 7 -8. Control Indicator, A2A3 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND 
INDEX REF. DESIGN. DESCRIPTION 

NO. 

7-8- A2A3A1 CONTROL-INDICATOR (For NHA see 
figure 7-5, page 7-26) .•.•.•.......••..•. 

-1 SHIELD, control-indicator ............... 
-2 SHIELD, control-indicator ............... 

XDS1B thru SWITCH, push, indicator type ............. 
XDSlI, XDS2C 
thru XDS2F, 
XDS2H, XDS2I, 
XDS3B, XDS3C, 
XDS3E, XDS3G, 
XDS3H, XDS4C 
thru XDS4F, 
XDS4H, XDS4I, 
XDS5B, XDS5C, 
XDS5E, XDS5G, 
XDS5H, XDS5I, 
XDS6B thru 
XDS6D, XDS6F, 
XDS6G, XDS7B 
thru XDS7D, 
XDS7F, XDS7G, 
XDS7I, XDS8C, 
thru XDS8E, 
XDS8H, XDS8I, 
XDS9A thru 
XDS9I, XDS1.oB 
thru XDS IPE, 
XDS1,OG, XDS1.oI, 
XDS11B thru 
XDS11G, XDS12A 
thru XDS12C, 
XDS12F thru 
XDS12I 

-3 LENS, indicator light, amber (72619) 
(DOD no. PN123441-2) ............... 

-4 LAMP, incandescent, lOv, .£\ • .014 amp <.088,66) 
(DOD no. PN12344.6) .••.••.....••..•. 

-5 NUT, plain, round, clear, 3/8-32NEF-2 <.07137) 
(DOD no . .oN123236-1) ...••.••..•..••. 

-6 NUT, plain, round, black, 3/8-32NEF-2 <.07137) 
(DOD no . .oNI23236-2) ....•.•.......•. 

-7 WASHER, lock, external tooth, .0.375 in. id 
(78189) (DOD no. PN123446) ..•....•..•. 

-8 SWITCH, push, indicator type ...•..•.•.... 
-9 NUT, plain, round, clear, 3/8-32NEF-2 <.07137) 

(DOD no . .oNI23236-1) •.......•......... 
-1.0 WASHER, lock, internal tooth, .0.375 in. id 

(78189) (DOD no . .oN123446) •.......•.••.• 
-11 SI thru S8 SWITCH, push, spdt, white button <.07137) 

(DOD no . .oNI2325.o-l) .••.....•......•.. 
-12 RET AINER, electrical cable ............... 
-13 CLIP, spring tension .................... 

(ATTACHING PARTS, 
for indexes 12 and 13) 

SCREW, pan hd, 6-32UNC-2A by .0.312 in. 19 
(DOD no. pNI23137-2) ................. 

W ASHER, flat, no. 6 •.•...•....••••...••• 
---*---

-14 RET AINER, shield ........••....•..•.... 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .0.312 in. 19 

(DOD no. pNI23137-2) ................. 
---*---

-15 SUPPORT, shield ...................... 
-16 SUPPORT, shield ...................... 
-17 KNOB-CONTROL, round ..•..•........•... 
-18 Rl RESISTOR, variable, 1 meg ohm, ±lp pet, lw 

<.01121) (DOD no . .oNI23.o82-14) ......•..... 
-19 S9 thru 813 SWITCH, toggle, 2 pole, 3 position (91927) 

(DOD no . .DN1232.o5-2) ...••...•.•..•.... 
-2,fl S14 SWITCH, toggle, 2 pole, 3 position (91927) 

(DOD no. pNI232,fl5-2) ...•••.....•...... 

FOR OFFICIAL USE ONLY 

UNITS USABLE 
PART NO. PER ON 

ASSY. CODE 

.£\N11681.o Ref 

.£\N,06827.o 1 
PN,068272 1 
.£\NI23195-24 76 

STl-6pp.o-1633 1 

344 1 

1112-1 1 

1112-2 1 

112.o-12-CPDD 1 
No Number NP 

1112-2 8 

112.o-12-CPDD 8 

MBS-S-1836A-9 8 
PN,068268 2 
.oN,668261 2 

Coml 8 
MS15795-8.o5 8 

.oN,068267 2 

Coml 8 

.£\N,668153 2 

.oN.o68263 1 
MS91528-1N2B 1 

IN056S1.o5UA 1 

13AT4.o3-T2 5 

13AT4.o1-T2 1 

7-41 
Reverse (Page 7 -42) Blank 





CP-818A/U 

GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 

INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-8-21 SUPPORT, shield ...................... ,ON.oo8258-2 1 

-22 BRACKET, angle, indicator ............... ,ON1l6838 1 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .0.312 in. 19 

(OOD no. ,ON123137-2) .••..•...•.....•.. Coml 2 
W ASHER, flat, no. 6 ••.........•.....•... MS15795-8,05 2 
NUT, self-locking, hex ...•...........•..• MS21,044-C,06 2 

---*---

-23 PANEL, control-indicator ..••.....•....••. .£IN1l6837 1 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-9- A3A4, A4A4 PANEL, memory array stack (For NHA see 
figure 7-6, page 7-32) •....•.....•.•.•..•. .DN.06BI74 Ref 

-1 J2.Dl thru CONNECTOR, receptacle, elect (7146B) 
J2.o3, J211 (DOD no. ,ONI231B3-1) ................. DDM-5,Os 12 
thru J213, 
J221 thru 
J223, J231 
thru J233 

(ATTACillNG PARTS) 
SCREW, flat hd, 4-4.DUNC-2A by .0.438 in. 19 

(DOD no. ,ONI23124-4) ..•.......•..•••.• Coml 24 
NUT, self-locking ....... ~ .............. MS21,D44-C,D4 24 

---*---

-2 BEARING, sleeve, .0.5.01 in. id (96BB1) 
(DOD no . .DNI2316B-2) ..•.•...•••....... 863-FF 1 

-3 Bl FAN, centrifugal, 115 v, 42 cfm (B2B77) 
(DOD no. ,ONI23.D91-1) ..•.....•••.....•. AO-IB566B 1 

(ATTACHING PARTS) 
SCREW, flat hd, 6-32UNC-2A by .D. 5 in. 19 

(DOD no . .DNI23137-4) •.....••...•.••..• Coml 8 
---*---

-4 BAFFLE, air ......................... .DN.06BIB3 1 

(ATTACHING PARTS) 
SCREW, pan hd, 8-32UNC-2A by .D. 5 in. 19 

(DOD no . .DN123525-5) •......••.•....••. Coml 2 
W ASHER, lock, spring, no. B •...•.....•.•.. MS3533B-137 2 

---*---

-5 BUTTON, plug, plain, nickel plated steel (83.D58) 
(DOD no. ,ON122992-2) ................. SS-4B152 1 

-6 BUTTON, plug, plain, nickel plated steel (B3.D5B) 
(DOD no . .DN122992-l4) •••....••.•..••.• SS-4B151 5 

-7 R24 RESISTOR, variable, ww, 1.D(JIJ ohm (B.D294) 
(DOD no • .DN12315,O-11) ••.•...•..•.••••• 224S-l-l.D2(M) 1 

-B R2.D thru R23 RESISTOR, variable, ww, 15 ohm (B,0294) 
(DOD no • .DN12315.D-19) •.....••....•••.• 224S-l-15.D(M) 4 

-9 S2 SWITCH, toggle, dpdt (156.D5) 
(DOD no. ,ON1231B7-1) .......•..••.••.•• BB69-K4 1 

-1.0 STUD, extension, cres, 6-32UNC (055Bl) 
(DOD no . .DN123l,Ol-3) ••...•...•........ Rl.D9.D 1 

-11 CONTACT, electrical, female, white, wire wrap 
(9lBB6) (DOD no • .DN1232,OI-l2) .•••....••.• 5191B84-12B-

529.D.D.D9 
lB4 

-12 CONTACT, electrical, female, (black) wire wrap 
(91BB6) (DOD no. ,ON1232.D1-13) •......•.••. 5l91761-l2A-

529.D(JIJ9 
184 

-13 PLATE, warning, airflow (component of 
.oN1l6B'o2-l) .•..••.......••....•.••. .DN116862 1 

(ATTACillNG PARTS) 
SCREW, pan hd, 4-4,OUNC-2A by .o.43B in. 19 

(DOD no. ,ON123136-6) .•...•..•.....••.• Coml 2 
WASHER, flat, no. 4 ••••...••.•....•..... MS15795-8,D3 2 
NUT, self-locking ...................... MS21,D44-C,D4 2 

---*---

-14 COVER, memory array •••....•••..•...•.. .DN.068266 1 

(ATTACHING PARTS) 
SCREW, flat hd, l,O-32UNF-2A by .D.375 in. 19 

(DOD no. ,ON123394-l) .•••...•.......... Coml 6 
---*---

-15 PANEL, electrical equipment .•.•........•.• ,oN.068l82 1 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-1tl- A3A2A2 RESISTOR-CAPACITOR ASSEMBLY (For NHA 
A4A2A2 see figure 7-6, page 7-32) ••.••...•..••.•.. tlN,068148 Ref 

-1 R1, R2, R37, RESISTOR, fixed, ww, 1tl ohm (91637) 
R38 (000 no. tlN123196-1) .•....•.....••...• RE65ltlRtl 4 

-2 R18 thru R27, RESISTOR, fixed, ww, 15 ohm (91637) 
R3tl thru R32 (000 no. tlN123196-18) ••.••.....••....• RE6515Rtl 13 

-3 R28, R29 RESISTOR, fixed, ww, 43.2 ohm (91637) 
(000 no. tlN123196-62) .....••..•.•.••.. RE6542R2 2 

(ATTACHING PARTS, 
for indexes 1, 2 and 3) 

SCREW, pan hd, 2-56UNC-2A by .t1.375 in. 19 
(000 no . .t1N1231tl5-5) •.•.........•...•• Coml 38 

W ASHER, lock, spring, no. 2 ...••.•.•.••..• Coml 38 
NUT, plain, hex, no. 2 ................... MS35649-224 38 

---*---
-4 R4 thru R17 RESISTOR, fixed .•.•...•••.....•.•..••. RC42GF15,OJ 14 
-5 R39 thru R42 RESISTOR, fixed ....................... RC32GF6RSJ 4 
-6 Ct'thru C4 CAPACITOR, fixed, electrolytic, 3tl vdc, 22.0 uf ... CL25BH22lUP3 4 
-7 TERMINAL STUD, silver plated (71279) 

(000 no. tlN123tl78-1) ....•..••.•.•.•••. 365.t1-1-tl5 8 

(ATTACHING PARTS) 
SCREW, flat hd, 4-4tlUNC-2A by .t1.25 in. 19 

(000 no. tlN123124-1) ................. Coml 8 
WASHER, lock, spring, no. 4 .••.....••..... MS35338-135 8 

---*---
-8 BRACKF.T, electrical equipment ............ tlN,068149 1 
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FIG. AND 
INDEX 

NO. 

7-11-

-1 
-2 
-3 
-4 
-5 
-6 
-7 

-8 
-9 
-1.0 
-11 
-12 
-13 

-14 

-15 

-16 

-17 

-18 
-19 

-2.f\ 

-21 
-22 

REF. DESIGN. 

PSI 

F16, F17, F18 
F7 thru F15 
F4, F5, F6 
F1, F2, F3 
XF1, XF2, XF3 
XF4 thru XF12 
XF13 thru 
XF18 

C1 thru C4 
R1, R2, R3 

L1 

K1, K2 

T1 

WI, W4, W5 

GROUP ASSEMBLY PARTS LIST 

DESCRIPTION 

POWER SUPPLY (For NHA see 
figure 7-1, page 7-8) ••...•.•.••....•..•• 
FUSE, cartridge •.•.•.......•.•....•••• 
FUSE, cartridge ..•...•.....•••...••••• 
FUSE, cartridge ......•••••••••••.•.••• 
FUSE, cartridge ....•••.•.•.......•.••. 
FUSEHOLDER .•••.•.•.....•.....•••.. 
FUSEHOLDER .....•..•.•....•....•... 
FUSEHOLDER .•..••.•••..••........•. 

FUSE, cartridge (spare for A12) •.•••.•...••. 
FUSE, cartridge (spare for A12) •...•.......• 
FUSE, cartridge (spare for A12) .•.•.....•... 
CAPACITOR, fixed, electrolytic, 3.0 vdc, 22.0 uf .•. 
RESISTOR, fixed ...•.....•...•.....•... 
TERMINAL, stud, silver plated (71279) 

(DOD no . .oN123.o78-1) •••..•.•••.....••. 

(ATTACHING PARTS) 
SCREW, flat hd, 4-4,tlUNC-2A by .0.25 in. 19 

(DOD no . .oN123124-1) •.•...........•... 
WASHER, lock, spring, no. 4 ....•.....•.•.. 

---*---

BRACKET, electrical equipment .•......•... 

(ATTACHING PARTS) 
SCREW, pan hd, 8-32UNC-2A by .0.5 in. 19 •••••• 

---*---

REACTOR, filter, 5,tl,Ov, .0.35 mh, 5,tl amp (8.0.023) 
(DOD no . .oN123155-1) .•.•..•.•....••.•. 

(ATTACHING PARTS) 
SCREW, pan hd, ,tl.25-2,tlUNC-2A by ,tl.5 in. 19 

(DOD no . .t'N123141-1) .•.•.•..••...••... 
W ASHER, flat, .0.25 in. id •...•............ 

---*---

SHIELD, relay, armature ..••..•.•...••... 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .t'.5 in. 19 

(DOD no . .t'N123137-5) .••.••.•.......•.. 
WASHER, flat, no. 6 ••.....•........•.•.• 
W ASHER, lock, spring, no. 6 ......•........ 

---*---

NUT, sleeve ....•..................... 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .t'.5 in. 19 

(DOD no . .t'N123137-5) ....•........••.. 

---*---
RELAY, armature ......•..•..•......... 
BRACKET, relay armature ...........•.... 

(ATTACHING PARTS, 
for indexes 18 and 19) 

NUT, self-locking ..................... . 
W ASHER, flat ...••....•.....•......•.• 
W ASHER, lock ....................•... 

---*---

TRANSFORMER, power step-down, pri 115v, 4.t'.o Hz 
(7.f}674) (DOD no . .t'N123154-1) •.•.......•. 

(ATTACHING PARTS) 
SCREW, pan hd, 1,tl-32UNF-2A by .0.875 in. 19 

(DOD no . .t'N12314,tl-6) ................. . 
WASHER, flat, no. 1.0 ...•......•......... 

---*---

BUS BAR ...........•.••.•........... 
INSULATOR, plate .•..•..•....•......... 

PART NO. 

.oN116826 
F.o3B32V8AS 
F.o2B125V2AS 
F.t'3B125V3AS 
F.o2B25.oV1AS 
HKU 
FHL18G2-1 
FHL17G 

F.t'3A25.t'V1.oAS 
F.o2A25.oV8AS 
F.o2A25.t'V3AS 
CL25BH22lUP3 
RC.t'7GF l,D4J 

365.0-1-.05 

Coml 
MS35338-135 

.t'N116811 

MS51959-45 

S38.t'7 

Coml 
MS15795-81.o 

.oN.f}68239 

Coml 
MS15795-8.o5 
MS35338-136 

.t'N,068211 

Coml 

MS25271-A1 
.t'N,068233 

MS21,044-C,06 
MS15795-8.t'5 
MS35338-136 

A17438 

Coml 
MS15795-8.t'8 

.t'N,067.t'14 

.t'N.f}67324 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

(ATT ACHING PARTS, 
for indexes 21 and 22) 

SCREW, pan hd, 6-32UNC-2A by 1.125 in. 19 
(OOD no . .oNI23,065-2) ................. Coml 6 

SCREW, pan hd, 6-32UNC-2A by .0.875 in. 19 
(OOD no . .oNI23137-1.o) •.....••......••. Coml 6 

W ASHER, flat, no. 6 .....•.....•••••....• MS15795-8.o5 12 
INSULATOR .•....• , ...•....••••.•••.. .oN,067.o13 12 
NUT, self-locking ...................... MS21,044-C,06 6 

---*--- -
-23 Jl CONNECTOR, receptacle, elect ••..•.•••...• MS31.o2A32-6P I 
-24 J2 CONNECTOR, receptacle, elect .•.•...•.•••. MS31.o2A32-6PW 1 

(ATTACHING PARTS, 
for indexes 23 and 24) 

SCREW, pan hd, 6-32UNC-2A by .0.75 in. 19 
(OOD no . .oNI23137-7) ••......•..•..•..• Coml 8 

NUT, self-locking ...................... MS21,044-C,06 8 
---*---

-25 BRACKET, electrical connector ....•...•...• .oN116829 1 

(ATTACHING PARTS) 
SCREW, pan hd, 8-32UNC-2A by .0.5 in. 19 

(OOD no • .oN123138-5) .....•.....•...•.• Coml 2 
---*---

-26 SLIDE, telescoping, 22 in. 19, rh (.05236) 
(OOD no . .oN123259-2) ..•••.•.•••...•••• 35.o266-R 1 

-27 SLIDE, telescoping, 22 in. 19, lh (.05236) 
(OOD no • .oN123259-1) ...•.••...••.....• 35.o266-L 1 

-28 SHIM, alum, .0 . .02 in. thk by 17 In. 19 ...•....•• .oN,068221 AR 

(ATTACHING PARTS, 
for indexes 26, 27 and 28) 

SCREW, flat hd, l.o-32UNF-2A by <1.625 in. 19 
(OOD no . .oN123394-4) ................. Coml 8 

---*---
-29 TB1, TB2 TERMINAL BOARD, barrier type •.......••.• 37TB-ll 2 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .t.!.75 in. 19 

(OOD no . .t.!NI23137-7) .....•••.•...•.•.• Coml 8 
WASHER, flat, no. 6 .•••.....•.•...••••.. MS15795-8.o7 8 
NUT, self-locking ••••••••••••••• ° 0 " ••••• MS21,044-C.fj6 8 

---*---

-!.t.! CR1 thru CR24 SEMICONDUCTOR DEVICE, diode ........... 1N1186 24 
-31 W6, W7 BUS BAR •.•.••...••.......•.•.....•. .oN,068112 2 
-32 BRACKET, angle .•...•••...•.•.....•... .oN,068124 1 
-33 BRACKET, angle .•.....•....••...•••... .oN,068125 1 

(ATTACHING PARTS, 
for indexes 32 and 33) 

SCREW, pan hd, 8-32UNC-2A by .0.625 in. 19 
(OOD no . .oN123138-5) •.•.....••••....•. Coml 4 

NUT, self-locking ...................... MS21,044-C.o8 4 
---*---

-34 W2, W3 BUS BAR .••.•.....••.• , ..•• , ....•.•• .oN,06811.o 2 
-35 INSULATOR, plate ...•........••••...•.. .t.!N.fj68111 2 

(ATTACHING PARTS, 
for indexes 34 and 35) 

SCREW, pan hd, 6-32UNC-2A by 1.125 in. 19 
(OOD no . .t.!N123,065-2) .•.........•.....• Coml 4 

WASHER, flat, no. 6 .•............•.....• MS15795-8.o5 8 
INSULATOR .•.•.....•.•..••.•..•..•.. .oN,067.o13 8 
NUT, self-locking ...................... MS21,044-C,06 4 

---*---
-36 L2 REACTOR, choke filter, 5.o.t.! uh min, 35 amp (8.o.t.!23) 

(OOD no . .t.!N123119-1) •...•.•....•..•... S3898 1 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

! 
NO. ASSY. CODE 

7-11-37 T4 TRANSFORMER, power, step-down, pri 115v, 4,01) Hz 
(8,01)23) (000 no • .oN123169-1) •••••••• I." S4l11B 1 

-38 T2,T3 REACTOR-TRANSFORMER, 1 fixed inductor and 
1 transformer (7,0674) (000 no . .oNI23116-1) ... A17437 2 

(ATTACffiNG PARTS, 
for indexes 36, 37 and 38) 

SCREW, pan hd, l.o-32UNF-2A by .0.875 in. 19 
(000 no • .oNI23137-6) .•.........•....•• Coml 16 

W ASHER, flat, no. 1.0 .•.••.....•......••• MS15795-8.o8 16 
---*---

-39 DRAWER, power supply .................. .oN116825 1 
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Figure 7-12. Fan Assembly 

7-52 FOR OFFICIAL USE ONLY 



CP-818A/U 

GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-12- A6, A7 FAN ASSEMBLY (For NHA see figure 7-1, page 7-S) ... .f)N116S43 Ref 
-1 PLATE, warning high voltage ....•.....•..•... .f)NP6765.f) I 
-2 TBI TERMINAL BOARD ..•..•...••...•.•....•. 26TBl2 I 

(ATTACHING PARTS, 
for indexes I and 2) 

SCREW, pan hd, 6-32UNC-2A by 1.5 in. 19 
(DOD no. tlNI23137-13) ...••.....•..••.... Coml 2 

WASHER,·flat, no. 6 ....•..•...•.....••.... MS15795-S.D5 4 
SPACER, sleeve (.£!.f)141) (DOD no . .f)N123.f)S3-6) ..... BS-15 2 
NUT, self-locking ........................ MS21,D44-C.f!6 2 
W ASHER, lock .......................... MS3533S-136 2 

---*---

-3 BI, B2 FAN, tubeaxial, 115 vac, 4.f).D Hz, single phase 
(S2S77) (DOD no. tlNI23.f)37-3) .............. 654DS 2 . : 

(ATTACHING PARTS) 
SCREW, pan hd, 4-4.f)UNC-2A by .f).6SS in. 19 

(DOD no. ,flNI23,fl6S-I) ...............•.... Coml 6 
BLOCK, fan retaining •...•..•......•..•.... .DN,fl67,flPS 6 
W ASHER, flat, no. 4 •.......•.•.•.•...•.... MSI5795-8,fl3 6 
NUT, self-locking ........................ MS21,D44-C.f)4 6 

---*---

-4 CI, C2 CAPACITOR, fixed .•...•.................. CH53BIMFltl5K 2 
-5 SPACER, sleeve .............. ) ........... PN.f!67,fl11 2 

(ATTACHING PARTS, 
for indexes 4 and 5) 

SCREW, pan hd, S-32UNC-2A by 1.5 in. 19 
(DOD no. ,flNI23138-11) ...........•.•.•... Coml 2 

W ASHER, flat, no. S .•....•............•... MSI5795-S.D7 2 
NUT, self-locking ........................ MS21.f)44-C,flS 2 

---*---

-6 NUT, plain, hex, no. 6 ..................... MS35649-264 3 
-7 W ASHER, lock, spring, no. 6 ................. MS3533S-136 I 
-S TERMINAL, lug, crimping ..........•........ MS25P36-6 I 
-9 W ASHER, lock, ext tooth, no. 6 

(DOD no. ,flNI2314S-I) ..........•.....•.•. Coml I 
-l,fl PLATE, mounting fan .....••..............• .DN116844 I 

FOR OFFICIAL USE ONLY 7-53 



-::r ~ 
I ..... 

01 ~ ~ 
"1 
CD 

-::r 
I 

....... 
u" . 

G I 
~ 
"1 ..... 
a 
CD. 
p.. F I 
() ..... 
"1 
Q 
~ ..... 

E Mo I 

~ 
0 

~ ..... 
CD D I 
~ 
0 
0, 
pl' 
Mo" ..... 
0 c 

~ ::s I 

0 > ~ ....... 
> 0 ~ 

~ B I 
~ 

a 
~ 
~ A I 

d 
rIl 
t:I:j 

0 
2: 
t-t 
~ 

2 3 4 5 6 7 8 9 10 II 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 
- -

2 2 3 2 2 6 6 8 8 4 2 8 9 2 2 5 5 7 5 5 5 2 2 2 2 5 2 2 7 14 12 14 

-2 2 3 2 2 6 6 8 8 7 2 8 5 2 2 7 5 7 5 5 10 2 2 2 2 II 2 2 5 12 15 

2 2 4 2 2 4 8 8 4 2 8 4 2 2 5 5 4 5 5 4 2 2 2 2 4 2 2 4 5 12 13 

2 2 4 2 2 9 4 7 4 4 2 8 4 2 2 4 5 7 5 5 4 2 2 2 2 4 2 2 4 5 12 14 

2 2 4 2 2 7 8 8 4 2 8 4 2 2 5 5 7 5 5 4 2 2 2 2 4 2 2 4 7 12 14 

2 2 4 2 2 6 6 8 8 7 2 8 5 2 2 7 5 7 5 5 10 2 2 2 2 II 2 2 5 8 12 14 

2 2 5 2 2 6 6 8 8 2 8 2 2 2 5 5 7 5 5 7 2 2 2 2 7 2 2 5 8 12 14 

() 
~ 
I 

O::l 
....... 
O::l 

> 
cl 



CP-818A/U 

GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-13- PRINTED-CIRCUIT MODULE LOCATION, 
chassis AlAI ......................... No Number NP 

-1 AlA thru AlG CAPACITOR ASSEMBLY, #3 •.•.••••••..•.• JjNJj71777 7 
-2 A4A thru A4G, FLIP FLOP, AND OR 222-1. .•..•••••..•••. JjNJj7l76{J 92 

A5A thru A5G, 
A7A thru A7G, 
ABA thru ABG, 
A14A thru 
A14G, A16A, 
A17A thru 
A17G, AlBA 
thru AlBG, 
A25A thru 
A25G, A26A 
thru A26G, 
A27A thru 
A27G, A2BA 
thru A2BG, 
A3{JA thru 
A3,OG, A3lA 
thru A3lG 

-3 A6F, A6G INVERTER, AND 5-4 .••..•.•...•.....••• JjN{J7176 1 2 
-4 A6B thru A6E, AMPLIFIER, driver, clock and logic 2-3 ....•.• JjN{J6BJj23 26 

A9D, A9E, Al{JD, 
A12C, A12D, 
A12E, A13D, 
A13G, A16C, 
A16D, A16E, 
A19D, A2lE, 
A24C, A24D, 
A24E, A29C, 
A29D, A29E, 
A32C, A32D, 
A32E 

-5 A6A, A16B, INVERTER, AND OR 22-23 .•..•.•••.•....• JjN{J64,Ol{J 35 
A16F, A19A, 
A19C, A19E, 
A19G, A2{JA 
thru A2{JG, 
A22A thru 
A22G, A23A 
thru A23G, 
A24G, A29G, 
A32A, A32B, 
A32F, A33D, 
A33E 

-6 A9A, A9B, INVERTER, AND 3-3-2 .......•.•••.••.••• JjN{J64{J11 B 
A9F, A9G. 
AlJjA, Al,OB, 
Al{JF, Al,£)G 

-7 A9C, AllD, INVERTER. 1-1-1-1-1 ..•.••............. {IN{J64,012 16 
A13B. A13F, 
A19B, A19F, 
A2lA thru 
A2ID, A2lF, 
A2lG, A24A, 
A29A, A32G, 
A33C 

-B Al,£)C, Al,£)E, INVERTER, AND OR 22222 ........••.•.••• {IN{J64,£){J9 21 
AlIA, AllB, 
AUC, AIlE, 
AUF, AIlG, 
A12A, A12B, 
A12F, A12G, 
A15A thru 
A15G, A33A, 
A33B 

-9 A16G FLIP FLOP, AND OR 33-3 ................ JjN,£)64{JJjB 1 
-I,£) A24B, A24F INVERTER, AND 3-6 ...•.•.............• JjNJj71762 2 
-11 A29B, A29F INVERTER, AND 1-8 ..........•.......•. JjNJj71764 2 
-12 A34A thru FLIP FLOP, 2(2C/~lC) ................... JjNJj71774 7 

A34G 
-13 A35E CAPACITOR-RESISTOR ASSEMBLY .......•.. JjN{J68{J2l 1 
-14 A33G, A35A FLIP FLOP - 2(22lC) .................... JjNJj68,£)17 7 

thru A35D, 
A35F, A35G 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 

INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-14- PRINTED-CIRCUIT MODULE LOCATION, 
chassis A1A2 •••.•....••......•...... No Number NP 

-1 AlA thru 'A1G CAPACITOR ASSEMBLY, #3 .••• ' .•...•.... ~N~71777 7 
-2 A2A, A2C AMPLIFIER, driver, panel lamp ........... ~N~71779 2 
-3 A2B, A2G, A3E, INVERTER, 1-1-1-1-1 .•..•..•.......... ~NP64~12 24 

A6B, A6C, A6E, 
A6F, AI2A, 
A13D, A13E, 
A14A, A14B, 
A14C, AI4F, 
A14G, A17G, 
AIBG, A25B, 
A25E, A25F, 
A25G, A2BF, 
A31F, A33C 

-4 A2D, A3D, FLIP FLOP, 2(2C/21C) ....••....•..•...• ~N~71774 6 
A32A, A32B, 
A33A, A33B 

-5 A3A RESISTOR ASSEMBLY •.•.•.•..••.•..... ~NP6B~19 I 
-6 A3B, ABA, ABB, INVERTER, AND OR 22222 ...••••..••.••. ~NP64~~9 17 

ABC, ABE, ABF, 
ABG, A9A, A9B, 
A9C, A9E, A9F, 
A9G, A12C 
thru A12F 

-7 A3C, A4C, A4E, INVERTER, AND 5-4 .•...•.•....•....•• ~N~71761 B 

A5G, A21A, 
A27F, A27G, 
A2BC 

-B A4A, A4B, A5A INVERTER, AND OR 22-23 .•...•.•....... ~NP64~1~ 34 
thru A5F, 
A6D, A6G, 
A12B, A13A, 
A13B, AI3C, 
A13F, AI3G, 
A14D, A14E, 
A15A, A15B, 
A15C, AI5F, 
A15G, A16A 
thru A16D, 
A16F, A16G, 
Al9G, A21G, 
A24E, A25C, 
A25D 

-9 A4D, A7A thru INVERTER, AND 3-3-2 ••.•..•......•.•.• ~NP64~ll 18 
A7G, A8D, 
A16E, A24F, 
A26F, A26G, 
A2BA, A2BB, 
A31A, A31B, 
A33D 

-1~ A4G, A21B, INVERTER, AND 1-8 •....•.••••..••.•.. ~N~71764 4 

A24C, A24D 
-11 A6A, A9D, AMPLIFIER, driver, clock and logic 2-3 ...••. ~NP67517 13 

A1~D, AllD, 
A12G, AI7D, 
A1BD, A19D, 
A2,OD, A2ID, 
A22D, A23D, 
A24G 

-12 A1~A, AI~B, FLIP FLOP, AND OR 2222-1 ••.•.••.••.•.. ~N~717M 4~ 

l A1~, AI,OF, 
A1~, AllA, 
AllB, AllC, 
AllF, AllG, 
AI7A, A17B, 
A17C, AI7E, 
A17F, A18A, 
A1BB, A1BC, 
A1BE, A18F, 
A19A, A19B, 
A19C, A19E, 
A19F, A~A, 
A2,f)B, A~C, 
A2~E, A~F, 
A22A, A22B, 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 

INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-14-12 A22C, A22E, 
(Cant.) A22F, A23A, 

A23B, A23C, 
A23E, A23F 

-13 A1.oE, A21C, AMPLIFIER, driver, clock and logic 2-3 .......• .£IN,068.£123 9 
A21E, A28D, 
A28E, A31C, 
A3ID, A31E, 
A32E 

-14 AllE, A2,£)G, FLIP FLOP, AND OR 33-3 ................. .£IN,064.o.£l8 31 
A26A thru 
A26E, A27A 
thru A27E, 
A28G, A29A 
thru A29G, 
A3,£)A thru 
A3.flG, A32C, 
A32D, A32G, 
A33G 

-15 A15D, A15E INVERTER, AND 3-6 .•.•.•....••...•.•... .£IN.o71762 2 
-16 A33E DRIVER, emitter follower-inverter ........... .oN,068.o.o5 1 
-17 A34C AMPLIFIER, driver, clock delay line .......... .£IN,064.o16 1 
-18 A34D NETWORK, pulse delay, .£1.5 usec ..•••••••..•. .£IN.£I71768 1 
-19 A34E, A34F NETWORK, pulse delay, .0.1 usec ....••.••.... .£IN,068.oP4 2 
-2.£1 A22G, A23G, FLIP FLOP •...•....••.••..•.....•••.. .oN,068.o17 5 

A24A, A24B, 
A25A 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 

INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-15- PRINTED-CIRCUIT MODULE LOCATION, 
chassis A2Al ........................ No Number NP 

-1 A34C INVERTER, input amplifier ............... ,f!N,!i64,f!13 1 
-2 A34B SWITCH, positive and negative ..•.....•.•.. ,f!N,!i64.fl19 1 
-3 A3A, A3B, A3D, INVERTER, AND 3-3-2 ......•.........•. ,f!N,!i64,f!ll 75 

A3E, A3F, A4A 
thru A4D, A4G, 
A5A, A5B, A5C, 
ABB, ABF, A7E, 
A8A thru A8E, 
A9E, AI,f!B, 
Al.flD, Al.flE, 
Al,f!F, AllB, 
A12F, A13D, 
Al4A, Al4D, 
Al4E, AlBD, 
AlBE, A17A, 
A17D, A18A, 
AI8B, AI8D, 
A18F, A2ID, 
A22C, A22D, 
A23D, A23E, 
A24G, A25A, 
A25B, A2BA, 
A2BD thru 
A2BG, A27D 
thru A27G, I 

A28D, A28E, 
A28F, A29B, 
A29C, A29D, 
A29F, A29G, 
A3IG, A32G, 
A33A, A33B, 
A33G, A35B, 
A35C 

-4 A2C, A4F, A7D, FLIP FLOP, AND OR 33-3 ............... ,f!N,!i64,f!,f!8 59 
A9C, A9G, 
AI,f!C, Al,f!G, 
AllC, AllG, 
A12B, AI2C, 
A12G, A13B, 
AI3C, A13G, 
AI4B, A14C, 
AI4F, A15B, 
A15C, A15F, 
AIBB, AlBC, 
AIBF, AlBG, 
AI7B, A17C, 
AI7F, AI7G, 
A19B, A19C, 
A19E, AI9F, 
AI9G, A2,f!A, 

. A2.flB, A2.flC, 
A2,f!E, A2,f!G, 
A2lE, A2lF, 
A2lG, A22A, 
A22B, A22F, 
A22G, A23A, 
A23B, A23G, 
A28C, A29A, 
A3lA, A3lB, 
A32E, A32F, 
A33D, A33E, 
A33F, A34E, 
A34F 

-5 A33C OSCILLATOR, pulse delay, low speed 
variable • • • • . . . • . ; . . . . . . . . . • • . • . . . .£IN,!i64,f!,f!,f! 1 

-B A18E, A2,f!F, AMPLIFIER, driver, clock and 
A2lB, A2IC, logiC 2-3 •••.................•..•• .flN.oo8.fl23 19 
A23F, A24C, 
A24D, A24E, 
A24F, A2BC, 
A27C, A29E, 
A3,f!D, A3,f!E, 
A3.flF, A3ID, 
A3lE, A3IF, 
A32D 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY . CODE 

7-15-7 A2B, A3C, A5E, INVERTER, 1-1-1-1-1 .....•.......•..... .oN.o64.o12 27 
A5F, A6A, A 7B, 
A7F, A7G, A9B, 
AUF, A12A, 
~15D, A17E, 
A19A, A19D, 
A2.oD, A21A, 
A22E, A24B, 
A25D, A25E, 
A25F, A28G, 
A3.oA, A32B, 
A32C, A34G 

-8 A2D, A2E, A6G, INVERTER, AND OR 22-23 ~ ••....•........ .oN,064.t1l.o 23 
A8F, A9A, A9D, 
AUA, AUE, 
A12D, A13E, 
A14G, A15A, 
A15E, A15G, 
A27A, A28A, 
A3.oB, A3.oc, 
A3.oG, A31C, 
A32A, A35D, 
A35F 

-9 A4E, A5G, A6C, INVERTER, AND 5-4 .•....•.....•.....•. .oN.o71761 12 
A9F, A1.oA, 
AUD, A13F, 
A16A, A23C, 
A25C, A25G, 
A34D 

-1.0 A8G, A12E, INVERTER, AND 3-6 .•............•....• .oN.o71762 4 
A13A, A24A 

-U A7C AMPLIFIER, driver, clock delay line ..•....•. .oN,064.o16 1 
-12 A7A, A35E INVERTER, AND OR 22222 ....•...•••..•.• .oN,064.o.o9 2 
-13 A3G, A6E, INVERTER, AND 1-8 ••.....•...•.•....•• .oN.o71764 3 

A18G 
-14 A6D NETWORK, pulse delay, .0.3 usec, 1.0 section .... .oN,064.o24 1 
-15 A5D AMPLIFIER, driver, clock timing ........... .oN,064.o15 1 
-16 AlA thru AlG CAPACITOR ASSEMBLY, #3 ••..•....•..•.. .oN.o71777 7 
-17 A2F INVERTER, OR 4-4 ••...••.•............ .oN,064.o23 1 
-18 A26B, A27B, FLIP FLOP, 2(2C/21C) .................. .oN.o71774 3 

A28B 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 

INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-16- PRINTED-CmCUIT MODULE LOCATION, 
chassis A2A2 ......................... No Number NP 

-1 AlA thru A1G CAPACITOR ASSEMBLY, #3 •.•...•....•..• ~N~71777 7 
-2 A2G, A3A thru AMPLIFIER, driver, 6 volt line ..•.•.•.•.... ~N~B~31 34 

A3G, A4A thru 
A4G, A5A thru 
A5G, A6A thru 
A6G, A7A thru 
A7E 

-3 A7F, A7G, A13F, INVERTER, AND OR 22222 .••.•....•..••.•. ~N.f)64~~9 5 
A16F, A16G 

-4 ABA, A9A thru INVERTER-INPUT AMPLIFIER, -6 v •....•... ~N~64.f)26 51 
A9G, Al~A 
thru Al,DG, 
AllA thru 
AllG, A12A 
thru A12G, 
A13A thru 
A13E, A13G, 
A14A thru 
A14G, A15A 
thru A15G, 
A19D 

-5 ABB, ABD, ABF, FLIP FLOP, 2(2C/21C) .........•.•••.•... ~N.f)71774 5 
A34A, A34B 

-6 A2F, ABC, ABE, INVERTER, AND 3-3-2 .................. .f)N.f)64.f) 11 2~ 
A8G, A16D, 
A2,DG, A26C, 
A26E, A26G, 
A27G, A2BB, 
A2BC, A2BD, 
A28F, A29B, 
A29D, A3~B, 
A3.f)C, A31C, 
A32F 

-7 A2E, A16A, INVERTER, 1-1-1-1-1 ................... ~N.f)64~12 17 
A16B, A16C, 
A16E, A1BF, 
A25C, A26B, 
A26F, A27B, 
A2BE, A2BG, 
A3,OE, A3,DG, 
A31A, A31E, 
A34G 

-B A17A thru INVERTER, AND 1-B •.••....•....••.•••• ~N~71764 6 
A17F 

-9 A17G, A1BG, INVERTER, AND 5-4 .......•.....•••.•.• ~N~71761 B 
A27C, A27F, 
A29C, A29F, 
A29G, A31B 

-1~ A18A thru 'INVERTER, AND 3-6 ..•••.........•...•. ~N~71762 B 
A1BE, A3~A, 
A35F, A35G 

-11 A2B, A2C, A2D, FLIP FLOP, AND OR 33-3 ................ ~N.f)64~~8 64 
A19A, A19B, 
A19C, A19E, 

.. A19F, A1oo, 
A2~A, A2~B, 
A2~C, A2~E, 
A2~F, A21A, 
A21B, A21C, 
A21E, A21F, 
A21G, A22A, 
A22B, A22C, 
A22E, A22F, 
A22G, A23A, 
A23B, A23C, 
A23E, A23F, 
A23G, A24A, 
A24B, A24C, 
A24E, A24F, 
A24G, A25F, 
A26A, A27A, 
A27E, A2BA, 
A29A, A3~F, 
A31F, A31G, 

FOR OFFICIAL USE ONLY 7-65 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-16-11 A32A thru 
(Cant.) A32E, A32G, 

A33A thru 
A33G, A34C 
thru A34F 

-12 A2A, A2.oD, AMPLIFIER, driver .••.••...•••.•.•...•• tlN,068tl23 Itl 
A2ID, A22D, 
A23D, A24D, 
A25G, A26D, 
A3.oD, A31D 
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GROUP ASSEMBLY PARTS LIST 

FIG. AND "'NITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-17- PRINTED-CIRCUIT MODULE LOCATION, 
chassis A3A2/ A4A2 ....•.•..••••......• No Number NP 

-1 AlA thru A1G CAPACITOR ASSEMBLY, #3 •....•.•.•...• PNP71777 7 
-2 A2A, A2B, AZF, AMPLIFIER, sense, matched input ..••....•• PN,06BPP1 26 

A2G, A3A, A3B, 
A3F, A3G, A4A, 
A4B, A4F, A4G, 
A5A, A5B, A5F, 
A5G, A6A, A6B, 
A6F, A6G, A7A, 
A7B, A7F, A7G, 
ABA, ABF 

-3 A2C, A3C, A4C, INVERTER, AND 5-4 ....•......••.....• PNP71761 7 
A5C, A6C, A7C, 
ABC 

-4 A2E, A3E, A4E, AMPLIFIER, driver, positive and negative .•.•• PN,06B,D.tlB 5 . 
A5E, A6E 

-5 BOOTSTRAP ASSEMBLY (used on A3A2) .•...• PN,06B2P9 1 
BOOTSTRAP ASSEMBLY (used on A4A2) .••... PN,06B21P 1 

-6 ABD, A16A, INVERTER, 1-1-1-1-1 ...•.....•.•.....• PN,064P12 7 
A16G, A17A, 
A17G, AlBA, 
A1BG 

-7 A9D, A1PD, AMPLIFIER, current diverter, memory ...... PN,06BP33 17 
A1,OE, A1PF, 
A12C, Al2D, 
A12E, A140, 
A14E, A14F, 
A16C, A16D, 
A16E, A21A, 
A2iG, A22A, 
A22G 

-S A9E, A1,t)C, SWITCH, Inhibit ...................... PN,064P22 2P 
A11C thru 
AUF, A12F, 
A13C thru 
A13F, A14C, 
A15C thru 
A15F, A16F, 
A17C, A170, 
A17E 

-9 A12A SENSOR, voltage, +15, -15 ............... PN,06S,D.tl2 1 
-1t1 A13A SENSOR, voltage, -4.5 and positive switch ..... tlN,06B,D.tl6 1 
-11 A13B AMPLIFIER, driver, clock and logic 2-3 •....• PN,06SP23 1 
-12 A14A AMPLIFIER, regulator, :i:1Ov .....••••....• PN,06B,D.tl7 1 
-13 A14B, A14G, INVERTER, OR 4-4 ••.•••..••••••••..•• PN,064P23 4 

A15B, Al5G 
-14 A15A CAPACITOR ASSEMBLY •••..•••••••...•. PN,06SP29 1 
-15 A16B, A17B, SWITCH, positive and negative •••.•.••••.•• PN,064P19 16 

A17F, A1SB 
thru AI8F, 
A19B, A19C, 
A19E, A19F, 
A2t1B, A2PF, 
A21B, A21F 

-16 AI9A, A2IJA, NETWORK TRANSFORMER, current probe tlN,06B~ 3 
A2,()G 

-17 A19D, A2,t)C, SWITCH, negative ...................... IJN,0641J1S S 
A2t\D, A2t\E, 
A21C, A21D, 
A21E, A22D 

-IS A22B, A22C, SWITCH, read/write ••.•••••••••.•••...• ~ PN,064t121 4 
A22E, A22F 
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Figure 7 -18. Electrical Special Purpose Cable Assembly 

GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-18- CABLE ASSEMBLY, special purpose, electrical, 
50 ft. 19 ....•••••.•..•......•.••..•. .t!N116657-2 1 

-1 COVER, electrical connector .............. .t!N 11 63.08 2 
-2 SEAL, male, connector to panel ..•......... .t!N,067315 2 

(ATTACHING PARTS, 
for indexes 1 and 2) 

SCREW, pan hd, 6-32UNC-2A by .0.5 in. 19 
(DOD no. ,ON123137-5) ........................... Coml 8 

---*---
-3 GASKET, electrical connector .........•.•. .t!N11 63.t!7 2 
-4 PI, P2 CONNECTOR, receptacle, electrical, female, 

50 contact (71468) (DOD no . .(lN123166) ...... DPD45.t!.D-52.(l7 2 
-5 SEAL, male, connector to panel .........•.• .t!N,067315 2 

(ATTACffiNG PARTS, 
for indexes 4 and 5) 

SCREW, flat hd, 6-32UNC-2A by .(l.5 in. 19 
(DOD no • .(lN123125-4) .......•••...••.. Coml 8 

---*---

-6 BAND, marker, blank, alum, 4.5 in. 19 
(DOD no . .t!N123tl45-1) ..•.••.••.•.•..•• Coml 2 

-7 CONDUIT ASSEMBLY, metal flexible ............... .t!N116314-4 1 
-8 SHELL, electrical connector .......•...... .t!Nl163.t!6 2 
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Figure 7-19. Test Cable Assembly 

GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-19- CABLE ASSEMBLY, test #1 ................. .oN,068198 1 
CABLE ASSEMBLY, test #2 ................. .oN,068199 1 
CABLE ASSEMBLY, test #3 ................. .oN,0682.o.o 1 
CABLE ASSEMBLY, test #4 ................. .oN,0682.o1 1 
CABLE ASSEMBLY, test #5 ................. .oN,06826.o 1 

-1 HANDLE (used on 'oN.o68198 and .oN,06826,O) •••••. .oN.o682.o5 1 
HANDLE (used on .oN,068199, .oN,0682.o.o, 

and .oN,0682.o1) .•••.•..•..•...••....•. .oN,0682.o5 3 

(ATTACHING PARTS) 
SCREW, flat hd, 6-32UNC-2A by .0.312 in. 19 

(used on .oN,068198 and ,DN,06826,O) 
(DOD no . .oNI23125-1) •.••.•••......•••. Coml 2 

SCREW, flat hd, 6-32UNC-2A by .0.312 in. 19 
(used on ,DN,068199, ,DN,0682.o.o, and .oN,0682.o1) 
(DOD no. ,DN123125-1) ................. Coml 6 

---*---

-2 PI CONNECTOR, receptacle, electrical (71468) 
(DOD no • .oN123166) •...•.••.•.••.••.•. DPD45,D,D-52,D7 1 

-3 P2 CONNECTOR, receptacle, electrical (71468) 
(DOD no . .oN123166) (used on .oN,068199, 
(IN,0682.fI{J, and ,DN.f)682(Jl). : •..••.•..••.•. DPD45.o.o-52,07 1 

-4 P3 CONNECTOR, receptacle, electrical (71768) 
(used on .oN,068199, ,DN,0682,OP, and .oN,0682.o1) 
(DOD no. (JNI23166) •..•••••..•...•.•.. DPD45.o.o-52.o7 1 
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-Figure 7 -20. Cable Extender 

GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE . 
7-2.0- CABLE EXTENDER ..............••.....• .oN,068262 2 

-1 Pl CONNECTOR, receptacle, elect (91886) 
(000 no • .oN12323.D-l) .......•........• 361468.0 1 

(ATTACHING PARTS) 
SCREW, flat hd, 6-32UNC-2A by .0.375 in. 19 

(000 no . .oN123125-2) ..............•.. Coml 4 
---*---

-2 P2 < CONNECTOR, receptacle, elect (91886) 
(000 no . .DN123228-1) .•.....•....•.... 3614679 1 

(ATTACHING PARTS) 
SCREW, flat hd, 6-32UNC-2A by .0.5 in. 19 

(000 no . .DN123125-4) .............••.. Coml 4 
WASHER, flat, no. 6 ...•.•......•.••.. -.. MS15795-8.D5 4 
NUT, self-locking ..................... MS21,D44-C,06 4 

---*---
-3 CLAMP, loop ........................ .DN122981-8 4 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .0.5 in. 19 

(000 no . .oN123137-4) ....•.••....•••.. Coml 4 
WASHER, flat, no. 6 .•......•. -•••...•••. MS15795-8.D5 4 
NUT, self-locking, hex .......•....•..... MS21,D44-C,06 4 

---*---
-4 RETAINER ..•...•...•.........•...•. .DN,068277 2 

(ATTACHING PARTS) 
SCREW, pan hd, 6-32UNC-2A by .0.438 in. 19 

(000 no . .DN123137-5) ...•...•......•.• Coml 8 
WASHER, flat, no. 6 ••.........•....•... MS15795-8.D5 8 
NUT; self-locking, hex •...•....•....•... MS21,D44-C,06 8 

---*---
-5 HANDLE ........................... .DN,068264 1 
-6 HANDLE ........................... .DN,068278 1 
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Figure 7-21. Printed Circuit Module Extender 

GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-21- PRINTED CIRCUIT MODULE EXTENDER .•....... .oN,068146 1 
-1 CONNECTOR, receptacle, electrical (16512) 

(DOD no . .oN123 18.0-1) ..•.•••.....•.•...• A-2333-.o9 1 
-2 BOARD, detail and printed wiring (9.0536) .•...... 2453.D4-.D.o 1 
-3 CONNECTOR, receptacle, electrical (,0266.d) 

(DOD no . .DNI23179-1) .•.....•.........•. 143-825 1 
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Figure 7-22. Cable Assembly 

GROUP ASSEMBLY PARTS LIST 

FIG. AND UNITS USABLE 
INDEX REF. DESIGN. DESCRIPTION PART NO. PER ON 

NO. ASSY. CODE 

7-22- CABLE ASSEMBLY, 20 ft. 19 ...•...•.......•. ,ON116647 I 
-1 PI CONNECTOR, plug, electrical (74545) ......... 7411 1 
-2 BAND, marker (DOD no. ,ONI23,045-1) ......•.. Coml 2 
-3 P2 CONNECTOR, plug, electrical .............. MS31,06A 2,O-15SW 1 
-4 ADAPTER, cable to connector .............. MS3,057-12A 1 
-5 BUSHING, electrical conductor ............. MS39,056-5 1 
-6 BUSHING, electrical conductor ............. MS39,056-6 1 
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NUMERICAL INDEX 

FIG. AND QTY SOURCE REPAIR 
PART NO. INDEX PER 

NO. ART CODE CODE 

FIG. AND QTY 
SOURCE REPAIR 

PART NO. INDEX PER 
NO. ART CODE CODE 

AN935-B8L 7-2- 51 3 
7-4-2~ 

AN936-B616B 7-2- 54 2 
AO-185668 7-9-3 2 
A17437 7-11-38 2 
A17438 7-11-2~ 1 
A-2333-~9 7-21-1 1 
A2345-1~ 7-5-61 644 

7-6-47 

7-2-
7-8-
7-9-
7-12-

MS21~44-C~6 7-1- 128 
7-2-
7-3-
7-5-
7-6-

BAND MARKER 7-3- 6 
7-19-
7-22-2 

B8-15 7-12- 2 
CH53BIMFl~5K 7-12-4 2 
CL25BH221Up3 7-1~-6 8 

7-11-11 
CP~9AIKCl~K3 7-4-8 2 
CS-l~1 7-1- 1~ 
CZ24BKFl~3 7-4-5 16 
DDM-5~S 7-9-1 24 
DPD45~~- 52~7 7-18-4 4 

7-19-2 
7-19-3 
7-19-4 

DPD5~- 7-2-1~ 9 
34PIGF32A115 
FHLl7G 7-11-7 18 
FHLl8G2-1 7-2-16 25 

7-3-18 
7-11-6 

FS31~4 7-4-1 1 
F~2A25~V3AS 7-2-15 5 

F~2B125V2AS 
7-11-1~ 
7-11-2 13 

F~2B25~VIAS 7-11-4 5 
F~3A2 5~Vl~AS 7-2-14 14 

7-3-17 
7-11-8 

7-7-
7-8-
7-11-
7-12-
7-2~-

MS21~44-C~8 7-2- 24 
7-3-
7-11-
7-12-

MS21~44-C3 7-2- 36 
7-3-

MS25~36-2 7-6-25 2 
MS25~36-49 7-2-48 1 
MS25~36-5~ 7-6-27 1 
MS25~36-53 7-4-17 2 
MS25~36-54 7-6-28 1 
MS25~43-2~C 7-2-34 1 
MS25271-Al 7-11-18 2 
MS3~57-12A 7-22-4 1 
MS3~57-2M 7-3-33 2 
MS31~2A2~-15PW 7-2-35 1 
MS31~2A32-6P 7-11-23 1 
MS31~2A32- 6PW 7-11-24 1 
MS31~6A2~-I5SW 7-22-3 1 
MS31~6A32-6S 7-3-31 1 
MS31~6A32- 6SW 7-3-32 1 
MS35~59-21 7-4-29 1 
MS353~7-3~5 7- 5-12 6 
MS35338-134 7- 5- 6 

F~3A25~V8AS 7-2-13 9 
7-3-16 
7-11-9 

F~3B125V3AS 7-11-3 4 
F03B32V8As 7-11-1 4 
HKU 7-2-17 8 

7-3-19 
7-11-5 

HP-2N 7- 5-32 6 
L79NKM-62 7-2- 4 
L79NM-26 7-4- 2 
MBS-S-1838A- 9 7-7-13 18 

7-8-11 

7-6-
MS35338-135 7-4- 26 

7-1~-
7-11-

MS35338-136 7-5- 16 
7-6-
7-11-
7-12-

MS35338-137 7-1- 14 
7-9-

MS35338-138 7-2- 32 
7-3-

MS35338-139 7-5- 4 
MSI5795-8~2 7-2- 14 

7-3-
7-4-
7- 5-
7-6-

MSI5795-8,03 7-1- 35 
7-2-
7-4-
7-9-
7-12-

MSI5795-8~5 7-1- 252 
7-2-

7-6- , 
MS35338-141 7-2-57 2 
MS35489-46 7-6-39 5 
MS35649-224 7-6- 4~ 

7-1~-
MS35649-249 7-5- 4 
MS35649-264 7-12-7 1 
MS3~56-5 7-22-5 1 
MS39~56-6 7-22-6 1 
MS39~56-7 7-3-34 2 
MS51~23-49 7- 5-18 4 

7-6-2 
7-3-
7-4-
7-5-
7-5-5 
7-6-
7-7-
7-8-
7-11-

MSI5795-8~7 
7-2~-
7-1- 65 
7-2-
7-3-
7-5-

MS51957-14 7-4- 8 
MS51957-17 7-1- 4 
MS51957-34 7-5-55 1~4 

7-6-45 
MS51958-65 7-3- 52 
MS51958-67 7-3- 26 
MS51958-68 7-3- 2~ 
MS51959-25 7-4- 3 
MS91528-1N2B 7-8-17 1 
M221F115~4~541 7-2-3 2 

7-3-1 
M221 Ll36~4~541 7-2-4 2 

7-3-2 
7-6- NUT 7-2- 52 6 
7-8- 7-2- 58 
7-11- 7-4-21 
7-12-

MSI5795-8~8 7-2- 255 
7-3-
7-5-
7-11-
7-12-

MSI5795-81~ 7-5- 8 
7-6-
7-11-

MS17325-1 7-4-27 1 
MSI783~-4F 7- 5-29 4 

7-6-14 
MS21~44-C~4 7-1- 74 

RC~7GFl~4J 7-11-12 3 
RC32GF1~~J 7-4-1~ 5 
RC32GF6R8J 7-1~-5 4 
RC32GF681J 7-4-11 5 
RC42GFI5~J 7-1~-4 14 
RE651~R~ 7-1~-1 4 
RE6515R~ 7-1~-2 13 
RE6542R2 7-1~-3 2 
RF-6~-NC-115-6~ 7-4-3 1 
RY4XX2B3 L32 7-4-6 1 
Rl~9~ 7-5-41 6 

7-9-1~ 
SC-628 7-2-1 1 
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fiG. AND QTY 
SOURCE REPAIR PART NO. INDEX PER 

NO. ART CODE CODE 

fiG. AND QTY 
SOURCE REPAIR I PART NO. INDEX PER 

NO. ART CODE CODE 

SCREW.0.25- 7-5- 9 
2.0X.0.5 7-6-

7-11-

SCREW 8-32X~. 875 7-4-16 1 
SCREW 8-32Xl 7-2- 2.0 
SCREW 8-32Xl. 25 7-1-22 32 

SCREW.0.25- 7-2- 24 
28X.0.875 7-3-
SCREW .0.312- 7-1- 8 
18X.0.5 
SCREW .0. 312-18Xl 7-1- 8 
SCREW .0. 375-16X2 7-2- 1 
SCREW 1.0- 7-9- 12 
32X.0.375 
SCREW 1.0- 7-2- 16 
32X.0.438 7-3-

7-6-

7-2-
SCREW 8-32Xl. 5 7-12- 2 
SP416.0 7- 6-3~ 1 
SP4167 7-6-29 1 
SS-48151 7-9-6 Ijl 
SS-48152 7-9-5 2 
ST1- 6jl.0jl-1633 7-7-3 254 

7-8 .. 3 
S38jl7 7-11-15 1 
S3898 7-11-36 1 
S4111B 7-11-37 1 

SCREW 1.0-32XP. 5 7-2- 8 
7-3-

SCREW 1.0- 7-1- 8.0 
32X.0.625 7-2-

TSljl3P~3 7-4-4 1 
WASHER, FLAT, 7-2- 5.0 4 
NO. 8 7-4-19 
WASHER, LOCK, 7-6-41 16 

7-3- NO. 6 
7-5-
7-6-

WASHER, LOCK, 7-2-49 26 
NO. 8 7-4-18 

7-11- 7- 5- 51 
SCREW 1.0-32X.0. 75 7-2- 96 7-6-

7-3-
7-6-

SCREW 1.0- 7-11- 2.0 
32X.0.875 
SCREW 1.0-32Xl 7-3- 8 
SCREW 1.0- 7-2- 8 

WASHER, NO. 7-2- 56 3 
jl.375 
WASHE~ NO.2 7-1~- 38 
.0N.064.0jl 7-15-5 1 
.0N.064.0jl8 7-13-9 91 

7-14-14 
32Xl.125 7-15-4 
SCREW 1.0-32Xl. 25 7-2- 32 

7-3-
.0N.064jljl9 7-13-8 45 

7-14-6 
SCREW 2-56X.0. 25 7-2- 8 

7-3-
7-15-12 
7-16-3 

SCREW 2- 56X.0. 375 7-4- 4.0 

SCREW 2- 56X.0. 438 
. 7-1.0-

7-5- 4 
SCREW 2- 56X.0. 5 7-6- 2 
SCREW 4-4.0X.0. 25 7-1.0- 22 

7-11-

.0N~64~ljl 7-13-5 92 
7-14-8 
7-15-8 

~N.064.011 7-13-6 121 
7-14-9 
7-15-3 

SCREW 4-4.0X.0. 375 7-4- 7 
SCREW 4-4~X.0. 438 7-9- 52 
SCREW 4-4~X.0. 562 7-2- 4 
SCREW 4-4.0X.0. 688 7-12- 6 
SCREW 6-32X~. 312 7-3- 52 

7-7-

7-16-6 
.0N.064.012 7-13-7 81 

7-14-3 
7-15-7 
7-16-7 
7-17-6 

7-8-
7-19-

SCREW 6-32X~. 375 7-1- 62 
7-2-

.0N.064jl13 7-15-1 1 
~N.064jl15 7-15-15 1 
JJNJJ64jl16 7-14-17 2 

7-15-11 
7-3-
7-4-

JJN.064.019 7-15-2 17 
7-17-15 

7-5-
7-5-4 
7-6-

SCREW 6-32X.0. 438 
7-2.0-
7-5- 28 

SCREW 6-32X~. 5 7-1- 117 
7-2-
7-3-
7-6-

JJN.064~21 7-17-18 4 
JJN.064.1l22 7-17-8 2.1l 
.0N.Il64.1l23 7-15-17 11 

7-16-12 
JJN.Il64.1l24 7-15-14 1 
JJN.Il64.1l26 7-16-4 51 
JJN.Il67~3 7-4-3.1l 1 
JJNJJ67~5 7-2-9 9 
JJN.Il67.1l6 7-2- AR 

7-9- 7-3-
7-11-
7-18-

SCREW 6-32X.0. 562 7-2- 4 
SCREW 6-32X~. 625 7-1- 6.0 

7-2-
7-4-

JJN.Il67.1l.07 7-2- AR 
JJN.Il67~8 7-12- 6 
JJN.Il67 11 7-12-5 2 
.lJNJJ67.1l13 7-11- 8 
JJN.Il67.1l14 7-11-21 3 
JJN.067.1l18 7-5-7 2 

7-5- 7-6-8 
SCREW 6-32X.0. 75 7-11- 2.0 

SCREW 6-32X.0. 875 
7-2~-
7-11- 6 

SCREW 6-32Xl.125 7-11- 1~ 
SCREW 6-32Xl. 5 7-12- 2 
SCREW 8-32X~. 25 7-5- 2 
SCREW 8-32X~. 312 7-1- 13 

7-6-
SCREW 8-32X.0. 375 7-1-12~ 24 
SCREW 8-32X~. 438 7-5- 53 

7-6-
SCREW 8-32X~. 5 7-1- 5.0 

7-2-
7-3-
7-5-
7-6-

~N.Il67.1l27 7-5-59 8 
JJN.Il67.1l33 7-5-1 1 
.lJN.067.1l48-1 7-5-63 1 
JJN.067.1l48-2 7-5-63 1 
~N.067.1l5.0 7-5-.62 8 
JJN.067.1l51-1 7-5- 1 
JJN.067.1l51-2 7-5- 1 
JJNJJ67.1l52 7-5-33 1 
JJN.067.1l54 7- 5-31 1 
JJN.067.1l55 7-5-23 1 
JJN.067.1l56 7- 5-16 1 
JJN.lJ67.1l58 7-2-27 1 
JJN.067.1l59-2 7-2- 2 
.lJN.067.1l62 7-1- 8 
JJN.067.1l64 7-5-27 8 

7-6-12 
7-9-
7-11-

SCREW 8-32X.0. 625 7-3- 79 
7-5-

JJN.067.1l65 7-5-6.1l 1 
JJN.067.1l66 7-5-52 8 
JJN.067.1l74 7-5-3 2 

7-6-2.0 
7-6-: JJN.067115 7-2- AR 
7-11- 7-3-

SCREW 8-32X~. 75 7-2-47 1 .i1N,tj67124 7-2- AR 
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FIG. AND eTY SOURCE REPAIR PART NO. INDEX PER 
NO. ART CODE CODE 

FIG. AND eTY 
SOURCE REPAIR PART NO. INDEX PER 

NO. ART CODE CODE 

7-3- ~N,I168192 7-1-2 3 
~N1l67125 7-2- AR 

7-3-
7-5-3 
7-6-2,11 

~N~67126 7-2- AR 
7-3-

11N,I168194 7-5-411 1 
~N,I168194-2 7-6-37 1 

~N~67128 7-2-21 AR 
7-3-23 

~N1l68197 7-5-39 2 
7-6-36 

~N1l67136 7-5-17 1 
llN~67138 7-2-22 AR 

7-3-24 

~N~68198 7-19- 1 
~N~68199 7-19- 1 
~N~682,11il 7-19- 1 

~N1l67139 7-2-23 AR 
7-3-25 

~N~682,111 7-19- 1 
,I1N1l682,113 7-5- 2 

~N1l6721l2 7-5-38 1 
~N1l6721l3 7-2-211 6 

7-3-22 
~N1l67249 7- 5-28 8 

7- 6-13 

7-6-
~N,I1682,114 7-2-2 1 
~N,I1682,115 7-19-1 4 
~N,I1682,116 7-5- 2 

7-6-
~N~67315 7-18-2 2 

7-18- 5 
~N,I1682~9 7-17-5 1 
~N,I16821~ 7-17-5 1 

~N~67324 7-11-22 2 
~N~67322 7-2-11 9 
~N~67325 7-5-25 1 
~N1l67332 7- 5- 511 32 

7-6-4~ 
~N~67333 7-1- 3 

7-5-6 
7-6-

~N~67517 7-14-11 13 
~N~6765il 7-1~-2 1 
~Nil67739 7-2-8 9 
~N~681l1l1 7-17-2 26 
~N1l68~~2 7-17-9 1 
~Nil68il1l3 7-17-17 3 
~N~68il1l4 7-14-19 2 
ilN1l681lil5 7-1- 2 

7-14-16 
~N1l68il1l6 7-17-1~ 1 
ilN~68~il7 7-17-12 1 
llN~681lil8 7-17-4 5 
llNil681l17 7-13-14 12 

7-14-2il 
~N1l681l19 7-14- 5 6 
~N1l68.fl21 7-13-13 1 
11 Nll 68.023 7-13-4 55 

7-14-13 
7-15-6 
7-17-11 

tlN,068.f)29 7-17-14 1 
~N1l68.o31 7-16-2 34 
~N1l68il33 7-17-7 17 
ilNil681.o2 7-2-12 9 
llN~681~4 7-5-42 AR 
ilN~6811l5 7-5-2 1 
llN~681~9-2 7-3-44 2 
ilN~6811il 7-11-34 2 
11N1l68112 7-11-31 2 
~N1l68117 7-5-26 4 

7-6-11 

~N,I168211 7-11-17 2 
~N,I168212 7-2-43 1 
~N,I168213 7-2-44 3 
,I1N1l68218-2 7-1- 1 
~N,I168219-2 7-1-3 1 
~N,I16822il 7-3-42 2 
~N,I168221 7-11-28 AR 
~N,I168228-2 7-2- 1 
~N~68229 7-6-1 4 
~N~6823j}-2 7-2-38 1 
~N,I168238-2 7-1-4 1 
~N~68239 7-11-16 1 
~N,I168247 7-4-12 1 
~N~68251 7-1-1 2 
~N,I168255-1 7-7-9 1 
~N,I168255-2 7-7-111 1 
~N,I168256 7-7-16 2 
~N~68257 7-7-14 2 
,I1N,I168258-2 7-8-21 1 
~N~6826j} 7-18- 1 
~N,I168261 7-8-13 2 
~N,I168263 7-8-16 1 
~N1l68268 7-8-12 2 
~N1l6827il 7-7-2 2 

7-8-1 
~N,I168271 7-7-1 1 
~N,I168272 7-8-2 1 
~N,I168273 7-7-17 2 
~N,I168279 7-7-15 2 
~N,I168281 7- 5- 56 56 
~N~7176il 7-13-2 92 

7-14-12 
~N,I171761 7-13-3 37 

7-14-7 
7-15-9 
7-16-9 
7-17-3 

~N,I171762 7-13-1,11 16 
7-14-15 

~N1l68119 7- 5-24 1 
~Nil68122 7-6-46 8 
llN1l68124 7-11-32 1 
~N~68125 7-11-33 1 
~Nil68132 7-2-36 1 
ilN~68133-2 7-1-5 1 

7-15-1,11 
7-16-1,11 

11N1l71764 7-13-11 15 
7-14-1~ 
7-15-13 
7-16-8 

~N1l68136 7-2-45 4 
7-3-9 

llN~68145 7- 5-37 2 

~N,I171768 7-14-18 1 
~N,I171774 7-13-12 21 

7-14-4 
7-6-17 7-15-18 

~Nil68146 7-21 2 
~N~68147 7-4- 1 
~Nil68148 7- 6-23 1 

7-16-5 
11N1l71777 7-13-1 28 

7-14-1 
~Nil68149 7-12-8 1 
llNil68152 7-2-33 1 
~Nil68153 7-8-15 2 
~N1l6816il 7-6-38 2 
llN.o68165-2 7-6- 1 
llNil68166 7-6- 1 
~N~68167 7-6-49 1 
~N~68168 7-6-48 8 
llNil68169 7-6-5~ 1 
~N1l6817il 7-6-21 1 
llNil68171 7- 6-22 1 
llN~68172 7-6-15 1 

7-15-16 
7-16-1 

~N1l71779 7-14-2 2 
~N1163~6 7-18-8 2 
~N11631l7 7-18-3 2 
~N1163~8 7-18-1 2 
~N116314-4 7-18-7 1 
~N116448-2 7-2-5 1 
~Nl16448-3 7-3-3 1 
~N116463-1 7-1-19 4 
~N116625 7-2-26 2 

7-3-29 
ilNil68173 7-6-16 1 
ilNil68174 7-6-111 1 
ilN,I168178 7-6- 1 
~N,I168179 7-6-18 1 
~N,I16818,11-2 7-3- 2 
,I1N,I168181 7-3-311 1 
,I1N~68182 7-9-14 2 
~N,I168183 7-9-4 2 
,I1N1l68184 } 7-:-6-42 8 

~N116626 7-5-19 4 
7-6-3 

~N1l6627 7-5-21 2 
7-6-5 

~N1l6645 7-22- 1 
11N116647 7-22- 1 
~N116657-2 7-18- 1 
~N116661 7- 5-11 1 
~N116671 7-5-9 5 

FOR OFFICIAL USE ONLY 7-77 



CP-818AjU 

NUMERICAL INDEX 

FIG. AND QTY SOURCE REPAIR PART NO. INDEX PER 
NO. ART CODE CODE 

FIG. AND QTY 
SOURCE REPAIR PART NO. INDEX PER 

NO. ART CODE CODE 

7-6-6 7-6-31 
~N1168~~ 7-1- 1 
,0N1168~1-1 7-1-11 1 
~N1168~1-2 7-1-12 1 
,0N1168J'2-1 7-1-13 1 
J'N1168J'3-1 7-5- 1 
~N1168~3-2 7-5- 1 
~N1168J'4-1 7-5-64 1 
~N1168~4-2 7-5-64 1 
~N1168~5 7-2- 1 
~N1l68~6 7-5-1J' 1 
~N1168~7-1 7-1-31 1 
~N1168J'7-2 7-1-33 2 
~N1168~7-3 7-1-32 1 
~N1168~8 7-6-19 1 
~N11681~ 7-5-1J' 1 
~N116811 7-11-14 1 
J'N116812 7-1-8 1 
J'N116813-1 7-5- 1 
J'N116813-2 7-5- 1 
~N116814 7-6-7 1 
J'N116815 7-6-7 1 
~N116816 7-1-9 1 
J'N116817 7-4-33 1 
J'N116818 7-4-32 1 
~N116819 7-1-6 1 
~N11682J' 7-4-22 1 
~N116821 7-4-3J' 1 
~N116823-1 7-2-46 1 
J'N116823-2 7-3-4J' 1 
~N116824-1 7-3-41 1 
~N116824-2 7-2-46 1 
~N116825 7-11-39 1 
~N116826 7-1-16 1 
~N116828 7-3-1J' 1 
~N116829 7-11-25 1 
J'N11683~ 7-3-47 1 
~N116831 7-3-46 1 
~N116832 7-3-4 1 
~N116833 7-3-43 1 
~N116836 7-7-19 1 
~N116837 7-8-23 1 
~N116838 7-8-23 1 
~N116839 7-7-18 1 
~N11684~ 7-1-21 8 
~N116841-1 7-1-18 4 
~N116842 7-5-49 1 
~N116843 7-1-17 2 
~N116844 7-12-1~ 1 
~N116845 7-3-8 1 
~N116846 7-4- 1 
~N116847 7-4-7 1 
~N116848-1 7-2-19 2 

7-3-21 

1N4,086 7-4-5 1 
1112-1 7-7-5 149 
1112-2 7-7-6 122 

7-7-11 
7-8-6 
7-8-9 

112.0-12- CPDD 7-7-7 172 
7-7-12 
7-8-7 
7-8-1~ 

13AT4,01-T2 7-8-2~ 1 
13AT4,03-T2 7-4-23 6 

7-8-19 
143-825 7-21-3 1 
15S11-1AC-15S1-7-
lAC 7-4- 2 
15RI-IAC-15Rl~-
lAC 7-4- 2 
1826 7-4-24 6 
2AC6 7-3-36 1 
2~JX31 7-2-37 3 
224S-1-1~2 (M) 7-9-7 2 
224S-1-15J' (M) 7-9-8 8 
245~4-,0.o 7-21-2 1 
251 -2 7-4-2 1 
26TB12 7-1~-1 2 
26TB8 7-4-14 1 
322.055 7-2- 55 1 
344 7-7-4 254 

7-8-4 
35~235-B 7-2-6 4 

7-3-6 
35.o235-T 7-2-7 4 

7-3-5 
361.0.049-4 7-2-25 1512 
3614679 7-3-25 4 
361468.0 7-2.0-1 3 
3614791-4-361.o,OI.oW 7-3-28 193 

7-5-36 
3614792- 4- 361.0.013 7-3-27 77 

7-6-34 
3614798-2-361,0J'I.0W 7- 5-45 337 

7-6-35 
3614875 7-2-24 8 
3617351 7-5-43 1 
365'o-Hl5 7-4-9 26 

7-1~-7 
7-11-13 

35,0266-L 7-11-27 1 
35,0266-R 7-11-26 1 
37TB-11 7-11-29 2 
4.0829 7-5-54 28 
473.09 7-6-44 28 

~N116848-2 7-2-18 2 
7-3-2~ 

~N11685~-1 7-1-27 8 
~N11685~-2 7-1-28 1J' 
~N116851-1 7-2-29 8 

7-3-12 
~N116851-4 7-2-28 1~ 

7-3-11 

5C11A9 7-5-34 42 
5191761-12A- 529.0.0.09 7-9-12 368 
5191884-12B- 529.0.0.09 7-9-11 368 
6.03-1/4 7- 5-2.0 4 

7-6-4 
62-99-193-1.0 7-1-25 16 
65400 7-12-3 2 
7411 7-22-1 1 

~N116852-1 7-2-3~ AR 
7-3-13 

79LH166,0-26 7-2- 8 
7-3-

~N116852-2 7-2-31 AR 
7-3-14 

~N116852-3 7-2-32 AR 
7-3-15 

79LH166.o-4.o 7-4- 1.0 
79.01489-.0.0 7-1-3.0 4 
8L2-FF 7- 5-22 1 
8L3-FF 7-9-2 2 

~N116853-1 7-1-26 2 
~N116854 7-1-23 8 
~N116856 7-1-29 1 
~N116857-2 7-1-15 1 
~N116858-2 7-4-31 1 
~N116859 7-1-24 8 
~N116861 7-3-38 1 
~N116862 7-9-13 2 
J'N116863-1 7-2-39 1 
~N116863-2 7-2-4~ 1 
~NI23195-24 7-8- 76 
~NI23319-6 7-5-8 AR 

8.o38-lG13 7- 5-15 3 
7- 5-15 
7-6-32 

81-.041.0-.0111-2.03 7-4-23 4 
81-.041.0-.0112-2.03 7-4-24 4 
8869-K4 7-9-9 2 
9.08-1166-1634- 526 7-7- 177 

7-6-9 
~N123319-1~ 7-1-1~ AR 
~Nl23319-11 7-1-7 AR 
~N123319-17 7-2-42 AR 

7-3-9 
~NI23363-15 7-3-45 AR 
~NI23363-34 7-2-41 AR 
~6~32~2-TO BE EST 7-3-7 1 
IN 56S1~5UA 7-8-18 1 
1N1186 7- 5-11 3~ 

7-6-26 
7-11-3~ 

1N28~4RB 7-5-14 3 \ 
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Al 7-1-11 ,flN1l68,fl1-,fll 
AlAI 7-5 i1N116811HH 
A1A1A1A 7-13-1 llNll71777 
thru 
A1A1A1G 7-13-1 llN1l71777 

AIA1A29D 7-13-4 IlNll681l23 
A1AIA29E 7-13-4 IlN1l681123 
AIA1A29F 7-13-11 llNll71764 
A1A1A29G 7-13- 5 i1N1l641111l 
A1AIA31lA 7-13-2 IlNll717611 

A1A1A1M 7-13-6 llN0641111 
A1A1A111B 7-13-6 llNIl641111 
A1A1A111C 7-13-8 i1Nll 64 11119 
A1A1A111D 7-13-4 llN1l681123 
A1A1A111E 7-13-8 llNIl6411119 
A1A1A111F 7-13-6 llNIl641111 
A1A1A11lG 7-13-6 IlN1l641l11 
A1A1A11A 7-13-8 llN1l641l119 
A1A1AllB 7-13-8 llNIl64 11119 
A1A1A11C 7-13-8 IlNll641l119 
A1A1A11D 7-13-7 IlNll641112 
A1A1A11E 7-13-8 llN1l6411119 
A1A1A11F 7-13-8 IINil 6411119 
A1A1A11G 7-13-8 IlNll6411119 
A1A1A12A 7-13-8 llNll6411119 
A1A1A12B 7-13-8 11 Nil 64 llll 9 
A1A1A12C 7-13-4 IlNll681123 
A1A1A12D 7-13-4 IlNll681123 

thru 
AIAIA311G 7-13-2 llNIl71761l 
AIA1A31A 7-13-2 IlNIl71761l 
thru 
AIA1A31G 7-13-2 IlNIl71761l 
AIA1A32A 7-13- 5 i1N1l641l11l 
A1A1A32B 7-13- 5 IlNIl641111l 
A1A1A32C 7-13-4 IlNIl681l23 
A1A1A32D 7-13-4 IlNIl681l23 
A1A1A32E 7-13-4 IlNIl681l23 
A1A1A32F 7-13- 5 IlNIl641111l 
A1A1A33A 7-13-8 IlNIl641l1l9 
A1A1A33B 7-13-8 IlNIl64111l9 
A1A1A33C 7-13-7 IlNIl641l12 
A1A1A33D 7-13- 5 IlNll641l11l 
A1A1A33E 7-13- 5 IlNIl641l11l 
A1A1A33G 7-13-14 IlNIl681l17 
A1A1A34A 7-13-12 IlN1l71774 

A1A1A12E 7-13-4 IlNll681123 
A1A1A12F 7-13-8 IlNll6411119 
A1A1A12G 7-13-8 IlNll64111l9 
A1A1A13B 7-13-7 IlNll641112 
A1A1A13D 7-13-4 IlN1l681123 
A1A1A13F 7-13-7 IlNll641112 
A1A1A13G 7-13-4 IlNll681123 
A1A1A14A 7-13-2 IlNIl71761l 

I trx1A14G 7-13-2 IlNIl717611 
A1A1A15A 7-13-8 IlNIl6411119 
thru 

thru 
A1A1A34G 7-13-12 IlNIl71774 
A1A1A35A ; 7-13-14 IlNIl681l17 
thru 
A1A1A35D 7-13-14 IlNIl681l17 
A1A1A35E 7-13-13 IlNIl681l21 
A1A1A35F 7-13-14 IlNIl681l17 
A1A1A35G 7-13-14 IlNIl681l17 
A1A1A4A 7-13-2 IlNll71761l 
thru 
A1A1A4G 7-13-2 IlNIl717611 
A1A1A5A 7-13-2 IlNll717611 

A1A1A15G 7-13-8 llNIl6411119 
A1A1A16B 7-13- 5 IINil 6411III 
A1A1A16C 7-13-4 IlNll681123 
A1A1A16D 7-13-4 llN1l681123 
A1A1A16E 7-13-4 llNll681123 
A1A1A16F 7-13-5 IlN1l6411111 
A1A1A16G 7-13-9 llNIl 64 11118 
A1A1A17A 7-13-2 llNIl717611 
thru 

thru 
A1A1A5G 7-13-2 IlNIl717611 
A1A1A6A 7-13- 5 IlNIl641l111 
A1A1A6B 7-13-4 IlNIl681l23 
thru 
A1A1A6E 7-13-4 IlNIl681123 
A1A1A6F 7-13-3 IlNIl71761 
A1A1A6G 7-13-3 IlNll71761 
A1A1A7A 7-13-2 IlNIl71761l 

A1A1A17G 7-13-2 IlNll71761l 
A1A1A18A 7-13-2 IlNll71761l 
thru 

thru 
A1A1A7G 7-13-2 IlNll717611 
A1A1A8A 7-13-2 IlNIl71761l 

A1A1A18G 7-13-2 IlNIl71761l 
A1A1A19A 7-13- 5 IlNll641l111 
A1A1A19B 7-13-7 IlNll641l12 
A1A1A19C 7-13- 5 llNIl6411111 
A1AIA19D 7-13-4 llNIl681l23 
A1AIA19E 7-13-5 llN1l641111l 
AIA1A19F 7-13-7 llNIl641l12 
A1A1A19G 7-13- 5 llNIl6411III 
AIAIA211A 7-13- 5 llNIl641111l 
thru 

thru 
A1A1ASG 7-13-2 IlNIl717611 
A1A1A9A 7-13-6 IlN1l641l11 
A1A1A9B 7-13-6 IlN1l641l11 
A1A1A9C 7-13-7 llNIl641l12 
A1A1A9D 7-13-4 IlNll681l23 
A1A1A9E 7-13-4 IlNIl681l23 
A1A1A9F 7-13-6 IlN1l641l11 
A1A1A9G 7-13-6 IlN1l641111 
A1A1C1 7-5-34 5C11A9 

A1A1A2I1G 7-13- 5 IlN1l641l111 
A1A1A21A 7-13-7 IlNIl641l12 
thru 

thru 
A1A1C42 7- 5- 34 5CllA9 
A1AIJ1A 7- 5- 61 A2345-11l 

A1AIA21D 7-13-7 llNIl641l12 
A1A1A21E 7-13-4 llNIl681l23 
A1A1A21F 7-13-7 llNIl641112 
A1AIA21G 7-13-7 llNll641112 
A1A1A22A 7-13- 5 llNll 6411 III 
thru 

thru 
A1AIJ1G 7-5-61 A2345-111 
A1AIJ11lA 7-5-61 A2345-11l 
thru 
A1A1JlllG 7-5-61 A2345-11l 
A1A1JllA 7- 5- 61 A2345-11l 

A1AIA22G 7-13- 5 IlNIl641l11l 
A1A1A23A 7-13-5 llNIl641lIII 
thru 

thru 
A1AIJllG 7-5-61 A2345-11l 
A1AIJ12A 7-5-61 A2345-11l 

A1A1A23G 7-13-5 llNIl641l11l 
A1A1A24A 7-13-7 IlNll641112 
A1A1A24B 7-13-111 IlNIl71762 

thru 
A1A1J12G 7-5-61 A2345-11l 
A1AIJ13A 7-5-61 A2345-11l 

A1AIA24C 7-13-4 IlNIl681l23 
A1A1A24D 7-13-4 llNIl681123 
A1A1A24E 7-13-4 IlNll681l23 
A1A1A24F 7-13-11l llNIl71762 
AIA1A24G 7-13- 5 llNIl641111l 
A1A1A25A 7-13-2 llN1l717611 

thru 
A1AIJ13G 7- 5- 61 A2345-111 
A1A1J14A 7-5-61 A2345-11l 
thru 
A1A1J14G 7-5-61 A2345-11l 
A1A1J15A 7-5-61 A2345-11l 

thru thru 
AIA1A25G 7-13-2 llNIl717611 
AIA1A26A 7-13-2 llN1l717611 

A1AIJ15G 7-5-61 A2345-111 
A1A1J16A 7-5-61 A2345-111 

thru thru 
A1A1A26G 7-13-2 llNll717611 
AIA1A27A 7-13-2 llNll71761l 

A1AIJ16G 7-5-61 A2345-11l 
A1AIJ17A 7- 5- 61 A2345-11l 

thru thru 
A1A1A27G 7-13-2 llN1l717611 
AIA1A28A 7-13-2 llN1l717611 

A1AIJ17G 7-5-61 A2345-11l 
A1A1J18A 7-5-61 A2345-11l 

thru thru 
A1A1A28G 7-13-2 llN1l717611 
A1AIA29A 7-13-7 llNll641l12 
A1AIA29B 7-13-11 IlNIl71764 
A1AIA29C 7-13-4 llN1l681123 

A1AIJ18G 7-5-61 A2345-111 
A1AIJ19A 7-5-61 A2345-11l 
thru 
A1A1J19G 7-5-61 A2345-11l 
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AIAIJ2A 7-5-61 A2345-1.o 
thru 
AIAIJ2G 7-5-61 A2345-1.o 
AIAIJ2,OA 7-5-61 A2345-1.o 
thru 
AIAIJ2.oG 7-5-61 A2345-1.o 
AIAIJ21A 7-5-61 A2345-1.o 
thru 
AIAIJ21G 7-5-61 A2345-1.o 
AIAIJ22A 7-5-61 A2345-1.o 
Thru 
AIAIA22G 7-5-61 A2345-1.o 
AIAIA23A 7-5-61 A2345-1.o 
thru 
AIAIA23G 7-5-61 A2345-1.o 
AIAIA24A 7-5-61 A2345-1.o 
thru 
AIAIA24G 7-5-61 A2345-1.o 
AIAIA25A 7-5-61 A2345-1.o 
thru 
AIAIA25G 7-5-61 A2345-1.o 
AIAIA26A 7-5-61 A2345-1.o 
thru 
AIAIA26G 7-5-61 A2345-1.o 
AIAIJ27A 7-5-61 A2345-1.o 
thru 
AIAIJ27G 7-5-61 A2345-1.o 
AIAIJ28A 7- 5-61 A2345-1.o 
thru 
AIAIJ28G 7-5-61 A2345-1.o 
AIAIJ29A 7-5-61 A2345-1.o 

AIA2A11E 7-14-14 ~N.064.o.o8 
AIA2A11F 7-14-12 ~N.07176.o 
AIA2A11G 7-14-12 ~N.o7176.o 
AIA2A12A 7-14-3 .oN.o64.o12 
AIA2AI2B 7-14-8 .oN.o64.o1.o 
AIA2A12C 7-14-6 .oN.o64.o.o9 
thru 
AIA2AI2F 7-14-6 .0 N.o 64.0.09 
AIA2AI2G 7-14-11 .oN.o67517 
AIA2AI3A 7- .14-8 .oN.o64.01.o 
AIA2AI3B 7-14-8 .oN.064.o1.0 
AIA2A13C 7-14-8 .oN.o64.o1.o 
AIA2A13D 7-14-3 .oN.064.012 
AIA2A13E 7-14-3 .0N.064.012 
AIA2A13F 7-14-8 .oN.o64.0111 
AIA2AI3G 7-14-8 .oN.o6411111 
AIA2A14A 7-14-3 .oN.o64.o12 
AIA2A14B 7-14-3 .oN.o64.o12 
AIA2A14C 7-14-3 .oN1164.o12 
AIA2AI4D 7-14-8 .oN1164111.o 
AIA2A14E 7-14-8 .oN.o64111.o 
AIA2AI4F 7-14-3 .oNl164.o12 
AIA2AI4G 7-14-3 .oN.o64.o12 
AIA2AI5A 7-14-8 l1N1164111.o 
AIA2AI5B 7-14-8 .oN.o 64.0 1.0 
AIA2AI5C 7-14-8 .oN.o64.o111 
AIA2AI5D 7-14-15 .oN1171762 
AIA2AI5E 7-14-15 l1N1171762 
AIA2AI5F 7-14-8 .0N.064.01.o 
AIA2AI5G 7-14-8 .oN.o64.o1.o 
AIA2AI6A 7-14-8 .oN.o 64.0 1.0 

thru 
AIAIJ29G 7-5-61 A2345-1.0 
AIAIJ3A 7-5-61 A2345-1.0 
thru 
AIAIJ3G 7-5-61 A2345-1.0 
AIAIJ3,OA 7-5-61 A2345-1.0 
thru 
AIAIJ3.0G 7-5-61 A2345-1.0 
AIAIJ31A 7-5-61 A2345-1.0 
thru 
AIAIJ31G 7-5-61 A2345-1.0 
AIAIJ32A 7-5-61 A2345-1.o 
thru 
AIAIJ32G 7-5-61 A2345-1.0 
AIAIJ33A 7-5-61 A2345-1.0 
thru 
AIAIJ33G 7-5-61 A2345-1.o 
AIAIJ34A 7- 5- 61 A2345-1.0 
thru 
AIAIJ34G 7- 5- 61 A2345-1.0 
AIAIJ35A 7-5-61 A2345-1.0 
thru 
AIAIJ35G 7-5-61 A2345-1.0 
AIAIJ4A 7-5-61 A2345-1.0 
thru 
AIAIJ4G 7-5-61 A2345-1.0 
AIAIJ5A 7-5-61 A2345-1.o 
thru 
AIAIJ5G 7-5-61 A2345-1.0 
AIAIJ6A 7- 5- 61 A2345-1.0 
thru 
AIAIJ6G 7-5-61 A2345-1.o 
AIAIJ7A 7- 5- 61 A2345-1.o 
thru 
AIAIJ7G 7-5-61 A2345-1.0 
AIAIJ8A 7-5-61 A2345-1.0 
thru 
AIAIJ8G 7-5-61 A2345-1.o 
AIAIJ9A 7-5-61 A2345-1.0 
thru 
AIAIJ9G 7- 5-61 A2345-1.o 
AIAIPI 7-5-35 3614676 
AIAIP2 7- 5-35 3614676 
AIAITBI 7-5-43 3617351 
AIAITB2 7- 5-44 No Number 
AIA2 7-5 .oN116813-1 
AIA2AIA 7-14-1 .oN.071777 
thru 
AIA2AIG 7-14-1 ~N.o71777 
AIA2Al,OA 7-14-12 ~N.o7176.0 
AIA2Al.oB 7-14-12 ~N.07176.o 
AIA2Al.0C 7-14-12 ~N.07176.o 
AIA2Al.0D 7-14-11 ~N.o67517 
AIA2Al.0E 7-14-13 ~N.o68.o23 
AIA2Al.0F 7-14-12 ~N.o7176.0 
AIA2Al.0G 7-14-12 ~N.07176.o 
AIA2AIIA "1-14-12 ~N.07176~ 
AIA2A11B 7-14-12 ~N.o7176.0 
AIA2AllC 7-14-12 .oN.o7176.o 
AIA2A11D 7-14-11 .oN.o67517 

thru 
AIA2AI6D 7-14-8 .oN.064.o111 
AIA2AI6E 7-14-9 l1Nl164l111 
AIA2AI6F 7-14-8 l1N116411111 
AIA2A16G 7-14-8 l1N116411111 
AIA2AI7A 7-14-12 l1N11717611 
AIA2AI7B 7-14-12 l1N11717611 
AIA2AI7C 7-14-12 l1N11717611 
AIA2AI7D 7-14-11 .oN1167517 
AIA2AI7E 7-14-12 l1N.o7176.o 
AIA2AI7F 7-14-12 .oN.o7176.o 
AIA2AI7G 7-14-3 .oN.o64.o12 
AIA2AI8A 7-14-12 .oN.o7176.0 
AIA2AI8B 7-14-12 .0N.07176.0 
AIA2AI8C 7-14-12 .0N.07176.0 
AIA2AI8D 7-14-11 l1N.067517 
AIA2AI8E 7-14-12 .0N.07176.0 
AIA2AI8F . 7-14-12 .0N.07176.0 
AIA2A18G 7-14-3 .0N.064.012 
AIA2AI9A 7-14-12 .oN117176.0 
AIA2AI9B 7-14-12 l1N.07176.o 
AIA2AI9C 7-14-12 .0N.07176.0 
AIA2AI9D 7-14-11 .0N.067517 
AIA2AI9E 7-14-12 .0N.07176.0 
AIA2AI9F 7-14-12 l1N.07176.0 
AIA2A2A 7-14-2 .0N.071779 
AIA2A2B 7-14-3 .oN.0641112 
AIA2A2C 7-14-2 .0N.071779 
AIA2A2D 7-14-4 .0N1171774 
AIA2A2G 7-14-3 .0N.064.012 
AIA2A2,OA 7-14-12 .oN.07176.0 
AIA2A2l1B 7-14-12 .0N.07176.0 
AIA2A2.0C 7-14-12 .oN.07176.0 
AIA2A2.oD 7-14-11 l1N.067517 
AIA2A2.0E 7-14-12 .0N.07176.0 
AIA2A2.0F 7-14-12 .0N.07176.0 
AIA2A2.0G 7-14-14 .0N.064.o.08 
AIA2A21A 7-14-7 .oN1171761 
AIA2A21B 7-14-1.0 .0N.071764 
AIA2A21C 7-14-13 l1N11681123 
AIA2A21D 7-14-11 .0N.067517 
AIA2A21E 7-14-13 .oN.068.o23 
AIA2A21G 7-14-8 .oN.064.0111 
AIA2A22A 7-14-12 .oN11717611 
AIA2A22B 7-14-12 .0N.0717611 
AIA2A22C 7-14-12 .0N.07176.0 
AIA2A22D 7-14-11 .0N.067517 
AIA2A22E 7-14-12 .0N.o7176.0 
AIA2A22F 7-14-12 l1N.07176.0 
AIA2A22G 7-14-2.0 .0N.068.017 
AIA2A23A 7-14-12 .0N117176.0 
AIA2A23B 7-14-12 .oN.07176.0 
AIA2A23C 7-14-12 .0N.07176.0 
AIA2A23D 7-14-11 .0N.067517 
AIA2A23E 7-14-12 l1N.07176.0 
AIA2A23F 7-14-12 l1N.07176.0 
AIA2A23G 7-14-2.0 .oN.068.017 
AIA2A24A 7-14-2.0 .0N.068.017 
AIA2A24B 7-14-2.0 .0N.068.017 
AIA2A24C 7-14-1.0 .0Nl171764 
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AIA2A24D 7-14-1~ ~N~71764 
AIA2A24E 7-14-S ~N~64~1~ 
AIA2A24F 7-14-9 ~N~64~11 
AIA2A2SA 7-14-2~ ~N~6S~17 
AIA2A25B 7-14-3 jlNjl64jl12 
AIA2A2SC 7-14-S jlNjl64jll~ 
AIA2A2SD 7-14-S ~N~64~1~ 
AIA2A2SE 7-14-3 ~N~64~12 
AIA2A2SF 7-14-3 jlNjl64jl12 
AIA2A2SG 7-14-3 jlNIl641l12 
AIA2A26A 7-14-14 ~NIl64~jlS 
thru 
AIA2A26E 7-14-14 IlNIl641ljlS 
AIA2A26G 7-14- 9 IlN1l641l11 
AIA2A27A 7-14-14 jlNIl64jljlS 
thru 

AIA2Cl 7- S-34 SC11A9 
thru 
AIA2C42 7- S-34 SC11A9 
AIA2JIA 7-S-61 A234S-11l 
thru 
AIA2JIG 7- S-61 A234S-1~ 
AIA2Jl~A 7-S-61 A234S-1~ 
thru 
AIA2Jl~G 7-S-61' A234S-11l 
AIA2J11A 7-S-61 A234S-1~ 
thru 
AIA2JllG 7-S-61 A234S-11l 
AIA2J12A 7-S-61 A234S-1jl 
thru 
AIA2J12G 7-5-61 A234S-1Jl 
AIA2J13A 7- S-61 A234S-11l 

AIA2A27E 7-14-14 IlN1l641l~S 
AIA2A27F 7-14-7 jlNIl71761 
AIA2A27G 7-14-7 IlNIl71761 
AIA2A2SA 7-14-9 jlN1l641l11 
AIA2A2SC 7-14-7 IlNIl71761 
AIA2A2SD 7-14-13 jlNIl6SIl23 
AIA2A2SE 7-14-13 jlNIl6SIl23 
AIA2A2SF 7-14-3 jlNIl641l12 
AIA2A2SG 7-14-14 jlNIl641lllS 
AIA2A29A 7-14-14 jlNIl641ljlS 
thru 
AIA2A29G 7-14-14 jlNIl641lllS 
AIA2A23A 7-14-S jlNIl6SIl19 
AIA2A3B 7-14-6 IlNIl641l1l9 
AIA2A3C 7-14-7 jlNIl71761 
AIA2A3D 7-14-4 IlNIl71774 
AIA2A3E 7-14-3 IlNIl641l12 
AIA2A3jlA 7-14-14 jlN1l641l~S 

thru 
AIA2J13G 7-S-61 A234S-11l 
AIA2J14A 7-S-61 A234S-1~ 
thru 
AIA2J14G 7- S-61 A234S-11l 
AIA2J1SA 7-S-61 A234S-11l 
thru 
AIA2J1SG 7-S-61 A234S-11l 
AIA2J16A 7-S-61 A234S-11l 
thru 
AIA2J16G 7-S-61 A234S-1~ 
AIA2J17A 7-S-61 A234S-11l 
thru 
AIA2JI7G 7- S-61 A234S-1Jl 
AIA2J1SA 7-S-61 A234S-1~ 
thru 
AIA2J1SG 7-S-61 A234S-1jl 
AIA2JI9A 7-5-61 A2345-1J1 

thru 
AIA2A3jlG 7-14-14 jlNjl 641111 S 
AIA2A31A 7-14-9 11 Njl 6411 11 
AIA2A31B 7-14-9 jlNjl641l11 
AIA2A31C 7-14-13 jlNjl6S~23 
AIA2A31D 7-14-13 jlNjl6Sjl23 
AIA2A31E 7-14-13 jlNjl6SIl23 
AIA2A31F 7-14-3 jlNIl641l12 
AIA2A32A 7-14-4 IlNjl71774 
AIA2A32B 7-14-4 jlNIl71774 
AIA2A32C 7-14-14 jlNjl641l~S 
AIA2A32D 7-14-14 jlNjl64jlllS 
AIA2A32G 7-14-14 jlNIl64jljlS 
AIA2A33A 7-14-4 jlNjl71774 
AIA2A33B 7-14-4 IlNjl71774 
AIA2A33C 7-14-3 jlNjl64jl12 
AIA2A33D 7-14-9 jlNjl64jl11 
AIA2A33E 7-14-16 jlN~64jljlS 
AIA2A33G 7-14-14 jlNIl64jljlS 
AIA2A34C 7-14-17 IlNjl64jl16 
AIA2A34D 7-14-1S jlNjl7176S 
AIA2A34E 7-14-19 jlNIl6sjljl4 
AIA2A34F 7-14-19 ~NIl6S~~4 
AIA2A4A 7-14-S ~Njl64jll~ 
AIA2A4B 7-14-S IlNIl64jlljl 
AIA2A4C 7-14-7 ~N~71761 
AIA2A4D 7-14-9 ~NIl64~11 
AIA2A4E 7-14-7 ~Njl71761 
AIA2A4G 7-14-1jl ~N~71764 
AIA2ASA 7-14-S ~N~64jll~ 

thru 
AIA2J19G 7-S-61 A234S-1Jl 
AIA2J2A 7-S-61 A234S-11l 
thru 
AIA2J2G 7-S-61 A234S-1jl 
AIA2J2jlA 7-S-61 A234S-1~ 
thru 
AIA2J2jlG 7-S-61 A234S-11l 
AIA2J21A 7-S-61 A234S-1Jl 
thru 
AIA2J21G 7-S-61 A234S-11l 
AIA2J22A 7-S-61 A234S-1~ 
thru 
AIA2J22G 7-S-61 A234S-1~ 
AIA2J23A 7-S-61 A234S-1~ 
thru 
AIA2J23G 7-S-61 A234S-1~ 
AIA2J24A 7- S- 61 A234S-1~ 
thru 
AIA2J24G 7-S-61 A234S-1~ 
AIA2J2SA 7-S-61 A234S-1~ 
thru 
AIA2J2SG 7- S-61 A234S-1~ 
AIA2J26A 7-S-61 A234S-1~ 
thru 
AIA2J26G 7-S-61 A234S-1~ 
AIA2J27A 7-S-61 A234S-1~ 
thru 
AIA2J27G 7- S-61 A234S-1~ 
AIA2J28A 7-S-61 A234S-1~ 

thru thru 
AIA2ASF 7-14-S ~NIl64~11l 
AIA2ASG 7-14-7 ~NIl71761 
AIA2A6A 7-14-11 ~N1l67S17 
AIA2A6B 7-14-3 ~N~64~12 
AIA2A6C 7-14~3 ~N~641l12 
AIA2A6D 7-14-S ~Njl64jllll 
AIA2A6E 7-14-3 ~N~64jlI2 
AIA2A6F 7-14-3 jlN~641l12 
AIA2A6G' 7-14-S ~N~64~1~ 
AIA2A7A 7-14-9 jlNjl641l11 
thru 

AIA2J28G 7-S- 61 A234S-1~ 
AIA2J29A 7-S-61 A234S-1~ 
thru 
AIA2J29G 7-S-61 A234S-1~ 
AIA2J3A 7-S-61 A234S-1~ 
thru 
AIA2J3G 7- S-61 A234S-1~ 

, AIA2J3~A 7- S-61 A234S-1~ 
thru 
AIA2J3~G 7-S-61 A234S-1~ 
AIA2J31A 7- S- 61 A234S-1~ 

AIA2A7G 7-14-9 ~Njl641l11 
AIA2ASA 7-14-6 ~N~64~119 
AIA2ASB 7-14-6 ~Njl64~119 
AIA2ASC 7-14-6 ~N~64~~9 
AIA2ASD 7-14-9 ~Njl641l11 
AIA2ASE 7-14-6 ~N~64~~9 
AIA2ASF 7-14-6 ~N~64jl~9 
AIA2ASG 7-14-6 ~Njl64~~9 
AIA2A9A ,7-14-6 ~N~64~119 
AIA2A9B 7-14-6 ~N~64~~9 
AIA2A9C 7-14-6 ~N~64jl~9 
AIA2A9D 7.; 14-11 ~Njl67S17 
AIA2A9E 7-14-6 ~Njl64~~9 
AIA2A9F 7-14-6 ~N~64~jl9 
AIA2A9G 7-14-6 ~Njl64jl~9 

thru 
AIA2J31G 7-S-61 A234S-1~ 
AIA2J32A 7-S-61 A234S-1~ 
thru 
AIA2J32G 7- 5-61 A2345-1~ 
AIA2J33A 7-S-61 A2345-1~ 
thru 
AIA2J33G 7- 5-61 A2345-11l 
AIA2J34A 7-5-61 A2345-1~~ 
thru 
AIA2J34G 7- 5-61 A2345-1~ 
AIA2J35A 7-5-61 A234S-11l 
thru 
AIA2J35G 7- 5-61 A2345-1~ 
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AIA2J4A 7-5-61 A2345-1~ 
thru 
AIA2J4G 7- 5- 61 A2345-1~ 
AIA2J5A 7- 5- 61 A2345-1~ 
thru 
AIA2J5G 7- 5- 61 A2345-1~ 
AIA2J6A 7-5-61 A2345-1~ 
thru 

AICR4 7- 5-13 IN1186 
AICR5 7-5-13 IN1186 
AICR6 7-5-14 IN28~4RB 
AIXCR3 7-5-15 8,038-1GI3 
AIXCR6 7- 5-15 ~38-1GI3 
A2 7-1-12 N1168~1-2 
A2Al 7-5 ~N1l68~3-1 
A2AIAIA 7-15-16 ~N~71777 

AIA2J6G 7-5-61 A2345-1~ 
AIA2J7A 7-5-61 A2345-1~ 
thru 
AIA2J7G 7-5-61 A2345-1~ 
AIA2J8A 7- 5- 61 A2345-1~ 
thru 
AIA2J8G 7- 5- 61 A2345-1~ 
AIA2J9A 7-5-61 A2345-1~ 
thru 
AIA2J9G 7- 5-61 A2345-1~ 
AIA2Pl 7- 5-35 3614676 
AIA2P2 7-5-35 3614676 
AIA2S1 7- 5-46 8869-K4 
AIA2S2 7-5-46 8869-K4 
AIA2TBI 7-5-43 3617351 
AIA2TB2 7-5-44 No Number 
AIA3 7-5-1~ .oN1168jl6 
AIA3S1 7-7-13 MBS-S-1838A- 9 
thru 
AIA3S1~ 7-7-13 MBS-S-1838A-9 
AIA3XDSIA 7-7 9,68-1166-1634- 526 
thru 
AIA3XDSIL 7-7 9,68-1166-1634- 526 
AIA3XDS1~A 7-7 9,68-1166-1634- 526 
thru 
AIA3XDS1~TJ 7-7 9.08-1166-1634- 526 
AIA3XDSllA 7-7 9.08-1166-1634- 526 
thru 
AIA3XDS11L 7-7 9.08-1166-1634- 526 
A1A3XDSI2A 7-7 9.08-1166-1634-526 
thru I 

AIA3XDS12E 7-7 9,68-1166-1634- 526 
AIA3XDS12J 7-7 9,68-1166-1634- 526 
AIA3XDS12L 7-7 9,68-1166-1634- 526 
AIA3XDS13A 7-7 9.08-1166-1634- 526 
thru 
AIA3XDS131 7-7 9.fl8-1166-1634- 526 
AIA3XDS14A 7-7 9.08-1166-1634- 526 
thru 
AIA3XDS14E 7-7 9.08-1166-1634- 526 
AIA3XDS14L 7-7 9tl8-1166-1634- 526 
AIA3XDS15A 7-7 9.08-1166-1634- 526 
thru 
AIA3XDS151 7-7 9.fl8-1166-1634- 526 
AIA3XDS16A 7-7 9.08-1166-1634- 526 
thru 
AIA3XDS16E 7-7 9.08-1166-1634- 526 
AIA3XDS16J 7-7 9.08- 1166-1634- 526 
AIA3XDS16L 7-7 9.08-1166-1634- 526 
AIA3XDS17A 7-7 9,08-1166-1634- 526 
thru 
AIA3XDS17C 7-7 9,08-1166-1634- 526 
AIA3XDSI7I 7-7 9,08-1166-1634- 526 
AIA3XDS2A 7-7 9,08-1166-1634- 526 
thru 
AIA3XDS2L 7-7 9.08-1166-1634- 526 
AIA3XDS3A 7-7 9.08-1166-1634- 526 
thru 
AIA3XDS3L 7-7 9.08-1166-1634- 526 
AIA3XDS4A 7-7 9.08-1166-1634- 526 
thru 
AIA3XDS4L 7-7 9,68-1166-1634- 526 
AIA3XDS5A 7-7 9.08-1166-1634- 526 
thru 
AIA3XDS5L 7-7 9,68-1166-1634- 526 
AIA3XDS6A 7-7 9,68-1166-1634- 526 
thru 
AIA3XDS6L 7-7 9.08-1166-1634- 526 
AIA3XDS7A 7-7 9.08-1166-1634- 526 
thru 
AIA3XDS7L 7-7 9,08-1166-1634- 526 
AIA3XDS8A 7-7 9,08-1166-1634- 526 
thru 
AIA3XDS8L 7-7 9,08-1166-1634- 526 
AIA3XDS9A 7-7 9,08-1166-1634- 526 
thru 
AIA3XDS9·E 7-7 9,08-1166-1634- 526 
AIA3XDS9H 7-7 9,08-1166-1634- 526 
thru 
AIA3XDS9L 7-7 9,08-1166-1634- 526 
AICRI 7- 5-13 IN1186 
AICR2 7- 5-13 IN1l86 
AICR3 7- 5-14 IN28~4RB 

thru 
A2AIAIG 7-15-16 ~N~71.777 
A2AIAIM 7-15-9 ~N~71761 
A2AIA1~B 7-15-3 ~N~64~11 
A2AIA1~C 7-15-4 ~N~64~~8 
A2AIA1~D 7-15-3 ~N~64~11 
A2AIA1~E 7-15-3 ~N~64.o11 
A2AIA1~F 7-15-3 ,0N~64~l1 
A2AIA1~G 7-15-4 ~N~64~.o8 
A2AIAllA 7-15-8 ~N~64~1~ 
A2AIAllB 7-15-3 ~N~64~11 
A2AIA11C 7-15-4 ~N~64~.o8 
A2AIAIlD 7-15-9 ~N~71761 
A2AIAI1E 7-15-8 ~N~64~1~ 
A2AIAllF 7-15-7 ~N~64~12 
A2AIAllG 7-15-4 ~N~64~~8 
A2AIA12A 7-15-7 ~N~64~12 
A2AIA12B 7-15-4 ~N~64~~8 
A2AIA12C 7-15-4 ~N~64~~8 
A2AIA12D 7-15-8 ~N~64~1~ 
A2AIA12E 7-15-1~ ~N~71762 
A2AIA12F 7-15-3 ~N~64~11 
A2AIA12G 7-15-4 ~N~64~~8 
A2AIA13A 7-15-1~ ~N~71762 
A2AIA13B 7-15-4 ~N~64~~8 
A2AIA13C 7-15-4 ~N~64~~8 
A2AIA13D 7-15-3 ~N~64~11 
A2AIA13E 7-15-8 ~N~64~I,0 
A2AIA13F 7-15-9 ~N~71761 
A2AIA13G 7-15-4 ~N~64~~8 
A2AIA14A 7-15-3 ~N~64~11 
A2AIA14B 7-15-4 ~N~64.o~8 
A2AIA14C 7-15-4 ~N~64~~8 
A2AIA14D 7-15-3 ~N~64~l1 
A2AIA14E 7-15-3 ~N~64.oll 
A2AIA14F 7-15-4 ~N~64~~8 
A2AIA14G 7-15-4 ~N~64~18 
A2AIA15A 7-15-8 ~N~64.o1~ 
A2AIA15B 7-15-4 ~N~64~~8 
A2AIA15C 7-15-4 ~N~64~.o8 
A2AIA15D 7-15-7 .oN~64~12 
A2AIA15E 7-15-8 .oN~64~1~ 
A2AIA15F 7-15-4 ~N~64.o~8 
A2AIA15G 7-15-8 ~N~64~1~ 
A2AIA16A 7-15-1~ ~N~71761 
A2AIA16B 7-15-4 ~N~64.o~8 
A2AIA16C 7-15-4 ,0N~64~.o8 
A2AIA16D 7-15-3 ~N~64~1l 
A2AIA16E 7-15-3 ~N~64~11 
A2AIA16F 7-15-4 ,0N~64~~8 
A2AIA16G 7-15-4 ~N~640~8 
A2AIA17A 7-15-3 ~N~64~11 
A2AIA17B 7-15-3 .oN~64~~8 
A2AIA17C 7-15-3 ~N~64~1l 
A2AIA17D 7-15-3 ~N~64~11 
A2AIA17E 7-15-7 ~N~64.o12 
A2AIA17F 7-15-4 .oN~64~~8 
A2AIA17G 7-15-4 ~N~64.o.o8 
A2AIA18A 7-15-3 ~N~64~11 
A2AIA18B 7-15-3 ~N~64~11 
A2AIA18D 7-15-3 ~N~64~11 
A2AIA18E 7-15-6 .oN~64~23 
A2AIA18F 7-15-3 ~N~64~11 
A2AIA18G 7-15-13 ~N~71764 
A2AIA19A 7-15-13 .oN~71764 
A2AIA19B 7-15-4 ~N~64~~8 
A2AIA19C 7-15-4 ~N~64~~8 
A2AIA19D 7-15-7 ~N~64~12 
A2AIA19E 7-15-4 ~N~64~~8 
A2AIA19F 7-15-4 ~N~64~~8 
A2AIA19G 7-15-4 ~N~64~~8 
A2AIA2B 7-15-7 .oN~64~12 
A2AIA2C 7-15-8 ~N.o64.o1.o 
A2AIA2D 7-15-8 ~N~64~I.o 
A2AIA2E 7-15-8 .oN.o64~1~ 
A2AIA2F 7-15-17 ~N.o64~23 
A2AIA2M 7-15-4 ~N.o64.o~4 
A2AIA2~B 7-15-4 .oN.o64~~4 
A2AIA2~C 7-15-4 ~N.o64~~4 
A2AIA2~D 7-15-7 ~N.o64~12 
A2AIA2~E 7-15-4 ~N.o64.o~8 
A2AIA2~F 7-15-6 .oN.o68~23 
A2AIA2~G 7-15-4 ~N~64.o12 
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A2AIA21A 7-15-7 ~N~64IH2 
A2AIA218 7-15-6 ~N~68~23 
A2AIA21C 7-15- 6 ~N~68~23 
A2AIA21D 7-15-3 ~N~64~11 
A2AIA21E 7-15-4 ~N~64~~8 
A2AIA21F 7-15-4 ~NI164~118 
A2AIA21G 7-15-4 ~NI164~~8 
A2AIA22A 7-15-4 ~NI164~~8 
A2AIA228 7-15-4 ~N~6411~8 
A2AIA22C 7-15-3 ~NI1641111 
A2AIA22D 7-15-3 ~NI164~11 
A2AIA22E 7-15-7 ~N~64~12 
A2AIA22F 7-15-4 ~N¢64~~8 
A2AIA22G 7-15-4 ~NI164~~8 

A2AIA33D 7-15-4 ~N~64111J8 
A2AIA33E 7-15-4 ~N~64~1'18 
A2AIA33F 7-15-4 ~NI1641'1~8 
A2AIA33G 7-15-3 ~N1'l641'l1l 
A2AIA348 7-15-2 ~NI164~19 
A2AIA34C 7-15-1 ~N~641113 
A2AIA34D 7-15-9 ~N~71761 
A2AIA34E 7-15-4 ~NI164~~8 
A2AIA34F 7-15-4 ~NI164~~8 
A2AIA34G 7-15-7 I1N~64~12 
A2AIA35D 7-15-8 I1N~64~1~ 
A2AIA35E 7-15-12 ~N~64~1'19 
A2AIA35F 7-15-8 I'lNI'l64~1~ 
A2AIA4A 7-15-3 ~NI164~11 

A2AIA23A 7-15-4 ~NI164~~8 
A2AIA238 7-15-4 ~NI164~~8 
A2AIA23C 7-15-9 ~N1171761 
A2AIA23D 7- 15-3 ~NI164~11 
A2AIA23E 7-15-3 ~NI164~11 
A2AIA23F 7-15- 6 ~N11681123 
A2AIA23G 7-15-4 ~N¢6411~8 
A2AIA24A 7-15-1¢ ~N¢71762 
A2AIA248 7-15-7 ~N¢64~12 
A2AIA24C 7-15-6 ~NI168~23 
A2AIA24D 7-15-6 ~NI164~23 
A2AIA24E 7-15-6 ~NI164~23 
A2AIA24F 7-15-6 ~N~64~23 
A2AIA24G 7-15-3 ~N¢64~11 
A2AIA25A 7-15-3 ~NI164¢11 
A2AIA258 7-15-3 ~NI164~11 
A2AIA25C 7-15-9 ~N~71761 
A2AIA25D 7-15-7 ¢N¢641l12 
A2AIA25E 7-15-7 ~N~64~12 
A2AIA25F 7-15-7 ~N11641112 
A2AIA25G 7-15-9 ~NI171761 
A2AIA26A 7-15-3 ~N¢64~11 
A2AIA268 7-15-18 ~N¢71774 
A2AIA26C 7-15-6 ~N~64~23 
A2AIA26D 7-15-3 ¢N~64~11 
thru 

thru 
A2AIA4D 7-15-3 I1N~64~11 
A2AIA4E 7-15-9 ~N1'l71761 
A2AIA4F 7-15-4 ~N~64~~8 
A2AIA4G 7-15-3 IlN~641l11 
A2AIA5A 7-15-3 IJN1164~11 
A2AIA58 7-15-3 ~N~64~11 
A2AIA5C 7-15-3 IJN1164~11 
A2AIA5D 7-15-15 ~N~64~15 
A2AIA5E 7-15-7 ~N~641112 
A2AIA5F 7-15-7 ~NIJ64~12 
A2AIA5G 7-15-9 ~N~71761 
A2AIA6A 7-15-7 ~NI164~12 
A2AIA6B 7-15-3 ~N~64~1l 
A2AIA6C 7-15-1~ ~N~71761 
A2AIA6D 7-15-14 I1NI1641l24 
A2AIA6E 7-15-13 ~NIJ71764 
A2AIA6F 7-15-3 ~N~64~11 
A2AIA6G 7-15-8 ~NIJ64~1~ 
A2AIA7A 7-15-12 IJN~641J~9 
A2AIA7B 7-15-7 ~N~64~12 
A2AIA7C 7-15-11 ~N11641J16 
A2AIA7D 7-15-4 ~N~64~~8 
A2AIA7E 7-15-3 ~NI164~l1 
A2AIA7G 7-15-7 ~N~64~12 
A2AIA8A 7-15-3 ~NI164~11 

A2AIA26G 7-15-3 ~N~641l11 
A2AIA27A 7-15-8 ~NI164~11J 
A2AIA278 7-15-18 ~N~71774 
A2AIA27C 7-15- 6 ~N11681J23 
A2AIA27D 7-15-3 ~N~641J11 
thru 

thru 
A2AIA8E 7-15-3 IJN~64~11 
A2AIA8F 7-15-8 ~N~64111~ 
A2AIA8G 7-15-1~ IJN~71762 
A2AIA9A 7-15-8 I1N~64~111 
A2AIA9B 7-15-7 ~N~64¢12 

A2AIA28A 7-15-8 IJN~641111J 
A2AIA288 7-15-18 IJN~71774 
A2AIA28C 7-15-4 ~NI164~~8 
A2AIA28D 7-15-3 ~N~64~11 
A2AIA28E 7-15-3 ~N¢641J11 
A2AIA28F 7-15-3 ~NI1641111 
A2AIA28G 7-15-7 ~NI164~12 
A2AIA29A 7-15-4 IJN~64~118 
A2AIA298 7-15-3 ~N~64~11 
A2AIA29C 7-15-3 ~N~64~11 
A2AIA29D 7-15-3 ~N~641111 
A2AIA29E 7-15-6 ~N~68~23 
A2AIA29F 7-15-3 ~N~64~11 
A2AIA29G 7-15-3 ~N~641'l11 
A2AIA3A 7-15-3 ~N~64~11 

A2AIA9C 7-15-4 I1N~64~~8 
A2AIA9D 7-15-8 ~N11641fll1 
A2AIA9E 7-15-3 ~N~641J1l 
A2AIA9F 7-15-9 ~NI171761 
A2AIA9G 7-15-4 ~N~64~~8 
A2AICI 7-5-34 5C11A9 
thru 
A2AIC42 7- 5- 34 5C11A9 
A2AIJIA 7-5- 61 A2345-1¢ 
thru 
A2AIJIG 7-5-61 A2345-1¢ 
A2AIJ11JA 7- 5-61 A2345-1¢ 
thru 
A2AIJ1~G 7- 5- 61 A2345-1~ 
A2AIJllA 7-5-61 A2345-111 

A2AIA38 7-15-3 ~N~641111 
A2AIA3C 7-15-7 IJN~641112 
A2AIA3D 7-15-3 ~N~64~11 

thru 
A2AIJllG 7- 5-61 A2345-1¢ 
A2AIJ12A 7-5-61 A2345-1~ 

A2AIA3E 7-15-3 IJN~64~11 
A2AIA3F 7-15-3 IJN~641J1l 
A2AIA3G 7-15-13 IJN~71764 

thru 
A2AIJ12G 7- 5- 61 A2345-1~ 
A2AIJ13A 7-5-61 A2345-111 

A2AIA31JA 7-15-7 IJN1J64~12 
A2AIA31J8 7-15-8 IJN~641'l11J 
A2AIA3IJC 7-15-8 ~N~641'l11J 
A2AIA3IJD 7-15-6 IJN~68~23 
A2AIA3IJE 7-15-6 IJN~681123 
A2AIA3~F 7-15-6 ~N~68~23 
A2AIA3~G 7-15-8 IlN~641J1~ 
A2AIA31A 7-15-4 ~N~641J~8 
A2AIA318 7-15-4 IJN~641J~8 

thru 
A2AIJ13G 7-5-61 A2345-1~ 
A2AIJ14A 7-5-61 A2345-1~ 
thru 
A2AIJ14G 7- 5-61 A2345-1~ 
A2AIJ15A 7- 5- 61 A2345-1¢ 
thru 
A2AIJ15G 7- 5- 61 A2345-111 
A2AIJ16A 7-5-61 A2345-111 

A2AIA31C 7-15-8 IJN~64IJIIJ 
A2AIA31D 7-15-6 ~N~68~23 
A2AIA31E 7-15-6 I'lN¢68~23 

thru 
A2AIJ16G 7-5-61 A2345-1¢ 
A2AIJ17A 7-5- 61 A2345-1¢ 

A2AIA31F 7-15-6 I'lN~681'l23 
A2AIA31G 7-15-3 IJN.G64011 
A2AIA32A 7-15-8 .tlN.f)64,fH.tl 

thru 
A2AIJ17G 7-5-61 A2345-1¢ 
A2AIJ18A 7- 5- 61 A2345-11J 

A2AIA328 7-15-7 IJN~641'112 
A2AIA32C 7-15-7 ¢N~64¢12 
A2AIA32D 7-15-6 ¢N~681'l23 

thru 
A2AIJ18G 7-5-61 A2345-1¢ 
A2AIJ19A 7-5-61 A2345-1~ 

A2AIA32E 7-15-4 ~N~641'l1'l8 
A2AIA32F 7-15-4 ~N~641'l~8 
A2AIA32G 7-15-3 ¢N¢64¢1l 

thru 
A2AIJ19G 7- 5-61 A2345-1¢ 
A2AIJ2A 7- 5-61 A2345-111 

A2AIA33A 7-15-3 I'lN¢641'l1l 
A2AIA338 7-15-3 ¢N¢64¢11 

thru 
A2AIJ2G 7-5-61 A2345-1¢ 

A2AIA33C 7-15- 5 ~N~64~~~ 
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A2AIJ2~A 7- 5- 61 A2345-1~ 
thru 
A2AIJ2~G 7- 5- 61 A2345-1~ 
A2AIJ21A 7- 5- 61 A2345-1~ 

A2A2A14A 7-16-4 ~N~64~26 
thru 
A2A2A14G 7-16-4 ~N~64~26 
A2A2A15A 7-16-4 ~N~64~26 

thru 
A2AIJ21G 7- 5- 61 A2345-1~ 
A2AIJ22A 7- 5- 61 A2345-1~ 
thru 

thru 
A2A2A15G 7-16-4 ~N~64~26 
A2A2A16A 7-16-7 ~N~64~12 
A2A2A16B 7-16-7 ~N~64~12 

A2AIJ22G 7-5~61 A2345-1~ 
A2AIJ23A 7- 5- 61 A2345-1~ 
thru 

A2A2A16C 7-16-7 ~N~64~12 
A2A2A16D 7-16-6 ~N~64~11 
A2A2A16E 7-16-7 ~N~64~12 

A2AIJ23G 7- 5- 61 A2345-1~ 
A2AIJ24A 7-5-61 A2345-1~ 
thru 

A2A2A16F 7-16-3 ~N~64~9 
A2A2A16G 7-16-3 ~N~64 ~9 
A2A2A17A 7-16-8 ~N~71764 

A2AIJ24G 7- 5- 61 A2345-1~ 
A2AIJ25A 7- 5-61 A2345-1~ 
thru 

thru 
A2A2A17F 7-16-8 ~N~71764 
A2A2A17G 7-16-9 ~N~71761 

A2AIJ25G 7-5-61 A2345-1~ A2A2A18A 7-16-1~ ~N~71762 
A2AIJ26A 7- 5- 61 A2345-1~ 
thru 

thru 
A2A2A18E 7-16-1~ ~N~71762 

A2AIJ26G 7-5-61 A2345-1~ 
A2AIJ27A 7-5-61 A2345-1~ 
thru 
A2AIJ27G 7- 5- 61 A2345-1~ 
A2AIJ28A 7- 5- 61 A2345-1~ 
thru 

A2A2A18F 7-16-7 ~N~64~12 
A2A2A18G 7-16-9 ~N~71761 
A2A2A19A 7-16-11 ~N~64~~8 
A2A2A19B 7-16-11 ~N~64~~8 
A2A2A19C 7-16-11 ~N~64~~8 
A2A2A19D 7-16-4 ~N~64~26 

A2AIJ28G 7-5-61 A2345-1~ 
A2AIJ29A 7-5-61 A2345-1~ 
thru 

A2A2A19E 7-16-11 ~N~64~~8 
A2A2AI9F 7-16-11 ~N~64~~8 
A2A2A2A 7-16-12 ~N~68~23 

A2AIJ29G 7- 5- 61 A2345-1~ 
A2AIJ3A 7-5-61 A2345-1~ 
thru 
A2AIJ3G 7-5-61 A2345-1~ 
A2AIJ3~A 7-5-61 A2345-1~ 
thru 
A2AIJ3~G 7-5-61 A2345-1~ 
A2AIJ31A 7-5-61 A2345-1~ 
thru 
A2AIJ31G 7- 5- 61 A2345-1~ 
A2AIJ32A 7- 5- 61 A2345-1~ 
thru 
A2AIJ32G 7- 5- 61 A2345-1~ 
A2AIJ33A 7- 5- 61 A2345-1~ 
thru 

A2A2A2B 7-16-11 ~N~64~~8 
A2A2A2C 7-16-11 ~N~64~~8 
A2A2A2D 7-16-11 ~N~64~8 
A2A2A2E 7-16-7 ~N~64 12 
A2A2A2F 7-16-6 ~N~64~l1 
A2A2A2~A 7-16-11 ~N~64~~8 
A2A2A2~B 7-16-11 ~N~64~~8 
A2A2A2~C 7-16-11 ~N~64~8 
A2A2A2~D 7-16-12 ~N~68 23 
A2A2A2~E 7-16-11 ~N~64~8 
A2A2A2~F 7-16-11 ~N~64 ~8 
A2A2A2,OG 7-16-6 ~N~64~11 
A2A2A21A 7-16-11 ~N~64CC8 
A2A2A21B 7-16-11 ~N~64~C8 
A2A2A21C 7-16-11 ~NC64~~8 

A2AIJ33G 7-5-61 A2345-1~ 
A2AIJ34A 7-5-61 A2345-1~ 
thru 

A2A2A21D 7-16-12 ~NC68~23 
A2A2A21E 7-16-11 ~N~64~~8 
A2A2A21F 7-16-11 ~NC64C~8 

A2AIJ34G 7- 5- 61 A2345-1~ 
A2AIJ35A 7-5-61 A2345-1~ 
thru 

A2A2A21G 7-16-11 ~N~64~~8 
A2A2A22A 7-16-11 ~N~64~~8 
A2A2A22B 7-16-11 ~N~64~~8 

A2AIJ35G 7- 5- 61 A2345-1~ 
A2AIJ4A 7- 5- 61 A2345-1~ 
thru 

A2A2A22C 7-16-11 ~N~64C~8 
A2A2A22D 7-16-12 ~NC64C23 
A2A2A22E 7-16-11 ~N~64~C8 

A2AIJ4G 7-5-61 A2345-1~ 
A2AIJ5A 7-5-61 A2345-1~ 
thru 

A2A2A22F 7-16-11 ~N~64~~8 
A2A2A22G 7-16-11 ~N~64~~8 
A2A2A23A 7-16-11 ~N~64~C8 

A2AIJ5G 7-5-61 A2345-1~ 
A2AIJ6A 7-5-61 A2345-1~ 
thru 

A2A2A23B 7-16-11 ~N~64~~8 
A2A2A23C 7-16-11 ~NC64~~8 
A2A2A23D 7-16-12 ~N~64~23 

A2AIJ6G 7- 5- 61 A2345-1~ 
A2AIJ7A 7-5-61 A2345-1~ 
thru 

A2A2A23E 7-16-11 ~N~64~~8 
A2A2A23F 7-16-11 ~NC64~~8 
A2A2A23G 7-16-11 ~N~64~~8 

A2AIJ7G 7-5-61 A2345-1~ 
A2AIJ8A 7- 5- 61 A2345-1~ 
thru 
A2AIJ8G 7-5-61 A2345-1~ 
A2AIJ9A 7-5-61 A2345-1~ 
thru 
A2AIJ9G 7-5-61 A2345-1~ 
A2AIPI 7- 5-35 3614676 

A2A2A24A 7-16-11 ~N~64~~8 
A2A2A24B 7-16-11 ~N~64~~8 
A2A2A24C 7-16-11 ~N~64~8 
A2A2A24D 7-16-12 ~NC68 23 
A2A2A24E 7-16-11 ~N~64~8 
A2A2A24F 7-16-11 ~N~64~8 
A2A2A24G 7-16-11 ~NC64 C8 
A2A2A25A 7-16-16 ~N~64~33 

A2AIP2 7- 5-35 3614676 A2A2A25B 7-16-14 ~NC64~IC 
A2AITBI 7-5-43 3617351 
A2AITB2 7-5-44 No Number 
A2A2 7-5 ~N116813-2 
A2A2AIA 7-16-1 ~N~71777 
thru 

A2A2A25C 7-16-7 ~NC64~12 
A2A2A25D 7-16-14 CN~64CIC 
A2A2A25E 7-16-14 ~N~64~I~ 
A2A2A25F 7-1r.ll ~NC64~C8 
A2A2A25G 7-16-12 ~N~68~23 

A2A2AIG 7-16-1 ~N~71777 
A2A2AIM 7-16-4 ~N~64~26 
thru 
A2A2Al~G 7-16-4 ~-N~64~26 
A2A2A11A 7-16-4 ~N~64~26 
thru 

A2A2A26A 7-16-11 ~N~64~~8 
A2A2A26B 7-16-7 ~NC64~12 
A2A2A26C 7-16-6 ~N~64~l1 
A2A2A26D 7-16-12 CNC68C23 
A2A2A26F 7-16-7 CNC64~12 
A2A2A26G 7-16-6 ~NC64Cll 

A2A2A11G 7-16-4 ~N~64~26 
A2A2AI2A 7-16-4 ~N~64~26 
thru 

A2A2A27A 7-16-11 ~N~64~~8 
A2A2A27B 7-16-7 ~N~64~12 
A2A2A27C 7-16-9 ~N~71761 

A2A2AI2G 7:-16-4 /~N~64~26 
A2A2AI3A 7-16-4 ~N~64~26 
thru 

A2A2A27D 7-16-14 ~N~64~IC 
A2A2A27E 7-16-11 ~N~64~C8 
A2A2A27F 7-16-9 ~NC71761 

A2A2AI3E 7-16-4 ~N~64~26 
A2A2AI3F 7-16-5 ~N~64~~9 
A2A2AI3G 7-16-4 ~N~64~26 

A2A2A27G 7-16-6 CNC64~l1 
A2A2A28A 7-16-11 ~NC64C~8 
A2A2A28B 7-16-6 ~N~64~11 
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A2A2A2BC 7-16-6 jlNjl64jl11 
A2A2A2BD 7-16-6 jlNjl64jlll 
A2A2A2BE 7-16-7 jlNjl64jl12 
A2A2A2BF 7-16- 6 jlNjl64jlll 
A2A2A2BG 7-16-7 i1Ni164i112 
A2A2A29A 7-16-11 jlNi164jljlB 
A2A2A29B 7-16-6 i1Njl64jlll 
A2A2A29C 7-16-9 i1Ni171761 
A2A2A29D 7-16- 6 i1Ni164jl11 
A2A2A29E 7-16-14 IlNjl64jll1l 
A2A2A29F 7-16-9 IlNjl71761 
A2A2A29G 7-16-9 jlNjl71761 
A2A2A3A 7-16-2 jlNjl6Bjl31 
thru 

A2A2J15A 7-5-61 A2345-1jl 
thru 
A2A2J15G 7- 5-61 A2345-11l 
A2A2J16A 7-5-61 A2345-1jl 
thru 
A2A2J16G 7- 5- 61 A2345-1jl 
A2A2JI7A 7-5-61 A2345-1jl 
thru 
A2A2J17G 7- 5-61 A2345-1jl 
A2A2J18A 7-5-61 A2345-1jl 
thru 
A2A2JIBG 7-5-61 A2345-1jl 
A2A2J19A 7-5-61 A2345-1jl 
thru 

A2A2A3G 7-16-2 jlNjl6Bjl31 
A2A2A3jlA 7-16-1jl jlNjl71762 
A2A2A3jlB 7-16-6 jlNjl641l11 

A2A2J19G 7-5-61 A2345-1jl 
A2A2J2A 7-5-61 A2345-1jl 
thru 

A2A2A3jlC 7-16-6 jlNi164jl11 
A2A2A3jlD 7-16-12 IlNjl6Bjl23 
A2A2A3jlE 7-16-7 jlNjl64jl12 
A2A2A3jlF 7-16-11 jlNjl64jljlB 
A2A2A3jlG 7-16-7 jlNjl64jl12 
A2A2A31A 7-16-7 jlNjl64jl12 
A2A2A31B 7-16-9 IlNjl71761 
A2A2A31C 7-16- 6 jlNjl64jlll 
A2A2A31D 7-16-12 jlNjl6Bjl23 
A2A2A31E 7-16-7 jlNjl64jl12 
A2A2A31F 7-16-11 jlNjl64jljlB 
A2A2A31G 7-16-11 jlNjl64jljlB 
A2A2A32A 7-16-11 jlNjl64jljlB 
thru 
A2A2A32E 7-16-11 jlNjl64jljlB 
A2A2A32F 7-16-6 jlNjl64jlll 
A2A2A32G 7-16-11 jlNjl64jljlB 
A2A2A33A 7-16-11 jlNjl64jljlB 

A2A2J2G 7-5-61 A2345-1jl 
A2A2J2jlA 7- 5- 61 A2345-1jl 
thru 
A2A2J2jlG 7- 5-61 A2345-1jl 
A2A2J21A 7- 5-61 A2345-1jl 
thru 
A2A2J21G 7-5-61 A2345-1jl 
A2A2J22A 
thru 
A2A2J22G 7-5-61 A2345-1jl 
A2A2J23A 7-5-61 A2345-1jl 
thru 
A2A2J23G 7-5-61 A2345-1jl 
A2A2J24A 7-5-61 A2345-1jl 
thru 
A2A2J24G 7-5-61 A2345-1ll 
A2A2J25A 7-5-61 A2345-1¢ 
thru 

thru 
A2A2A33G 7-16-11 jlNjl64jljlB 
A2A2A34A 7-16-5 ~N~71774 
A2A2A34B 7-16- 5 jlNjl71774 
A2A2A34C 7-16-11 jlNjl64jljlB 
thru 

A2A2J25G 7-5-61 A2345-1jl 
A2A2J26A 7- 5-61 A2345-1jl 
thru 
A2A2J26G 7-5-61 A2345-1jl 
A2A2J27A 7-5-61 A2345-1¢ 
thru 

A2A2A34F 7-16-11 jlN¢64jljlB 
A2A2A34G 7-16-7 ~Njl64jl12 
A2A2A35A 7-16-17 jlN11634B 

A2A2J27G 7-5-61 A2345-1jl 
A2A2J28A 7- 5-61 A2345-1jl 
thru 

A2A2A35B 7-16-1B IlN1l6349 
A2A2A35E 7-16-15 ~N~6B¢21 
A2A2A35F '7-16-1¢ ~N¢71762 
A2A2A35G 7-16-1jl ¢Njl71762 
A2A2A4A 7-16-2 ~N¢6Bjl31 
thru 

A2A2J28G 7-5-61 A2345-1jl 
A2A2J29A 7-5-61 A2345-1jl 
thru 
A2A2J29G 7-5-61 . A2345-1¢ 
A2A2J3A 7-5-61 A2345-1.IJ 
thru 

A2A2A4G 7-16-2 ¢N¢6Bjl31 
A2A2A5A 7-16-2 jlNjl6Bll31 
thru 

A2A2J3G 7-5-61 A2345-1.IJ 
A2A2J3¢A 7-5-61 A2345-1.IJ 
thru 

A2A2A5G 7-16-2 jlNll6Bjl31 
A2A2A6A 7-16-2 jlN¢6Bjl31 
thru 

A2A2J3jlG 7-5-61 A2345-1jl 
A2A2J31A 7-5-61 A2345-1.IJ 
thru 

A2A2A6G 7-16-2 jlNjl6Bjl31 
A2A2A7A 7-16-2 ~Njl6Bll31 
thru 

A2A2J31G 7- 5-61 A2345-1jl 
A2A2J32A 7-5-61 A2345-1.IJ 
thru 

A2A2A7E 7-16-2 ¢Njl6Bjl31 
A2A2A7F 7-16-3 ~Nll64lli19 
A2A2A7G 7-16-3 llNjl64lljl9 
A2A2A8A 7-16-4 jlNjl64ll26 
A2A2A8B 7-16-5 ~Njl71774 
A2A2A8C 7-16-6 ~Nll64jl11 
A2A2A8D 7-16- 5 jlNll71774 
A2A2A8E 7-16-6 jlNjl64jl11 
A2A2A8F 7-16-5 llNjl71774 
A2A2A9A 7-16-4 ~Njl64jl26 
thru 
A2A2A9G 7-16-4 jlNjl64ll26 
A2A2Cl 7-5-34 5CllA 
thru 
A2A2C42 7- 5-34 5CllA 

A2A2J32G 7-5-61 A2345-1~ 
A2A2J33A 7-5-61 A2345-1¢ 
thru 
A2A2J33G 7-5-61 A2345-1~ 
A2A2J34A 7-5-61 A2345-1jl 
thru 
A2A2J34G 7-5-61 A2345-1.IJ 
A2A2J35A 7-5~61 A2345-1.IJ 
thru 
A2A2J35G 7- 5-61 A2345-1.IJ 
A2A2J4A 7-5-61 A2345-1~ 
thru 
A2A2J4G 7-5-61 A2345-1.IJ 
A2A2J5A 7- 5-61 A2345-1.IJ 
thru 

A2A2JIA 7- 5-61 A2345-1jl 
thru 
A2A2JIG 7-5-61 A2345-1jl 
A2A2JlllA 7-5-61 A2345-1jl 
thru 
A2A2JlllG 7-5-61 A2345-1jl 
A2A2JIlA 7- 5-61 A2345-1jl 
thru 
A2A2JIlG 7- 5-61 A2345-1¢ 

A2A2J5G 7-5-61 A2345-1.IJ 
A2A2J6A 7-5-61 A2345-1.IJ 
thru 
A2A2J6G 7-5-61 A2345-1jl 
A2A2J7A 7- 5-61 A2345-1~ 
thru 
A2A2J7G 7-5-61 A2345-1.IJ 
A2A2JBA 7-5-61 A2345-1~ 
thru 

A2A2JI2A 7-5-61 A2345-1jl 
thru 
A2A2JI2G 7-5-61 A2345-1¢ 

A2A2JBG 7-5-61 A2345-1jl 
A2A2J9A 7- 5-61 A2345-1.IJ 
thru 

A2A2JI3A 7-5-61 A2345-1jl 
thru 

A2A2J9G 7-5-61 A2345-1.IJ 
A2A2Pl 7-5-35 3614676 

A2A2J13G 7-5-61 A2345-1¢ 
A2A2JI4A 7- 5- 61 A2345-1¢ 

A2A2P2 7-5-35 3614676 
A2A2S1 7-5-4B 8869-K4 

thru A2A2TBI 7-5-43 3617351 
A2A2J14G 7-5-61 A2345-1¢ A2A2TB2 7- 5-44 No Number 
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A2A3 7- 5-1~ ~N11681~ 
A2A3Rl 7-8-18 IN~56S1~5UA 
A2A3S1 7-8-11 MBS- 5-183 6A9 
thru 

A3A2AIJI4A 7-6-47 A2345-1.0 
thru 
A3A2AIJI4G 7-6-47 A2345-1~ 
A3A2AIJI5A 7-6-47 A2345-1.0 

A2A3S8 7-8-11 MBS- 5-183 6A9 thru 
A2A3S9 7-8-19 13AT4~3-T2 
thru 
A2A3S13 7-8-19 13AT4~3-T2 
A2A3S14 7-8-2~ 13AT4~I-T2 
A2A3XDSIB 7-8 ~NI23195-24 

A3A2AIJI5G 7-6-47 A2345-1.0 
A3A2AIJI6A 7-6-47 A2345-1.0 
thru 
A3A2AIJ16G 7-6-47 A2345-1~ 
A3A2AIJ17A 7-6-47 A2345-1.0 

thru thru 
A2A3XDSlI 7-8 ~NI23195-24 
A2A3XDS1~B 7-8 ~NI23195-24 

A3A2AIJI7G 7-6-47 A2345-1~ 
A3A2AIJI8A 7-6-47 A2345-1.0 

thru thru 
A2A3XDS1~E 7-8 ~NI23195-24 
A2A3XDSllB 7-8 ~NI23195-24 
A2A3XDS12B 7-8 ~NI23195-24 
A2A3XDS12C 7-8 ~NI23195-24 
A2A3XDS12F 7-8 ~NI23195-24 

A3A2AIJI8G 7-6-47 A2345-1.0 
A3A2AIJI9A 7-6-47 A2345-1~ 
thru 
A3A2AIJI9G 7-6-47 A2345-1~ 
A3A2AIJ2A 7-6-47 A2345-1.0 

thru thru 
A2A3XDS121 7-8 .0N123195-24 
A2A3XDS2C 7-8 .0N123195-24 

A3A2AIJ2G 7-6-47 A2345-1~ 
A3A2AIJ2M 7-6-47 A2345-1~ 

thru thru 
A2A3XDS2F 7-8 .0N123195-24 
A2A3XDS2H 7-8 ~NI23195-24 
A2A3XDS21 7-8 ~NI23195-24 
A2A3XDS3B 7-8 ~NI23195-24 
A2A3XDS3C 7-8 ~NI23195-24 

A3A2AIJ2~G 7-6-47 A2345-1~ 
A3A2AIJ21A 7-6-47 A2345-1.0 
thru 
A3A2AIJ21G 7-6-47 A2345-1~ 
A3A2AIJ22A 7-6-47 A2345-1.0 

A2A3XDS3E 7-8 ~NI23195-24 
A2A3XDS3G 7-8 ~NI23195- 24 
A2A3XDS3H 7-8 ~NI23195-24 
A2A3XDS4C 7-8 ~NI23195-24 
thru 
A2A3XDS4F 7-8 ~NI23195-24 
A2A3XDS4H 7-8 ~NI23195-24 
A2A3XDS41 7-8 ~NI23195-24 
A2A3XDS5B 7-8 ~NI23195-24 

thru 
A3A2AIJ22G 7-6-47 A2345-1.0 
A3A2AIJ3A 7-6-47 A2345-1.0 
thru 
A3A2AIJ3G 7-6-47 A2345-1~ 
A3A2AIJ4A 7-6-47 A2345-1.0 
thru 
A3A2AIJ4G 7-6-47 A2345-1.0 
A3A2AIJ5A 7-6-47 A2345-1.0 

A2A3XDS5C 7-8 ~NI23195-24 
A2A3XDS5E 7-8 ~NI23195-24 
A2A3XDS5G 7-8 ~N123195-24 
A2A3XDS5H 7-8 ~NI23195-24 
A2A3XDS51 7-8 .0N123195-24 
A2A3XDS6B 7-8 .0N123195-24 

thru 
A3A2AIJ5G 7-6-47 A2345-1.0 
A3A2AIJ6A 7-6-47 A2345-1.0 
thru 
A3A2AIJ6G 7-6-47 A2345-1~ 
A3A2AIJ7A 7-6-47 A2345-1.0 

thru thru 
A2A3XDS6D 7-8 .0N123195-24 
A2A3XDS6F 7-8 .0N123195-24 

A3A2AIJ7G 7-6-47 A2345-1~ 
A3A2AIJ8A 7-6-47 A2345-1.0 

A2A3XDS6G 7-8 .0N123195-24 
A2A3XDS7B 7-8 .0N123195-24 
thru 

thru 
A3A2AIJ8G 7-6-47 A2345-1.0 
A3A2AIJ9A 7-6-47 A2345-1~ 

A;lA3XDS7D 7-8 ~NI23195-24 
A2A3XDS7F 7-8 ~NI23195-24 
A2A3XDS7G 7-8 ~NI23195-24 
A2A3XDS7I 7-8 .0N123195-24 
A2A3XDS8C 7-8 ~NI23195- 24 
thru 
A2A3XDS8E 7-8 ~NI23195- 24 

thru 
A3A2AIJ9G 7-6-47 A2345-1.0 
A3A2Al~C 7-17-8 ~N~64~22 
A3A2Al~D 7-17-7 ~N~68~33 
A3A2Al~E 7-17-7 ~N~68~33 
A3A2Al~F 7-17-7 ~N~68~33 
A3A2A11C 7-17-8 ~N~64~22 

A2A3XDS8H 7-8 ~NI23195-24 
A2A3XDS81 7-8 ~NI23195- 24 
A2A3XDS9A 7-8 ~NI23195- 24 
thru 
A2A3XDS91 7-8 ~NI23195-24 
A2CRI 7- 5-13 IN1186 
A2CR2 7- 5-13 IN1186 
A2CR3 7-5-14 IN28~·4RB 
A2CR4 7- 5-13 IN1186 
A2CR5 7- 5-13 IN1186 
A2CR6 7-5-14 IN28~4RB 
A2XCR3 7-5-15 8~38-1GI3 
A2XCR6 7- 5-15 8~38-1GI3 
A3 7-1-13 ~N1168~2-1 
A3Al 7-6 ~N~68178 
A3A2 7-6 ~N~68165-2 
A3A2Al 7-6 ~N~68166 
A3A2AIA 7-17-1 ~NI71777 
thru 
A3A2AIG 7-17-1 ~NI71777 
A3A2AIJIA 7- 6-47 A2345-1~ 
thru 

thru 
A3A2AllF 7-17-8 ~N~64~22 
A3A2AI2A 7-17-9 ~N~68~2 
A3A2AI2C 7-17-7 ~N~68 33 
A3A2AI2D 7-17-7 ~N~68~33 
A3A2AI2E 7-17-7 ~N~68~33 
A3A2AI2F 7-17-8 ~N~64~22 
A3A2AI3A 7-17-1~ ~N~68~6 
A3A2AI3B 7-17-11 ~N~68 23 
A3A2AI3C 7-17-8 ~N~64~22 
thru 
A3A2AI3F 7-17-8 ~N~64~22 
A3A2AI4A 7-17-12 ~N~68~~7 
A3A2AI4B 7-17-13 ~N~64~23 
A3A2AI4C 7-17-8 ~N~64~22 
A3A2AI4D 7-17-7 ~N~68~33 
A3A2AI4E 7-17-7 ~N~68~33 
A3A2AI4F 7-17-7 ~N~68~33 
A3A2AI4G 7-17-13 ~N~64~23 
A3A2AI5A 7-17-14 ~N~68~29 
A3A2AI5B 7-17-13 ~N~64~23 
A3A2AI5C 7-17-8 ~N~64~22 

A3A2AIJIG 7- 6-47 A2345-1~ 
A3A2AIJ1.0A 7- 6-47 A2345-1~ 
thru 
A3A2AIJ1.0G 7-6-47 A2345-1~ 
A3A2AIJllA 7-6-47 A2345-1~ 
thru 
A3A2AIJIIG 7- 6-47 A2345-1.0 
A3A2AIJ12A 7-6-47 A2345-1.0 
thru 
A3A2AIJI2G 7-6-47- A2345-1~ 
A3A2AIJI3A 7-6-47 A2345-1~ 
thru 
A3A2AIJ13G 7-6-47 A2345-1~ 

thru 
A3A2AI5F 7-17-8 ~N~64.022 
A3A2AI5G 7-17-13 ~N~64~23 
A3A2AI6A 7-17-6 ~N~64~12 
A3A2AI6B 7-1'1'-15 ~N~64~19 
A3A2AI6C 7-17-7 ~N~68~33 
A3A2AI6D 7-17-7 ~N~68~33 
A3A2AI6E 7-17-7 ~N~68.033 
A3A2AI6F 7-17-8 ~N~64~22 
A3A2AI6G 7-17-6 ~N~64~12 
A3A2AI7A 7-17-6 .0N~64~12 
A3A2AI7B 7-17-15 ~N~64~19 
A3A2AI7C 7-17-8 .0N~64022 
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A3A2A17D 7-17-S .0N.064.022 
A3A2A17E 7-17-S .oN.o64.o22 

~~~~g~ 7-17-15 .oN.o64.o19 
7-17-6 .oN.o64.o12 

A3A2A1SA 7-17-6 .oN.o64.o12 
A3A2A1SB 7-17-15 .0N.064.o19 
thru 
A3A2A1SF 7-17-15 .oN.o64.019 
A3A2A1SG 7-17-6 .oN.o64.o12 
A3A2A19A 7-17-16 .oN.o68.o.03 
A3A2A19B 7-17-15 .0N.o64.o19 
A3A2A19C 7-17-15 .oN.o64.o19 
A3A2A19D 7-17-17 .oN.o64.o1S 
A3A2A19E 7-17-15 .oN.o64.o19 
A3A2A19F 7-17-15 .oN.o64.o19 
A3A2A2 7- 6-23 .0N.o6814S 
A3A2A2A 7-17-2 .oN.o68.0.01 
A3A2A2B 7-17-2 .oN.o68.o.01 
A3A2A2C 7-17-3 .0N.o71761 
A3A2A2C1 7-1.0- 6 CL25BH221UP3 
thru 
A3A2A2C4 7-1.0-6 CL25BH221UP3 
A3A2A2E 7-17-4 .0 N.o68.o.oS 
A3A2A2F 7-17-2 .oN.o68.0.01 
A3A2A2G 7-17-2 .0N.068.o.01 
A3A2A2R1 7-1.0-1 RE651.0R.0 
A3A2A2R2 7-1.0-1 RE651.oR.0 
A3A2A2R4 7-1.0-4 RC42GF15.oJ 

A3A2A7G 7-17-2 .oN.o6S.0.o1 
A3A2A8A 7-17-2 .oN.068.0.o1 
A3A2A8C 7-17-3 .0N.071761 
A3A2ASD 7-17-6 .oN.o64.o12 
A3A2A8F 7-17-2 .oN.068.o.o1 
A3A2A9D 7-17-6 .oN.o64.o12 
A3A2A9E 7-17-8 .0N.o64.022 
A3A2CRI 7-6-31 1N28.04RB 
A3A2CR2 7-6-26 1N1l86 
A3A2CR3 7-6-26 IN1l86 
A3A2C1 7-6-24 5CllA9 
thru 
A3A2C42 7-6-24 5CllA9 
A3A2Pl 7-6-33 361468.0 
A3A2P2 7-6-33 361468/l 
A3A2Q1 7-6-3.0 SP4166 
A3A2Q2 7-6-29 SP4167 
A3A2XCRl 7-6-32 8.o38-1G13 
A3A2.0 7-6-1 .oN/l68229 
A3A21 7-6-1 /IN.o68229 
A3A22 7-6-1 .oN.o68229 
A3A23 7-6-1 .oN.o68229 
A3A4 7- 6-1.0 .0N.066174 
A3A4B1 7-9-3 A,O-185668 
A3A4J2.o1 7-9-1 DDM-5.0S 
thru 
A3A4J2.o3 7-9-1 DDM-5.oS 
A3A4J211 7-9-1 DDM-5.0S 

thru 
A3A2A2R17 7-1.0-4 RC42GF15.0J 
A3A2A2R1S 7-1.0-2 RE6515R.o 

thru 
A3A4J213 7-9-1 DDM-5/lS 
A3A4J221 7-9-1 DDM-5.0S 

thru thru 
A3A2A2R27 7-1.0-2 RE6515R.0 
A3A2A2R2S 7-1.0-3 RE6542R2 
A3A2A2R29 7-1.0-3 RE6542R2 
A3A2A2R3.0 7-1.0-2 RE6515R.0 
thru 
A3A2A2R32 7-1.0-2 RE6515R.0 
A3A2A2R37 7-1.0-1 RE651.oR.0 
A3A2A2R3S 7-1.0-1 RE651.oR.0 
A3A2A2R39 7-1.0-5 RC32GF6RSJ 
thru 
A3A2A2R42 7-1.0- 5 RC32GF6RSJ 
A3A2A2.0A 7-17-16 .oN.068.0.03 
A3A2A2.0B 7-17-15 .oN.064.019 
A3A2A2.0C 7-17-17 .oN.o64.01S 
A3A2A2.0D 7-17-17 .oN.064.o1S 
A3A2A2.oE 7-17-17 .0N.o64.01S 
A3A2A2.0F 7-17-15 .0N.o64.019 
A3A2A2.0G 7-17-16 .oN.068.0.03 
A3A2A21A 7-17-7 .oN.o68.033 
A3A2A21B 7-17-15 .0N.o64.o19 
A3A2A21C 7-17-17 .0N.064.01S 
A3A2A21D 7-17-17 .oN.064.01S 
A3A2A21E 7-17-17 .0N.064.01S 
A3A2A21F 7-17-15 .0N.o64.019 
A3A2A21G 7-17-7 .oN.o68.o33 
A3A2A22A 7-11-7 .0 N.o 68.033 
A3A2A22B 7~17-1S .0N.064.021 
A3A2A22C 7-17-1S .0N.064.021 
A3A2A22D 7-17-17 .oN.o64.o1S 
A3A2A22E 7-17-1S .0N.064.o21 
A3A2A22F 7-17-1S .0N.064.o21 
A3A2A22G 7-17-7 .oN.o68.033 
A3A2A3A 7-17-2 .0N.068.0.01 
A3A2A3B 7-17-2 .0N.o68.0.01 
A3A2A3C 7-17-3 .0N.o71761 
A3A2A2E 7-17-4 .0N.068~S 
A3A2A3F 7-17-2 .oN.068 .01 
A3A2A3G 7-17-2 .oN.o68.0.01 
A3A2A4A 7-17-2 .oN.068.o.01 
A3A2A4B 7-17-2 .0N.068.o.01 
A3A2A4C 7-17-3 .0N.071761 
A3A2A4E 7-17-4 .0N.068.0.08 
A3A2A4F 7-17-2 .oN.o68.0.01 
A3A2A4G 7-17-2 .0N.o68.0.o1 
A3A2A5A 7-17-2 .0N.068.0.01 
A3A2A5B 7-17-2 .0N.068.0.o1 
A3A2A5C 7-17-3 .oN.071761 
A3A2A5E 7-17-4 .0N.068.0.0S 
A3A2A5F 7-17-2 .oN.o68.0.o1 
A3A2A5G 7-17-2 .0N.o6S.0.01 
A3A2A6A 7-17-2 .0N.o6S.0.01 
A3A2A6B 7-17-2 .oN.o6S.0.01 
A3A2A6C 7-17-3 .0N.o71761 
A3A2A6E 7-17-4 .0N.o68.o.08 
A3A2A6F 7-17-2 .0N.068~1 
A3A2A6G 7-17-2 .0N.068 .01 
A3A2A7A 7-17-2 .0N.o6S.0.01 
A3A2A7B 7-17-2 .oN.o6 S.0.o1 
A3A2A7C 7-17-3 .0N.071761 
A3A2A7F 7-17-2 .0N.068.0.01 

A3A4J223 7-9-1 DDM-5.0S 
A3A4J231 7-9-1 DDM-5.0S 
thru 
A3A4J233 7-9-1 DDM-5.oS 
A3A4R2.0 7-9-8 224S-1-15.0(M) 
thru 
A3A4R23 7-9-8 224S-1-15.o~M~ 
A3A4R24 7-9-7 224S-1-1.02 M 
A3A4S2 7-9-9 8869-K4 
A4 7-1-14 .0N1168.02-2 
A4A1 7-6 .0N.068178 
A4A2 7-6 .0N.o68165-2 
A4A2A1A 7-17-1 .0 N.071 777 
thru 
A4A2AIG 7-17-1 .0N.071777 
A4A2A1J1A 7-6-47 A2345-1.o 
thru 
A4A2A1J1G 7-6-47 A2345-1.0 
A4A2A1J1.0A 7-6-47 A2345-1.o 
thru 
A4A2AIJ1.0G 7-6-47 A2345-1.o 
A4A2AIJllA 7-6-47 A2345-1.0 
thru 
A4A2AIJllG 7-6-47 A2345-1.0 
A4A2A1J12A 7-6-47 A2345-1.0 
thru 
A4A2A1J12G 7-6-47 A2345-1.o 
A4A2A1J13A 7-6-47 A2345-1.o 
thru 
A4A2AIJ13G 7-6-47 A2345-1.o 
A4A2AIJ14A 7-6-47 A2345-1.o 
thru 
A4A2A1J14G 7-6-47 A2345-1.0 
A4A2A1J15A 7-6-47 A2345-1.0 
thru 
A4A2AIJ15G 7-6-47 A2345-1.o 
A4A2A1J16A 7-6-47 A2345-1.o 
thru 
A4A2AIJI6G 7-6-47 A2345-1.0 
A4A2A1J17A 7-6-47 A2345-1.0 
thru 
A4A2A1J17G 7-6-47 A2345-1.0 
A4A2AIJ1SA 7-6-47 A2345-1.0 
thru 
A4A2A1J1BG 7-6-47 A2345-1.o 
A4A2A1J19A 7-6-47 A2345-1.0 
thru 
A4A2AIJ19G 7-6-47 A231!5-1.0 
A4A2A1J2A 7-6-47 A2345-1.o 
thru 
A4A2A1J2G 7-6-47 A2345-1.0 
A4A2AIJ2,OA 7-6-47 A2345-1.0 
thru 
A4A2AIJ2.0G 7-6-47 A2345-1.o 
A4A2A1J21A 7-6-47 A2345-1.0 
thru 
A4A2AIJ21G 7-6-47 A2345-1.o 
A4A2A1J22A 7-6-47 A2345-1.0 
thru 
A4A2AIJ22G 7-6-47 A2345-1.0 
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A4A2AIJ3A 7-6-47 A2345-1~ A4A2A2R28 7-1j}-3 RE6542R2 
thru A4A2A2R29 7-1j}-3 RE6542R2 
A4A2AIJ4A 7-6-47 A2345-1~ A4A2A2R3j} 7-1~-2 RE6515Rj} 
thru thru 
A4A2AIJ4G 7-6-47 A2345-1~ 
A4A2AIJ5A 7-6-47 A2345-1~ 
thru 
A4A2AIJ5G 7-6-47 A2345-1~ 

A4A2A2R32 7-1j}-2 RE6515R~ 
A4A2A2R37 7-1j}-1 RE651j}R~ 
A4A2A2R38 7-1j}-1 RE651~Rj} 
A4A2A2R39 7-1~-5 RC32GF6R8J 

A4A2AIJ6A 7-6-47 A2345-1~ 
thru 

A2345-i~ A4A2AIJ6G 7-6-47 
A4A2AIJ7A 7- 6-47 A2345-1~ 
thru 
A4A2AIJ7G 7-6-47 A2345-1~ 
A4A2AIJ8A 7-6-47 A2345-1~ 
thru A2345-1j} 
A4A2AIJ8G 7-6-47 A2345-1j} 
A4A2AIJ9A 7-6-47 A2345-1j} 
thru 

thru 
A4A2A2R42 7-1~-5 RC32GF6R8J 
A4A2A2M 7-17-16 ~Nj}68j}~3 
A4A2A2j}B 7-17-15 j}Nj}64j}19 
A4A2A2j}C 7-17-17 j}Nj}64 j}18 
A4A2A2j}D 7-17-17 ~Nj}64~18 
A4A2A2j}E 7-17-17 ~Nj}64j}18 
A4A2A2j}F 7-17-15 j}Nj}64~19 
A4A2A2j}G 7-17-16 j}Nj}68j}j}3 
A4A2A21A 7-17-7 j}Nj}68j}33 
A4A2A21B 7-17-15 j}Nj}64j}19 

A4A2AIJ9G 7-6-47 A2345-1j} 
A4A2Alj}C 7-17-8 j}Nj}64j}22 
A4A2Alj}D 7-17-7 j}Nj}68j}33 
A4A2Alj}E 7-17-7 llNj}68j}33 
A4A2Alj}F 7-17-7 j}Nj}68j}j}3 
A4A2AllC 7-17-8 j}Nj}64~~2 

A4A2A21C 7-15-17 j}Nj}64~18 
A4A2A21D 7-17-17 ~Nj}64j}18 
A4A2A21E 7-17-17 ~N~64~18 
A4A2A21F 7-17-15 j}Nj}64j}19 
A4A2A21G 7-17-7 ~Nj}68j}33 
A4A2A22A 7-17-7 j}Nj}68j}33 

thru 
A4A2AllF 7-17-8 j}Nj}64j}22 
A4A2AI2A 7-17-9 j}Nj}68j}j}2 
A4A2AI2C 7-17-7 j}Nj}68j}33 
A4A2AI2D 7-17-7 j}Nj}68~33 
A4A2AI2E 7-17-7 j}Nj}68j}33 
A4A2AI2F 7-17-8 j}Nj}64j}~2 
A4A2A13A 7-17-1~ ~N~68j}~6 
A4A2AI3B 7-17-11 ~Nj}68~23 
A4A2AI3C 7-17-8 j}Nj}64j}22 
thru 

,A4A2AI3F 7-17-8 j}Nj}64j}22 

A4A2A22B 7-17-18 j}Nj}64j}21 
A4A2A22C 7-17-18 ~N~64~21 
A4A2A22D 7-17-17 ~Nj}64~18 
A4A2A22E 7-17-18 j}N~64j}21 
A4A2A22F 7-17-18 j}Nj}64~21 
A4A2A22G 7-17-7 j}Nj}68~33 
A4A2A3A 7-17-2 ~Nj}68j}j}1 
A4A2A3B 7-17-2 ~N~68~~1 
A4A2A3C 7-17-3 ~Nj}71761 
A4A2A3E 7-17-4 j}Nj}68 j}j}8 
A4A2A3F 7-15-2 ~Nj}68j}j}1 
A4A2A3G 7-17-2 j}Nj}68~j}1 

A4A2AI4A 7-17-12 j}Nj}68j}j}7 
A4A2AI4B 7-17-13 j}Nj}64~23 

A4A2A4A 7-17-2 j}Nj}68j}j}1 
A4A2A4B 7-17-2 ~N~68j}j}1 

A4A2AI4C 7-17-8 ~Nj}64j}~2 
A4A2A14D 7-17-7 j}Nj}68j}33 
A4A2A14E 7-17-7 j}Nj}68j}33 
A4A2A14F 7-17-7 j}Nj}68j}33 
A4A2AI4G 7-17-13 j}Nj}64j}23 

A4A2A4C 7-17-3 j}Nj}71761 
A4A2A4E 7-17-4 j}Nj}68 j}j}8 
A4A2A4F 7-17-2 ~Nj}68j}j}1 
A4A2A4G 7-17-2 ~N~68j}~1 
A4A2A5A 7-17-2 j}Nj}68j}j}1 

A4A2AI5A 7-17-14 j}Nj}64j}29 
A4A2AI5B 7-17-13 j}Nj}64j}23 
A4A2A15C 7-17-8 j}Nj}64~22 
thru 
A4A2A15F 7-17-8 j}Nj}64j}22 
A4A2A15G 7-17-13 j}Nj}64j}23 
A4A2A16A 7-17-6 j}Nj}64j}12 

A4A2A5B 7-17-2 ~Nj}68j}~1 
A4A2A5C 7-17-3 j}Nj}71761 
A4A2A5E 7-17-4 j}Nj}68~j}8 
A4A2A5F 7-17-2 ~Nj}68j}~1 
A4A2A5G 7-17-2 ~Nj}68j}~1 
A4A2A6A 7-17-2 j}Nj}68j}j}1 
A4A2A6B 7-17-2 j}N~68~j}1 

A4A2A16B 7-17-15 ~Nj}64~19 A4A2A6C 7-17-3 j}N~71761 
A4A2A16C 7-17-7 j}Nj}68j}33 
A4A2AI6D 7-17-7 j}Nj}68~33 

A4A2A6E 7-17-4 j}Nj}68j}j}8 
A4A2A6F 7-17-2 ~Nj}68j}~1 

A4A2A16E 7-17-7 ~Nj}68j}33 
A4A2A16F 7-17-8 j}Nj}64j}22 

A4A2A6G 7-17-2 ~Nj}68j}~1 
A4A2A7A 7-17-2 j}Nj}68j}~1 

A4A2AI6G 7-17-6 j}Nj}64j}12 
A4A2A17A 7-17-6 j}Nj}64j}12 
A4A2AI7B 7-17-15 j}Nj}64j}19 
A4A2AI7C 7-17-8 j}Nj}64j}22 
A4A2AI7D 7-17-6 ~Nj}64~22 
A4A2A17E 7-17-8 j}Nj}64j}22 
A4A2A17F 7-17-15 j}Nj}64j}19 

A4A2A7B 7-17-2 ~Nj}68j}j}1 
A4A2A7C 7-17-3 j}Nj}71761 
A4A2A7F 7-17-2 ~Nj}68j}~1 
A4A2A7G 7-17-2 ~Nj}68~j}1 
A4A2A8A 7-17-2 ~N~68~j}1 
A4A2A8C 7-17-3 ~Nj}71761 
A4A2A8D 7-17-6 ~Nj}64j}12 

A4A2AI7G 7-17-6 ~Nj}64j}12 
A4A2AI8A 7-17-6 j}Nj}64j}12 
A4A2A18B 7-17-15 ~Nj}64j}19 

A4A2A8F 7-17-2 j} Nj} 68 j}j} 1 
A4A2A9D 7-17-7 j}Nj}68j}33 
A4A2A9E 7-17-8 j}Nj}64j}22 

thru 
A4A2AI8F 7-17-15 ~Nj}64j}19 
A4A2AI8G 7-17-6 j}Nj}64~12 

A4A2CRI 7-6-31 IN28j}4RB 
A4A2CR2 7-6-26 IN1l86 
A4A2CR3 7-6-26 IN1l86 

A4A2AI9A 7-17-16 ~Nj}68j}~3 
A4A2AI9B 7-17-15 ~N~64j}19 
A4A2AI9C 7-17-15 j}Nj}64j}19 
A4A2AI9D 7-17-17 j}Nj}64j}18 
A4A2A19E 7-17-15 ~Nj}64j}19 
A4A2A19F 7-17-15 j}Nj}64j}19 
A4A2A2 7-6-23 ~Nj}68148 
A4A2A2A 7-17-2 j}Nj}68j}j}1 

A4A2Cl 7-6-24 5CllA9 
thru 
A4A2C42 7-6-24 5CllA9 
A4A2Pl 7-6-33 361468j} 
A4A2P2 7-6-33 361468j} 
A4A2Ql 7-6-3j} SP4166 
A4A2Q2 7-6-29 SP4167 
A4A2XCRI 7-6-32 - 8j}38-1GI3 

A4A2A2B 7-17-2 j}Nj}68j}j}1 
A4A2A2C 7-17-3 ~Nj}71761 
A4A2A2Cl 7-1j}-6 C L2 5BH221 UP3 
thru 
A4A2A2C4 7-1j}-6 C L2 5BH221 UP3 
A4A2A2E 7-17-4 j}Nj}68j}j}8 
A4A2A2F 7-17-2 ~Nj}68j}~1 

A4A2~ 7-6-1 j}N~8229 
A4A21 7-6-1 j}Nj}68229 
A4A22 7-6-1 ~N~68229 
A4A23 7-tl-l j}Nj}68229 
A4A4 7-6-1~ j}Nj}68174 
A4A4Bl 7-9-3 M-185668 
A4A4J2j}1 7-9-1 DDM-5j}S 

A4A2A2G 7-17-2 ~Nj}68j}j}1 thru 
A4A2A2Rl 7-1j}-1 RE651j}Rj} 
A4A2A2R2 7-1~-1 RE651j}Rj} 
A4A2A2R4 7-1j}-4 RC42GFI5j}J 
thru 
A4A2A2R17 7-1j}-4 RC42GFI5~J 
A4A2A2R18 7-1j}-2 RE6515Rj} 
thru 

7-1j}-2 RE6515R~ A4A2A2R27 

A4A4J2j}3 7--9-1 DDM-5j}S 
A4A4J211 7-9-1 DDM-5j}S 
thru 
A4A4J213 7-9-1 DDM-5j}S 
A4A4J221 7-9-1 DDM-5~S 
thru 7-9-1 
A4A4J223 7-9-1 gg~:~~~ A4A4J231 7-9-1 
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thru 
A4A4J233 7-9-1 DDM-5.0S 
A4A4R2.0 7-9-8 224S-1-15.0M 
thru 
A4A4R23 7-9-8 224S-1-15.0M 
A4A4R24 7-9-7 224S-1-1.02 (M) 
A4A4S2 7-9-9 8869-K4 
A5 7-1-9 /JN116816 
A5Al 7-4 /IN.068147 
A5A1Rl 7-4-1.0 RC32GFl/J/JJ 

A12A2XF5 7-2-16 FHLI8G2-l 
A12A2XF6 7-2-16 FHL18G2-l 
A12A3 7-3 /JN1l6818/J-2 
A12A3Fl 7-3-16 FIl3A25.0V8AS 
A12A3F2 7-3-17 FIl3A25IlVI/JAS 
A12A3F3 7-3-17 F/J3A25/JVlIlAS 
A12A3F4 7-3-16 F/J3A25.0V8AS 
A12A3F5 7-3-17 F/J3A25/JVl/JAS 
A12A3F6 7-3-17 F/J3A25/JVl.0AS 
A12A3Jl 7-3-26 3614679 

A5AIR2 7-4-11 RC32GF681J 
A5AIR3 7-4-11 RC32GF681J 
A5AIR4 7-4-1.0 RC32GFl/J/JJ 
A5AIR5 7-4-1.0 RC32GFl/J.0J 
A5A1R6 7-4-11 RC32GF681J 
A5A1R7 7-4-11 RC32GF681J 
A5A1R8 7-4-1.0 RC32GFl/J/JJ 
A5AIR9 7-4-1.0 RC32GFl/J/JJ 
A5AIRl/J 7-4-11 RC32GF681J 
A5A2 7-4 /JN116846 
A5A2CRl 7-4-5 IN4/J86 
A5A2Kl 7-4-1 FS31/J4 
A5A2K2 7-4-3 RF-6/J-NC-115-6.0 
A5A2K3 7-4-6 RY4XX2B3 L32 
A5A2XKl 7-4-4 TSl/J3P/J3 
A5Cl 7-4-8 CP.09AIKC l/J4K3 
A5C2 7-4-8 CP/J9AIKCl/J4K3 
A5C3 7-4-15 CZ24BKFl/J3 
thru 
A5C11 7-4-15 CZ24BKFl/J3 
A5C13 7-4-15 CZ24BKFl.03 
thru 
A5C19 7-4-15 CZ24BKF1/J3 
A5001 7.;.4-25 1826 
thru 

thru 
A12A3J4 7-3-26 3614679 
A12A3XFl 7-3-19 HKU 
AI2A3XF2 7-3-18 FHLI8G2-l 
A12A3XF3 7-3-18 FHL18G2-l 
A12A3XF4 7-3-19 HKU 
A12A3XF5 7-3-18 FHLI8G-l 
A12A3XF6 7-3-18 FHLI8G-l 
A12A4 7-3 /IN.06818/J-2 
AI2A4Fl 7-3-16 F/J3A25/JV8AS 
A12A4F2 7-3-17 F/J3A25/JVl/JAS 
A12A4F3 '7-3-17 F/J3A25/JVl.0AS 
A12A4F4 7-3-16 F/J3A25.0V8AS 
A12A4F5 7-3-17 F.03A25IlVI/JAS 
A12A4F6 7-3-17 F/J3A25/JVl/JAS 
AI2A4Jl 7-3-26 3614679 
thru 
A12A4J4 7-3-26 3614679 
A12A4XFl 7-3-19 HKU 
AI2A4XF2 7-3-18 FH618G-l 
A12A4XF3 7-3-18 FH618G-l 
A12A4XF4 7-3-19 HKU 
A12A4XF5 7-8-18 FHLl8G-l 
AI2A4XF6 7-8-18 FHL18G-l 
A12J2 7-2-1.0 DPD5.0-34PIGF-32AI15 

A5006 7-4-25 1826 
A5El 7-4-16 SCREW 
A5l.S1 7-2-1 SC-628 
A5Ml 7-4-27 MS17325-1 
A5S1 7-4-28 13AT4/J3-T2 
A5S2 7-4-29 MS35/J59-21 
A5S4 7-4-26 13AT4/JI-T2 
A5S5 7-4-26 13AT4/JI-T2 

thru 
A12Jl.0 7-2-1.0 DPD5/J-34PIGF-32A115 
FLl 7-2-37 2/JJX31 
FL2 7-2-37 2/JJX31 
FL3 7-2-37 2/JJX31 
Jl 7-2-35 MS3102A20-15PW 
PSI 7-1-16 /JN116826 
PSICRI 7-11-3.0 IN1186 

A5TBI 7-4-14 26TB8 
A5TB2 7-4-13 26TB12 
A5XOOl 7-4-24 81-.011.0-.0112-2.03 
A5X002 7-4-23 81-.041.0-.0111-2.03 
thru 
A5X005 7-4-23 81-.041.0-.0111-2.03 
A5S006 7-4-24 81-.041.0-.0112-2.03 
A6 7-1-17 /JN116843 
A6Bl 7-12-3 65400 

thru 
PSICR24 7-11-3.0 !N1186 
PSICI 7-11-11 CL26BH22IUP3 
thru 
PSIC4 7-11-11 CL26BH221UP3 
PSIFI 7-11-4 F/J2B25/JVIAS 
thru 
PSIF3 7-11-4 F/J2B25.0VIAS 
PSIF4 7-11-3 F/J3B125V3AS 

A6B2 7-12-3 65400 
MCI 7-12-4 CH53BIMFl/J5K 
A6C2 7-12-4 CH53BIMFl/J5K 

thru 
PSIF6 7-11-3 F.03B125V3AS 
PSIF7 7-11-2 F/J2B125V2AS 

A6TBl 7-12-2 26TB12 
A7 7-1-17 .0N116843 
A7Bl 7-12-3 65400 
A7B2 7-12-3 65400 
A7Cl 7-12-4 CH53BIMF1.05K 
A7C2 7-12-4 CH53BIMF1.05K 
A7TBI 7-12-2 26TB12 
A12 7-2 .0N/J68228-2 
A12Al 7-2 /IN/J67/J59-2 
A12AIFl 7-2-13 F/J3A25.0V8AS 
A12AIF2 7-2-14 F/J3A25/JVl/JAS 
A12AIF3 7-2-15 F/J2A25/JV3AS 
A12AIF4 7-2-13 F.03A25/JV8AS 
A12AIF5 7-2-14 F.03A25/JVl/JAS 
A12AIF6 7-2-15 F/J2A25.0V3AS 
AI2A1Jl 7-2-24 3614875 
thru 
A12A1J4 7-2-24 3614875 

thru 
PSIF15 7-11-2 F/J2B125V2AS 
PSIF16 7-11-1 F/J3B32V8AS 
PSIF17 7-11-1 F/J3B32V8AS 
PSIF18 7-11-1 F.03B32V8AS 
PSIJI 7-11-23 MS31.02A32- 6P 
PS1J2 7-11-24 MS31/J2A32- 6PW 
PSIKI 7-11-18 MS25271-Al 
PSIK2 7-11-18 MS25271-Al 
PSILl 7-11-15 S38/J7 
PSIL2 7-11-36 S3898 
PSIRI 7-11-12 Rc.07GFl/J4J 
thru 
PS1R3 7-11-12 RC.07GFl/J4J 
PSITBI 7-11-29 37TB-11 
PSITB2 7-11-29 37TB-11 
PSITI 7-11-20 A17438 
PSIT2 7-11-38 A17437 

A12AIXFl 7-2-17 HKU 
A12AIXF2 7-2-16 FHL18G2-l 
A12AIXF3 7-2-16 FHLI8G2-l 
A12AIXF4 7-2-17 HKU 
A12AIXF5 7-2-16 FHLl8G2-l 
A12AIXF6 7-2-16 FHLl8G2-l 
A12A2 7-2 .0N/J67/J59-2 
A12A2Fl 7-2-13 F/J3A25.0V8AS 
A12A2F2 7-2-14 F/J3A25/JVl.0AS 
A12A2F3 7-2-15 F/J2A25/JV3AS 
A12A2F4 7-2-13 F/J3A25/JV8AS 
A12A2F5 7-2-14 F/J3A25/JVl.0AS 
A12A2F6 7-2-15 F/J2A25/JV3AS 

PSIT3 7-11-38 A17437 
PSIT4 .. 7-11-37 S4111B 
PSIWI 7-11-21 /IN/J67/J14 
PSIW2 7-11-34 /IN/J6811/J 
PSIW3 7-11-34 /IN.06811/J 
PSIW4 7-11-21 /IN.067/J14 
PSIW5 7-11-21 IlN/J67/J14 
PSIW6 7-11-31 /IN/J68112 
PSIW7 7-11-31 /IN.068112 
PSIXFl 7-11-5 HKU 
PSIXF2 7-11-5 HKU 
PSIXF3 7-11-5 HKU 
PSIXF4 7-11-6 FHLl8G2-l 

A12A2Jl 7-2-24 3614875 
thru 

thru 
PSIXF12 7-11-6 FHL18G2-l 

A12A2J4 7-2-24 3614875 PSIXF13 7-11-7 FHL17G 
A12A2XFl 7-2-17 HKU 
A12A2XF2 7-2-16 FHLl8G2-l 
A12A2XF3 7-2-16 FHLl8G2-l 
A12A2XF4 7-2-17 HKU 

thru 
PSIXF18 7-11-7 FHL17G 
PI 7-18-4 DP D4 5.0.0- 52.07 
PI 7-19-2 DPD45.0/J-52.07 
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CP-818A/U 

REFERENCE DESIGNATOR INDEX 

REFERENCE FIG. AND PART 
INDEX 

REFERENCE FIG. AND 
PART 

INDEX 
DESIGNATION NO. NUMBER DESIGNATION NO. NUMBER 

PI 7-22-1 7411 
pi 7-20-1 36146S~ 
P2 7-1S-4 DPD45~~-'52~7 
P2 7-19-3 DPD45~~-52~7 
P2 7-20-2 3614679 
P2 7-22-3 M831~6A2~-158W 
P3 7 ... 19-4 DPD4 5~~- 52~7 
81 7-3-37 2AC6 
82 7-3-1 M221FI15~4~541 
83 7-3-2 M221Ll36~4~541 
84 7-2-3 M221FI15~4~541 
85 7-2-4 M221LI36~4~541 
WI 7-2-43 ~N~6S212 
W2 7-2-44 ~N~68213 
W3 7-2-44 ~N~68213 
W4 7-2-44 ~N~68213 

7-90 FOR OFFICIAL USE ONLY 



APPENDIX A 
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CP-8l8~/U 
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CONTROL SECTION 

TO 
FAULT CIRCUITS 

t 
FUNCTION 

CODE 
TRANSLATOR 

F 
REGISTER 

5 

LOX INST: 0-4 
RCA WORD: 
21- 23 

CP-818A/U 

Z 
REGISTER 

I~~------------------------------~!--------~ INPUT /OUTPUT SECTION 

24~--------------------------------------~ I 
24~~------------------------

L-----,r------.-----r~--I 

PA~ITY L-fz4\- ~ I 
. 

TO 
FAULT ~ 

CIRCUITS 

DATA 

C 
REGISTER 

8 

DATA _ DATA TO 
PERIPHERAL 

DEVICES 

0-4 WHEN ~ 
SHIFT IN~b7 

IS RE~ 

RC REGISTER 
(REPEAT COUNTER) 24 24 

CliRCUITS r ;EL:TOR1EXTERNALI I 
2 FR~M ce> ~ DATA 

TO 
APPROPRIATE 

CIRCUITS 

SEQU€NCE 
CIRCUITS , 
TIMING 

CIRCUITS 

t 

COMPUTER 
CONTROL 

K REGISTER 
(SHIFT COUNTER) 

t 
TO SELECTOR 

TO ALL 
r-+ CIRCUITS 

5 

14-18 OR 

DIV9-~ 

M REGISTER 
(INDEX REG ADR 
OR STATUS CHK) ~ 

STATUS 
CIRCUITS 

• TO 1/0 
ACKNOWLEDGE 

CIRCUITS 

5 

- SHIFT 
CONTROL 

• TO 

5 

APPROPRIATE 
CIRCUITS 

S REGISTER 
(MEMORY ADR) , 

P REGISTER 
(NEXT INST ADR) 

..... 

..... 

14 

14 

24 
REG ISTE R ~;:..:..;.:.----t-------fl-----+--l DATA I NPU T .... DATA 

r~EMORY SECTION - - - -I- -f-- - -~ - GATES } I ~L--______ 8--1 1/0 PE~~~~RAL I MAIN MEMORY _ WRITE 

I 
DATA DEVICES 
RE-
QUESTS 

READ 
16,384 WORDS 

I 26 BITS EACH 
I/O REGISTER , • I READ, WRITE, a 

INHIBIT CURRENT 

I 
GENERATORS , 

I 

I 
MEMORY CONTROL .. AND ADDRESS 

TRANSLATION 

BOOTSTRAP 
MEMORY 

16WORDS 26 BITS 

I • 

I 
I 
I 
I I 

I I 
L- - --, ARITHMETiC SEcTI~ - - - - -~t--I 

I 1/0 CONTROL WORD ADDRESS 
-1 

I 

B REGISTER I 
(I NDEX OR OPERAND) 

14 I 

.-- t--

L---

r--

(REQUEST LOCIC) 

t 

I/O PRIORITY 

• 
ADDRESS 

INPUT GATES 

ACKNOWLEDGE 
CIRCUITS 

1/0 CONTROL 

f 

l+-

6 

FROM 
PERIPHERAL 

DEVICES 
(CONSOLE) 

TO 
PERIPHERAL 

DEVICES 

4~ ~~(~A_F_T~ER __ +_I~) ____________ -+ ______ ~.~ ________ ~ 
I 

ADDER 
(X-D) 14-- X 

REGISTER 

SEQUENCE 
CIRCUITS 

I 24 24 

fD • t 

PROGRAM TRANSFER INSTRUCTIONS 
ADB INST I ~ f4- t--

A REGISTOR 
ADC INST (BIT 0- 4 OF M = BIT 14-18 OF Z) I 

D 
REGISTER ~ (ACCUMULATOR) I-~ 

U 
REGISTER 

24 ~ __ ~ __ ~2--14 24 

tADD: X~D' SUB: X~D I 
Figure A-I. CP-818A/U Computer, Block Diagram 
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FEEDBACK AMP 
INPUT 

FEEDBACK AMP 
OUTPUT 

ODD-PHASE 
GENERATOR 

ODD-PHASE 
FLIP-FLOP 

EVEN-PHASE 
GENERATOR 

EVEN-PHASE 
FLIP-FLOP 

50COI 

50C02 

50C03 

50C04 

CP-818A/U 

CLEAR 
SET 

CLEAR 
SET I 

\ 01 I \ 01 I 

\ 02 I \ 02 / 

\ 03 / \ 03 / 

\ 04 I \ 04 / 

Figure A-2. Master Clock Timing Dia;:~ra-m-
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A. 8 - BIT TRANSFER C REGISTER 

Z REGISTER 

B. 6 - BIT TRANSFER 
C REGISTER 

7161514131211 10 
PARITY CIRCUITS ~ II' ~ , II' ~ II' ~ 

,. 
" 

-
---~ - ~ .. 

... ~ 
~ -

II' ____ -
~ - - .... 

I I 
~ ~~ ... . 
1 ~_t 1 ± ... 

23122121 120119 118 11711 6 " 5 /14113 ,,21" "0 I 9 I 8 I 7 1 6 1 5 I 4 I 3 1 2 I I I 0 

Z REGISTER 

F REGISTER M REGISTER 
C K REGISTER 

o 

CONSOLE I SEQUENCE SHF TYPE PAPER TAPE RC REGISTER 
DATA TERN ENABLES a M9DE UNIT 

413121110 FF~S ENABLES 

" t j II j I' j j , 
~ . " . j l' •• ~j i" ' -

23122 121 120119118117 116115 114113 11211 I 110 I 9 1 8 I 7 I 6 I 5 I 4 I 3 1 2 I I I 0 
Z REGISTER 

ZERO SENSING CIRCUITS E 

REGISTER 

FOR OFFICIAL USE ONLY 

CP-818A/U. 

F. Z TO SELECTOR 

SELECTOR 

Z REGISTER 

G. Z LEFT I TO SELECTOR 

SELECTOR 

Z REGISTER 

H. Z RIGHT I TO SELECTOR 

Figure A-3. Z-Register Outputs 
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A. Z TO SELECTOR (INTERNAL DATA) 

B. Z LEFT I TO SELECTOR (TYPE IX2 SHIFT INSTRUCTION) 

C. Z RIGHT I TO SELECTOR (TYPE IX2 SHI FT INSTRUCTION) 

COMPLEMENT --....... 
OUTPUT 

D. K TO SELECTOR 

E. CONSOLE DATA INPUT MODE I (X23 - 22 =00 2 ) I BIT IN 

~~~~~~~~~~~~----IOO 

F. CONSOLE DATA INPUT MODE 2 (X23 - 22=012) 2 BITS IN 

DATA 
INPUT 
GATES 

I02 
~~~~~~~~-IOI 

~~~~~~~~~~~~~~~~IOO 

G. CONSOLE DATA INPUT MODE 3(X23-22=I02) 3 BITS IN 

DATA 
INPUT 
GATES 

H. EXTERNAL INPUT DATA 6 BIT MODE 

CHARACTER 
COUNT=002 

CHARACTER 
COUNT z Ol 2 

I. EXTERNAL INPUT DATA -8 BIT MODE 

CP-818A!U 

Figure A-4. Selector Inputs 
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(\J~r-
ctSm 
-~ 
ctSffi 
~~ 
a.. 0 
::>0:: 
00: 
0:0 C)m 

GROUP 364 
BORROW 
ENABLE 

GROUP 4 
BORROW 
ENABLE 

GROUP 2 
BORROW 
ENABLE 

54
A

OO 

53 A OO 

j ~~ 

~ ~ ~ m 
10 (\J<4 

ctSffi 1/ 
X -~ 

a.. 0 
::>0: 
00: 
0:0 C)m 

56AOO .. fcI--. 
55 A OO 

~ 52
A

OO 

j 4~ 

w 
~~ 
~ z 
w 

-~ 
a.. 0 
::>0: 
00:: 
0:0 (!)m 

~~~ 
0 
0: 
0:: 
0 m 
-
a.. 
::> 
0 
0:: (!) 

DIFFERENCE 
70 05 I+-:-GENERATORS A ~ 

60 05 
A 

~ ~ I. 

~ -
... 

BORROW 10 

GENERATORS 100 

II 
10 
o 

X 

! 
41

A
05 

40
A

05 

jl" jl" 

~--~:~ SIAOO k~~------------+I----+--+---------------1 

... -
~ 

~ 

10
0 

II 
V 
0 x 

70
A

03 +-

~ 
o 
a: 
0: 
o m 

41 A 04 I<I"'I--+----i 

40
A
04 j<I----; 

jl" j~ 

~ 
o 
a: 
0: 
o 
m 

41 A03 

40
A
03 

jl' jl" 

~ 

70
A

02 I+-

... -
~~ 

C\I 

~ 
o 
0:: 
a: 
o 
m 

41 A02 

40A02 

j ~ ~ 

.. 
<2--

I.~ HALF-SUBTRACT 
OUTPUTS 

FULL-SUBTRACT 
~ OUTPUTS 

~ 

" 
~ 

0 0 
a: a: 
0: a: 
0 0 
m m 

41 AOI ... 41
A

OO -... ~ 

40AOI ~ 40
A

OO ... 
~ 'r- j~ 

CP-818A/U 

L~ 

END AROUND 
j~ BORROW 

FORCE 
BORROW 

62
A

OO 

~ 5OA OO ~~~----------~---+--+-------------~--~--,----, 

j~ fL-.---.---.-----+!.---+-+---------r--+-+.---T--;-T.---1 
i 

0 X=D 61 AOO 

0 (GROUP 1,2,364 .~ j~ 10 
II BORROW ENABLES) 

0 
0 

10
0 

ICC II 
(\J 

0 II 
X (5 

X 

BORROW ENABLES 
ASSOCIATED WITH 
GROUP I 

I 

I 
I 
I 
I 

HALF­
SUBTRACTERS 

31 A04 

30A04 

o ~I" 

31
A

03 

30 A03 

j~ ~ 

31
A

02 

30A02 

.~ I. 

x 

31
A

OO 

30AOO 

~i' 4 

GROUP 
BORROW 
ENABLES 

GROUP 
BORROWS 

Figure A-5. Adder Group I, Simplified Diagram 
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GROUP 4 
ADDER 

GROUP 4 
BORROW CIRCUIT 

,------l 
I GROUP 3 I I - BORROW 

1 + L 4-
1 - : 

I _..... I 
I a a a I 
Lj~ 4 .r--1~ .~ 

r--- -- -f- -- -- _U 

W W W 
If')J J J 

d5~ co co 
If')<t <t 

(\jz 
d5~ 

Z 

d5 w w 
(\J~ -~ If')~ 

0..0 0..0 0..0 
::>a: ::>a: ::>a: 
on:: Oa: on:: 
a:O a:O a:O c)co c)co C)CO 

X=D -

X=D GROUP 4 

23--18/17--12111--06105--00 

D REGISTER 

•• 

GROUP 3 
ADDER 

X=D 
GROUP 3 

GROUP 3 
BORROW CIRCUIT 

,------l 
I GROUP 2 I 
1 ~ BORROW 

+ L .H-
I - I 
I I 
I _..... I 
1 a a a 1 

I jr-~ r-~ r-~ I 
L_ -I- - -I- - f--.---J 

W W W (\jJ J J 
dS co co co 
_<t <t <t 
dS~ (\jZ Z 

dS w W 

'It~ -~ (\J~ 
0..0 0..0 0..0 ::>n:: ::>a: ::>a: oa: oa: oa: n::o a:o a:o (!)co (!)CO C)CO 

BORROW 
ENABLE 

CIRCUITS 

(FOUR) 

r • •• X=D 
GROUP 2 

GROUP 2 
ADDER 

1, 

GROUP 2 
BORROW CIRCUIT 

r-------, 
I GROUP I I 
I .. BORROW I 

14-~ ---+I~I + l~ ~ l I ~ I 
I J 1 

I ~ r-- I 
I a a a I 
14r~ h n J 
L r- -- -f- ---

W W W 
-J J J 
dSCO co co 
vet _<t <t 

Z dS~ Z 
dSw W 

v~ If')~ -~ 
0..0 0..0 0..0 
::>a: ::>n:: ::>a: 
oa: oa: on:: 
a:o a:o a:o 
C)CO C)co c)co 

X=D GROUP I 

GROUP I 
ADDER 

H 

CP-818A/U 

~ EAB 
GROUP I 

BORROW CIRCUIT 

'---GROUP 4-, 
I ~ BORROW I 

~I----II + l 
- I ~~ I 
"'" Iii I 

W 
J 
co 
<t W 
Z J 
W co W <t ...J 
~ Z co 0 W <t a: Z a: ~ w 0 0 
co a: ~ a: v 0 0 a: d5 co a: 
If') v 0 
d5 co d5 
(\J If') v 
a. 0.. 0.. 
::> ::> ::> 
0 0 0 
a: a: a: C) C) C) 

~ 
0 
a: 
a: 
0 co 
W 
u a: 
0 u.. 

23--181'7--12111--06105--00 

X REGISTER 
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Figure A-6. Group Borrow Logic 
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FAULT PARITY 
ERROR CIRCUITS INDICATOR 

--. -

---. 

23 

INHIBIT 
ENABLE 

f 
PARITY 
CKTS 

~ .~ 

~ 

SELECTOR 

~ 

~ 

,--.... 

~ 

I 
REGISTER 
12111 

w 
(J) 
o 
Q:: 

,....., 

.r-B 
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I 

0 12 

LOGIC VOLTAGE 
__ FAILURE t­

(/) R/W ENABLE 

TIMING 

C 
<[ 

~ __ ~~~ __ ~~r--~ 
MAIN 

MEMORY 
CONTROL 

DISABLE (FROM BOOTSTRAP) 

ADDRESS 
ENABLE 

13 

13 

CP-818A/U 

,-------------------------1 
I 13 I: lYROM CORE I I -- ..... jSTACKS A21-A23 

I INHIBIT ~ ._ ~ --. TO CORE STACKSI 

DIVERTERS • 
r-------+I--~· CURRENT -T ~ A21-A23 I 
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Figure A-7. Memory Block Diagram 
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CP-818A/U 

TO ~ REGISTER 

( BIT pdSITION e NOT L'l (UPPER / LOWER) 
-= CONNECTED PARITY -==-A rI 

-4.5V r '" U/ L 23/ II 22/10 21/9 20/8 19/7 18/6 17/5 16/4 15/3 14/2 13/1 12/0 A ~ 

A 

r--------4-�5-9--�0--�1--�2--13--�4~14-4-13--12-15-11--10--9=19--10--11--12--13--14-4-151 

>~_~~_~ ___ ~~ ___ 4. ___ ~~ ___ •• __ ~"'2DPII 4~_~ '",..:.. __ 4. ___ ", 4~ ___ "'_ -~~3DPI 4 ___ ~~ __ ~. ___ h ___ • __ ~_~~ __ .3DPI 

10 I > ~,' I 

WORD 
LINE 

0 5 

I 
6 

TO 

I LINE WORD 
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2 7 

I 
3 8 

I 

WORD 
LINE I 

7f 1 
TO 6 7 

LINE WORD I 
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4 5 

I 

5DPI .. 
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.! .... 
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... .... 
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~ ~ I ~ 
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20 I I r - --, 1- + 15 V 
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33 32 "liS" ~ ~ fo ~ ~ ~ ~) ~ ®})~i V~ /' /R ~~ ~ ~ ~\ ~ ~"I'SII: :~: ~ I 
_~~44--1~ ~~ ~\'~J} ~\'~\}'J ~\1~\1 ~~'\ I~~\" (~ I~\ l~) ~~\\ (~ __ 1~~1\ IYA - ~\\L~\\_.J~ll ~~; -.J~ 14 I ~ I R2 

Q-2:""':'-4-J ~ J/ ~., .Y, \V'J' I W.j\!~ \ I W, A!W \ I \1) W, \ l\W J'Atw) \ I~. !~Wij\ nV lA/ W. \ 1\ ~ 15 I ".J I .AvAVAy 

34 I \ \ I ' \ \ I \ I '-U \ D \ I V \ I ~ \ I :; : ~~ I 

r~ NOTE 2 , NOlTE ~ ~ I X I ~ ~ X 1 ~ ~ 20 r .. ~-~ 
7: ({\ _fCLfD __ fCLfDLrc)\rr\,!l r\J\({\/~ J\rrv'l }~((\/\ } \rrJ \ J\rrv' \ li i ;: : 
~: 4·~~!0's"~ ~ .~ I ~, I, ,*,' 4 IV V: IV - V V - "O'S":ii:::! "~j.. 1 
07 I r::' ~ 27 I' 1 ~>I 
17 , ~ ~. 3D I cf~J R4$1 
27 -"'"---- - - - - 30 r III I I .. 
37 ~~~~~---.~8 

I -.3J 1 rll,L I 
--.----_-_______________ 50 NOTES: I 32 I III I 

~yAyAy RIO I I. IF NEXT BIT CHANGES (i e :'1" TO "0" OR "0" TO 33 I ".J I 
I "1") WORD LINE FOLLOWS CROSS PATH ;~ l : h.J I I AA 

YYV R9 

... 6 

... 7 

.AAA 
.. vv R8 

TO GROUP 
WORD DRIVERS 

(GROUP 70) 

NOT USED 

4DPI .. vv R7 I LCB1.J 
4DPI " 

L--__ - - -4-- - - ---- - - ----
J 2. TI -T5 WIRED AS ZEROS 36 t ." I I 

I 371' ... I J 
______ 4D L _______ 20 
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Figure A-8. Bootstrap Prewired Assembly 
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Figure A-9. Simplified AC Distribution, Schematic Diagram 
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