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FOREWORD 

SCOPE AND ORGANIZATION 

This manual is divided into three sections corresponding to the three major 

units in a CONTROL DATA® 8490 Computer System. Each section contains 
the theory of operation (circuit description) and the equipment diagrams 

associated with that unit. 

The other customer engineering manuals provide additional information for the 

8490 Computer. The Maintenance/Command Timing manual provides the in
formation necessary to maintain the equipment and to understand the step-by

step sequencing of the instructions. The Equation Summary, Card Placements, 
and Wire List manuals provide detailed information concerning the Boolean 

equations, card types, and a listing of all wires for every term for each unit 

in the system. 

PUBLICATIONS REFERENCE LIST 

The following is a list of publications associated with the 8490 Computer System. 

Manual 

849 0 Computer System Reference Manual 

849 0 Customer Engineering Manuals 

Maintenance/Command Timing 

Compute Unit Equation Summary, Card 

Placements, and Wire List 

1/0 Unit Equation Summary, Card 
Placements, and Wire List 

14091700 ix 

Pub. No. 

14091600 

14092000 

14092100 

14092200 
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Manual 

Auxiliary Memory Unit Equation Summary, 

Card Placements, and Wire List 

8490 Site Preparation and Installation Manual 

8490 ADSAS and FORTRAN Operations Manual 

8490 System Maintenance Monitor Reference/Program 

Listing Manual 

Printed Circuit Manual (Volumes 1 and 2) 

SYSTEM CONCEPTS 

Pub. No. 

14092300 

14091800 

14091900 

14094700 

60042900 

The CONTROL DATA 8490 Computer System is a high-speed, modular 

computing system suited to real-time control and data processing applications. 

The flexible characteristics of the 8490 system permit it to be expanded into a 

system with large-scale storage, input/output, and computational capabilities. 

With several options available, the 8490 can be tailored to meet particular data 
needs and can later grow with increased demands for data processing. 

SYSTEM DESCRIPTION 

The 8490 Computer System is a data processing device expandable on a 

modular basis. A minimum system consists of a single Compute Unit and 

associated Console. An illustration of a typical 8490 system is found on 

on the facing page. 

KEY TO Lcx;IC SYMBOLcx;Y 

SYMBOLS 

Single Inverter 

A single inverter inverts input signals so that a 1 input gives a 0 output and 

a 0 input gives a 1 output. Inputs to the symbol are indicated by ar-rowheads. 

Rev. B x 14091700 



~ 
0 
\0 

"'3 
0 
0 

x 

JJ 
CD 
< . 
)> 

PAPER TAPE 
READER/PUNCH 

TAPE 
UNIT 

TAPE 
UNIT 

MAGNETIC 
TAPE 
SYNCHRONIZER 

TYPEWRITER 

UNIT 

COMPUTE UNIT 

Typical 8490 Computer System 

LINE PRINTER 

CONSOLE 



K306~ 
K307 : 
K 308 ---:ii'l>l J 202 ~ 
K 309 __ _...,_ 

K310~ 
K3l l J203 
K312 

Flip-Flops 

SINGLE 
INVERTER 

SINGLE INVERTER 
WITH OR INPUTS 

SINGLE INVERTER 
WITH AND INPUT 

A flip-flop is a temporary storage device with two stable states designated 

set and reset. When a flip-flop is set, the set output is a logic 1 ; when 

reset, the reset output is a 1 • The logic symbol for a flip-flop is a square 

formed by combining two single inverter symbols. The flip-flops are pre
wired to receive a limited number of inputs. When the necessity for additional 

inputs develops at an inverter of a flip-flop, an additional inverter is used 

"piggyback fashion". By convention, set inputs and outputs are shown at the 

even-numbered inverter; reset inputs and outputs are shown at the odd

numbered inverter. The first two digits contained in the flip-flop number 
pertaining to flip-flop grouped together as a register indicate stage nomenclature. 

For example, the inverters used in the flip-flop diagrams indicate ST AGE 2 
if they were used as a particular stage of a register. 

l 
-;.I 

SET 

0 
__::., 
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A020 l ..,. 
R 

A02l 
0-"" 

r----- - , 
SET___ I 

INPUT I I 
~--

1 

''-t------. 
I 
I 

RESET I I 
INPUTL _____ _J 

0 
.... 
·~ 

ESET 

1 
-;.I 

SET 
OUTPUT 

RESET 
OUTPUT 

INTERCONNECTION 
OF THE TWO INVERTERS 

xii 

A020 0 
--'> 
~ 

1 
A02l 

.., 
·-~ 
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PIGGYBACK ,------, 
SET A022 I 

SET A022 INPUT I 
I 

SET SET A020 
SET A020 SET INPUT OUTPUT 

OUTPUT 
RESET A02l RESET 

A02l RESET INPUT I I 
OUTPUT 

OUTPUT L ______ J 

INTERCONNECTION OF 
PIGGYBACK INVERTER WITH 

FLIP-FLOP INVERTERS 

Control Delay 

A control delay consists of an H--- term, which receives the input, and a 

V--- or N--- term, which provides the output. The output is a clocked 
pulse which is delayed with respect to the input by one phase time of the 

clock ( 62. 5 nanoseconds). The H--- term of the control delay is prewired 

to receive a limited number of inputs. When the necessity for additional inputs 
develops, an additional H--- term is used "piggyback fashion". .Conventions 

applicable to control de lays are as follows: 

1 • Clock pulse inputs to control de lays are not shown on the diagrams 

and must be obtained from the equation file. 

2. An odd number indicates a clock output of odd phase time and an 
even number of even phase time. 

3. The timing on all sequence diagrams is in 62. 5-nanosecond (one phase 

time) intervals. 

HOOO 

vooo 

SINGLE INPUT AND OUTPUT 
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H202 

H002 

VOOl 

PIGGYBACK CONTROL 
DELAY 

H003 

H004 
V003 
Vl03 

MULTIPLE INPUT (ONLY WHEN 
SECOND INPUT IS AN H----TERM) 

HOOS 

JOOl VOOS 

CONDITIONED OUTPUT (WHEN 
SECOND INPUT IS OTHER THAN 
H- - - TERM) 

H202 

VOOl 

H002 

INTERCONNECTION OF 
PIGGYBACK CONTROL DELAY 

H003 V003 

H004 Vl03 

INTERCONNECTION OF 
MULTIPLE INPUT 

HOOS VOOS 

JOOl 

INTERCONNECTION OF 
CONDITIONED OUTPUT 

Capacitive De lay 

The function of a capacitive delay is to provide an interval of time delay be

tween successive logical operations. This is accomplished by regulating the 

length of time for a 1 input to pass through the delay circuit. The delay time 

for a O input is approximately one-tenth of the delay time for a 1 input. 

l USEC. 

J002 DOOl KOOO 

KOOl 

CAPACITIVE DELAY 
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Resync Circuit 

The function of a resync circuit is to synchronize an asynchronous signal of 
random length with the master clock. A 1 input of random length produces a 
1 output of 62. 5-nanosecond duration. 

Miscellaneous 

RESYNC CIRCUIT 

HOlO 

H012 

H014 

H016 1----3"4 

HOl81---'!lol 

HOOl VOll 

The rectangular box, symbol for an inverter, is also the symbol for the follow
ing circuits: 

D MASTER CLOCK D TRANSMITTER 

D TRANSFORMER EJ DRIVER TRANSFORMER 
DRIVER 

D EJ DRIVER TRANSFORMER 
GATE 

D INDICATOR DRIVER D SENSE AMPLIFIER 

D RECEIVER 

The normal receiver, as previously illustrated, does not logically invert the 
input signal. The following symbol is used to denote logical inversion through 

a receiver. 

14091700 xv Rev. A 



PLACEMENTS 

Placements indicate the physical location of a printed-circuit card. On logic 

diagrams, the placement associated with each symbol appears near it. Only 

the horizontal and vertical placements and the test point of the symbol are 

given (except for the 1v1emory Unit where chassis number is included for 

access channe I logic) • In the Compute Unit the chassis number is always 1 • 

In a Memory Unit (except access channel logic) or an 1/0 Unit, the chassis 

number is determined by unit placement in the cabinet. Units are numbered 
from right to left within a cabinet or as viewed from the front. Redundant 

terms and card types are given in the. equation file. 

PLACEMENT 

D 06 

I \ 
VERTICAL HORIZONTAL CARD 

CIRCUIT COORDINATE COORDINATE 

SYMBOLIC REPRESENTATION OF EQUATIONS 

EQUATION 

K024 K025 + M251 Vl02 

l H 022A C31 K025 

I ~ 
REDUNDANT TERM CARD TYPE 

K025 K 024 + V02 l 

1 H 022B C31 K024 F634 

1-v ~ 
CHASSIS PLACEMENT USAGE 

Rev. A xvi 

The last three digits of the placement 

number in the equation file indicate 
card type. This number can be 

obtained to find the card schematic in 

the logic diagrams by referencing the 
equation file from the logic diagrams. 
For a functional analysis of the card 

schematic, refer to the Maintenance 
manual. 

14091700 



M251 

Vl02 K024 
H22A 

'---"""' F634 

SYMBOL INDEX 

The symbol index, at the front of each section of logic diagrams, lists in 

alphanumeric order each subject term, its card placement, the function 

name, and the sheet number on which the term is shown with all its inputs. 

Dino 
n103 
f) 1 04 
0105 
D1nn 

1A080A 
}NOSSA 
}T075A 
lf046A 
1A083A 

3.i::; MTCRO SEC [)fLAv-RuFFER INFO. READY 
.5 MICRO SEC nFLAY • PUFFER BY PASS 
5•5 MILLISEC DELAY-CYCLE STEP 
1 MICPO SEC DELAY-REQUEST ~EMORY 
3•5 MJCRO SEC OFLAY·BUFFEP CARLE SELECT CONTROL 

48 
48 
12 
41 
47 
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SECTION 1 

COMPUTE UNIT 

The Compute Unit functions as a complete computer without any 1/0 or Mem
ory Units. It contains two bidirectional data channels, one normal and one 
buffered; 8, 192 words of magnetic core storage; and arithmetic and control 
logic. 

GENERAL THEORY OF OPERATION 

The 8491 Compute Unit is a parallel, single address, electronic data proces
sor. It performs calculations and processes data internally in a parallel binary 
mode. The internally stored program, located in sequential storage locations, 
controls the step-by-step execution of individual instructions. Individual in
structions in a Compute Unit are executed in one to six storage cycle times. 
(One storage cycle is 1 • 3 5 microseconds. ) 

The 8491 Compute Unit, which functions as a complete small-scale computer 
in the basic system, provides the arithmetic and control characteristics in an 

expanded system. 

An 8491 Compute Unit includes a Console for operation and maintenance 
purposes. The Console contains the controls and indicators necessary to 
operate the Compute Unit and any associated 1/0 Units and Auxiliary Memory 

Units. Figure 1-1 is a simplified functional block diagram of the 8491 Compute 

Unit. 

MEMORY REFERENCE 

The contents of the S register and the bank control for a given instruction 
determine which storage location in memory is referenced. If the address is 

14091700 1 -1 Rev. A 
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Figure 1-1. Compute Unit Simplified Functional Block Diagram 
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in a Memory Unit bank, the contents of S is placed on the address selection 

lines to external memory (where it is placed in the s• register in the Mem

ory Unit). If the bank selected is in the Compute Unit, the contents of S is 
transferred 'to internal 5 1 • The latter register then conditions the address 
selection logic to reference the location specified by the contents of 5 1 • The 
following description considers references involving Compute Unit memory. 

Read 

For a read operation, the contents of the selected location is transferred 

through the Z register to the X register where the data is available for mani
pulation. After the transfer is complete, the Z register restores the data in 
the original location. While the data is in the Z register, a parity check is 
performed; if parity is wrong, a parity error signal, which tells the computer 
that data is faulty, is generated. An interrupt 1 0 is then generated and 
bit z 1 O of the error register is set. 

Write 

For a write operation, the data is transferred from X to Z. The selected 
location is then cleared, and the contents of Z is written into this location. 
The data in Z is also sampled by the parity logic. This circuit generates a 
parity bit, as required, to accompany each word that is written into core 
storage. 

PROGRAM CONTROL 

An 8490 program consists of a number of routines. Each routine contains a 

series of instructions that is stored in sequential memory locations. The in
struction being executed is called the current instruction. At the completion 
of a routine, control is normally transferred to the next routine. 

The Compute Unit is ready to begin the routine when the P register contains 
the first address in a routine as a result of a manual or programmed entry. 
The contents of P is transferred to the S register. The instruction at the 
location specified by the contents of S (current instruction) is read from 
memory. This instruction is transferred to the X and F registers. Once it 
is in the F register, the instruction conditions the control logic to execute 
this same instruction. Sometime before the execution of the instruetion has 
been completed, the contents of P is transferred to the adder. The commands 
are then generated which increment the current address to the address of the 

next instruction • 

This address appears in A• which serves as the output of the adder. The 

address is then transferred to S and then from S to P. This address now 
represents the new current instruction address. Unless the Compute Unit 
is interrupted, the preceding procedure is repeated until all of the steps in 
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the routine have been completed. At the completion of each routine, control 
is transferred to the next routine until a manual or programmed stop occurs. 

ARllHMETIC OPERATION 

VVhen an arithmetic instruction is executed, the control logic conditions the 

subtractive adder and the A, A 1 , 0, and Q 1 registers to perform the neces
sary arithmetic. 

The subtractive adder provides the necessary signals to form in A', by one.1s 
complement addition, the sum of an operand from X and an operand from A 

or Q. Whether the resultant in A 1 represents the sum or difference of two 

numbers is determined by the operand from X. If the operand is the contents 
of X, the resultant equals the sum. If the operand is the complement of the 
contents of X, the resultant equals the difference. 

The 8491 Compute Unit performs multiplication by repeated additions and 
right shifts, and division by repeated subtractions and left shifts. The shifts 
are necessary to maintain the proper bit position of the resultant. 

EXTERNAL FUNCTION 

VVhen the Compute Unit executes an external function ( EF) instruction, a 12-
bit EF code is read from the Compute Unit memory and placed in the X 
register. This EF code is then sent to one of the 1/0 channels, either in

ternal or external, to the equipment for which the code is intended. The 
channel used is determined by the instruction in the F register. Generally, 
EF codes are used to sense the status of a particular equipment or to acti
vate equipment for a particular type of operation. 

INPUT /OUTPUT 

The 1/0 circuitry of the Compute Unit permits the transfer of data between 

the Compute Unit and external equipment. This transfer may be either normal 
or buffered. A normal operation completely ties up the Compute Unit; how

ever, during a buffer operation the Compute. Unit is free most of the time to 
perform other operations. 

NORMAL INPUT 

A normal input occurs only when it is programmed as part of a routine. An 
EF code must be generated by the Compute Unit before the normal input can· 

occur. This EF code activates the appropriate input device. The control 
logic in the Compute Unit also enables the normal 1/0 control logic for an 

exchange-of-status signal with the input device. At the appropriate time 
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during the exchange, the input data is transferred through the X register into 

the Z register and then stored at the address specified by the contents of the 
S register. 

The normal input instruction specifies a first word address ( FWA) and a last 
word address plus one ( L WA+ 1 ) of a storage area. The first word ad
dress is contained in A. After an input word has been stored, the contents 
of A is increased by one. The resultant is formed in A 1 and then gated into 
A. The new address is then compared with the LWA + 1 • If the two ad

dresses are not equal, the new address is transferred to S and the cycle is 
repeated to store another word. This process continues until the two ad
dresses are equal. The normal input operation then terminates. 

NORMAL OUTPUT 

Normal output operation is similar to the preceding description of normal input; 
however, the contents of the address placed in the S register is read from 
core storage and transferred through Z and X to the selected output device. 
The number of words to be transmitted to the output device is specified by 
the difference between the FWA and the LWA + 1. The normal output opera
tion is terminated in the same manner as the normal input operation. 

BUFFERED INPUT 

VVhen the Compute Unit performs an input buffer routine, instructions are 
executed to perform the following steps: 

1. Load BER with the FWA of the 1/0. 

2. Load the BXR with the LWA + 1 of the 1/0 area. 

3. Set the buffer bank control to the proper storage bank. 

4. Select the 1/0 equipment. 

5. Initiate the buffer input. 

The particular order of the first three steps is optional, but these steps are 

always performed before initiating the buffer input. The 1/0 equipment must 
be selected before initiating the input buffer. 

The buffer control logic causes the Compute Unit to interrupt the current 
routine to perform a buffer sequence. This sequence generates the commands 

which perform the following steps: 

1 • Gate the data word into BFR. 
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2. Transfer the FWA to S. 

3. Store the input word at the address specified by the contents of S. 

4. Enable the contents of the BER (current address) to the 
subtractive adder. 

5. Increase the current address by one to form the next addre~s. 

6. Transfer the next address to BER register where. this address 
becomes the new current address. 

7. Clear the 1/0 control lqgic if the contents of the BER and BXR 
are equal. 

The preceding steps are repeated by each input word until the current ad
dress equals the LWA + 1. At this time, the buffer control logic generates a 
terminate buffer signal. The resulting interrupt 20 enables the interrupt logic 
and causes the control logic to terminate the buffer and to continue with the 
interrupted routine. 

BUFFERED OUTPUT 

The operation of the Compute Unit for an output buffer is similar to the opera

tion for an· input buffer. The preliminary steps are the same. The Com
pute Unit then executes an IBO instruction which causes the Compute Unit to 
perform the buffer sequence. This sequence reads the contents of the location 
specified by the FWA from core storage and transfers this data through the 
Z register to BFR. When the output data is ready, an information ready 
signal is sent to the output device. 

INTERRUPTS 

If interrupt is not locked out, a signal on any of the interrupt lines into the 
interrupt logic results in a signal to the control logic which interrupts the 

routine being performed. Program control is then transferred to the routine 
which services the active interrupt. Regardless of the type of interrupt, the 
same general procedure is followed. The Compute Unit stores the address 
of the next instruction to be executed in the interrupted routine and reads the 
instruction contained in the special storage location associated with the active 
interrupt. At the completion of the interrupt routine, the next instruction in 
the interrupted routine is read from memory and program control is returned 
to the interrupted routine. 
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DETAILED THEORY OF OPERATION 

REGISTERS 

Temporary storage units for operands, instructions, and control words are 
called registers. The contents of the registers can be displayed on the 
Console. When referring to a stage of a register, a subscript designates 
stage number; for example, the A register contains 13 stages, A 00 through 
A 1 2 • The following discussion analyzes typical stages of the A and A' reg
isters and the control logic which conditions the inputs to these registers. 
Only the function is given for all other registers; however, these registers 
can be analyzed in the same manner as the A and A 1 registers. 

Basic Register Controls 

The logic circuits that condition the registers are known as controls. These 
controls generate the signals that gate information into a register, clear a 
register, or shift data from one register to another. 

Basically, the controls for all registers are similar. These controls can be 
categorized as clear, transfer, or shift controls. These three types of con
trols are discussed in the following paragraphs. A detailed logic analysis of 
the A register controls is included in the paragraphs on registers. All other 
register controls, except set X, can be analyzed in a similar manner. 

Clear: A clear control is shown with the transfer of 11s example in Figure 
1-2. The output of the clear control enters the reset side of every flip-flop 
in the register. Thus, when the output of the clear control is a 1, every 
flip-flop in the register is reset. 

Register-to-Register Transfer: Three types of register tran~fers are used 
in the Compute Unit; forced transfer, transfer of 1 1s, and transfer of O's, 
Figure 1-2. For a transfer of 11s, an output from the transfer control and a 
set output from a flip-flop in the lower register form an AND gate input to the 
corresponding stage in the upper register. When the output of the transfer 
control is a 1 , each flip-flop in the upper register is set if the corresponding 
stage in the lower register is set. However, before any transfer of 1 1s can 

be made, the upper register must be cleared. 

For a forced transfer, a set output of a flip-flop in the .lower register and an 
output of the transfer control form a set input AND gate to the corresponding 
stage of the upper register. The reset output forms a similar input to the 
reset side. When the output of the transfer control is 1, the contents of the 
lower register is duplicated in the upper register, regardless of the previous 
contents of the upper register. Thus, it is not necessary to cl ear a reg

ister before a forced transfer. 
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Before a transfer of O's, it is necessary to set every stage of the upper reg
ister. \/Vhen the output of the transfer control is 1, each stage of the upper 

register is reset if the corresponding stage of the lower register is reset. 

Shift: Data can be shifted right or left from A 1 to A or from Q 1 to Q. 

Furthermore, AQ and A 1Q 1 can be treated as double length registers, and 

data can be shifted right or left from A 1Q 1 to AQ. Figure 1-3 illustrates the 
stage-to-stage transfers that occur for all types of shifts. All left shifts are 

end around; the highest order bit is shifted to the lowest order stage. Right 
shifts are end off; the lowest order bit is discarded and the sign bit is ex

tended. All shifting is done by forced transfer. 

Arithmetic Register (A) 

The 13-bit A register functions as the primary arithmetic register. This 

register holds operands and resultants during most arithmetic and shifting 

operations, Figure 1 -4. 

The A register provides the following outputs: 

Output Subject Terms 

A 1 Register A--4, A--5 

Q 1 Register Q--4, Q--5 

Inverters 1001 - 11 1 1 

U Inverters UOOl - Ul 21 

Display LOOl - L 121 

B Register Bl 00 - 8190 

The lowest order stage of the A register has two. inverters ( A002 and A003) 

which act as extensions of this stage. These inverters are necessary be

cause more inputs are required to AOOO/ A001 than can be connected to the 

printed-circuit card which contains this flip-flop. Logically, inputs to A002 

are identical to inputs to AOOO. Similarly, inputs to A003 are logically 

identical to inputs to A001. The following controls, Figure 1-5, affect the 

inputs to the A register. 

Clear A: The output of clear A control delay H901 /N-01 is connected to the 

reset side of every stage in the A register. \l\lhen any one of the inputs to 

H901 /N-01 is a 1, the resultant 1 outputs clear the A register. The clear 
A command occurs when any of the following conditions are satisfied: 

1 • When master cleared ( Wl 40) • 
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2. When depressing the clear A pushbutton on the Console when the 
computer is not running (J101 M132). 

3. At ¢14 in the D cycle of an MU instruction (F313 J327 V114). 

4. At ¢t 4 of a manual enter except when the EM pushbutton is 
depressed (Vt 14 K097 K094). 

A 1 to A: Control delay H703-H903/N-03 regulates the transfer of clata be
tween the A' and A registers. Whenever either H703 or H903 receives a 1 
input, the resultant 1 outputs from N-03 gate the contents -of A• to A by a 
forced transfer. The A 1 to A command occurs when any of the following 
conditions are satisfied. 

1. At ¢8 of the D cycle for an OUT instruction (F653 J327 Vt 08). 

2. At ¢14 of the D cycle for instruction AD, SB, LC, LP, RA, 
AO, or INP ( V214 F584). 

3. At ¢12 of a D or E cycle for an MU or DV instruction, at ¢12 of a 
PT A or XAQ instruction, at ¢12 of the B cycle for an INP or OUT 
instruction (V312 F560). 

4. At ¢16 'of the E cycle for an MU or DV instruction (V116 FSOS 
J289). 

5. At ¢8 of the E cycle for a DV instruction ( V008 J279 F 501). 

6. At j6t4 of an LPN, AON, SBN, SCN, LCN, or ETA instruction 
(V014 F582). 

7. At $618 of an MUT or MUH instruction (V018 F622). 

Set A: The set A logic enables and disables the manually set pushbutton 

switches associated with the A register display on the console. \M-lenever 
the computer is running, the set A logic disables the set switches to prevent 
the accidental entry of data into A. If the computer is stopped, the 1 outputs 
of J 1 00 and J 101 enable the switch outputs. Then, when a given switch is 
depressed, the associated stage of A is set.· The 1 outputs of Jl 00 and Jl 01 
occur when the stop flip-flop is set or the run flip-flop is reset. 

Shift A Left: A 1 output from the shift A left control gates A 1 to A in such 
a manner that the resultant is shifted one bit position to the left. The highest 
order bit of Al is shifted end-around to the lowest order stage of A. The 
shift A left command occurs whenever any of the following conditions are 

satisfied: 

1. At $616 of an LS2, LS3, or LS6 instruction (V016 F595). 
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2. At ¢so of a OV instruction ( V OSO F S93) • 

3. At ¢so of an ALS or LLS instruction in the 8490 mode (VOSO F330). 

4. At ¢1 2 of an SR, LS 1 , LS2, LS6, MUT or MUH instruction 
' (V012 FS63). 

Three of the output inverters in the shift A left control contain additio_nal gating 

to provide the correct resultant for shifts in either the 8090 or 8490 mode. 
When the shift A left command occurs, NOOS, N40S, and NSOS have 1 outputs 
only if all other OR inputs to the inverter are o. For an A left shift in the 
8090 mode, Jl 70 has a O output which enables NSOS to gate A 11 to A 00 • 
The 1 output from Jl 71 disables NOOS and N40S. 

For an A left shift in the 8490 mode, the 1 output of Jl 70 disables NSOS. 
The 0 output from Jl 71 enables N40S to gate A 11 to A 12 • Inverter NOOS 
gates A 12 to A 00 only when J171, FSOl, and F333 have 0 outputs. Thus, 
this transfer occurs for all A left shifts in the 8490 mode except those which 
are a part of the 26-bit shifts in OV and LLS instructions. For 26-bit left 
shifts, Q 12 is gated to A 00 ; hence, the A 12 to A 00 transfer must be disabled. 

Shift AQ Left: Part of the shift Q left control affects the A register for an 
AQ left shift. This control gates Ql 2 to A 00 • The outputs of H911 also 
control inverters NOl 1 through N611; however, these inverters affect the Q 

register. Whenever there is a 1 input to H911, inverters N-11 receive 0 
inputs. However, N711 has a 1 output only if J173 (AQ shift) has a 0 output. 
A 1 input to H911 occurs for either of the following conditions: 

1. At ¢so of an AQ left shift instruction (VlSO F118 F109 F089). 

2. Ai ¢so of a OV instruction ( V 1 SO F S93) • 

QI to A: Control delay H900/N-OO gates the contents of the QI register to the 
A register by a forced transfer. \Mien there is a 1 input to H900, the Qt to 
A transfer occurs. Any of the following conditions produce this command: 

1. At ¢11 of an LON instruction; at ¢11 of the B cycle for an EXC, 
EXF, or EXCY instruction; or at ~11 of the 0 cycle for an INA 
or LO instruction (Vl 11 FS06). 

2. At ¢1S of a CTA or CTAQ instruction (F36S VllS). 

3. At ¢1s of an INAY, ETAY, or ERTA instruction (VllS F419). 

4. At ¢17 of the C cycle for an INP or OUT instruction (V117 F416). 
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Shift A Right: An A right shift can be either a 12- or a 13-bit shift, as 

determined by the 8090 or 8490 mode of operation. The lower order 12 bits 
of A 1 are shifted right one bit position if there is a 1 input to H907. How
ever, A 12 is shifted to A 11 only if there is also a 0 input to N307. The A 
right shift command occurs when any of the following conditions are satisfied: 

1 • At ¢so of an MU instruction (VlSO F626). 

2. At ¢so of an ARS or LRS instruction in the 8490 mode (VOSO F329). 

3. At ¢12 of an RSl or RS2 instruction (Vl 12 F384). 

4. At ¢16 of an RSl or RS2 instruction if F 00 is set (F384 V016 
F003). 

However, the 1 output from N307 occurs only if one of the following condi
tions indicating a 13-b it shift is present: 

1. An MU instruction when the contents of X is negative or a DV 
instruction when the contents of X is positive ( F642). 

2. An 8490 shift (F72S). 

3. An 8090 mode flip-flop reset ( K021). 

Adder Output Register (A•) 

The A• register functions as a second rank of the A register. However, 
the A• register also serves as the output register of the subtractive adder. 
The A• register contains 13 stages, Figure 1-6. It provides the following 

outputs: 

Output Subject Terms 

A Register A--0, A--1 

s Register S--0, S--1 

x Register X--0, X--1 

Q Register Q--0, Q--1 

B Register B--6 

The following control circuits, Figure 1-7, regulate the inputs to the A• 

register. 
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Cle.ar A 1 : The output of the clear A 1 control is connected to every stage 

of f'- 1 • When there is a 1 input to H909, the resulting 1 outputs from N-09 

resjet every stage of A 1 • 

! 

A tb A 1 : A 1 output from the A to A 1 control gates the contents of A into 

Al :by a forced transfer. Whenever any one of the inputs to H702 or H902 

is ~ 1, the A to A 1 transfer occurs. 

i 

Q to A 1 : The Q to A 1 control gates the contents of the Q register into the 

A 1 
1 
register by a forced transfer. The Q to A 1 command occurs when any 

on~ of the inputs to H904 is 1 • 
I 

To~gle A 1 : The toggle A 1 command is generated as part of the operation of 

thei subtractive adder. When any one of the inputs to H908 is a 1, the toggle 
Al !command is generated. This command sets selected stages of Al as 

det~rmined by control signals from the subtractive adder. 
I 

Probe A 1 : The probe A 1 command also occurs as part of the operation of 

thel subtractive adder. A 1 input to H706 or H906 produces this command, 

whlch complements selected stages of A 1 as directed by control signals from 
the subtractive adder. 

Auxiliary Arithmetic Register ( Q) 
! 

Th~ 13-bit Q register assists the A register in performing arithmetic and 
logjcal operations. For. multiply and divide instructions, the Q register 

se1ves as an extension of the A register to form a 26-bit AQ register. 

I 

Thi3 functional composition and operation of the Q register and its controls are 

ba~ically the same as those of the A register. 

I 
Secondary Auxiliary Arithmetic Register ( Q') 

I 

The 13-bit QI register serves as a second rank of the Q register. The QI 

register and its controls operate in the same manner as the Al register, ex
ce~t that Q 1 register has no controls which cause it to function as part of the 

sutjtractive adder. 
! 

I 

Exchange Register ( X) 
! 

The 13-bit X register functions as an exchange register for the transfer of 

dath within the Compute Unit. All data being transferred from internal mem

or~ passes through the X register. Similarly, data from a Memory Unit, 
I 

1/0 Unit, or normal 1/0 is stored temporarily in the X register. Data 

leaving the Compute Unit for a Memory Unit, 1/0 Unit, or normal 1/0 is 

plabed in the X register prior to being placed on the appropriate transmission 
I 

Jin~s. 
I 
I 
I 

I 
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The X register controls, except set X, are similar to the A register con
trols. Most of these controls gate data into the X register by a forced 
transfer, transfer of 1 's, or transfer of O's. 

The large number of inputs to the X register necessitates a different method 
of setting X because there is no input pin available for this function. Thus, 
the set X control actually disables the feedback from the reset output to the 
reset input of every stage of X, Figure 1-8. The following discus.sion 
assumes no 1 inputs to the X register from any of the other X register con
trols. When there are 1 inputs to H947 and H949, the resulting 0 outputs. 
disable the feedback path from the reset output to the reset input of every X 
register flip-flop. 

Stage x 00 is shown in the reset condition. When the set X command occurs, 
the AND input to XOOl is disabled. The output of XOOl goes to 1 forcing 
the output of XOOO to o. Thus, XOOO/XOOl is switched to the set condition. 

Stage Xl 20/Xl 21 is shown in the set condition. When the set X command 
occurs, the AND input to Xl 21 is already disabled by the feedback from 
Xl 20. Hence, Xl 20/Xl 21 remains set. Therefore, after a set X command 
occurs, every stage of the X register is in the set condition. VVhen the set 
X control is not active, the 1 outputs of H947 and H949 permit the flip-flops 
in X to function normally. After the set X command, a transfer of O's is 
executed to gate the contents of another register into X. 

Memory Address Register ( S) 

The 13-bit S register holds the memory address currently being referenced 
for an instruction, operand, or addressing operation. The address may apply 
to either internal or external memory as determined by the bank controls. 
In the 8090 mode, only the lower order 12 bits of S are used. VVhen 
switching from the 8090 to 8490 mode, bit 00 of the relative bank control is 
gated to S 1 2 (and then to P) to provide correct addressing. 

Internal Memory Address Register (S') 

VVhen a memory reference is made to internal memory, the current memory 
address in the S register is placed in the St register. The S 1 register 
provides outputs which condition the address selection logic to reference the 
correct address. In the 8090 mode, St 12 is supplied by s 00 • In the 8490 

mode, s1 12 is supplied by s 12 • 

Program Address Register ( P) 

The 13-bit P register contains the memory address of the current instruction. 

In the 8090 mode of operation, the highest order bit is not used. After exe
cution of an instruction which does not jump program control to another rou
tine, the contents of P is increased by 1 or 2. The P register receives data 
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only from the S register. The three P register controls operate in a 

manner similar to the corresponding A register controls.· 

Function Register ( F) 

The 13-bit F register holds the instruction currently being executed by the 

Compute Unit. 

Data is transferred directly from memory to the F register. The F register 

is also affected by set and clear controls, a set-F-to-158 control, and a 

reduce control. The reduce control transfers F' to F in such a manner that 

the resultant is reduced by 1 • 
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Secondary Function Register (Fl) 

The 5-bit F 1 register serves as the second rank of the lower order five 
stages of F. Data is transferred to F 1 only from F. Controls are provided 
to clear and set Fl for 1/0 control. 

Storage Bank Control Register ( B) 

Functionally, the 16-bit B register consists of four 4-stage bank controls. 
These controls operate independently of one another to provide the bank selec
tion for the various addressing modes available to the 8490. Figure 1-9 
shows the stages of the B register which are assigned to the respective bank 
controls. 

,__ __ __,A-----~ ~-----A-----~ ~----•A..._ __ """' ,_.--~A-----~ I \I \I \/ \ 

15 14 13 12 II 10 09 08 07 06 05 04 03 02 01 00 

B REGISTER 

Figure 1-9. Bank Controls in B Register 

The B register controls are basically similar to the A register controls. 
However, some B register controls affect only the four stages assigned to a 
given bank. These controls are used to set and clear a given bank control. 

Memory Restoration Register ( Z) 

The 14-bit Z register operates with core memory. All data entering or 
leaving core memory is stored temporarily in the Z register. 

Data to be written into core memory is entered into the Z register and then 
written into the correct location. Data read from core memory is placed in 
the Z register. After this data has been transferred to another register, the 

data also is gated from Z back into the same location. Thus, Z permits a 
memory reference to be nondestructive. The 14th bit of the Z register is a 

parity bit. 

Buffer Data Register ( BFR) 

The 13-bit BFR holds the data word being transferred to or from memory 
over the Compute Unit buffer channel. The BFR controls can gate data into 
the BFR from internal memory, external memory, or the buffer channel 
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data lines. Data from the BFR can be transferred to the X inverters or 
placed on the data lines to the external equipment on the Compute Unit 

buffer channel. 

Buffer Entrance Register (BER) 

During buffered 1/0 operations on the Compute Unit channel, the 13-bit BER 
holds the address to or from which information is being transferred. The 
contents of this register may be transferred to memory or to the subtractive 
adder. In the 8090 mode, only the lower order 12 bits are used. 

After the word has been buffered, the subtractive adder increases the con
tents of BER by one. The buffering process continues until the contents of 
BER and BXR are equal. 

Only two controls affect the BER. One control clears the BER; the other 
control gates the contents of A 1 to the BER by a transfer of 1 's. Whenever 
the clear BER control is activated, the At to BER control is activated in 

sequence. 

Buffer Exit Register ( BXR) 

During buffered 1/0 operations on the Compute Unit channel, the 13-bit BXR 
holds the last word address plus 1 for the buffering operation. In the 8090 
mode, only the lower order 12 bits are used. The BXR controls are 
similar to the BER controls. 

Error Register (ER) 

The error register contains six stages. Each stage represents a different 
error condition. Generally, after an operation is performed for which a 
certain type of error could occur, the Compute Unit senses for the error 
condition. If the error is present, the appropriate flip-flop is set. 

The contents of the error register can be transferred through X to A by the 
ERT A instruction. The output of the error register also conditions the 
COMPUTER STATUS indicator to display the correct error indication. 

MAIN TIMING 

A group of control delays are combined in a main timing chain. This en
sures that the correct commands are performed at the proper time for a 
given instruction. Figure 1-10 shows a sample control delay chain. 

The control delays in the main timing chain have V--- output terms. The 
last two digits of the H--- and V--- terms correspond to the phase time of 
the output of this control delay. In the 8490, one phase time equals 62.5 
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nanoseconds, which is equal to the delay introduced between the input and 
output of a control delay and the length of the pulse. 

The outputs of the main timing control delays supply inputs to various other 
control delays, flip-flops, and inverters. These inputs may be either direct 
or gated. A direct input produces a function or command unconditionally. 

A gated input produces a function or command only if the enabling conditions 
are present. 

All of the commands which occur for an instruction form a command timing 
chart. In these charts, input times are listed for flip-flops and output times 
are listed for control delays. Thus, K--0/K--1 is set at time 00, but the 
command represented by H9-1 /N--1 occurs at time 01. The last digit in 
the subject term in a control delay is odd if its output occurs at an odd phase 
time and even if its output occurs at an even phase time. 

At time 03, the output of H--3/V--3 provides a 1 input to H--0/V--O if the 
enabling condition is present. Thus, the control delay chain continues to re
peat until the enabling condition is removed. 

Figure 1-11 illustrates the main timing chain as a block diagram. The start 
portion is entered whenever it is necessary to establish or change program 
control. VI/hen the computer is started, the start sequence is used to enable 
the autoload feature if memory has not been previously loaded. The start 
sequence then loads the starting addr.ess in S and P and generates a read 
instruction signal. RNI is initiated which generates a memory reference. A 
resume II continues RNI and gates the instruction to F. The F translators 
then form the gating signal necessary to enable the commands which execute 
the instruction. 

An output from the RNI sequence then initiates the instruction sequence. This 
instruction sequence consists of one or more cycles. One cycle is performed 
for each memory reference required. The A, B, and C cycles form the 
correct address or operand required for the addressing mode of the in
struction. The A (if only A cycle is performed), D, and E cycles are per
formed as required to execute the instruction. Minimally, an instruction might 
require only an A cycle or an A and D cycle. A complex instruction could 
require all five cycles. The main cycle sequences are A, AD, ABO, and 
ABCD. Also used are ADE, ABCE, and ABCDE. 

For multiply, divide, and shift instructions which require the use of a shift 
sequence, the shift sequence is initiated. This sequence generates the 
proper commands to perform the required shift and add or subtract. This 
sequence is repeated until the required number of shifts have been performed. 

Multiply and divide instructions then enter the end correction sequence. At some time 
before the end of the instruction sequence, this sequence initiates the RNI sequence. 
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MANUAL CONTROL 

The manual controls on the Console are used to stop, start, or condition the 
operation of the Compute Unit. With the exception of the set and clear con
trols, most controls set control flip-flops, the outputs of which condition the 

operation of the Compute Unit. 

F TRANSLATION 

A network of inverters translates the contents of the F and F' registers. 
The output signals from these inverters provide the gating which enables the 
Compute Unit to perform the steps which execute the instruction in the F 

register. 

The first level of inverters translates the contents of a particular stage. Thus, 
FOl 3 has a 1 output when F 01 is a 1, and FOl 2 has a 1 output when F 01 is 
a O, Figure 1 -1 2. For functional purposes, the outputs of the first level 
inverters are combined in octal digits. The outputs of the higher level in
verters are expressed as combinations of octal digits or instruction mnemon
ics. The condition given for an F term is present when that F term has a 
1 output. The output of an inverter represents the Boolean inversion of its 

input. 

Inverter F221 senses when the lowest order octal digit of F is not a 1. V\lhen 
the lowest order three stages of F contain 001, the AND input to F221 is 
satisfied and a 0 output results. This 0 produces a 1 output from F831 , 
which represents Xl (the X is the other octal digit of E). For any other 
combination of bits in the lower order three stages, the AND input to F221 
is disabled and the output of F221 is a 1. 

Inverters F370 and F456 translate the instruction ATE. V\lhen F contains 
00105, all of the OR inputs to F370 are O. The resultant 1 output produces 
a O output from F456. Therefore, F370 equals ATE, and F456 equals 
ATE. 

The output of an inverter may represent several instructions. For example, 
F428 and F430 are combined in an AND input to F404. V\lhen the F reg
ister contains the code for EXC, EXF, or EXCY, the AND is ~isabled and 

the output of F404 is 1. 

ADDER 

·The adder is a device consisting of the subtractive adder and the I and U 

inverters, which is used to find the sum of two operands. 
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Theory of the Adder 

The internal arithmetic is based on subtraction. Addition is performed by 

subtracting the complement of the addend from the augend. The adder recog
nizes the borrow signals generated by one's complement subtraction. The 

theory of the subtractive adder is the recogniation of whether or not a 
borrow was generated. 

For addition, the complements of the actual operands are gated from· the re

set side of the flip-flops in the A and X registers to the I and U inverters. 
For subtraction, the complement of A and the actual value of X are gated to 
the I and U inverters. The I and U inverters then invert their inputs. In 
this manner the proper operands are gated into the base of the subtractive 

adder. At th is po int the two operands are considered as additive operands. 

There are four possible states in the bit-by-bit subtraction of a one-bit 
minuend and subtrahend. 

Minuend 1 0 
Subtrahend -=.L -=..Q_ 

Difference 0 0 

0 

-0 -=.L 

In the preceding examples there is only one case in which the minuend is 
unable to satisfy the subtrahend. This happens when one is subtracted from 
zero. It is implicit from arithmetic that a borrow must be made from the 
next higher order stage. There are two cases in which the difference is zero. 
This means, after the initial bit-by-bit subtraction, that stage is unable to 
satisfy a borrow made on it by some lower order stage and must pass the 
borrow on to the next higher order position. These cases exist whenever 
is subtracted from 1 , or when 0 is subtracted from 0. The act of trans
ferring an unsatisfied borrow to the next higher stage is termed an 11 enable 11 • 

An enable is generated whenever the bit in the minuend and the bit in the 

subtrahend are the same. In the remaining case, when 0 is subtracted from 
1 , the minuend is able to satisfy the subtrahend and is also able to satisfy 

a borrow, U necessary. 

Stage-Generated Signal: The stage-generated signal is the lowest level in 
the subtractive adder. It is at this level that the borrow or enable signals 
are determined for each bit position (stage) of the operand. There are 13 
stages in the subtractive adder, one stage for every flip-flop in the A or X 
register. The stages are grouped into 3-bit groups. The highest order bit 
(bit 1 2) is included in the last group of the adder. The following rules can 
be formed with respect to the operand inputs to the adder since the adder effec"'."" 

lively complements one of these operands and subtracts: 

1 • When corresponding bits in the two operands are both zero, a 
borrow is generated to the next higher order stage. 
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2. VVhen corresponding bits in the two operands are unlike in value, 
that bit position is enabled. 

3. When corresponding bits in the two operands have like values, that 
bit position is not enabled. 

The preceding rules are determined at the stage level and are used through
out the remainder of the subtractive adder. 

The functions, as given in the following illustration, are for the lowest order 
bit in the subtractive adder. A 1 output from each of the stages satisfies 
one of the previously stated rules. 

NO STAGE ENABLE 

STAGE ENABLE 

1001 

STAGE SORROW 

1001 U001 

If unlike signals ( 0 and 1) are gated to E002, the resulting output is o. A 
0 output from E002 does not satisfy the stage borrow condition. At the same 
time, these signals are gated, via an AND gate, to EOOO. The 0 outputs 
from UOOl or 1001 and E002 produce a 1 output from EOOO. A 1 output 
indicates the stage enable condition. If both the U001 and I001 inputs are O, 

. the output from E002 is 1. The 1 output indicates a stage borrow condition. 
If both inputs are 1, EOOO and E002 both have O outputs. The O output from 
EOOO produces a 1 output from E001. This output indicates the no stage 

enable condition. 

Group Borrow Signal: A group borrow signal is generated whenever a 
higher order stage (if any) in an octal group cannot satisfy a borrow gen
erated within that group. This signal passes the borrow to the next higher 
order group. The conditions for creating a group borrow are shown in the 

following example. The example is for the lowest order group in the sub

tractive adder. 
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E022 
(B) 

GROUP BORROW 0 

E012 
(B) 

E020 
(E) 

E010 
(E) 

E002 
(B) 

A group borrow is generated when the output of E300 is 0. The three inputs 
to E3 00 are as follows: 

NOTE: The outputs of stage enables and stage 
borrows are 1 's when the condition they represent 
is present. 

1 • The right-most input to E300 is satisfied when the lower order stage 
( E002) generates a borrow and the next two stages ( EOl 0 and 
E020) are enabled. 

2. The middle input to E300 is satisfied when the middle stage ( EOl 2) 
generates a borrow and the higher order stage ( E020) is enabled. 

3. The left-most input to E300 is a 1 when the higher order stage 
( E022) generates a borrow. 

Group Enable Signal: If every stage within a group is enabled, a group 
enable signal is generated. The following example is for the lowest order 
group enable in the subtractive adder. 

The preceding rules apply, regardless of the number of stages or groups 
involved, for a subtractive adder. 
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GROUP ENABLE 0 

E200 

E020 -------1. >------- EOOO 
(E) (E) 

E010 
(E) 

Group Borrow Input: A group borrow input inverter is associated with each 

of the four groups comprising the adder. A group borrow input is present 

if a borrow is generated in an adjacent lower order group, or in some re
mote group if accompanied by intervening group enable signals. 

The following example is for the highest order group in the subtractive adder: 

GROUP BORROW IN PUT = 1 

E311 -------
(No Group Borrow) ..,,.._ _ _, 

E200 
(GE l) 

r-1---..----- E302 

E300 
(GB 1 ) 

(GB 3 ) 

Because of the inverter logic used in the adder, the group borrow input is 

present when all inputs are 0. This means that at least one of the terms in 

the AND gates must be 0 in the preceding example. The letters stand for 

group borrows (GB) and group enables (GE) generated from the lower levels 

of the adder. Outputs from group enables and group borrows are 0 if they 

exist. The subscript number refers to the group in which each was gener

ated. 
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E311 must have a 0 output, indicating there is one or more group borrows, 
or the group borrow input logic is disabled. 

The following four possible conditions produce a group borrow input to E403 
if E311 is O. 

1 • The highest order group generates a borrow and all lower order 
groups are enabled. 

2. There is a group borrow generated from the next lower order group 
( E302). 

3. The second group ( E301) generates a borrow and the third group 
(E202) is enabled. 

4. The lowest order group ( E300) generates a borrow and the second 

( E201) and third ( E202) groups are enabled. 

No Stage Borrow Input: There is a no stage borrow input inverter ( SBI) 
for every bit in the adder. Outputs from the no stage borrow input inverters 

are used to complement the corresponding Al register flip-flops when no 
borrow exists. The following example illustrates the three SBI terms for the 

second octal group (stages 3, 4, and 5) of the adder. 

Rev. A 
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The symbols represent stage enables (SE), stage borrows (SB), and group 

borrow inputs ( GBI). The subscript numbers represent the stage number in 
which each was generated. 

A 1 output, which indicates no stage borrow input, is present except when 
one of the inputs to an inverter is a 1. One of the inputs is satisfied when 
a stage borrow condition is present. Thus, E503 has a O output when E401 
is 1, which indicates a group borrow for group 1 input. Similarly, E504 
has a 0 output when E032 is a 1 or E030 and E401 are both l's. ·inverter 
ESOS has a 0 output when one of the following conditions is present: 

1 • E042 is a 1 • 

2. E040, E401 , and E030 are 1 's. 

3. E032 and E040 are l's. 

Adder Operation 

There are three signals used in conjunction with the stage borrow and stage 
enable signals to set the final sum in the A• register. The order of the op
eration and purposes are as follows: 

1 • Clear 

2. Toggle 

3. Probe 

The first of these signals resets every stage 
of the A 1 register. 

This signal places each stage in the condition 
that results for a given pair of inputs as if 
there were a borrow from that stage. The 
toggle signal sets the A 1 register flip-flops if 
there is an enable signal present in that stage. 
If there is no enable signal present in that 
stage, the A• register is left in the reset stage. 

This signal complements each stage from which 
there actually was a no borrow. If there was 
a borrow, the A• register is not changed by 
the probe signal. 

It has been previously stated that the internal arithmetic of the 8491 is based on 

subtraction. This is true only to the degree that the adder recognizes borrow 
and enable signals that· are generated at the stage level. Addition was defined 
as the subtracting of the complement of the addend from the augend. The op
erands are considered to be subtractive operands for the purposes of defining 
borrows and enables. The adder determines which signal was generated 
according to the rules formulated for the stage generated signals. The follow
ing problem is an example of how the signals are determined: 
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Addition is performed as: 

A 0 0 0 0 0 0 

x 0 0 0 0 0 

0 0 0 

+ 

1 1 0 0 1 1 0 0 0 0 0 

Complementing x and subtracting produces: 

A 0 0 0 0 0 0 

x -0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 

-653 
8 

(+) -564 
8 

-1437 8 

-143 7 8 

Figure 1-13 illustrates the total operation of the preceding problem in the 
subtractive adder. The order of operation is from bottom to top, the same 

way it appears on the logic diagram. The inverter number is noted if it 
satisfies the condition. 

Bit numbers 3, 4, and 5 are typical stages in the subtractive adder. These 

stages make up the second octal group. All other groups have similar logic 
associated with them and are not discussed. 

For the purpose of recognizing borrow 

been arranged in such a manner that 1 

enable, and no stage enable condition. 

two inputs. 

and enable signals, inverters have 

outputs satisfy the stage borrow, stage 

Only one condition results from any 

Stage 3 is enabled because the inputs are unlike in value. The inputs from 

1031 to U031 form an AND gate to E030. Unlike values result in a 1 output 

from E030 satisfying the stage enable condition. Also, if the inputs from 1021 

and U021 are gated to E032, they also result in a 0 input to E030. 

Stage 4 is also enabled. Unlike values, from 1041 and U041, gated to E040 

and E042 result in a 1 output from E040. 

Stage 5 generates a stage borrow according to the definition. 
from 1051 and U051, result in a 1 output from E052 satisfying 

borrow condition. The 1 output from E 052 forces E050 to 0. 

The 0 inputs, 

the stage 

By definition, a group is enabled only if all stages are enabled. E201 does 

not satisfy the condition (has a 1 output) because E050 is not enabled. 
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The 0 output from EOSO breaks the AND gate formed by E030, E040, 

and EOSO. 

Because stage 5 (the highest order stage in the group) generates a borrow, 

this group cannot satisfy the borrow and must pass it on to the next higher 
order group. The 1 input to E301 from E052 satisfies the group borrow 

condition. 

The outputs from the group borrows form an AND gate to determine if one 
or more group borrows exist. E3 00 and E3 03 do not generate borrows. 
The AND gate is broken, resulting in a 0 output from E311 • 

The group borrow input determines if a borrow exists. E401, the group 
borrow input inverter, has a 0 output, which does not satisfy the condition; 
therefore, no borrow exists. The group borrow input is not realized be
cause E203 is not enabled and E300 is not generating a group borrow.· 

A 1 output from the no stage borrow input inverters satisfies the condition 
that no borrow exists. E503 has a 1 output because E401 has a 0 output. 
E504 has a 1 output because E032 does not generate a borrow and E401 
breaks the AND gate. ESOS has a 1 output because all inputs are o. There 
are no borrows generated in either E032 or E042 (breaks the AND gate). 
The other AND gate is not satisfied because E401 has a 0 output. 

All flip-flops in the A 1 register are reset to 0 by the clear signal. The 
toggle signal sets all flip-flops to 1 if an enable signal is present in that 
stage. A034/A035 is set to 1 because E030 is enabled. A044/A045 sets 
because E040 is enabled. EOSO is not enabled; therefore, there is no 
change in A054/AOSS (left in the 0 state). 

Stages 3, 4, and 5 are complemented by the probe signal because there is 
no borrow. The probe signal resets (complements) A034/A035 because 
there is no borrow (E503) and E030 is enabled. A044/A045 is reset be
cause there is no borrow ( ES04) and E040 is enabled. A054/AOSS is set 
because there is no borrow ( ESOS) and EOS 1 indicates a no enable. 

MEMORY 

Each 8491 Compute Unit contains a memory section of 8, 19 2 storage loca
tions; this is the internal memory. Memory sections located in 8492 Memory 
Units are external memories. The physical arrangement of the core storage 
and method of readout, write-in, and address selection of the internal mem
ory are practically identical to an external memory. The major differences 
lie in the access channels. The 8491 memory section cannot be used by 
other 8490 units whereas the 8492 memory may be used by any combination 
of 8491 Compute or 8495 Input/Output Units that totals three or less. 
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Therefore, the 8491 memory section does not need a scanning circuit or a 

line receiver and transmitter circuit with its associated control and translaHon 
circuitry, Figure 1 -14. 

The 8490 Computer may be operated in either the 8090 mode or the 8490 

mode. The 8090 mode may be manually selected by depressing the 1 2 push

button which illuminates on the Console. The 8490 mode is the normal mode 

of operation during which the 12 pushbutton is not illuminated. In th~ 8090 

mode, addressing is made directly to one of two internal or one of a maxi

mum of 14 external memory banks ( 4, 096 storage locations) ; where as, in 

the 8490 mode, addressing is made to one internal or one of a maximum of 

seven external Memory Units. Selection of the odd or even bank in one of 

the seven external units depends on the odd or even bit 12. A 16-bit ad

dress in the 8090 mode consists of 4 bank address bits and 12 core address 

bits. The bank address bits are transferred between the B register and 

the select circuitry in the memory banks, and the core address bits are 

transferred between the S and S 1 registers. A 16-bit address in the 8490 

mode consists of 3 memory unit address bits, 1 bank designator bit, and 12 

core address bits. 

A maximum of 14 bits can be stored in a given address. The data word or 

an instruction word is comprised of 13 bits. The 14th bit is a parity bit. 

The parity bit allows a malfunction of the memory to be detected. 

The storage function within a memory section is controlled by a delay line for 

timing, and Z and S 1 registers to directly affect a memory reference to a 

specific location. Control of readout and write-in within the memory section 

is accomplished by pulsing the delay line once each time a memory reference 

is made. 

The control section of the 8491 places a memory request, a select code, and 

a read, write, or partial-write command on the lines to all accessible Mem

ory Units, including the internal memory. Vv'hen the internal memory senses 

its select code and request, the active flip-flop sets,. causing the following 

events: 

1. Enabling of a transfer of the address from S to S 1 • 

2. Setting of the busy flip-flop to lock out other memory references for 

the remainder of the cycle. 

3. Setting of the gate, read drive, and discharge drive flip-flops to 

enable read currents to flow through the selected X and Y drive 

lines of the memory stack. 

4. Starting of a pulse down the delay line to time each function in the 

memory reference cycle. 

14091700 1-37 Rev. A 



::0 
<b 
< 

I 
(,J 
ro 

.j:>-
0 
l.O 

....;i 
0 
0 

ADDRESS 
( S REG) 

SET S1 

CLEAR s1 

Y TRANSFORMER 
DRIVERS 

ADDRESS 
REGISTER 

s' 

X REGISTER 

WRITE 
MODE 

SET Z 

GATE 
INPUT z13 

z 
REGISTER 

PARITY 
GENERATOR 
AND CHECK 

PARITY 
ERROR 

CLEAR Z ---If-'~ TO X 
!-----------~-REGISTER 

Y DRIVE 
TRANSFORMERS 

Y GATES 
MEMORY STACK 

14 x 8192 

I 2 BANKS 4096 l 
~ORDS EACH BAN~ 

TRANSLATION 1------.BANK SELECT 

INHIBIT 
STRIPE 
SELECT 

TRANSFORMER 
DRIVERS 

X GATES 

SENSE 
AMPLIFIERS 

INHIBIT 
DRIVERS 

X DRIVE 
TRANSFORMERS 

BANK I SELECT 

STRIPE 
SELECT 

(FROM 5 1) 

Figure 1-14A. Internal f'v1emory- Block Diagram 

READ 

SET Z 



-I:> 
0 
\0 

-..J 
0 
0 

I 
w 
\0 

] 
<D 
< 

)> 

SELECT 

INVERTERS 
SELECT 
CODE --~....._ _____ _, 

CODE 
SELECT 

SWITCHES 

DELAY 
LINE 

DRIVER 
CIRCUIT 

READ, WRITE, 
PARTIAL-WRITE 

RESUME I 

RESUME II 

DELAY LINE 

SET Z CLEAR 

READ 
WRITE 

PARTIAL-
WRITE 

CONTROL 

Figure 1-148. 

s 

REQUEST MEMORY 

MEMORY BUSY 

ACTIVE 

FLIP-FLOP 

CLEAR BUSY 

R/W 

MEMORY 

CONTROL 

GATE MEMORY~Z 
(READ, PARTIAL-WRITE) 

GATE x~z 
(WRITE, PARTIAL-WRITE) 

CLEAR Z 

s-s' 

MEMORY BUSY 

READ DRIVE 

WRITE DRIVE 

GATE 

RESUME I 
(WRITE) 

RESUME II 
(READ) 

DISCHARGE DRIVE 

Internal Memory - Block Diagram (Control) 



5. Clearing of the Z register in preparation for a transfer of 1 's. 

A mode command places the memory section in the write, read, or partial
write mode of operation. 

In the write mode, the control section places data for a specific address into 
the X register. When the write gate is enabled, the data is transferred into 
the Z register of the memory section and stored in the core memory during 
the write portion of the memory reference. 

In the read mode, the data from the memory address selected by the sr reg
ister appears on the outputs of the sense amplifiers during the read portion of 
the memory reference. When the read transfer occurs, the data is trans
ferred into the Z register of the memory section. The output of the memory 
section Z register is then gated to the computer. The data word read from 
memory during the read portion of the memory reference is restored in mem
ory during the write portion of the memory reference cycle. 

In the partial-write mode, both the read and write functions are employed in 
one memory cycle. The upper 7 bits of the 13-bit word are processed in 
the read mode, and the lower 6 bits plus parity are processed in the write 
mode. The result is that the lower six bits of the word are changed in the 
partial-write mode while the upper seven bits are hot affected. 

By the end of the cycle, the active and busy flip-flops are cleared, the S 1 

register is cleared, and the memory section is ready to respond to the next 
memory reference. 

Selection and Start of Cycle 

The 8491 control section starts a memory reference by placing the internal 
memory select code on the inputs to the translation inverters J800, J801, and 
J802. The select code switches, S800 through S802, are associated with 
the input translation inverters to use or bypass the inverters. The setting of 
these switches determines the 3-bit selection code to enable the internal mem
ory. The switches and inverters are connected so that the correct selection 
code places enabling 1 's on three inputs of the 4-input AND gate at the set 
side of the active flip-flop K 800/K 801. The· busy flip-flop K 802/K 803 was 
reset during the end of the preceding cycle; its set output and the memory 
request pulse from the reset output of the memory request flip-flop K 212/K213 

place enabling O's on the inputs to J804. The 1 output of J804 combines with 
the select code switches to set active flip-flop K800/K801, Figure 1-15. 
The 1 output of J804 can be delayed 1 microsecond by placing'DlOS in the 
logic using switch S900. The lower memory request repetition rate provided 

by the 1 -microsecond delay is a maintenance provision. 
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The set output of K800/K801 causes the following four events: 

1. The 1 output is inverted through J825 to start a 0 pulse down the 

delay line. The delay line is normally held at a logic 1 • When the 

output of J825 occurs, this 0 pulse is started down the delay line. 

When this 0 pulse is picked off the delay line by emitter-follower 

E902, the resulting 1 output of J809 clears the active flip-flop K 800/ 

K801. The set output of K800/K801 is inverted through J8~5 to place 

a 1 on the input of the delay line. This establishes the width of the 

delay line pulse. The 0 pulse is now about 90 to 1·00 nanoseconds. 

wide and travels the length of the delay line in about 1200 nanoseconds. 

As this 0 pulse travels down the delay line, it is sensed by emitter

followers tapped into the line at positions corresponding to time points 

between 0 and 1200 nanoseconds. The busy, gate, and read-drive 
flip-flops remain set until they receive clear pulses timed by the delay 

line later in the cycle. 

2. The 1 output sets busy flip-flop K802/K803. The set output of the 

busy flip-flop blocks the OR gate input at .J804, thereby allowing the 

active flip-flop to be cleared. If the busy flip-flop did not block the 
OR gate input to J804, the 0 pulse would be as wide as the length of 

'the delay line. The active flip-flop must be cleared and remain cleared 
throughout the remaining cycle to establish the 100-nanosecond width 

of the 0 pulse on the delay lines. 

3. The 1 output, through inverters J831 and J832, sets gate flip-flop 

K804/K805. The 1 output of K804/K805 is inverted placing an en

abling 0 on the inputs of the 900-milliampere gates fo~ the X and Y 

drive. K832/K833 is reset to place a disabling 1 on the inputs to the 
transformer dischargers for the X and Y drive. 

4. The 1 output, through inverters J831 and J832, sets read-drive flip

flop K806/K807. The 1 output of K806/K807 is inverted through 

E820, E822, E823, E830, E832, and E833 to enable transformer 
drivers along both axes of the memory stack. These transformer 

drivers switch the gated current through the line-driver transformers 

in a direction to switch selected cores from a 1 to 0. 

The reset output of K800/K 801 causes the following events: 

1. The O output is inverted through W800 and W801 to cause a transfer 

of 1 's of the address word from the S to 5 1 registers. As a result 
of the S to S 1 register transfer, the 0 and 1 output configuration of 

the sr register is applied to the transformer drivers and 900-milli

ampere gates to turn on selected line-driver transformers to switch 

the cores. The current pulses from the switched cores are amplified 

in the sense amplifiers to enable the inputs of the I inverters. The S 
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to S 1 transfer of bit 1 2 satisfies either the bank 00 or bank 01 AND 
gate inputs to the I inverters and a transfer of 1 's occurs in the I 

inverters of the selected bank. The cores containing 1 's are switched 
and these 11s appear on the outputs of the I inverters. Cores con
taining 0 1s are not switched and the corresponding I inverter remains 
with a 0 on its output. 

2. The 0 output is inverted through W802 and W803 to clear th~ Z reg
ister flip-flops. This prepares the Z register for a transfer of 1 's 
from the I inverters or from the X register depending on the mode of 
read, write, or partial write. 

Mode Selection: When the control section makes a memory reference to the 
memory section of the 8490 Computer, the reference is for a read, write, or 
partial-write operation, Figure 1-16. The mode of operation is determined 
by setting one of the following flip-flops: 

1. Read flip-flop K810/K811 for a read mode. 

2. Write flip-flop K 812/K813 for a write mode. 

3. Partial-write flip-flop K814/K 815 for reading the upper seven bits 
and writing the lower six bits of a data word. 

Read Mode: A read command is placed on the input control line to the AND 

gate of the read mode select flip-flop by the control section. The read 
command combines with the 1 output of J810 to set read flip-flop K810/K811. 
The 0 output of K81 O/K811 places an enabling 0 on one of the inputs of J814 
and J815. At time 350 a satisfying 0 is placed on the other input of J814 

and J815. The resulting 1 output of J814 and J815 satisfies the AND gate 
inputs to the Z register from the I inverters. A transfer of 1 's occurs from 

I to Z, thereby placing the contents of memory for the selected address in 
the Z register. At this time the data in core memory at the selected ad
dress is destroyed since the memory cores were all switched to 0 1s during 
the address selection. When the I to Z transfer occurs, the output of the 
Z register appears on the AND gate inputs to the X register. Since this is 
a read operation, the data is subsequently gated into the X register by the 
control function of the computer. The O's on the mode select lines leave the 
write and partial-write flip-flops in a clear status. These flip-flops were 
cleared during the preceding cycle by the 1 output of J819 at time 900. The 
1 output of the write and partial-write flip-flops maintains a 0 on the outputs 

of J811 and J812. 

Write Mode: The control section places the input control line to the AND 
gate of the write mode select flip-flop. The write command combines with 
the 1 output of J810 to set write flip-flop K812/K813. The reset output of 
K812/K813 enables one of the two inputs to J812. At time 150 the 0 output 
of emitter-follower E906 places a satisfying 0 on the other input of J812. The 
1 output of J812 enables the AND gate inputs for bits 6 through 12 of the Z 

14091700 1-43 Rev. A 



K031 

K033 

Rev. A 

READ 

K 810 

K 8 I I 

WRITE 

K 81 2 

K 81 3 

PARTIAL-WRITE 

K814 

K 8 I 5 

JB 19 
CLEARS AT TIME 900 

J810 
TIME 100 COMBINES 
WITH MODE SELECT 
CODE TO SET ONE 
FLIP-FLOP 

BITS 6-12 

J815 }r·z 
J814 

BITS 0-5,13 

R800 
SATISFIES INPUT 
AT TIME 350 

BITS 6-12 

J 81 2 

E906 

BITS 0-5 

J 8 I I 

E906 
SATISFIES INPUT 
AT TIME 150 

Figure 1-16. Mode Select Circuit 

1-44 14091700 



register from the X register. The 0 output of K812/K813 does not enable 
the AND gate to one of the inputs to J811, so a 0 remains on this input. At 
time 1 50, the 0 output of E906 satisfies the inputs to J811 • The 1 output of 
J811 enables the AND gate inputs for bits 0 through 5 of the Z register from 
the X register. 

Since a data word is on the output lines of the X register at this time, a 

transfer of 1 's occurs from X to Z. 

The term transfer of 11s implies that the transfer was made into a previously 
cleared register. The Z register flip-flops were cleared when the active 
flip-flop was set at the start of the memory reference cycle. The 0 1s in the 
other mode commands leave the read and partial-write flip-flops in a cleared 
status. These flip-flops were cleared during the preceding cycle by the 1 

output of J819 at time 900. The 1 output of the read and partia.1-write flip
flops maintains a 0 on the outputs of J814 and J815. The 0 output of J814 
and J815 blocks the AND gate inputs to the Z register flip-flops from the I 
inverters. 

The 0 output of the set flip-flops in the Z register blocks the AND gates to 
the associated inhibit generators thereby preventing a turn-on of inhibit 
current of time 450 for those cores that are to be switched from 0 to 1 when 
the write drive turns on at time 475. 

Partial Write: A partial-write command is placed on the input control line to 
the AND gate of the partial-write mode select flip-flop by the _control section. 
The partial-write command combines with the 1 output of J810 to set the 

partial-write flip-flop K814/K 815. The 0 output of K 814/K 815 blocks the 
AND gate input to one of the two inputs to J811 and J815. This leaves an 
enabling 0 on these inputs. At time 150, the 0 output of emitter-follower E906 
places a satisfying 0 on the input to J811. The 1 output of J811 causes a 
transfer of 1 's from X to Z for bits 0 through 5. The 1 output of K812/ 
K813 blocks the 1 output of J812; therefore, the 0 output of E906 does not 
satisfy J812 to place a 1 on the output of J812. The 0 output of J812 blocks 
the AND gate inputs from X to Z for bits 6 through 12. At time 350, the·o 
output of R800 satisfies the inputs of J815 to place a 1 on the outputs of J815. 
The 1 output of J81 5 satisfies the AND gate inputs to the Z register from I 
inverters for a transfer of 1 's of the upper seven bits. The 1 output of K810/ 
K811 blocks the inputs to J814 so the output of J814 remains o. The 0 out
put of J814 blocks the AND gate inputs to the Z register from the I inverter 
for the lower six bits and for bit 13. The Z register now contains a word, 
the upper seven bits from existing storage, and the lower six bits from new 
input data. At time 450, bit 13 is set if the parity generator has enabled it. 
When the write drive turns on at time 475, the Z register flip-flops containing 
l's transfer these 1 's back into memory at the address specified by the con
tents of the s• register. The transfer of O's from the Z register to memory 
cores is controlled by the inhibit generators as described under inhibit circuits. 
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Address Selection: In order to accommodate a 14-bit word in a seven 

plane memory stack, two bits must be stored on each plane. This is done 
by dividing a plane into two banks, each consisting of one odd quadrant and 
one even quadrant. Even bits 00 and 02 through 12 are stored in the even 
quadrants of seven successive planes in a bank, and odd bits 01 and 03 
through 13 are stored in the odd quadrant of the same seven planes in the 
same bank. Storage across the seven planes of the other bank uses the 

remaining odd and even quadrant of each plane. Since a quadrant ~ontains 
a 64 by 64 matrix of cores, and two quadrants are used to store a word, 
each bank effectively accommodates words of 14 bits in 4, 096 storage loca-. 
tions. 

Since a memory stack contains two banks, 4, 09 6 times 2 equals 8, 19 2 
storage locations which are available in a memory stack. For addressing 
purposes, the X drive lines run through the even quadrants of bank 00, 
continue through all the planes on the south side through the transposition 
plane and down through all the planes on the north side, and return to termin
ation through the odd quadrant of bank 00, Figure 1-17. Therefore, 64 X 
drive lines thread all cores in all four quadrants of all seven planes in a 
memory stack. In the Y axis, 64 Y drive lines run through both quadrants 
of all seven planes and terminate. A second set of 64 Y drive lines threads 
through the odd and even quadrants of the seven planes of the 01 bank. 
Therefore, both banks are energized along the X axis and only one bank is 
energized along the Y axis so the Y drive lines serve to select the 00 or 01 
bank. Addressing consequently energizes one of 64 lines in the X axis and 
one of 1 28 lines in the Y axis. The energized X line crosses the energized 
Y line once in the odd quadrant arrd once in the even quadrant of the seven 
planes of a selected bank. The drive lines are energized by turning on line
driver transformers, Figure 1-18. 

The 0 and 1 output configuration of the S 1 register resulting from an input 
address acts to turn on line-driver transformers. Bits 01 , 02, and 04 com
bine to enable certain 900-milliampere gates on the X axis. These 900-
milliampere gates are satisfied when the gate flip-flop K804/K805 is set by 
the 1 output of the active flip-flop at the start of the cycle, Figure 1-15. 
This gate flip-flop remains set until time 875 when it is cleared by the 1 out
put of J820. 

Bits 00, 03, and 05 combine to enable certain transformer drivers to com

plete the circuit from the 900-milliampere gates via the primary winding of the 
line-driver transformers. These transformer drivers are satisfied by the 
output of read flip-flop K806/K807 or write flip-flop K808/K809.. The read 
or write flip-flops serve to turn on transformer drivers which complete the 
circuit through the primary windings of the line-driver transformers. This 
produces a current in the connected drive lines in one direction for read and 
the opposite direction for write. Two transformers are used together for 
selection of two drive lines; the parallel-aiding primary windings are driven 
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to energize one of the two drive lines connected to the series-aiding 
secondary windings. 

If K806/K807 is set, as it is during the read time, the current comes into 
tl!e center tap of both primary windings of a line-driver transformer and splits 
out via the half of the primary connected to the transformer driver for read 
drive and half of the primary connected to the transformer driver for one of 
the two drive lines. 

If K808/K809 is set, as it is during the write time, the current comes into 
the center tap of both primary windings of a line-driver transformer and splits 
out via the half of the primary connected to the transformer driver for write 
drive and the half of the primary connected to the transformer driver for ohe 
of the two drive lines. This allows control of current flow in two directions 
for one line, and control of current flow in two directions for the other line. 
One arrangement controls current flow in one direction to energize one line, 
as would be the case where line 0 was energized in the read mode, and 
line 32 would be quiescent. Or, by selecting the proper transformer drivers, 
line 32 could be energized and line 0 quiescent in either read or write mode. 
Bits 07, 08, and 10 combine to enable certain 900-milliampere gates in the Y 
axis to accomplish the same functions as corresponding 900-milliampere gates 
in the X axis. Bits 06, 09, 11, and 12 combine to enable certain transformer 
drivers in the Y axis to accomplish the same functions as corresponding 
transformer drivers in the X axis. All cores containing 1 1s at the intersec
tions of the energized and coincident X and Y drive lines are switched to 0 
during the read time. During the write time, all cores containing 0 1s at the 
intersections of the energized and coincident X and Y drive lines are switched 

to 1 's unless the inhibit current is flowing through that core. 

Memory Arrangement 

The maximum number of bits that can be stored in a given memory location 
is 14 bits ( 13 bits containing information, and 1 bit used for parity checking). 
Information access time for the memory and its associated control and sensing 
circuits is approximately 0. 5 microsecond, and the time for a complete mem
ory reference cycle is less than 1.35 microseconds. Figure 1-17 shows the 
quadrants, planes, and X and Y drive lines arranged to form a memory 
stack, and Figure 1 -1 8 shows a functional brief of memory cores with the 
drive lines, inhibit line, and sense line threaded through a set of four cores. 
All cores are wired in the same manner. The following paragraphs describe 
the circuits that are directly connected to these drive lines and affect storage, 
location, and removal of bits stored in the memory stack. 

Core Storage: The memory operates in the coincident current mode, using 
currents of one direction to read, and the opposite direction to write. These 
coincident half-currents are approximately 340 milliamperes and are produced 
by the circuits contained in the drivers, gates, and transformers associated 
with the storage and sensing functions of the core memory stacks. 
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As shown in Figure 1-17, each core is threaded by four wires; X and Y 
half-current drive lines, an inhibit line, and a sense line. When information 
is written into a core, the core is switched to the 1 state by two coincident 

340-milliampere currents on the X and Y drive lines. Similarly, when in
{ormation is read from a core, it is switched to the 0 state by two coincident 

340-milliampere currents of the opposite polarity. The inhibit line carries a 
current of 340-milliamperes parallel to one of the drive lines, but in a direc
tion opposite to that of the half-write current. If the inhibit current. is flowing 
during a write phase, it cancels the effect of one of the half-currents, and 
thereby prevents any core through which the inhibit current passes from bE;!
ing switched from a 0 to 1 state. If the drive currents were not inhibited 
during the write phase, all cores would be switched to a 1 state. If the 
write coincident X and Y currents act to switch a core from 0 to 1, and if 
that core is already a 1, it remains a 1. Conversely, if the read coincident 
X and Y drive currents act to switch a core from 1 to 0, and if that core 
is already a O, it remains a o. The sense line is connected to a differential 
sense amplifier card. When a core switches state in either direction, the 
sense amplifier card produces a logic 0 output; however, th is output is 
sampled only during the memory read phase. 

The memory core material has an approximately rectangular hysteresis loop. 
The high remanent magnetization of the core enables it to function as a mem
ory element. The magnetic properties of a core are represented by its 
hysteresis loop, Figure 1-19, in which magnetic flux density B is plotted as "' 
a function of field intensity H. If sufficient current flow to cause a field in
tensity of +H is applied to the core, the flux density increases to saturation 
+B • When rgurrent is removed, the flux drops to residual value +B and 

s r 
remains there. Sufficient current flow in the opposite direction to cause a 
field intensity of -H reverses the flux density to -B • When current is 

m s 
removed, the flux density drops to the residual value -B • 

r 

The basic. memory cycle is composed of 340-milliampere, half-current pulses 
capable of producing a field intensity of H /2. A half-current pulse is in-

. m 
sufficient to switch a core; however, the coincidence of two half currents 
results in an effective current of 680 milliamperes, producing a net field in
tensity which is sufficient to switch the core. 

X and Y Drive Circuits: The X and Y drive is developed by three circuits: 

gates, transformer-drivers, and line-driver transformers. 

The function of a line-driver transformer circuit is to provide half-currents 
of 340 milliamperes at approximately 44 volts to X and Y drive lines in the 
memory stack when supplied with 450 milliamperes of current', through the 
primary windings at +22. 5 VDC. A line-driver transformer circuit contains 
two voltage step-up transformers, in a ratio of 4 to 3 , each having two 

·secondary windings of 32 turns and a center-tapped primary of 24 turns. 
The transformers are connected so that two transformers operate 
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Figure 1-19. Typical Hysteresis Loop 
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simultaneously with their primary windings energized in parallel from +22. 5 voe 
and their secondaries connected in series. The output voltages are therefore 
additive, resulting in levels of approximately 44-volt pulses of current. Two 
line-driver transformer circuits are mounted on one card. The source of 
t~e 450-milliampere current is the +22. 5 voe, 900-milliampere output of the 

gate circuit connected to the center tap of the primary windings of the two 
transformers in the line-driver transformer card. This gate is satisfied when 
all inputs to the circuit are at the logic 0 level of -1 • 1 VDe. The gate 
card also contai,ns a discharger circuit which grounds the primary windings 
of the two line-driver transformers which were previously energized. This 
removes the stored charge from the windings and neutralizes the transforme.rs. 
The discharger circuit is satisfied by a -1 • 1 VDe 0 input. 

In the line selection process, the gate is satisfied, thereby making 450 milli
amperes of current available through two transformer windings in the line
driver transformer card. Two transformer-driver circuits are used to com
plete the current path in one direction, the read drive (arbitrarily). Two 
transformer-driver circuits are used to complete the current path in the 
opposite direction, the write drive. The read or write selection is accom
plished by switching the current path in two transformer primaries connected 
in parallel-aiding. One end of two line-driver transformer primaries is 
common through the transformer-driver circuit that enables read or write. 
The other ends of the two line-driver transformer primaries are each tied to 
a separate transformer-driver circuit that enables a drive line. 

Translation of an address in the S 1 register requires 13 bits plus the set or 
clear output of the read-drive and/or write-drive flip-flops. K 807 of flip-flop 
K806/K807 enables or disables the read drive, and the output of K809 of 
flip-flop K808/K809 enables or disables the write drive. Bit 12 selects the 
00 or 01 bank by gating the sense amplifier for read and by enabling certain 
transformer drivers for write. 

Inhibit Circuits: Whenever an address is selected and the read drive is on, 
coincident currents are present on each core of that address. These cur
rents attempt to switch all cores of that address. Cores magnetized in the 
direction resulting from a previous 1 storage are switched, and cores mag
netized in the direction resulting from a previous 0 are not switched. Inhibit 
currents are not used during read: those cores that switch are allowed to 
switch. If a core is switched, a small voltage is induced in the sense line 
threaded through that core and a pulse appears along the sense line, Figure 

1-17. The readout process switches every core containing a 1 to a O; this 
is a destructive readout and the memory must be restored. The output of 
the sense line is amplified and gated into the Z register as 11s. During the 
write drive, the information is written back into memory; at the end of the 

memory reference cycle, the contents of the particular selected address is 
restored. 
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Whenever an address is selected and the write drive is on, two coincident 

currents are present on each storage bit of that address. Unless the effect 

of one of these drive currents is cancelled, every core in that address is 
switched to a 1. Because of the effect of the inhibit lines during the write 

phase of the memory cycle, only those bits which were 1 's are switched 
back to 1 1s. In order to prevent core-switching in cores that are not to 

store a 1 , a current flowing in opposition to one of the drive currents is gen

erated to cancel the effect of this drive current, thereby inhibiting a core from 

being switched. This function is performed by the inhibit circuits consisting 
of inhibit generators and inhibit lines. 

The function of these circuits is to allow a 340-milliampere current to flow 

from the +40 voe source through the inhibit lines in the memory planes. 
This occurs whenever all inputs to the respective inhibit generator circuit are 

at the logic 1 level of -5.8 VOC. The inhibit circuit contains a 125-ohm 

terminating resistor so that the resulting current is approximately 340 milli

amperes. 

The inhibit lines in each plane are arranged in eight groups or stripes. 

Each stripe is 16 cores wide and extends across the two even quadrants 

or the two odd quadrants; thus, each inhibit stripe controls (16 x 128) 
2, 048 cores. In even-bit quadrants, the flux generated by the Y inhibit line 

current opposes the flux of the Y half-write currents. In odd-bit quadrants, 
the flux generated by the X inhibit line current opposes the flux of the X 
half-write currents. Since the inhibit lines extend through two quadrants, 
four inhibit generators are required to inhibit even quadrants. An inhibit 

circuit is turned on by a logic 1 output from one of the stripe select flip-flops 

in the series K816/K817 through K830/K831 which combines with the logic 1 

output from the clear side of one of the Z register flip-flops. 

Sense Circuits: Each sense circuit consists of the sense line threaded 
through all cores of a quadrant of a plane, and the sense amplifier which is 

tied to the two ends of the sense line. Whenever a core is switched, a 
pulse of about 35 millivolts appears on the sense line. This pulse may be 

either positive-going or negative-going depending on the direction in which the 
core was switched. The sense amplifier consists of a differential voltage 

amplifier and a discriminator. Regardless of the pulse polarity at the sense 
amplifier input, the output is always a positive-going pulse. The residual 

output of the sense amplifier is -13.6 volts which represents a logic 1. When 
a 35-millivolt pulse appears on the sense line, the output of the sense ampli

fier switches to approximately -1.6 VOC. The logic card (I inverter) 
following the sense amplifier interprets any positive-going pulse more positive 

than -3 volts as a logic 0. 

Parity Circuit: The address in the S 1 register selects a location from 4,096 

possible locations in a memory bank. Bit 13 in each location is used to provide a 
comparison bit for parity check. Bit 13 is generated by the parity logic, Figure 

1-20, and placed into· the Z register before a word is written into memory. 
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The number of l 1s contained in the 2 register determines whether a parity 

bit should be generated by the parity logic as a 1 or 0. The parity check on 

the 8491 memory operates on an odd-parity basis; that is, the word which is 

read out of or written into memory must contain an odd number of 1 's. If 
the number of 11s in the operand is odd, a parity bit 0 is generated; if the 

number of 11s in the operand is even, a parity bit 1 is generated. The parity 

logic, Figure 1-20, determines generation of parity bit 13 by checking the 

contents of the Z ·register at four levels. 

At the first check level, three bits are examined in four combinations. A 0 
output at J839 indicates one 1 in the group containing ZOO, 201 , and 202. 

A 0 output at J840 indicates three l's in this group. Since a 0 output at both 
J839 and J840 cannot occur at the same time, the AND gate input to J841 is 

disabled and a 1 output at J84 l indicates an odd configuration in the group. 
A 1 output at J839 indicates zero, two, or three l's in the group. A 1 out

put at J840 indicates zero, one, or two l 1s. Both stages agree that either 
zero or two 11s exist in the group. The AND gate input to J841 is en ab I ed 

and a 0 output at J 841 indicates an even configuration in the group. Regard

less of the contents of ZOO, ZOl, and Z02, a 0 output at J841 indicates an 

even configuration and a 1 output indicates an odd configuration. The re
maining bits in the Z register are checked for an odd or even configuration 

in the same manner. 

At the second check level, the output of group 1 (ZOO, 201, and Z02) and 

the output of group 2 (Z03, 204, and Z05) are logically added; that is, the 

sum of two odd configurations is an even configuration, the sum of two even 
configurations is an even configuration, and the sum of an odd configuration 

and an even configuration is an odd configuration. A 0 output at J842 in
dicates that the result of this operation is an even configuration. A 1 output 

at J842 indicates an. odd configuration. 

At the third check level, the condition of Z12 is examined and added to the 
result of the second check level. A 0 output at J844 indicates an even con

figuration. A 1 output indicates an odd configuration. 

At the fourth check level, the output of group 3 (Z06, 207, and Z08), the 
output of group 4 ( Z09, Z 10, and ? 11), and the result of the third check 

level are logically added. An even configuration is indicated by a 1 output 
at both J852 and J853; an odd configuration is indicated by a 0 output at 

either J852 or J853. 

The outputs of J852 and J853 are combined with a 1 or 0 bit 13 at the input 

of J829 to indicate a parity or no-parity error. This parity error is sampled 

at time 625 of the memory cycle. The pyramid reduction of the 13 bits in 

the stored word results in the generated bit, and the bit 13 in storage is the 

comparison bit. When the comparison bit and the generated bit are the same, 
the word passes parity check and the computer proceeds with the function 
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being executed. If the comparison bit and the generated bit are not the same, 

a fault indication is indicated in the error register and an interrupt 1 O is gen

erated. 

Memory Timing (Select Mode) 

The select code, mode command, first word address, data word, and mem

ory request to a specific memory bank are originated by the computer to 

start a memory reference cycle, Figure 1 -21 • (The phase times shown on 

the delay line are cross-reference points to the command timing charts in 

publication number 14092000.) After a memory bank is selected, address 

transferred, and mode command received, a timing pulse starts down the 

delay line in the memory section. At this time, time 0, temporary control 

of the read, write, or partial-write reference is held by the memory section. 

The computer stays on the line until the memory section completes its cycle 
in a period of less than 1 .35 microseconds. At the end of the memory cycle, 

the memory section returns control to the computer and becomes quiescent 

until receipt of another memory request. The computer cannot make more 

than one memory reference simultaneously. The functions occurring during 

the first 200 nanoseconds of the 1. 35-microsecond memory reference period 
are described in the previous paragraphs. At 0 time the delay line is acti

vated, and the following events occur at the times indicated. 

Time 0: The 0 pulse from J825 drives the delay line to a logic 0 and starts 

the 0 pulse down the delay line. 

Time 50: After the leading edge of the 0 pulse on the delay line passes 
emitter-follower E902, 1 appears on the output of J809. The 1 output of 

J809 is applied to clear K800/K801, the active flip-flop. The set output of 
K800/K801 causes a 1 output from J825. The 1 output of J825 returns the 

delay line to a logic 1. This action forms a pulse about 100 nanoseconds 

wide. K800/K801 remains clear until the next memory reference. K802/ 

K803, the busy flip-flop, remains set until time 1200; K804/K805, the gate 

flip-flop, remains set until time 875; and K806/K807, the read-drive flip-flop, 

remains set until time 375. The address remains in the 5 1 register until 

time 1 000. 

The remaining events in a memory cycle vary depending on the mode of 

operation. One cycle may be either a read, write, or partial-write cycle; 

therefore, each mode as it occurs in a memory cycle is discussed separately. 

Memory Timing (Write Mode) 

Time 100: The 0 pulse on the delay line passes emitter-follower E904. A 

1 appears on the output of J810. The 1 output of J810 satisfies the AND 

gate input to set K812/K813, the write flip-flop, thereby starting resume I 

function. The 0 output of the write flip-flop enables J811 to gate bits 0 
through 5 into the Z register and J81 2 to gate bits 6 through 12 into the Z 
register. 
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Time 250: The 0 pulse on the delay line passes emitter-follower E910 

causing a 1 to appear on the output of J813. The 1 output at J813 indicates 
a resume II operation has occurred. However, since the inverters following 
the cl eared read flip-flop K 81 0 /K 81 1 have 0 outputs, no transfer of data from 
the sense amplifier inverters to the Z register can occur. The resume II 
operation in write mode is equivalent to an all 0 transfer from I to Z. 

Time 350: The 0 pulse on the delay line passes emitter-follower E914 
causing a 0 on the output of R800. The 0 output of R800 is a shaped pulse 
which enables J814 and J815 to satisfy the AND gate to the Z register from 
the I inverters. However, the reset output of the cleared read flip-flop 
K81O/K811 blocks the 0 input to J814, and the reset output of the cleared 
partial-write flip-flop K814/K815 combines with the reset output of K810/K811 
to place a blocking 1 on the input to J815. The output of J814 and J815 is o. 
Since a 1 output of J814 and J815 is required to cause a transfer of 11s from 
memory core inverters (the I inverters) to the Z register, this I to Z trans
fer does not occur during this cycle. 

Time 375: The 0 pulse on the delay line passes emitter-follower E915. The 
0 output of E915 blocks the AND gate to inverter J816, thereby placing a 0 
on the input to J816. J827, the other input to the J816 AND gate, is nor
mally a 1 unless a master clear (a 0 at this AND gate) is activated. The 
output of J816 is applied to the clear side of the read-drive flip-flop K 806/ 
K807, thereby ending the read drive currents. The contents of memory at 
the selected address is destroyed during a read drive; however, the contents 
of that address is restored during the write drive phase of a read mode or 
replaced by the contents of the X to Z transfer during the write drive phase 
of a write mode. 

Time 450: The 0 pulse on the delay line passes emitter-follower E918 
causing a 1 output of J817 and enabling J828. The reset output of K812/K813 
(the write flip-flop) Is a O which satisfies the inputs to Jei28 to place a 1 on 
the output. The 1 output of J817 is applied to enable the AND gate inputs 

to the inhibit stripe selection flip-flops K816/K817 through K830/K831. This 
1 combines with 1 's depending on address bits 4 and 5 for the odd inhibit 
drivers or bits 1 0 and 11 for the even inhibit drivers to set certain stripe 
selection flip-flops. The outputs of the stripe selection flip-flops combine with 
the reset outputs to Z register flip-flops to turn on certain inhibit drivers. 
The Z register 1 output occurs when a data· bit input is 0; therefore, the 
inhibit driver prevents a core switch from 0 to 1 • The cores in the selected 
memory address were switched to 0 during the read drive. 

The 1 output of J828 enables the AND gate input to Z 130/Z 131 , the parity 
flip-flop. If parity is 1, the reset output of Z130/Z131 prevents a turn-on 
of the inhibit driver, and the core receiving a parity bit switches from 0 to 1. 
If parity is o, the core is not switched. 

Time 475: The 0 pulse on the delay line passes emitter-follower E919 
causing a 1 on the output of J818. The 1 output of J818 is applied to set 
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K808/K809 (the write-drive flip-flop). The set output of K808/K809 is in

verted and applied as 01s to turn on transformer drivers in the X and Y 

axes. The direction of current through the line-driver transformers as de
termined by the write transformer drivers is to switch cores from 0 to 1 • 

Any cores that do not have an opposing inhibit current flowing through them 

are switched from 0 to 1 when the drive current turns on. 

Time 625: The 0 pulse on the delay line passes emitter-follower E925 

placing a 0 enable on the input of J829. The reset output of K810/K811 (the 
read flip-flop) blocks the inverter J829 causing a 0 output to remain on J829. 

The 0 output of J829 blocks a transmission of 1 along the parity error line.· 
The other two inputs to J829 from the comparison bit and generated bit have 

no effect because the 1 output of J829 is blocked by the reset output from the 

read flip-flop K81 O/K81 l. In the write mode, the parity bit is only gener

ated and stored. It is not sent back out along the parity error line. During 
a subsequent memory readout, this stored bit is compared to a bit generated 

from the number of 1 's in the Z register. Therefore, if the number of l's 
in the Z register equaling odd parity is written into memory and the number 

of l 1s equaling odd parity is read out of memory, an error did not occur. If 
parity was written in as odd and read out as even, or vice versa, then an 

error did occur. This parity error bit is only generated during the read 

mode. 

Time 725: The 0 pulse on the delay line passes emitter-follower E929 
causing a 1 output of J819. The 1 output of J819 is applied to clear K810/ 
~<811 (the read flip-flop), K812/K813 (the write flip-flop), and K814/K815 
(the partial-write flip-flop). The reset outputs of these flip-flops are inverted, 

placing a 0 on the AND gate inputs to the Z register flip-flops. This pre
vents any Z register flip-flops from being set by a 1 input from any source. 

The 0 input to the set side of the Z register flip-flops allows them to be 

cleared when the next clear pulse appears at the beginning of the next mem

ory reference cycle. 

Time 87 5: The 0 pulse on the delay line passes emitter-follower E937 

causing a 1 output from J820. The 1 output of J820 is applied to clear 
K804/K805 (the gate flip-flop) and K808/K809 (the write-drive flip-flop). 

The set output of K 804/K 805 is inverted through J806 to block a turn-on of 

the 900-milliampere gates to the Y line-driver transformers, and to J808 to 
block a turn-on of the 900-milliampere gates in the X line-driver transformers. 

This prevents any drive current from switching any cores for the remaining 

time of the present memory cycle. The set output of K808/K809 is inverted 

through the inverters to block a turn-on of transformer drivers in the X and 
Y axes of the memory banks. Clearing of the gate flip-flop and the write

drive flip-flop ends the write drive. 

Time 950: The O pulse on the delay line passes emitter-follower E938 

causing a 1 output of J821. The 1 output of J821 is applied to clear K 816/ 
K 817 through K 830/K 831 , the stripe-selection flip-flops. The 0 output of 
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these stripe-selection flip-flops blocks the AND gate inputs to the inhibit gen

erators, thereby ending the inhibit drive. 

Time 975: The 0 pulse on the delay line passes emitter-follower E943 

causing a 1 output of J830. The 1 output of J830 is applied to clear K832/ 
K833 (the discharger flip-flop) and turn on discharger circuits to neutralize 
the line-driver transformers. 

Time 1000: The 0 pulse on the delay line passes emitter-follower E940 to 
cause a 1 output of J822. The 1 output of J822 is applied to clear the six 

lower-bit flip-flops in the S' register. 

Time 1025: The 0 pulse on the delay line passes emitter-follower E941 to 

cause a 1 output of J823. The 1 output of J823 is applied to clear the upper 
six bits of the S 1 register. 

Time 1200: The 0 pulse on the delay line passes emitter-follower E948 to 
cause a 1 output of J824. The 1 output of J824 is applied to clear K802/ 

K803 (the busy flip-flop) • The reset output of K802/K803 is applied to enable 

the AND gates to the active flip-flop, thereby preparing it for selection in a 
subsequent cycle. The 0 pulse on the delay line dissipates across the termi

nating resistor which prevents a reflection back through the delay line to en

able every function in reverse time. END OF CYCLE. 

Memory Timing (Read Mode) 

Only the times and events that differ from the write mode are listed for the 

read mode. Otherwise, the times and events are the same for both modes. 

Time 100: Basically, the read mode is the same as write mode except the 

write flip-flop K812/K813 is not set by the mode command. Since this cycle 
is to be in the read mode, the read flip-flop K810/K811 is set by the process 

described in mode s.election. The read drive to switch the cores containing 
11s to O's occurs when the S register transfers the address to the S 1 reg

ister. The Z register is cleared in preparation for a transfer of 1 1s from 

the I inverters. So, at time 1 00, the Z register is cleared and a transfer 

of 1 's from I to Z is enabled but has not yet occurred. 

Time 150: The reset outputs of K812/K813 (the write flip-flop) and K814/ 
K815 (the partial-write flip-flop) place a blocking 1 on the inputs to J811 and 

J812. This prevents an X to Z transfer; therefore, nothing happens to the 

Z register at this time. The Z to X transfer is enabled by the control sec

tion for an output transfer of 1 's. This output transfer does not occur until 

1 's are in the Z register following the I to Z transfer at time 350. 

Time 250: The 0 pulse on the delay line passes emitter-follower E910 
causing a 1 output from JS 13. The 1 output of JS 13 is applied to enable 

resume II for the Z to X transfer. Because the inverters following the 

read flip-flop K 81O/K811 have 1 outputs, a transfer of 1 's from Z to X 

occurs following the I to Z transfer. 
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Time 350: The 0 pulse on the delay line passes emitter.:..follower E9l4 
causing a 0 output from RBOO. The output of RBOO is a SO-nanosecond 
shaped pulse which enables inverters J814 and J81 S, and places a pulse of 

the proper duration on their outputs. The reset output of the read flip-flop 
K810/K811 satisfies J814 to set a 1 on its output. The reset output of K814/ 
K815 (the partial-write flip-flop) and the reset output of K810/K811 leave a 
0 to satisfy the input of J81 S, thereby setting a 1 on the output of J81 s. The 

1 output of J814 enables the AND gate between the I inverters and the Z 
register flip-flops for the lower six data bits. The 1 output of J815 enables 
the AND gate between the I inverters and the Z register flip-flops for the 
upper seven data bits. These AND gates are satisfied by any I inverters 
having 11s on their outputs. Th is causes the corresponding Z register flip
flop to set. The 1 outputs of the set flip-flops in the Z register are applied 
as satisfying 1 1s to the AND gate ihputs of the X register. Also, the inhibit 
generators attached to the set Z register flip-flops do not turn on, thereby 
allowing the cores that were switched from 1 to 0 to be switched back from 
0 to 1 when the write drive turns on at time 475. This action restores mem
ory to the same status as it was before the read occurred. The parity bit 
is written back into memory the same as before the readout occurred. 

Time 375: The events are the same as in the write mode except that an I 
to Z transfer did occur and the original contents of memory at the selected 
address is written back into memory at time 475. 

Time 450: The events are the same as in the write mode except that the 
reset outputs of cleared flip-flops K812/K813 and K814/K815 combine to 
maintain a 1 on the input to inverter J828. When the 0 pulse on the delay 
line passes E91 8, the 0 output from the delay line does not satisfy the inputs 
to J828 to cause a 1 output. The 0 output of J828 blocks the AND gate from 
the parity bit generating circuitry to Z 130/Z 131 • 

Time 625: The 0 pulse on the delay line passes emitter-follower E925 to 
place an enabling 0 on the input to J829. The reset output of flip-flop K810/ 
K811 enables a second input to J829. The parity comparison network of 
J852, J853, J854 is combined with the set or clear status of Z130/Z131. If 
the generated bit and the bit read out of storage are identical, the third and 
fourth inputs to J829 are 1 's and J829 has a 0 output. Conversely, if the 
comparison network and Z130/Z131 differ, a 1 output of J829 is transferred 
to the control section as a parity indication. 

The remaining time of the cycle is the same as the write mode. 

Memory Timing (Partial Write) 

Time 100: The partial-write mode is identical to the read mode except that 
the partial-write flip-flop K814/K815 is set by the process described under 
mode selection. The reset output of K814/K815 enables the inverters J815 
and J811. The reset output of K81O/K811 (the read flip-flop) places a 
blocking 1 on the input to J814 to prevent an enabling 1 output for an I to Z 
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transfer of the lower six bits and the parity bit at time 3SO. The set output 
of cleared K812/KB13 (the write flip-flop) places a blocking 1 on the input to 

JB 1 2 to prevent an enabling 1 output for an X to Z transfer of the upper 
seven bits at time 1 SO. 

Time 1 SO: The leading edge of the 0 pulse on the delay line passes emitter
follower E906 to place an enabling 0 on the input to J811 and J812. The re

set output of KB12/K813 blocks the reset output of K814/KB1 S to place a 
satisfying 0 on the inputs of JBl 1. This sets the output of J811 to 1. The 

reset output of K812/K813 blocks inverter J812, thereby leaving a 0 on the 
output of J812. The 1 output of JBl 1 satisfies the AND gates for a transfer 

of 1 's from the X register into the six lower-bit flip-flops of the Z register. 

The 0 output of J81 2 blocks the AND gate inputs so an X to Z transfer of 

the seven upper bits does not occur. The reset output of the blocked seven 
upper-bit flip-flops and the reset output of the six lower-bit flip-flops that re
main cleared after an X to Z transfer is applied to AND gates of the inhibit 
generators to prevent cores in memory from switching from 0 to 1 when the 

write drive turns on at time 475. This process of enabling the six lower bits 
and blocking the seven upper bits results in the six lower bits being replaced 

by an X to Z transfer and the seven upper bits remaining as they were in 
memory storage. 

Time 350: The 0 pulse on the delay line passes emitter-follower E914 
causing a O on the output of RBOO. The 0 output of RBOO enables J814 and 
J81S. The reset output of the cleared read flip-flop K810/K811 blocks the 0 

input to J814 so a 0 remains on the output of JB 14. The reset output of the 
partial-write flip-flop KB14/KB1S blocks the AND gate input to JBlS. The 0 

from the blocked AND gate satisfies the 0 inputs to JB 1 S to place a 1 on the 
output of JBl 5. The 1 output of J815 is applied to enable the AND gate in

puts to the seven upper-bit flip-flops of the Z register. Any combining 1 out
puts from the I inverters from memory satisfy the AND gate inputs to the 

seven upper-bit flip-flops to cause an I to Z transfer of 11s to occur. The 
AND gates to the six lower-bit flip-flops of the Z register are blocked by the 

O output of J814 so an I to Z transfer does not occur. The Z register six 
lower-bit flip-flops were set by a transfer of 1 's from X to Z at time 150. 

The Z register now contains a word consisting of six lower bits from the X 
register and seven upper bits from those existing in memory. 

The remainder of the cycle is identical to the write mode except that at time 

450, the parity circuitry generates a parity bit to go into memory depending 

on the number of 11s in the new word. 

NORMAL 1/0 (NORMAL CHANNEL) 

The normal 1/0 control logic handles the exchange of control signals with the 
external equipment on the normal channel. This logic also initiates the nor
mal cycle. The Compute Unit requests status or selects an 1/0 equipment 
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with an EF code. When this code is available on the normal data lines, flip

flop K 126/K127 sets, Figure 1-22. A set output from this flip-flop causes a 

function ready signal to be sent to the 1/0 equipment and the COMPUTER 
STATUS indicator to display S EL. 

Normal Input 

When the Compute Unit is executing a normal input instruction, input request 

flip-flop K 128/K1 29 is set. If no control signals are present at the input to 

J138, the 1 output from J138 produces a reset output from K260/K261 which 

ANDs with the set output of K 128/K 1 29 to cause T755 to place an input re.:.. 

quest on the normal channel control lines. The 1/0 wait flip-flop Kl 20/Kl 21 

is also set at this time, which allows buffer cycles to occur while the normal 
1/0 is waiting for resume or request signals. 

\M"ien the input word is ready, the input equipment sends an input ready to the 

Compute Unit. The 1 output of R733 produces a 0 output from J138. If the 

buffer channel is not using the timing chain, the 0 output from J138 produces 
a 1 output from J 139. If the buffer channel is using the timing chain, the out

put of J139 is held at 0 until the buffer cycle is complete. 

The normal resync circuit synchronizes this 1 with the master clock. The 1 

output of V131 occurs in phase with the odd outputs of the clock. The output 

of V131 resets the 1/0 wait flip-flop, which blocks the buffer channel from 
using the main chain while the normal sequence is using it. 

During the input process, the input request flip-flop is reset which removes 

the input request. The external equipment in turn removes the input ready. 

If the last word has not been read, the normal cycle again sets the input re
quest flip-flops. The normal input process then repeats for the next word. 

This process is repeated until the last word has been read. 

Normal Output 

The normal 1/0 logic functions in a similar manner for both input and output 
operations. However, for an output operation, the information ready flip-flop 

is set when the output data word is placed on the normal channel data lines. 

The set output of K132/K133 ANDs with the reset output of K260/K261 to 

cause T737 to send an information ready signal to the external equipment. 

After the output word has been processed, the external equipment returns an 
output resume signal to the Compute Unit. This signal is synchronized with 

the clock. The 1 output of V131 then resets K120/K121. The normal out

put either is terminated if the last word has been processed or repeated if 
additional words remain. 

14091700 1 -63 Rev. A 



DISPLAY SELECT 

K227~ 
K127 L210 V017 

F60B 
DISPLAY OUTPUT 

J 315 

F653~ V215 

F522 
DISPLAY INPUT 

Kl14 

F575~ 

KH2 

K118 

¥131 

F687 

1(112 

Kl36 

1(202 

K203 

H200 

Jl41 

Figure 1 -22. Normal 1/0 Control Logic 

T752 

T740 

T741 

T742 

T743 

T744 

T745 

T746 

INPUT REQUEST 
{NORMAL) 

INFO READY 
(NORMAL) 

EXTEFINAL 
FUNCTION 
(NORMAL) 



NORMAL 1/0 (BUFFER CHANNEL) 

'M-ien the internal buffer channel is not busy, it is possible to perform a 

normal 1/0 operation over this channel. Most of the control logic is the same, 

except the receivers and transmitters activated are on the internal buffer 

channel. Figure 1-23 illustrates the logic involved for a normal 1/0 operation 

on the buffer channel. The operation of the logic is basically the same as 

described in the preceding paragraphs on normal input and normal output. 

INTERNAL BUFFER 1/0 CONTROL 

The buffer control logic conditions the Compute Unit logic to execute an input 
or output buffer operation. 

Ready, Request, Resume Logic 

The buffer control logic, Figure 1-24, is similar to the normal 1/0 logic. 
Ready, request, and resume signals are exchanged in the same manner as 
for normal 1/0 operation. The buffer control logic also contains logic which 
disables the normal control logic when the control signals are being ex

changed for a buffer operation. 

Input Buffer 

When an input buffer instruction is read, the input request flip-flop K 1 00/K101 

is set, Figure 1-24. The reset output of K 168/K 169 gates a set output from 
this flip-flop into the set side of K104/K105. Setting this flip-flop causes 

T755 to send an input request to the external equipment. When the data is 

ready, this equipment returns an input ready signal to the Compute Unit. 

The resultant 1 output from R7 53 produces a 0 from J 136 and a 1 from Jl 37. 

The 1 output from Jl 37 activates the buffer resync circuit. An output occurs 

from V091 in phase with the odd clock. The output of H954/N054 sets the 

buffer gate flip-flop one phase time later, the output of N901 sets the buffer

normal flip-flop, and if the 1/0 logic is not busy with a normal 1/0 operation, 

initiates the execution of the buffer cycle. The buffer-normal path is used 

only if buffer and normal 1/0 operations are occurring simultaneously; other

wise, the buffer cycle is initiated at time 02 of RNI or by an input ready 

when a program is not running. 

Wheri N90Z becomes a 1 at the next even phase time, the gating conditions 

are satisfied to set the buffer cycle flip-flop. The output from this flip-flop 

conditions the operation of the main timing chain to cause it to function as a 

buffer cycle. 

At ¢5 of the cycle, B 1 cycle flip-flop K114/K115 is set. The outputs of this 

flip-flop further condition the Compute Unit logic. At ¢17, the B 2 cycle flip
flop is set. 
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The pulse from V121 (resume I) probes the inputs to H958/N058 and KlOO/ 
K 101. If the contents of BER and BXR are equal, a 1 output occurs from 
NOSS. This 1 causes the buffer control logic to be cleared, which terminates 
the buffer. If the contents of BER and BXR are not equal, the input re
quest flip-flop is set and the cycle repeated. 

Buffer Output 

During the execution of an output buffer instruction, the buffer cycle flip-flop 
is set. The outputs from this flip-flop initiate the buffer cycle. During 
this cycle, the output. buffer B 1 and B 2 flip-flops become set. The outputs 
of these flip-flops condition the operation of the main timing cycle to perform 
a buffer cycle. 

When the output data is on the buffer data lines, information ready flip-flop 

K102/K103 sets. After a 3.5-microsecond delay, T756 sends an informa
tion ready signal to the external equipment. After the data has been pro
cessed, an output resume signal is returned to the Compute Unit. The 
resultant 1 output from Jl 37 activates the buffer resync. The output of V091 
produces a 1 output from H954/N094, which starts the repetition of the 

buffer operation. 

However, when the contents of BER and BXR are equal, the output of V091 
is gated into H958/N058. The resultant 1 output activates the logic which 
clears the buffer control logic before the next buffer cycle is initiated. 

Miscellaneous Control Logic 

Buffer busy flip-flop K 11O/K111 provides gating signals to various portions of 
the Compute Unit lo~ic. This flip-flop is set if either the input buffer flip-flop 
or output buffer flip-flop is set. 

Inverters J134, J135, and J142 function as clear logic for the buffer control 
logic. When there is a 1 output to J134, the resultant 1 outputs from J142 
and Jl 35 clear the buffer control logic. 

Comparator 

A network of inverters, Figure 1-25, compares the contents of the BER with 
the contents of the BXR. If contents of these registers are equal, the output 
of J227 is a 1 • If they are not equal, the output of J226 is a 1 • 

Inverters J220 through J225 have AND inputs which consist of a set output 
from a stage of BER and a reset output from the corresponding stage in 
BXR or a reset output from a stage in BER and a set output from the 
corresponding stage of BXR. 
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The following combinations of inputs are possible for stage 00 or any other 
stage. 

BXR 00 8004 8007 BOOS 8006 

0 0 0 0 

1 0 1 0 
0 1 0 0 

0 1 0 0 

BER= BXR 

BER¢ BXR 

8124 8104 8005 
K242 

8127 

8114 

8117 8026 

8074 8095 8055 

K242 8126 

8125 

8087 8076 

8064 

8116 

8047 

Figure 1 -25. Comparator 
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VVhen the contents of the two stages are equal, neither of the AND gates is 

satisfied. VVhen the contents of the two stages are unequal, one of the AND 
gates is satisfied and the corresponding inverter has a 0 output. 

Therefore, J220 through J225 all have 1 outputs only when the contents of 

BER equals the contents of BXR. If even one bit position is unequal, one 
of the preceding inverters has a 0 output. 

VVhen all of the inverters have outputs, the AND input to J226 is satisfied. 
The resultant 0 produces a 1 output from J227. This 1 causes the buffer to 
be terminated. 

INTERRUPTS 

When the Compute Unit is first started, the start sequence initiates the inter
rupt timing chain, Figure 1-26. The chain continuously generates a 6-pulse 
count (from 0 through 5) as long as the Compute Unit is .running. 

The counter is a 4-stage, double-ranked counter. The transfer and ad
vance pulses for this counter are generated by the timing chain. VVhen the 
counter equals octal 13, the next advance pulse sets the counter to octal 01. 
Th us, the counter effectively counts from octal 01 th rough 13 • 

Each octal number represents one of the 11 (decimal) interrupts to the 
Compute Unit. The count assignments are as follows: 

Interrupt Count 

Computer-to-computer ( 140) 01 

Manual ( 1 0) 02 

Channel 1 , buffer termination ( 20) 03 

Channel 1 , interrupt (30) 04 

Channel 1 , interrupt 2 (40) 05 

Channel 2, buffer termination (100) 06 

Channel 2, interrupt ( 110) 07 

Channel 2, interrupt 2 ( 114) 10 

Channel 3, buffer termination ( 1 20) 1 1 

Rev. A 1-70 14091700 



.i::-
0 
ID 

""3 
0 
0 

I 
""3 

] 
ro 
< . 
)> 

REPEAT 

MASTER r J CLEAR SETS 
INITIAL ~ 

START TIMING SET SETS 
CHAIN ..,_ DISABLE LOGIC 

START I"'" 

l'-
SET S 
CLEAR 

TIME 3 IE--
ENABLE 

INTERRUPT INTERRUPT RNI "' CONTROL .. ~ 

!_INITIATE INTERRUPT SEQUENCE.., 

CLEAR 

ADVANCE 

COUNTER 
COUNT _,.. COUNTER GATING 

RANK I TO RANK S,. TRANSLATION 

GATING 

It 
!--

INTERRUPT t____,,. 
INTERRUPT TRANSLATION SET 

-31 
LOCKOUT 

-31 
LOGIC 

EXTERNAL~ INTERRUPT, BUFFER I 

EQUIPMENT 
RECEIVERS TERMINATION ,. ~ ,. 

COMP-+COMP 

l {~ '\\I '\\I 
F SILY 

MANUAL __,, HOLD INTERRUPT TRANSLATORS 
--,. 

FF's CILY 

Figure 1-26. Interrupt Logic - Block Diagram 

~SREGISTER 

j, 

INTERRUPT 
-;.. ACTIVE 

LOGIC 

INTERRUPT 
ACTIVE 



Interrupt Count 

Channel 3, interrupt ( 130) 1 2 

Channel 3, interrupt 2 ( 134) 13 

The interrupt logic contains a receiver for each interrupt except manual. 

\/\/hen a buffer termination, computer-to-computer, or manual interrupt is active, 

the corresponding hold flip-flop is set. The other interrupts are applied 
directly to the interrupt translation. 

\/\/hen the correct count occurs, the interrupt signal is gated into the interrupt 

translation. An output from th is logic sets the appropriate lockout flip-flop 

when the interrupt is recognized. 

A channel interrupt sets only the lockout for that channel. Manual or com

puter-to-computer interrupts set master lockout; any lockout flip-flop also can 
be set or cleared by programmed instruction. Execution of an EF instruction 

also sets master lockout. 

\/\/hen a set signal is generated by the timing chain, an interrupt active signal 
is gated into the interrupt active logic. The resultant disable signal prevents 

the timing chain from advancing the counter. An enable signal permits the 

timing chain to activate interrupt control. 

Signals from the interrupt control then interrupt the next RNI sequence, cause 

the Compute Unit to begin an interrupt sequence, and set the S register to 

the control address for the active interrupt. In the 8090 mode, P is stored 

at the address in S in the direct bank. S is then transferred to P, and P+l 

becomes the address of the next instruction. In the 8490 mode, the interrupt 

basically functions as a JR instruction which transfers program control to 

bank 00. The interrupt sequence stores ( r) in the lower six bits of the loca

tion in bank 00 sp~cified by the contents of S (the interrupt address) • P is 

stored at the interrupt address plus one in bank 00. . Program control is 

transferred to the interrupt address plus two in bank 00, which contains the 

first instruction in the interrupt routine. 

The interrupt control logic also generates a clear signal which clears the 

interrupt active logic and the hold flip-flop associated with the interrupt de

signated by the counter if there is a hold flip-flop for that particular interrupt. 

The interrupt active logic then removes the disable signal, and the counter 
resumes operation. 

MASTER CLOCK 

The master clock network provides the timing pulses which ensure that events 

occur in their proper time relationship. The basic time in the Compute Unit 
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is the phase time, which equals 62.5 nanoseconds or one-half of the period 

of a clock oscillator. 

The master clock consists of a master oscillator, various levels of amplification, 

and clock oscillators. The same type of circuit card is used throughout the 

master clock. The pin connections used determine the characteristics for the 

various usages. 

The clock is connected in the form of pyramid to provide the required number 

of outputs with the proper synchronization. The levels of amplification pro

vide more outputs rather than higher voltage level. The clock amplifiers are 

at the highest level. Each amplifier provides both even and odd outputs. 

The clock amplifiers provide direct outputs only for gating internal to control 

delays. Timing pulses for gating between logic elements are provided by 

clock slaves, N9-- terms. 

14091700 1-73 Rev. A 



SECTION 1 

COMPUTE UNIT 

EQUIPMENT DIAGRAMS 



SECTION 1 

COMPUTE UNIT 

LOGIC DIAGRAMS 

• Symbol Index 

• Logic Diagrams 



AOOO lHOBBA A REGISTER 31 BOlO l I052A RELATIVE BANK 52 

AOOl 1HOB7A A REGISTER 31 BOil 1I052B RELATIVE BANK 52 
A002 1H079A PIGGY BACK FOR A RFGISTER 31 B012 lIOOlA BUFFER DATA RFGISTER 50 
A003 1H079B PIGGY BACK FOR A REGISTER 31 8013 1 IOOlB BUFFER DATA REGISTER 50 
A004 1HOB4A A PRIME REGISTER 32 8014 1I003A BUFFER EXIT REGISTER 51 
A005 1HOB3A A PRIME REGISTER 32 8015 1I003B BUFFER EXIT RFGISTER 51 
AOlO !I088A A REGISTER 31 B016 I l046A BUFFER ENTRANCE REGISTER 51 
AOll 1IOB7A A REGISTER 31 B017 I I046B BUFFER ENTRANCE REGISTER 51 
A014 lI084A A PRIME REGISTER 32 B020 IJ052A RELATIVE BANK 52 
A015 I I083A A PRIME REGISTER 32 B021 1JOS2B RELATIVE BANK 52 
A020 !J088A A REGISTER 31 8022 !JOOlA BUFFER DATA REGISTER 50 
A021 1JOB7A A REGISTER 31 8023 lJOOlB BUFFER DATA REGISTER 50 
A024 1J084A A PRIME REGISTER 32 B024 IJ004A BUFFER EXlT REGISTER Sl 
A025 1JOB3A A PRIME REGISTER 32 8025 1 J004B BUFFER EXIT REGISTER 51 
A030 IKOBBA A REGISTER 31 R026 IJ046A BUFFER ENTRANCE REGISTER 51 
A03l 1KOB7A A REGISTER 31 8027 !J046B BUFFER ENTRANCE REGISTER 51 
A034 JK084A A PRIME REGISTER 32 8030 1K0S2A RELATIVE BANK 52 
A035 1K083A A PRIME REGISTER 32 R031 1K052B RELATIVE BANK 52 
A040 !LOBBA A REGISTER 31 B032 lKOOlA BUFFER DATA REGISTER 50 

A04l 1L087A A REGISTER 31 B033 lKOOlB BUFFER DATA REGISTER 50 

A044 1L084A A PRIME REGISTER 32 B034 1K004A BUFFER EXIT REGISTER 51 

11045 1L083A A PRIME REGISTER 32 B03S 1K004B BUFFER EXIT REGISTER SI 

A050 lMOBBA A REGISTER 31 B036 !K046A BUFFER ENTRANCE REGISTER SI 

A051 1M087A A REGISTER 31 R037 1K046B BUFFER ENTRANCE REGISTER SI 

A054 1M084A A PRIME REGISTER 32 R042 lLOOlA BUFFER DATA REGISTER 50 

AOSS 1MOB3A A PRIME REGISTER 32 B043 lLOOIB BUFFER DATA RFGISTER 50 

A060 1M086A A REGISTER 31 B044 1L004A BUFFER EXIT REGISTER 51 

A061 JMOB5A A REGISTER 31 8045 ll004B BUFFER EXIT REGISTER 51 

A064 }MOB2A A PRIME REGISTER 32 B046 1L046A BUFFER ENTRANCE REGISTER 51 
A065 lMOBIA A PRIME REGISTER 32 8047 ll046B BUFFER ENTRANCE REGISTER 51 
A070 1LOB6A A REGISTER 31 B050 !H051A INDIRECT BANK 52 
A07l 1L085A A REGISTER 31 B051 lHOS!B INDIRECT BANK 52 
A074 1LOB2A A PRIME REGISTER 32 R052 lMOOlA BUFFER DATA REGISTER 50 

A075 lLOBlA A PRIME REGISTER 32 8053 lMOOlB BUFFER DATA REGISTER 50 
A080 1KOB6A A REGISTER 31 8054 1M004A BUFFER EXIT REGISTER 51 
AO Bl lKOBSA A REGISTER 31 80S5 1M0048 BUFFER EXIT RFGISTER 51 
A084 1K082A A PRIME REGISTER 32 8056 1M046A BUFFER ENTRANCE REGISTER 51 
AOB5 lKOBlA A PRIME REGISTER 32 R057 JM046B BUFFER ENTRANCE REGISTER Sl 
A090 1 J086A A REGISTER 31 8060 11051 A INDIRECT BANK 52 
A091 1J085A A REGISTER 31 B061 110518 INDIRECT BANK 52 
A094 !J082A A PRIME REGISTER 32 8062 !M002A BUFFER DATA REGISTER so 
A095 lJOBlA A PRIME REGISTER 32 8063 1M002B BUFFER DATA REGISTER 50 
A!OO 1I086A A PEGISTER 31 8064 }MOOSA BUFFER EXIT RFG!STER 51 

AlOl l I OB5A A REGISTER 31 8065 lMOOSB BUFFER EXIT REGISTER 51 
Al04 lI 082A A PRIME REGISTER 32 8066 l M045A BUFFER ENTRANCE REGISTER 51 

Al OS II 08 lA A PRIME REGISTER 32 . 8067 1M045B BUFFER ENTRANCE REGISTER 51 
1\110 !HOB6A A REGISTER 31 B070 lJ05lA INDIRECT BANK 52 

Al 11 1H085A A REGISTER 31 B07l lJOSlB INDIRECT BANK 52 

All4 1HOB2A A PRIME REGISTER 32 8072 1L002A BUFFER DATA REGISTER 50 

All5 lHOBIA A PRIME REGISTER 32 8073 1L002B BUFFER DATA RFG!STER so 
Al20 ll;OB6A A REGISTER 31 R074 1L005A BUFFER EXIT REGISTER 51 
Al21 1G085A A REGISTER 31 B075 ll005B BUFFER EXIT RFGISTER 51 
Al24 !G082A A PRIME REGISTER 32 8076 1L045A BUFFER ENTRANCE REGISTER 51 
Al25 lGOBlA A PRIME REGISTER 32 8077 1L045B BUFFER ENTRANCE REGISTER 51 
BOOO 16052A RELATIVE BANK 52. BOBO lKOSlA INDIRECT BANK 52 
8001 1HOS2A RELATIVE BANK 52 B08l IK051B INDIRECT BANK 52 
8002 !HOOlA BUFFER DATA REGISTER 50 8082 1K002A BUFFEP DATA RFGISTER 50 
8003 1H0018 BUFFER DATA REGISTER 50 . 8083 1K002B BUFFER DATA REGISTER 50 
8004 !H003A BUFFER EXIT REGISTER 51 8084 1K005A BUFFER EXIT REGISTER 51 
8005 1H003B BUFFER EXIT REGISTER 51 BOBS 1K005B BUFFER EXIT REGISTER 51 
B006 1H046A BUFFER ENTRANCE REGISTER 51 AOB6 1K045A BUFFER ENTRANCE REGISTER 51 
8007 1H046B BUFFER ENTRANCE REGISTER 51 R087 11<045B BUFFER ENTRANCE REGISTER 51 



8092 1J002A BUFFER DATA RFG!STER so C033 10069A LEVEL 3 AMPLIFIER 56 
8093 1J002B BUFFER DATA REGISTER 50 C034 1 G077A CLOCK PYRAMID OUTPUT S6 
8094 iJOOSA BUFFER EXIT RfGISTER 51 C035 1G0778 CLOCK PYRAM IO OUTPUT 56 
8095 1JOD5B BUFFER EX IT REG I STER 51 C043 lP057A LEVEL 3 AMPLIFIFR 56 
8096 !J045A BUFFER ENTRANCE REGISTER 51 C044 1G078A CLOCK PYRAMID OUTPUT 56 
8097 1J04SB BUFFER ENTRANCE REGISTER s1 C04S 1G0788 CLOCK PYRAMID OUTPUT 56 
8100 lHOSOA DIRECT BANK s2 COS3 1L027A LEVEL 3 AMPLIFIFR 56 
8101 lHOSOB DIRECT BANK s2 C054 1G08BA CLOCK PYRAMID OUTPUT S6 
8102 l I002A BUFFER DATA RFGISTER so COSS lGOBBB CLOCK PYRAMID OUTPUT 56 
8103 l I002B BUFFER DATA RfGISTER 50 C063 I K013A LEVEL 3 AMPLIFIER 56 
8104 l I004A BUFFEI'! EXIT RFGISTER s1 C064 1G049A CLOCK PYRAMID OUTPUT 56 
BIOS !10048 BUFFER EXIT REGISTER 51 C06S !G0498 CLOCK PY RAM ID OUTPUT S6 
B!06 !I04SA BUFFER ENTRANCE REGISTER Sl C073 !l'l023A LEVEL 3 AMPLIFIFR 56 
R!07 1I045B BUFFER ENTRANCE REGISTER 5! C074 1G061A CLOCK PYRAMID OUTPUT S6 
B!lO 1 IOSOA DIRECT BANK 52 C075 1G061B CLOCK PYRAMID OUTPUT S6 
Bill lIOSOB DIRECT BANK 52 COB3 lFOOlA LEVEL 3 AMPLIFIER 56 
Bll2 1H002A BUFFER DATA REGISTER so C084 lNOS7A CLOCK PYRAMID OUTPUT 56 
8113 1H0028 BUFFER DATA REGISTER 50 COBS 1NOS78 CLOCK PYRAMID OUTPUT 56 
Bll4 JH004A BUFFER EXIT REGISTER 51 C093 lEOOlA LEVEL 3 AMPLIFIER S6 
BllS JH004B BUFFER EXIT REGISTER 51 C094 1N053A CLOCK PYRAMID OUTPUT S6 
Bll6 1H045A BUFFER ENTRANCE REGISTER 51 ·coci5 JNOS38 CLOCK PYRAMID OUTPUT 56 
8117 IH04SB BUFFER ENTRANCE REGISTER 51 Cl03 1K025A SHIFTED CLOCK 56 
9120 IJOSOA DIRECT BANK 52 Cl04 !N062A CLOCK PYRAMID OUTPUT 56 
8121 l J050B DIRECT BANK 52 Cl05 1N062B CLOCK PYRAMID OUTPUT 56 
8122 1G007A BUFFER DATA RFG!STER 50 Cl 14 IG024A CLOCK PYRAMID OUTPUT 56 
8123 1G0078 8UFFEP DATA REGISTER 50 CllS 1G024B CLOCK PYRAMID OUTPUT 56 
8124 1G004A BUFFER EXIT REGISTER SJ Cl24 1R024A CLOCK PYRAMID OUTPUT 56 
8125 1G0048 SUFFER EXIT REGISTER 51 Cl25 1R0248 CLOCK PYRAMID OUTPUT 56 
8126 IG045A BUFFER ENTRANCE REGISTER 51 Cl34 1P059A CLOCK PYRAMID OUTPUT 56 
8127 1G04SB BUFFER ENTRANCE REGISTER 51 Cl35 1POS98 CLOCK PYRAMID OUTPUT 56 
8130 1K050A DIRECT BANK 52 Cl44 IN070A CLOCK PYRAMID OUTPUT 56 
8131 JK0508 DIRECT BANK 52 C145 1N0708 CLOCK PYRAMID OUTPUT 56 
8150 lH049A BUFFER BANK 52 C154 10013A CLOCK PYRAMID OUTPUT 56 
8151 1H049B BUFFER BANK 52 C!55 1D013B CLOCK PYRAMID OUTPUT 56 
Bl60 1 I04911 BUFFER BANK 52 Cl64 ln012A CLOCK PYRAMID OUTPUT 56 
Bl61 lI049B BUFFER BANK 52 Cl65 Hl012B CLOCK PYRAMID OUTPUT 56 
8170 1J049A BUFFER BANK 52 Cl74 JP055A CLOCK PYRAMID OUTPUT 56 
Bl 71 1J049B BUFFER BANK 52 Cl75 !POS58 CLOCK PYRAMID OUTPUT 56 
BIBO 1K049A BUFFER BANK 52 Cl94 1C077A CLOCK PYRAMID OUTPUT 56 
8181 1K049B BUFFER BANK 52 Cl95 1C0778 CLOCK PYRAMID OUTPUT 56 
8210 1H032B 8 INVERTER 52 C204 !0068A CLOCK PYRAMID OUTPUT 56 
8211 1H030A B INVERTER 52 c205 100688 CLOCK PYRAMID OUTPUT S6 
8220 1 !0358 B INVERTER 52 C2!4 J0045A CLOCK PYRAMID OUTPUT 56 
B221 JI030A B INVERTER 52 C215 100458 CLOCK PYRAMID OUTPUT 56 
B230 1J031B B INVERTER 52 C224 1L016A CLOCK PYRAMID OUTPUT 56 
B231 1J030A B INVFRTER 52 C225 JL016B CLOCK PYRAMID OUTPUT 56 
8240 lK0318 B INVERTER 52 C234 JN091A CLOCK PYRAMID OUTPUT S6 
8241 1K030A 8 INVERTER 52 C235 1N091B CLOCK PYRAMID OUTPUT 56 
cooo lTOSlA MASTER OSC• 56 C244 1N086A CLOCK PYRAMID OUTPUT 56 
COOl lT052A LEVEL I AMPLIFIER 56 C245 1M0868 CLOCK PYRAMID OUTPUT S6 
coo2 1S070A LEVEL 2 AMPLIFIER 56 C2S4 1M009A CLOCK PYRAMID OUTPUT 56 
C003 lN080A LEVEL 3 AMPLIFIER 56 c25s jM0098 CLOCK PYRAMID OUTPUT 56 
C004 l N079A CLOCK PYRAMID OUTPUT 56 C264 10074A CLOCK PYRAMID OUTPUT 56 
coos HI0798 CLOCK PYRAMID OUTPUT 56 C265 100748 CLOCK PYRAMID OUTPU1' 56 
C012 I S026A LEVEL 2 AMPLIFIER 56 C274 1F075A CLOCK PYRAMID OUTPUT S6 
C013 1N076A LEVEL 3 AMPLIFIER 56 C275 1F075B CLOCK PYRAMID OUTPUT 56 
C014 JL078A CLOCK PYRAMID OUTPUT 56 C284 1E085A CLOCK PYRAMID OUTPUT 56 
C015 1L078B CLOCK PYRAMID OUTPUT 56 C2BS 1E08SB CLOCK PYRAMID OUTPUT 56 
C022 lSOllA LEVEL 2 AMPLIFIER S6 C294 1E094A CLOCK PYRAMID OUTPUT 56 
C023 1N073A LEVEL 3 AMPLIFIER 56 C295 IE0948 CLOCK PYRAMID OUTPUT 56 
C024 1N075A CLOCK PYRAMID OUTPUT 56 C304 100!9A CLOCK PYRAMID OUTPUT 56 
C025 JN07SB CLOCK PYRAMID OUTPUT 56 C30S 100l9B CLOCK PYRAMID OUTPUT 56 



C314 lNOlBA CLOCK PYRAMID OUTPUT 56 0216 ll'l032A Y DRIVER ADDR~SS - lxxoxxo R 46 

C315 lNOlBB CLOCK PYRAMID OUTPUT 56 D217 10o32B Y ~R(VER ADORES~ - 1xxDXXo w 46 

C324 1L014A CLOCK PYRAMID OUTPUT 56 D218 10027A Y DRIVER ADDRESS - ioxoxxo w OR 11xoxxo R 46 

C325 1L014B CLOCK PYRAMID OUTPUT 56 D219 1D027B Y DRIVER ADDRFSS - lOXOXXo R OR 11 XoXXo w 46 

C334 1K016A CLOCK PYRAMID OUTPUT 56 0220 !E033A Y DRIVER ADDRESS - 1xx1xxo R 46 

C335 1K016B CLOCK PYRAMID OUTPUT 56 0221 1E033B Y DRIVER ADDRFSS - lXX}XXO w 46 

C344 1H020A CLOCK PYRAMID OUTPUT 56 D222 1E028A Y DRIVER ADDRFSS - 10x1xxo w OR 11x1xxo R 46 

C345 !H020B CLOCK PYRAMID OUTPUT 56 D223 1E02BB Y DRIVER ADDRESS - lOXlXXO R OR 11x1 xxo w 46 

C354 lHOlBA CLOCK PYRAMID OUTPUT 56 D224 1E045A Y DRIVER ADDRESS - lxxoxx1 R 46 

C355 lHOlBB CLOCK PYRAMID OUTPUT 56 0225 1E045B Y DRIVER ADDRESS • 1XXDXX1 w 46 

C364 lt;022A CLOCK PYRAMID OUTPUT 56 0226 1E040A Y DRIVER ADDRESS - 10xoxx1 w OR llXOXX! R 46 

C365 1G0228 CLOCK PYRAMID OUTPUT 56 0227 1E040B Y DRIVER ADDRESS - 1oxoxx1 R OR 11 xoxx1 w 46 

C374 !F015A CLOCK PYRAMID OUTPUT 56 0228 1E039A Y DRIVER ADDRESS - 1xx1xx1 R 46 

C375 lFOlSB CLOCK PYRAMID OUTPUT 56 D229 1E039B Y DRIVER ADDRESS - lxx1xx1 w 46 

C385 1K015B SHIFTED CLOCK 56 D230 1E034A Y DRIVER ADDRESS - 1ox1xx1 w oR 11x1xxi R 46 

C395 1D07BB SHIFTED CLOCK 56 D231 1E034B y DRIVER ADDRFSS - 1ox1xx1 R oR 11x1xx1 w 46 

C405 1P056B SHIFTED CLOCK 56 D999 1B019A •! MICRO SEC DELAY-MANUAL INTERRUPT 54 

DOOO 1A046A X DRIVER ADDRESS - XXoXXo R 44 EOOO 1H094A STAGE ENABLE - BIT O 39 

Dool 1A046B X DRIVER ADDRESS - XXoXXO w 44 EOOI lH091A NOT STAGE ENABLE • BIT 0 39 

0002 IA041A X DRIVER ADDRESS - oxoxxo R OR ixoxxo w 44 E002 !H089A STAGE BORROW - BIT 0 39 

D003 IA041B X DRIVER ADDRFSS - oxoxxo w OR 1xoxxo R 44 EOlO 1 !094A STAGE ENABLE - BIT l 39 

D004 1A036A X DRIVER ADDRESS - XX1XXO R 44 EOll 1I091A NOT STAGE ENABLE - BIT 39 

D005 1A036B X DRIVER ADDRESS - XX1XXO w 44 E012 1I089A STAGE BORROW BIT l 39 

D006 1A031A X DRIVER ADDRESS - 0X1XXO R OR 1 l(} XXO w 44 E020 }J094A STAGE ENABLE - BIT 2 39 

0007 1A031B X DRIVER ADDRESS - ox1xxo w OR 1x1xxo R 44 E021 JJ091A NOT STAGE ENABLf - BIT 2 39 

D008 1R046A X DRIVER ADDRESS - XXOXXl R 44 E022 JJ089A STAGE BORROW - BIT 2 39 

0009 1B046B X DRIVER ADDRESS - XXoXXJ w 44 Eo30 1K094A STAGE ENABLE - BIT 3 39 

DOlO 1R041A X DRIVER ADDRESS - oXoXXl R OR ixoxx1 w 44 E031 ll<091A NOT STAGE ENARLf - BIT 3 39 

DOll lR041B X DRIVER ADORfSS - oXoXXl w OR ixoxx1 R 44 E032 1K089A STAGE BORROW - BIT 3 39 

D012 1R036A X DRIVER ADDRfSS - xx1xx1 R 44 E040 1L090A STAGE ENABLE • BIT 4 39 

0013 lf!036B X DRIVfR ADDRESS - XX1XXl w 44 E041 !L091A NOT STAGE ENABLE - BIT 4 39 

0014 1R031A X DRIVER ADDRESS - 0X1XX1 R OR 1XtXX1 W 44 E042 1L089A STAGE BORROW - BIT 4 39 

0015 1B0318 X DRIVER ADDRESS - oX1XXl W OR tXlXXlR 44 Eoso }M090A STAGE ENABLE - BIT 5 39 

0100 1A080A 3•5 MICRO SEC DELAY-BUFFER INFO. READY 48 E051 1M091A NOT STAGE ENABLE - BIT 5 39 

D103 1N085A •5 MICRO SEC oELAY - RUFFFR BY PASS 48 E052 1M089A STAGE BORROW - BIT 5 39 

Dl04 1T075A 5•5 MJLLISEC OELAY•CYCLE STEP 12 E060 1M090B STAGE ENABLE - BIT 6 39 

Dl05 1F046A 1 MICRO SEC DELAY-REQUEST ~EMORY 41 EOl'.l 1M091B NOT STAGE ENARLF - BIT 6 39 

Dl06 1A083A 3•5 MICRO SEC DELAY-BUFFER CABLE SELECT CONTROL 47 E0£i2 1M089B STAGE RORROW - BIT 6 39 

DllO 1A085A 3•5 MICRO SEC DELAY-INFO READY-BUFFER AND NORMAL 47 E070 1L090B STAGE ENABLE - BIT 7 39 

Dl16 lB081A 3•5 MICRO SEC DELAY•FCTN READY•RUFFER AND NORMAL 47 E071 1L091B NOT STAGE ENABLf - RIT 7 39 

0126 10091A 3•5 MJCRO SEC DELAY-NORMAL REPLY•NORMAL RESYNC 4.7. E072 1L089B STAGE SORROW - BIT 1 39 

tliJtt. =J.AoelA .2 l'lcRO s~c DE:LAY-BUfFER OJScONN[~J .. -· __ · - 41! EOBO !K094B STAGE ENABLE - BIT 8 39 

Dl36 1B089A 1•5 MICRO SEC DELAY-BLOCK BUFFER CONTROL(CLEAR) 48 EDBI 1K091B NOT STAGE ENABLE BIT ~ 39 

0138 1008SA ~·5 MrcRO SEC OFLAY-BLDCK I/0 CONTROL 47 EOR2 1K089B STAGE BORROW - BIT B 39 
. 0142 tGo21A .. _MICRO_ sg~ D!!.,AY.,M~~ffEJL.~.illR. . '! l E090 JJ094B STAGE ENABLE BIT 9 39 

Di46- iaoasA 20 MICRO SEC nELAY-FUNCTION RfADY -- 47 E091 IJ091B NOT STAGE ENABLf • BIT 9 39 
0147 1A084A 3•5 MICRO SEC OFLAY•BUFFER RESYNC 4B EOQ2 1J089B STAGE BORROW - BIT 9 39 
D200 1C039A Y DRIVER ADDRESS - OXXOXXO R 45 EIOO JI094B STAGE ENABLE • BIT JO 39 
D20l 1C039B y DRIVER ADDRESS - oXXOXXo w 45 ElOl 1 I091 B NOT STAGE ENABLE • BIT 10 39 
0202 1C034A Y DRIVER ADDRESS • OOXOXXO W RO 01xoxxo R 45 El02 l!OB9B STAGE BORROW • BIT JO 39 
D203 1C034B Y DRIVER ADDRESS • OOXOXXo R OR 01xoxxo w 45 El03 1G091A STAGE ENABLE - BIT 10 39 
0204 1C033A . y DRIVER ADDRESS - oxx1xxo R 45 EllO JH094B STAGE ENABLE • BIT 11 39 
D205 1C033B y DRIVER ADDRESS - oxx1xxo w 45 Elli IH091B NOT STAGE ENABLE • BIT 11 39 
D206 1C028A Y DRIVER ADDRESS - OOXlXXO W OR OlX!XXO R 45 El 12 1H089B STAGE BORROW • BIT 11 39 
0207 1C02BB Y DRIVER ADDRESS - OOX!XXO R OR 01x1xxo w 45 E!l3 IG091B STAGE ENABLE - BIT 11 39 
D208 1C045A y DRIVER ADDRESS - 0Xxoxx1 R 45 EJ20 1G090B STAGE ENABLE - BIT 12 39 
D209 lC045B y DRIVER ADDRESS - oxxoxx1 w 45 El21 1G090A NOT STAGE ENABLE - BIT 12 39 
D210 1C040A Y DRIVER ADDRESS • OOXOXXJ w OR 01xoxx1 R 45 El22 1G089B STAGE BORROW - BIT 12 39. 

I D21 l 1C040B y DRIVER ADDRESS - ooxoxx1 R OR 01xoxx1 w 45 E200 1H092A NOT GROUP ENABLE 39 
;. 0212 I0046A y DRIVER ADDRESS - 0Xx1xx1 R 45 E20l 1M092A NOT GROUP ENABLE 39 

0213 lfl046B y DRIVER ADDRESS - 0Xx1xx1 w 45 E202 1M092B NOT GROUP ENABLF 39 
D214 1D041A y DRIVER ADDRESS - oox1xx1 w OR 01x1xx1 R 45 E203 IH092B NOT GROUP ENABLE 39 
D215 lfl(}!t 1 B Y ~~~~E~_ADORESS - OOXlXXJ R OR 01x1xx1 w 45 E300 1J092A NOT GROUP BORROW 39 

~~ 
--

I 



E30l lK092A NOT GROUP BORi:IOW 39 Fool 1S002A F REGISTER 14 
E3n2 !J090A NOT GROUP BORROW 39 Foo2 1S003A F REGISTER !NVERTEP 14 
E303 1I092A NOT GROUP SORROW 39 F003 )50038 F REGISTER INVERTER 14 
E3l0 1G092A GROUP BORROW 39 F004 1S004A F PR!Mf REGISTER 14 
E311 1G092Fl NO GROUP "soRRow 39 FOOS 150048 F PRI'-'F REGISTER 14 
E400 l I093A GROUP BORROW INPUT 39 FOlO 15006A F REGISTER 14 
E40l lJ093A GROUP BORROW INPUT 39 FOll 15007A F REGISTER 14 
E402 1K093A GROUP BORROW INPUT 39 F012 !SOOBA F REGISTER INVERTER 14 
E403 1L093A GROUP BORROW JNPUT 39 F013 !SOOBB F REGISTER INVERTER 14 
E500 1H093A STAGE PROBE INPUT 39 F014 1 S009A F PRIME REGISTER 14 
E501 1H093B STAGE PROBE INPUT 39 F015 150098 F PRIME REGISTER 14 
E502 ! I090A STAGE PROBE INPUT 39 F020 1S012A F REGISTER 14 
E503 1K090A STAGE PROBE INPUT 39 FO?.l l 5013A f REGISTER· 14 
E504 1L094A STAGE PROBE INPUT 39 F0?.2 15014A F REGISTER INVERTER 14 
E505 1M093A STAGE PROBE INPUT 39 F023 150148 f REiHSTER INVERTER 14 
ES06 !M094B STAGE PROBE INPUT 39 F0;>4 1501511 F PRIME REGISTER 14 
E507 JL0948 STAGE PROBE INPUT 39 FO?S 150158 f PRIME REGISTER 14 
ES08 !L092A STAGE PROBE INPUT 39 F030 l S017A f REGISTER 14 
t509 1G094A STAGE PROBE INPUT 39 F031 !SOlBA F REGISTER 14 
E510 lG094B STAGE PROBE INPUT 39 F032 1501911 F REGISTER l NVtflTER 14 
E511 1H090A STaGE PROBE INPUT 39 F033 !5019B f REGISTER INVEPTER 14 
E512 1G0931\ STAGE PROBE INPUT 39 F034 1so20A F PRIME REGISTER 14 
E513 JGOB9A END AROUND BORROW 39 F035 1S0208 f PRIME REG!STfR 14 
E514 lf0898 NOT ENO AROUND BORROW GENERATED 39 F038 iso21A F REGISTER INVERTER 14 
E515 lf0908 END AROUND gORROW GENERATED 39 F040 lS022A F REG! STER 14 
EB20 1A030A X DRIVE SELECTOR 44 Fo1,1 J5023A F REGISTER 14 
E82l 1A030B X DRIVE SELECTOR 44 F042 }S024A F REGISTER INVERTER 14 
ER22 1A029A x DRIVE SELECTOR 44 F043 1S024B F REG!STER INVERTER 14 
E823 !A029B )( DR!VE SELECTOR 44 F044 JS025A F PRIME REGISTER 14 
EB24 1B030A x DRIVE SELECTOR 44 F045 1so2sa F PR !ME REG I STfR 14 
EB25 180308 )( DRIVE SELECTOR 44 F048 JS027A F REGISTER INVERTER 14 
EB26 lR029A )( DRIVE SELECTOR 44 F050 l 502 BA F REGISTER 15 
E827 180298 x OR!VE SELECTOR 44 f(l51 150298 F REGISTER 15 
E8JO 1C026A )( DRIVE SELECTOR 45 F052 15030A f REGISTER INVERTER 15 
E831 1C0268 x DRIVE SELECTOR 45 F053 150308 F REGISTER HJVERTER 15 
EB32 1C025A x DRIVE SELECTOR 45 F058 iso31A F REG! STER INVERTER 15 
Es33 1C025B x DRIVER SELECTOR 45 F060 1S032A F REGISTER 15 
fB34 Hl026A x ORIVER SELEciOR 45 F061 150338 F REG!SlER 15 
E835 100268 x DRIVER SELECTOR 45 F062 iS034A F REGISTER INVERTER 15 
E836 Hl02SA x ORI\IER SELEcToR 45 F063 1S034fl F REGISTER INVfRTER 15 
Es:n !00258 x DRIVER SELECTOR 46 F06fl 150318 F REGISTER INVERTER 15 
Es3B JE026A x DRIVER SELECTOR it6 F070 150401\ F REGISTER 15 
E839 JE026B x DRIVER SELECTOR 46 Fon JS041B F REGISTER 15 
EB40 1F02SA x oRrVER SELECTOR 46 FQ72 !S042A F REGISTER INVERTER 15 
EB4! 1F0258 x DRIVER SELECTOR 46 Fo73 150428 F REG!STE:R INVERTER 15 
E902 !F033A DEL.~ Y Lif\!E-T!Mf 50 40 F07B 1N092B F REGISTER INVERTER 15 
E904 1F033B DELAY LINE-TIME 100 40 Fo79 150431\ F REGISTER INVERTER 15 
E906 DELAY LINE-TIME 150 40 FOBO 1S0t;9A F REGISTER 15 
E910 DEL/,Y 250 40 FOgl 150508 F REGtSTER 15 
E914 lF026A DELAY !ME 350 40 F082 l sos i.A F REGISTER INVfRTER 15 
E9!5 1F026B DELAY LINE-TIME 375 40 FOB3 1505 lB F REGISTER INVERTER 15 
E918 !F026C DELAY LlNE .... TIME 450 40 Foss iso5211 F REG!STER INVERTER ls 
E919 1F026D DELAY LINE-TIME 475 40 FOi>9 150528 F REGISTER INVFRTER 15 
E925 l F025A DELAY UNE-TIME 625 40 F090 1SOS7A f REGiSTER 15 
E929 1F025B DELAY UNE-iIME 725 40 F091 lSOSAfl F REGISTER 15 
E935 lF025C DELAY LINE-TIME 875 40 F092 iS059A F REGISTER INVfRTER 15 
E938 1F025D DELAY LINE-TIME 950 40 F093 150598 F REGISTER INVERTER 15 
E940 1F024A DELAY LINE-TIME 1000 40 F09B 1S060A F REGISTER INVERTER 15 
E941 !F024B DELAY LINE•TlME 1025 40 F099 150600 F REGISTER INVERTER 15 
E943 Jf024D DELAY LINE-TIME 1075 40 FlOO 15065A F REGISTER 15 
E948 1F024C DELAY LINE-H'-'E 1200 40 F!Ol !S066B F REGISTER 15 
FOOO l SOOlA F REGISTER 14 fl02 1S067A F REGISTER INVERTER 15 



Fl03 1S067B F REGISTER INVERTER 15 F234 1S055A F=77 12 
Fl08 1S068A F REGISTER INVERTER 15 F235 1S065B F=NOT 01 17 
F109 1S068B f REGISTER INVFRTER 15 F236 150578 f=NOT 01 17 
Fl 10 1S074A f REGISTER 15 F240 1R056B f=NOT 00 17 
flll 1S075B F REGISTER 15 F241 1R056A f=NOT 00 17 
F112 15076A F REGISTER INVfRTER 15 F250 1R031B E•NOT ox 19 
Fl 13 150768 f REGISTER INVfRTER 15 F251 1R031A E"'NOT IX 19 
Fl18 1S077A F REGISTER INVE"RTER 15 F260 1R073A f=NOT ooxxxx 17 
Fl 19 10063A F REGISTER INVERTER 15 F26l 1R074B F•NOT lOXXXX 17 
Fl20 !SOB2A F REGISTER 15 F262 !R074A F=NOT ll xx xx 17 
Fl2l 1SOB3B F REGISTER 15 F263 1R057B F=NOT xxooxx 17 
Fl22 15084A F REGISTER INVERTfR 15 F264 1R057A F=NOT XXOlXX 17 
Fl23 150848 F REGISTER INVERTER 15 F265 1R058B F•NOT xx1oxx 17 
Fl26 1R072B F REGISTER INVERTER 15 f266 1R058A F=NOT xx11xx 17 
Fl28 1 SOBSA f REGISTER INVFRTER 15 F267 1S0398 F=NOT xxxxoo 17 
Fl29 1S0878 F REGISTER INVERTER 15 F268 1S039A F=NOT XXXXOl 17 
Fl40 lROlOA F PRIME = XO INP 14 F269 l503BB F=NOT XXXXlO 17 
Fl41 l ROI OB F PRIME = Xl EXF 14 F270 1S038A F=NOT XXXXll 17 
Fl42 lROOBA F PRIME X2 14 F272 1R0738 F=NOT llXXXX 19 
Fl43 1R008B F PRIME " X3 EXC+EXCY 14 F301 1R070A LP 16 
Fl44 1R007A F PRIME " X4 INA 14 1"302 1S06IA SC 16 
Fl45 1R007B F' PRIME '" X5 OTA+OTN 14 F303 1S0618 LO 16 
Fl46 1R006A F PRIME = X6 OUT 14 F304 1S062A LC 16 
Fl47 1 R0068 F PRIME = X7 INAY+fTAY 14 F305 1S062B AD 16 
FlAO I5002B PIGGY BACK FDR F REGISTER • BIT l 14 F306 1S063A SB 16 
FlB2 JQOOlA PIGGY BACK FOR F REGISTER • BIT 2 14 F307 15063B ST 16 
Fl90 1R004B F PRIME xxxxo 14 FJOB 15064A SR 16 
Fl91 1R004A F PRIME " XXXXl 14 F309 1S064B RA 16 
Fl92 IR009B F PRIME xxxnx 14 F310 1 S0718 AO 16 
Fl93 1R009A F PRIME xxx1x 14 F311 1S072A LQ 16 
Fl94 1R015B F PR Il•E xxoxx 14 F312 1S073A SQ 16 
Fl95 1R015A F PRIME = XXlXX 14 1"313 1S078A MU 16 
Fl97 1R020A F PRIME x1xxx 14 F314 1S079A DV 16 
F200 1S041A f=1X3 OR 1X7 16 F315 15071A A JUMPS FORWARD 16 
F201 l5050A F=lX3 OR 1X7 16 . F316 lSOBOA A JUMPS BACK WA RO 16 
F202 1 S066A f ox 16 F317 lSOBOB A JUMPS • EM 16 
F203 1 S058A F = OX 16 F318 1S046B DIRECT (Q) 16 
F204 1S0698 f " 6X•7X 16 F319 1R069A MEMORY (M) 16 
F205 1R017A E = NOT 00 16 F320 1R068A INDIRl:CT I I l 16 
f206 1R018A E = 00 12 F321 1R067A SPECIFIC 16 
F208 1R0228 E = OO•Ol 16 f322 1R066A BACKWARD 16 
f210 1R021B E = NOT OX 19 f323 1R065A CONSTANT 16 
F21 l !R021A E = NOT lX 19 F324 1R064A FORWARD 16 
F212 lR02B8 E=NOT 2X 19 F325 1R063B ENTIRE MEMORY <FM> 16 
F213 !R028A E=NOT 3X 19 F328 1R0618 MEMORY INDEX CMX) 16 
F214 1R029B E=NOT 4X 19 F329 1R060A AR+AQR IF G SHIFT 16 
F215 1R029A E=NOT 5X 19 F330 1R060B AL+AQL If G SHIFT 16 
f216 1R030B E=NOT 6X 19 F333 l OOBOA AQL IF G SHIFT 16 
F217 1R030A E=NOT 7X 19 F334 JR072A NOT·AOR IF G SH!FTS+MU 16 
F220 100068 E=NOT XO 19 f335 !R061A G SHIFTS 16 
F221 l0006A E=NOT Xl 19 F336 }R079A NOP 16 
F222 1Q007B E"NOT X2 19 F337 1S0938 BBCY 18 
f223 1Q007A E=NOT X3 19 F339 J5092A SIC 18 
1"224 1Q008B E=NOT X4 19 F339 !S094A ATEY•ATXY 18 
f225 1Q008A E=NOT XS 19 F340 1S093A IRJ 18 
f226 100098 E=NOT X6 19 F34l 1R0648 JPRG 17 
F227 1Q009A E=NOT X7 19 F342 1S075A soc 18 
F228 1S056A F•OO 12 F343 1P024A ETAY+!NAY lB 
F229 1R059A f=O! 17 f344 1R092A DRJ 18 
F231 1R016A f=NOT 01 17 F345 1S091B MTM2 19 
F232 1R055B F•NOT 01 17 f346 !ROB9A SID 18 
F233 1R0548 f=NOT Ol 17 F347 1R091A IBIY• !AOY 18 



F34A 
F350 
F351 
F358 
F360 
F36l 
F362 
F363 
F364 
F365 
F367 
F368 
F369 
F370 
F371 
F372 
F373 
F374 
F375 
F376 
F378 
F380 
F3A2 
F384 
F385 
F386 
F3R8 
F389 
F391 
F392 
F393 
FJ94 
F395 
F3% 
F397 
F398 
F399 
F400 
F4flJ 
F4o2 
F403 
F404 
F405 
F406 
F4(l7 
F408 
F409 
F410 
F412 
F413 
F414 
F415 
F416 
F417 
F418 
F419 
F4;:>0 
F421 
F422 
F423 
F424 
F425 

ll058B 
1K02BB 
l J028B 
100858 
l Q085A 
1P090A 
lROBBA 
lPOBlA 
lQ013A 
150888 
!0028A 
10027A 
10026A 
)0029A 
!P088A 
1Q033A 
1P033A 
1R034A 
lR035A 
1R036/\ 
l 5036A 
!P03711 
lR042/\ 
I R022A 
!R044A 
1505311 
150831\ 
100251\ 
150881\ 
1S091A 
!S089A 
150908 
150901\ 
1007111 
10070A 
10068A 
1006711 
150948 
1M054B 
10062A 
100768 
!N093B 
1P005A 
1G0398 
1P084A 
lNOfi4A 
100848 
1S049B 
150538 
1N06 l8 
iQOA3A 
1R027A 
lPOllB 
1P074/\ 
lQ071B 
ll043B 
!H022A 
1F060A 
1E071B 
1I031/\ 
IJ041B 
Hl087B 

G SHIFTS 
NOT•!fTAY+INAYl !F"l 
NOT·IETAY+INAYl IF"l 
ACJ 
BLS 
CTC! 
PTA 
JPI 
LSJ•LS2 
CTA•CTAQ 
RCJP 
CBC 
X/\Q 
ATE 
ERTA 
ATX 
NOP 
ETA 
NOP 
LS3 
LS6 
MUT 
MUH 
RSJ+RS2 
NOP 
NOP 
CIL•C!LY 
NOT SILY 
SBU 
CBCY 
STP 
EXCY 
STE 
LPN 
SCN 
LDt~ 

LCN 
NOT DV 
NOT MU 
NOT-eLS•!NP,F PRIME.D+l!NP•OUTI .c 
BLS • BUFFER NOT RUSY 
EXc•EXF•EXCY 
INP • F PRIME 
STE•ETA•BLS, A• BUFFER NOT BUSY•BJ 
DiC•Elff+EXCY 
NOT - LDN•IEXc•FXF•EXcYl.s•LD.D•INAIF•l.D 
INP•OUT 
NOT EM 
NOT CONSTANT 
NDT•EXC•EXF•EXCY 
NOT-OTN•ETAY•!NAY•INA+OiA 
E=77 
lINP+oUTl .c 
NOT-( !NP•OUTl .B 
NOT•! INP+OUT) .c 
!INAY+ETAYl !F<>l +ERTA 
OUT,C+Bl 
INP!F<>),Q+OUT.c 
NOT•INPUT BUFFER•Bl 
NOT·<AD•SB+LC+SC+LP+RA+AO+INP(F*l),D•ADN•SRN 
<AO+SR+R/\+AOl,D•ADN+SgN 
NOT BLS 

16 
35 
35 
18 
18 
18 
18 
17 
18 
19 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
19 
19 
19 
19 
19 
19 
19 
19 
17 
17 
17 
17 
l.6 
16 
22 
28 
54 
26 
22 
26 
24 
24 
16 
16 
26 
26 
12 
26 
24 
26 
24 
27 
22 
27 
55 
55 
18 

F426 
F427 
F428 
F429 
F430 
F43l 
F432 
F433 
F434 
F435 
F437 
F438 
F442 
F443 
F446 
F450 
F451 
F456 
F457 
F458 
F459 
F460 
F46l 
F462 
F466 
F467 
F468 
F47l 
F478 
F4f\3 
F484 
F486 
F487 
F488 
F49l 
F492 
Ft,93 
F494 
F498 
F499 
Fsoo 
FSOl 
FS02 
F503 
F5{14 
F505 
Fso6 
F50? 
F50B 
F509 
F510 
F5Jl 
FS12 
F513 
F514 
FS!S 
FS16 
F5l7 
FS!A 
F519 
FS20 
F521 

lPOOSB 
1R034B 
1Q073B 
1R07BB 
1T094A 
1R0778 
1R076B 
100268 
100258 
1R094A 
1N036A 
!R0938 
1R040B 
J0066B 
100888 
1R086B 
JR0848 
100298 
JQ032B 
100338 
1R033B 
1R036B 
!R035B 
150368 
1R0428 
JM0068 
JR087B 
1R044B 
l T094B 
1Q0688 
IQ0678 
100658 
1Q0648 
100838 
100808 
JR083B 
!00748 
JQ072B 
10069A 
100698 
100528 
1R038B 
1P0938 
1R053B 
JR005A 
1POB48 
1N0638 
JP0808 
1D0498 
1P083B 
1P0888 
IM036B 
1QOB6A 
1R020B 
JROOSB 
100278 
150188 
100248 
100241\ 
150408 
150448 
)0032A 

NOT STE 
NOT ETll 
NOT·EXC•EXF 
NOT•IBI+INP 
NOT EXCY 
NOT•UlO•OUT 
NOT NOP 
NOT XAO 
NOT SRJ 
NOT BRc:Y 
NOT-ATEY•/\TXY 
NOT IRJ 
NOT DRJ 
BLS 
NOT /\CJ 
NOT•LS!•L52 
NOT JPI 
NOT ATE 
NOT rnr A 
NOT ATX 
NOT NOP 
NOT - LS3 
NOT NOP 
NOT • LS6 
NOT - MUH 
NOT RcJP 
NOT - RSJ+RS2 
NOP 
NOT - STP 
NOT - LDN 
NOT - LCN 
NOT - SBN 
NOT UJ 
NOT DP 
NOT - HW 
NOT - JPR+JFl 
NOT - OTN 
NOT-!NA•HW!•DTA 
JR 
NOT JP 
(MU•DV l .O 
DV 
MU 
NOT-5WEEP•ENTER•BLS.9UFFER NOT RUSY 
NOT-RNI•BLS.~IFFER NOT BLiSY•INP(F*l•BllFFER CYCLE 
MU•DV 
LDN•(EXc•EXF•EXCY) .g•!NAfF~l.o•LD·D 
SCHEM•CDNST ANTI 
OUT (f" l 
0\l•MU 
E"i'40T 77 
NOT-SgU•BBCY•e=X1 
NOT EXF 
E=NOT 00 
E=oo 
E=OO 
NOT-EXC+EXCY 
NOT INA 
NOT OTA 
NOT !NP 
(OTN•ETAY+INAY•!NA•OTAl.A 
NOT•!OTN•ETAY+INAY+INA+OTA)oA+(EXC+EXF+EXCY).9+ 

19 
18 
17 
17 
19 
17 
17 
18 
18 
18 
18 
18 
18 
18 
18 
18 
17 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
18 
19 
17 
17 
17 
17 
17 
17 
17 
17 
l7 
l7 
17 
16 
16 
16 
26 
26 
16 
24 
24 
28 
28 
20 
23 
21 
20 
26 
26 
27 
14 
14 
26 
27 
27 



F5?2 

F523 
F525 
F526 
F527 
F528 
F529 
F530 
F531 
F532 
F533 
F534 
F535 
F536 
F537 
F53B 
F539 
F540 

F541 

F541 
F542 
F543 
F544 
F545 
F546 

F547 

F548 
F549 
F550 
F551 
F552 
F553 
F554 
Fsss 
Fs56 
F557 
F558 
F559 
F560 
F561 
F562 

F563 
F564 
FS6S 
FS66 

F567 
F568 
F569 
F570 

15044A 
1S033A 
lR0518 
1R0458 
l(;l0628 
l T041 A 
1R0508 
1R050A 
1S0358 
1K017A 
100058 
1R052A 
l 50328 
1L009A 
l 0053A 
1Q049A 
10046A 

1L0258 
lR063A 
1 Q075A 
10076A 
i0077A 

100788 

1007BA 
1Q079A 
100798 
1R0528 
1R084A 
1P076B 
}P087A 
1P086A 
1P07SA 
1M044B 
1S0898 
1P07S8 
1P0748 
!ROSSA 
1P0738 

1P073A 
lR0928 
10045A 
10044A 

lM05lB 
lMOSlA 
l M0498 
1M049A 

OUTCF*>•D•CINP•OUT>.C+INPIF*>.E.A*<-> 
F* ACTIVEtNORMAL I/0 WAIT CONTROL 
COTN+FTAY+INAY+INA•OTAl.A+(EXc•EXF•EXcY>·B• 
OUTIF•>.o•<INP•OUT>.c•INP<F•l.E.A*(-) 
F* ACTIVEtNORMAL I/0 WAIT-TIME lS 
NOT-CH2 OR CH3 SELECTED AND BUSY 
NOT-CH2 SELECTED , CH 3 BUSY 
CH 2 NOT BUSY 
I/O UNIT NOT BUSY 
CH 2 sUSY 
IIO UNIT BUSY 
SRJ•DRJ•ACJ+IRJ 
JR+UJ+DR•A JUMPS EM+RcJP 
OUT<F") 
NOT-OUTCF*l 
NOT-INP<F•J 
NOT-C!NAY•ETAYI CF•) 
l!NAY•ETAY) CF•J 
ERTA+JR 
NOT-LOAD•ENTER+8FR•CMU+DUJE+(SR+RA+A0)NOT RNI 
SR+RA+AO 
NOT-EXc+EXF+EXcY•LQ.NOT C•INA<F .. l•LO·D• 
MX.NOT c•<INP•OUTl~NOT F*AcTIVE 
X TO Q PRIME cONTROL 
(LON+g490 MODE JNT.B+NOT F540l•NOT f.NOT 
(MX.<A•Cl+<ST+SQ).MX•O) 
GATE X TO Q PRIME AT 10 TIME 
S8U+88CY.E=Xl 
ADN•SsN•SCN+LPN 
RA+LP+SC+AD+SR 
NOT-INPCF*l ,D+OUTCF*l,E,SR2 SET 
NOT-<RA•LP•SC+AD•S0>.o•DV.E•OUTCF*l.D• 
MU,O 
ENABLE A TO U CONTROL 
INP<F•l.D+OUTCF*l.E.SR2 5fT+ADN•S8N•ScN• 
LPN+CtNP•OUT>.c•NOT F546 
SET ENABLE A TO U AT 10 TIME 
LP+SR+AO 
MXIA+C)+(ST•SOJMX,o 
NOT-ST•SQ 
JPRG+OUTCF*J 
NOT-SPECIFIC·A•JR.e+Hw.o 
SPECIFIC·A•JR.B+HW.D 
CST+SQ+SR+RA•AO+NOT DlolEM+SPECIFICl.NOT A 
ACJ+IRJ+SI+Sic+SID 
ACJ•DR•SID•SDc•SD+ORJ 
NOT-BLSoA•<SR+RA+AO+JRl.NOTB 
<OV+MU) E 
XAQ+LO•<DV+MUJ,(D+El 
IOV•MUl.CO•El+PTA•XAQ+(JNP•OUTl,B 
NOT-<oV•MU>.<o•El•PTA•XAO 
(NOT FS6S•NOT FS66J,NOT DV 
A TO A PRIME CONTROL 
SR+LS1+LS2•LS6+MUT+MUH 
NOT-MUT•MUH 
NOT-ATX•LS2+Rs2•MU.o•ATEY+ATXY 
A TO A PRIME CONTROL 
NOT-ST.<F+s•Sl•MX.o+IINP•ouT>.c 
NOT•8L5•A•8UFFER NOT sUSY 
BLS.A.8UFFER NOT BUSY+81 
D•I•M+CONSTANT 
HW•ACJ•DRJ•SRJ•HWI 

27 

20 
20 
20 
20 
20 
20 
23 
23 
23 
20 
21 
26 
26 
26 
2S 
2S 
25 

25 

23 
22 
22 
22 
22 

22 

22 
22 
22 
21 
23 
23 
23 
23 
23 
26 
24 
24 
24 
24 
24 
24 
25 
25 
24 
24 

2S 
25 
24 
24 

F571 

F572 

FS73 
FS74 
FS7S 
FS76 
Fs77 
FS78 
FS79 
Fsao 
FSRl 
FSR2 
Fsa3 
F594 
Fses 
FSR6 
F587 
FSM 
F590 
FS91 
F592 
FS93 
F594 
FS95 
FS96 
Fs97 

F598 

F599 
F600 
F60l 
F602 
F603 
F604 
F605 
F606 
F607 
F608 
F610 
f 61 l 
F612 

F613 
F614 
F61S 
F616 

f6J7 

F61B 
F6J9 

1soB6A 

10040B 

l0040A 
1CW39B 
1R0398 
10039A 
1P072R 
100388 
1Q002A 
100378 
10036A 
100868 
10089A 
INOOlA 
lJOlOA 
10037A 
1003SB 
100348 
lIOllA 
10034A 
1M008A 
1H0648 
1P086B 
100S2A 
100238 
IJ009A 

10008A 
!P045A 
1P04SB 
1P0468 
1R0258 
100418 
1M042B 
1003S8 
Hl041B 
10033A 
lJOlOB 
100388 
lK009B 

l0034A 
1Q051A 
10035A 
1N033A 

1M0418 
10063A 

100038 

NOT-ENTER+HW•ACJ•DRJ+SRJ+HWI•OTAoA+ 
ST.tEM+D+I•M•c> 
A TO A PRIME CONTROL 
IRJ+RS1+RS2+LS1+LS2+MUT+MUH+NOT FS71 
GATE A TO A PRIME AT 11 TIME 
NOT HWI 
OTA 
INPCF*> 
OTN•OTA 
INTERRUPT+JPR+SPECIFlC•A•JR.8+HW•O 
NOT JPR 
INP 
INPCF•l.E.SR2 SET+INA,NOT D 
NOT•INP<F*l.E.SR2 SET 
LPN•AoN•SRN•ScN•LCN•ETA 
NOT·AD+SB+LC•SC•LP+RA+AO 
IAD•SR+LC+SC+LP+RA+AO•INP<F*)l•D 
ERTA+tINAY+ETAYl IF*l•NOTC 
MUT+MUH 
tHW•HWIID 
NOT•DV.E 
CSO.MX)oNOT A+SQ.F 
NOT-STE+SR.o 
STE•SR.o•sLS·A·8UFFER NOT ausv 
DV 
NOT-8LS•BUFFER NOT eUSY.o.aER=0xR 
LS;>+LS3+LS6 
JPR 
STP+STE•OTA•ENTfR•Ro9o MODE INT+NOT Fs9B 
GATE A PRIME TO X AT 12 TIME 
NOT-tST•SQl.<I•M•EMl.o•<ST+SQJ.{CONST•DIR),A• 
<HW•HWil•O•JPR•D 
A PRIME TO X CONTROL 
<ST+SQl.<I•M•EMl.D 
NOT-Mu.E•ov.o 
NOT • MU•E•DV.D 
EXF 
EXC•EXCY 
INA 
OTA 
INP 
OUT 
tST+SQl.<CONSTANT+orRECT>.A 
fSR+RA•AO+JRl.NOT 8 
NOT-<sT•SQJ.Mx.o 
ATEY•ATXY•ATX+ST.(f+B•S)•MX.D•(yNP•our>.c 
GATE A PRIME TO X AT 16 TIME 
IBO 
NOT-Mx.c•cFORWARD•RACKWARO•SPECIFICl.A 
(ST+SQ) .Mx.o -
NOT-<sT•SQJ,Mx.o•{JFI•EXFl.A 
A* TO StREO MEM READ•P TO U CONTROL 
<ST+SO),MX.o•tJFI+EXFl•A• 
MX.c•<F•8•5l•A 
A PRIME To s ANO REO MEM cONTROL 
JFJ 
NOT-INP<F*l.O+tSR+RA•AO•JRl.D 
BLS.sUFFER NOT eUSY.BER NOT = sxR 
REQ MEM WRITE CONTROL 
STE+INP 8UFFERo81•8L5.A,BFR NOT 8USY+JNPCF*l•D• 
(SR•RA•AO•JRl.D•BLS.eFRNOT BUSY.BER NOT=sXR 
REQ MEM WRITE cONTROL-TIME 14 
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24 

20 
24 
23 
14 
25 
20 
26 
28 
28 
24 
24 
24 
2S 
22 
27 
21 
24 
24 
24 
16 
20 
2S 
24 
26 

26 

26 
22 
2S 
25 
27 
14 
26 
23 
26 
26 
27 
20 
26 

22 
25 
20 
25 

2S 

20 
27 



F622 
F623 
F624 
F625 
F626 
F627 
F62B 
F629 
F630 
F63! 
F632 
F633 

F634 
F6]5 
F636 
F637 
F638 
F639 
F640 
F641 
F642 
F643 
F644 
F645 
F646 

F6'+'7 
F648 
F649 
F650 

F651 
F653 
F654 

F660 
F662 
F663 
F664 

·F665 

F667 

1P026A 
150278 
}00438 
100428 
1L0548 
JOfJ43A 
JQ042A 
JP062A 
lOOSSA 
JOOJOA 
JS045A 
J0061A 

JP006A 
J0006A 
}N004A 
JP07RA 
Jfl054A 
l P071B 
JP0828 
J0037A 
!P0308 
l 0037B 
1003611 
10035A 
l 00618 

1N007A 
JN006A 
10005A 
!0062A 

!P0288 
1L00'78 
JM007A 

1noosB 

JP002A 
1L007A 

1P058B 
J0009A 
lOOlOA 
100048 

)JOOBA 

1J007A 

1P071A 

MUT+MUH 
NOT - OUT 
NOT - MU+X(-)+OV+X(+) 
MU.X<-) .o+ov.x !•> .o 
MU 
NOT - MU.X<+l+DV+X!-l 
MU, X ( + ) • D + D V • X ! - ) • D 
NOP TPANSLATION 
NOT-<o.F2+02) 
NOT - <SLS+SJSl.STOP cONO!T!ON MET 
NOT-ERROR STOP+HALT+ENTER.NOT EM 
!SLS+SJS), STOP CONDITION MET+ERROR STOP•HALT• 
INSTRucTION STFP•ENTEP· NOT EM 
PRMRAM STOP 
NOT - (SLJ+SJSl,JUMP cONDITION MET 
(A JUMPS BACKWARD+RACKWARD•LCN•SBN),A 
!LC+SR)+D 
NOT-G SHIFTS+JPR•ENTER•LDAD.P NOT=5 
NOT - SCN•STE•Sc.D•SR.D•BLS.A+((NP•OUT).6 
MUT+MlJH+B! CYCLE 
MUT•MUH•A1 cYcLF•LS6•lMU•oV).f+nv.o 
NOT-MUT+MUH•B1 CYCLE 
NOT - LS6•(MU+ov>.E•DV·D 
HWI 

. NOT - HWI.o•lNPIF~l.D•OUT.c•OUTIF•l.E 
NOT-IJ•M>.B+Mx,c 
HWI :o·.-'fNP ( F*) .o•OUT .C•OUT ( F") .E• (I •M) • s• 
MX,c 
SELECT INDIRECT BANK AT 11 T!ME 
ST+SQ+SR+RA+AO+ {M+I+MX> .D 
NOT-tn•Il.A•DrRFCT,lSR•RA•AOl,D 
NOT- LJP!+HWI I,/:!. 
(D+!) ,A•DlRECT, {SR+RA•AOl ,D+ UPJ+HWl l .A+ 
JPIR•R•STE+STP•A MODE INTFRRUPT 
SEL DIR BANKoREQ MEM READ cONTROL 
B•STE+STP•g090 MOOE INTERRUPT 
NOT - (EXc•EXF•FXcYl (f*) 
OUT(F<>) 
NOT-coNSTANT•F•RACKWARD•JPR•(JNP•OUT) .s•JR,o 
SELECT RELATlVF BANK cDNTROL 
CONSTANT•F•BACKWARD+JPR•l!NP•OUTl.B•JR.D 
SELECT REL BANK-TIME 11 
((I+M) .S•(F•BACKWARO•S•CONSTANT+DIRECTl.A• 
MX.c•FM•B•NOT(SR•R••AOl.NOTIMU•oV) 
ENABLE R CONTROL 
<F•BACKWARO+S+CONSTANT•DIRECTl.A•NOTISR•AA•ADI 
NOT-EM,B•(F•BACKWARD•S•CONSTANT•DIRECTl.A 
NOT<SR•RA•AO) 
ENABLE A CONTROL 
IBI 
M•EM•JR.NOT MD13 INTERRUPT. 
STE+JPl•HWI•STP•INDIRECT•OlREcT 
HWI+NOTF666• (tlJ•DR+A JUMPS EM+RcJP) .D+ 
OUT.NOT F*ACTIVEoC 
X TO S CONTROL-TIME 11 
NOT-NOT F666+(5R+DR•A JUMPS EM•JR• 
RCJP) .o•OUT.C,NOT F*ACTJVE 
X TO S CONTROL 
!ATE•ATX•JPI•IR1Y•!BOY•IBI•IBo•ATEY•ATXY•Hw 
+MTM2+8L5,gfR RUSY+RCJP+F=77+JPR•JF!+ 
HILO+E>,<o•E>---X TO S•TIME 10 TO 1 
NOT - JP!•ATX+!BIY•IBOY•!BI•ATEY+ATXY 

24 
26 
21 
21 
16 
21 
21 
18 
18 
12 
12 
12 

13 
21 
21 
24 
24 
24 
24 
24 
24 
20 
23 
23 
23 

23 
23 
23 
23 

2i 
27 
23 

23 

28 

28 
28 

48 
26 
26 
26 

26 

26 

26 

F668 
F669 
F670 
F671 
F673 
F674 
F677 
F67A 

F679 
F6Rl 
F6R2 

F685 
F686 

F6B7 
f6f1B 
F69l 
F692 

F700 
f70l 
F·702 
F703 
F704 
F705 
F706 
F708 
F709 
f710 
F711 
F712 
F713 
F714 
F715 
F716 
F717 
F7!8 
F719 
F720 
F721 
F722 
F724 

1L013A 
1M006A 
1Q059B 
!Q060B 
1Q070B 
1Q058A 
100588 
!Q0578 

!0046B 
l K006A 
1L006A 

lTOlOA 
J0057A 

1F0)2A 
JR054A 

J0060ll 
)J006A 
JJ0068 
l I009A 

1J008A 
l 0017A 

1I006A 

lHOll/\ 
!HO!OA 

JH009A 
100121>. 

1F009A 
ll009B 
lFOOSA 
1M058B 
1M0648 
1F008B 
!F006B 
1F006A 
JP076A 
1M0568 
1H0068 
1H006A 
1G006B 
1G006A 
1!005B 
1I005A 
1H005B 
IHOOSA 
IG005B 
IG005A 
IF005B 
lFOOSA 
1000213 

NOT-HW+MTM2+BLS.BUFFER BUSY•IBO 
NOT-RcJP+JPR•JFJ+F=77 
F NOT = 17 
SLJ•SLS+SJS 
F=77 
(SLJ+SJS),JUMP cONoITrON MET 
MX.C+(FORWARD+BACKWARD+SPECIF!CloA 
NOT-!sT+SQl,MX.o•!ST•SQl.<F•B•S)oA 
A PRIME TO X AND MEM WRITE cONTPOL 
SET MEM WRITE AT 12 TIME 
I+M+E,..•INP+OUT 
NOT- ( D +I) , A+ UP I •HWI) • A+ (I +M•EM• 
INP•OUTl,9+0UT<F*l+E•SR2 SET•STE•STP+ 
MD12 rNTERRUPT---REQ MEM. READ cDNTROL 
SET MEM READ AT 12 TIME 
MX,c• (F+B•S) •A• (JFI•EXF) +A•DlREcT .NOT D 
SET MEM READ AT 12 TIME 
ENTER+LOAD•MD1? INTERRUPT•STP 
NOT-ENTER+JPR.o•<ST+SQ). (CONSANT•DlREcTl·A•LDAD• 
STP•Mnl2 INT+(ST+SQ).(!•M•EMl.D 
REQ MEM ANO MfM WRITE CONTROL 
OUTPUT BUFFER,R10NOT I/0 NOT RUSY CYCLE 
SET REQ MEM AT 12 TIME 
NOT - <INA+OT A•OTNl ( F<> l 
lllNA•OTA+OTN•!NAY•ETAYkEXc•EXF•EXCY) F•l•BLSl·D 
SET ENABLE P TO U aT JO TI~E 
SET ENABLE P TO U AT 10 T!~E 
(!NP+QUT•(!NP+OUT> IF*)) .NOT(fl+C+D) 
ENABLE P TO U CONTROL 
(A JUMPSIF•Bl+JR•EXF•FORWaRD•BAcKWARDl ·A·NOT B 
SET ENABLE P TO U AT JO T!~E 
NOT-ATE•MTM2•1NTERRUPT•!BO•STP•PTA 
NOT•BLS•DV.E.SR? CLEAR•SR.O•MLJ,E·SR1 CLEAR• 
IMU•DVl.D,AI•) 
ENABLE I CONTROL 
SET ENABLE l AT 10 TIME 
NOT-B1•ATX•IBIY•IBOY•ATEY•ATXY•A JUMPS EM• 
IBI•STE 
ENABLE l !+2> CONTROL-TIME 10 
MU,E•ov.o 
MU.E+nV.D•XAO 
NOT - A JUMPS EM 
NOT - A JUMPS RACKWARO 
NOT - A JUMPS FORWARD 
NOT - LP 
NOT - SC 
NOT - LC 
NOT - AD 
NOT - SB 
NOT - ST 
NOT - SR 
NOT - RA 
NOT - AD 
NOT - LO 
NOT - SQ 
NOT DIR 
NOT - M 
NOT - I 
NOT SPECIFIC 
NOT BACKWARD 
NOT FORWARD 
NOT - MX 

26 
26 
17 
20 
20 
13 
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27 

27 
27 
27 

27 
27 

27 
27 

28 
27 
22 
22 

22 
22 

22 
21 

21 
21 

22 
25 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 
16 



F725 
F726 
F727 
F728 
FBOO 
FBOl 
F802 
F803 
F804 
FBOS 
FB06 
FB07 
FAOB 
FB09 
FBlO 
FBll 
FB12 
FB14 
F815 
F816 
FB17 
F81B 
F819 
FB20 
F82l 
FA22 
F823 
FB26 
F831 
F832 

· F833 
F839 
F840 
F84l 
F900 

F901 

F9o2 
F903 

F904 
F905 

F906 
F907 

F908 

F909 
F9l0 

F911 

F912 

F914 

1L0558 
1ROB2A 
lROBSA 
1J031A 
1Q066A 
1Q065A 
1Q064A 
1R087A 
1R086A 
10088A 
1Q087A 
1R083A 
1R078A 
1R077A 
1R076A 
10074A 
10073A 
1S087A 
IR0858 
1SOB2B 
1ROB28 
lS0818 
1R0818 
1S0858 
lR0808 
1S0868 
1R079B 
!0072A 
1R051A 
1Q0218 
1P027A 
!0084A 
1S016A 
1R093A 
1H007A 

1N0598 
1R046A 

1F0128 
160108 

JG009A 
!GOlOA 

lGOOBA 

10065A 
10066A 

1P025A 

lFOllA 

10002A 

NOP 
NOP 
NOT•OUToC 
AON 
S8N 
UJ 
OR 
so 
SI 
HW 
JPR•JFI ( 71 XX) 
IBI•INP <72XX) 
IBO•OUT <73XXl 
NOP 
OTN 
EXC+EXF !75XX) 
Fol2=o 
F.12=1 
Fol2=0 
F.12=1 
F, 12=0 
F .12=1 
F .12=0 
F.12=1 
Fol2=0 
Fol2=1 
INA•HWI•OTA <10XXl 
E=Xl 
E=X2 
E=X3 
M012 
F.12=1•M•MX•C 
M013 
NOT•((fXC•EXF+EXCY+!NAY•ETAY•INA•OTA•OTN) iF*l• 
AO•eLS>.o•SLJ•SJS+rNTFRRUPT. 
ENABLF I CONTROL 
!EXF+TNAY+ETAY+iNA+OTA•OTN) (F<>l +AO 
ENABLF Il•l) cONTROL·TIME 10 
IEXC+EXCY) !F*J •BLS 
NOT-INPIF•l,E+JR.A•OUTIF*>.E•SR2 CLEAR 
ENABLE I(+2) cONTROL•TlME 10 
ov.E 
INP{F*loD•OUT(F*l•E•5R2 SET• 
( IEXF•INAY•ET11Y•INA+DTA•OTN) (F*l •AO) •O 
PLUS l TO I CONTROL-TIME 10 
PLUS ? ·ro I toNTROL-TJME 10 
NOT•{(EXF•INAY+FTAY+INA•OTA+OTNl {fO)+ADl•D 
PLUS l TO I INVERTERS CONTROL 
SLJ•SJS• (EXc•cXCYl ff*) ·O•sLS·D• 
PLUS 2 TO I INVERTERS CONTROL 
ATE+ATX•IB!•IBO•BLS 
NOT•EXC•EXCY•OUT!F*J•(ATE•ATX•!Bl•IBO• 
BLSl.9FR 9USY+MTM2.JIO UNIT BUSY 
SEL REL BANK•REO MEM READ cONTROL 
NOT-JPR+UJ+OR+cONSTANToNOTlST+SQJ+ 
(ATEY•ATXY>,CH 2 BUSY 
SEL REL BANKtREO MEM READ cONTROL 
NOT-HW+CSLJ+SJSl.JUMP CONDITION MET+BBCY 
SEL REL BANKtREQ MEM READ CONTROL 
NOT•A JUMPS EM.JUMP CONDITION MET+INP•OUT 
SEL REL BANKtREO MFM READ cONTROL 
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19 
19 
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21 
21 

21 
21 

21 
21 

21 

27 
27 

27 

27 

27 

F915 

F916 
F918 
F9!9 
F920 

F92l 
F922 
F9?4 
F925 

F9?.6 

F926 
F9?7 
F928 

F929 
F930 

F932 

F933 

F934 
F935 
F936 
F937 
F938 
F939 
F94l 
F942 
F943 
F944 
F945 
F946 
F947 
F948 
F949 
F950 
F951 

F9S4 

F955 
F956 
F957 

10003A 

lOOOlA 
1N002A 
lN003A 
lMOOBB 

!M003A 
1N0058 
}P058A 
}POBOA 

!L003A 

}POBlA 
!N005A 

!N004B 
1P082A 

100148 

}0020A 

lao22s 
1P032B 
1R040A 
1R039A 
}R038A 
IF054B 
!P093A 
l0021A 
iao53B 
ioo22A 
1P029A 
10018A 
!R\)53A 
100l6A 
1G015A 
!0023A 
100288 

l P008A 

ioo12A 

l0094A 
10093A 
I0092A 

NOT•M+fM+MX+JR+RCJP 
(IRIY•IBOY>.CH 2 SUSY 
SEL REL BANK•REQ MEM READ cONTROL 
SEL REL BANK•REQ MEM READ-TIME JO 
(SC+RA+ADl 
NOT-ScN+AON•F.A 
SCN•AoN•F.A•A JUMPS F+(INP+OUT>.c 
SET ENABLE X TO I AT }0 TIME 
lOUT•INP•EXF+JFJl.IA•Bl 
NOT - JFI 
NOT·<sT+SQ),(y+M•EMl•D CYCLE•EM.B 
<BLS•RFR NOT RUSY.lA•AER NOT•BXR)+JR,NOT A+ 
<SR•RA•AOl~o·rNP<F•J.a•STE)oNOT c CYCLE 
TIME 15 TO 4•CLEAR ENABLES CONTROL 
NOT•JR,NOT A•ALSoBFR NOT BUSY,BFR NOT•AXR+ 
lSR+RA•AO>.o+rNP(f•>·D 
TIME 15 TO 4•CLFAR ENABLES CONTROL 
TIME 13 TO 4•CLFAR ENABLES CONTROL 
NOT-(A8CY+CONSTANT+DIRECT•ENTfRJ•A•MDJ2 INT+ 
IHW+HWI> oO 
TIME 13 TO 4•CLFAR ENABLES CONTROL 
<BBCY+CONSTANT+OIRECT•ENTERl•A. 
lINP•oUT>.c•IST•SQl IMX.D> 
TIME 17 TO TIME 4 CONTROL 
(M+MX+cONSTANT•F BIT 12=;>,NOT(F+JR• 
RNI•<rNP•OUT>.c> 
PLUS 2 TO I CONTROL-TIME 4 
F•RNI+JRoB•!INP•OUTloC• 
NOT<M+MX•cONSTANT+F BIT 12=1> 
PLUS 1 TO I CONTROL-TIME 4 
NOT•JR.C CYCLE 
ZJ 
NZ 
PJ 
NJ 
SELECT M012.MDJ3 
NOT•A JUMPS EM.JUMP CONDITION NOT MfT 
INP (F<>) 
JRoB•RLS•INP(F*>•D 
NOT-JR.e•eLS•yNP(fO)+O 
ZJF+ZJfl 
NZF+NZB 
PJF+PJB 
NJF•NJB 
NOT-A JUMPSIF+BloJUMP CONDITION MET 
NOT•A JUMPS !F+Bl oJllMP CONOIT!ON NOT MET 
NOT-JR•EXc•EXF•FXcY•(EM•M•I)• 
NOT<ST+SQ)+MX+IMP+OUT+OUT(f*) 
CYCLE SELECT CONTROL - A TO D 
JR•EXc•EXF+EXcY•{EM•M+Il.NOT(ST•S• 
MX•INP+OUT+OUT<F*) 
CYCLE SELECT cONTROL - A TO B 
NOT JR•EXc+EXF•FXcY•(EM•M•I)o 
NOT<ST+SQl•!ST•SQl,MX 
CYCLE SELECT cONTROL • B TO C 
NOT•!NP•OUT+OUTIF*l•MX.NOT(ST+SAI 
cYcLE SELECT cDNTROL - B TO D 
NOT SJ+ERTA•SIO•S!c•SPC•SsU•SD 
NOT-AnN•SeN•LnN+LcN•ScN•LPN•MD}) SH!FTS.E=o 
NOT·SLS•HLT+ERR•NOP+ENTER•CBCY•cBC•PTA+ 
CTA•CTAQ+ETA•XAO•F=77,0 
TIME 10 TO TIME l AND SFLfCT REL•BANK cONTROL 

27 

27 
21 
21 
21 

21 
21 
20 
20 

20 

20 
20 

20 
20 

21 

21 

21 
17 
17 
17 
17 
10 
20 
20 
17 
17 
17 
17 
17 
l7 
20 
17 
11 

11 

11 

11 

20 
20 
20 



F958 
F959 
FC/60 

F961 
F%3 
F%4 

F965 

F966 
F%7 

F968 
F%9 

F970 
F972 
F973 
F974 
F975 
F977 
F978 
F979 
F9R0 
F9Rl 
F9R3 
F9A4 
F9B7 
F98A 
F989 
F991 
F992 
F993 
F994 
F995 

F996 
F997 
F99B 
GOOO 
GOOl 
G002 
G003 
G004 
GOOS 
G006 
G007 
GOIO 
GOll 
G012 
G013 
G014 
G015 
G016 
G017 
GO?O 
G02l 
G022 
G023 

1Q091A 
1S046A 
1P091A 

HI032A 
1P0908 
1P090A 

JP007R 

100188 
1J003A 

1S069A 
JROll A 

1P0858 
!K003B 
IL008A 
1P007A 
!P085A 
1P083A 
100168 
I POO 11\ 
l 00078 
!1<028A 
IM0438 
IP072A 
1T088A 
!T088B 
IQ059A 
100658 
1R014A 
!P0799 
JROB9B 
lP0948 

1P004A 
l0005A 
lROBOA 
!A063A 
180638 
l8064A 
180648 
IA040A 
1A0408 
100401\ 
l0040B 
1R049A 
l8049B 
1B050A 
1Fl0508 
1A039A 
1A0398 
lfl039A 
100398 
JR065A 
18065B 
lfl066A 
18066B 

NOT-CTCl•B8CY.O+CJL+C1LY+MD12PMDJ3+JFI.D 
NOT-MUT+RS1+Rs2+LS6+LS3+LSJ+LS2 
TIME 10 TO l•SEL REL BANK CONTROL 
TIME JO TO TIME 1 11ND SELECT REL•8ANK CONTROL 
TIME 10 TO TIME 1 CONTROL 
TIME 10 TO TIME 1 CONTROL 
NOT-F<>ACTIVE+BJ+B2+ENTER•LOAD+STP+ 
MDJ2 INTERRUPT 
(I NAY +ETA y. INA •oT A •o n1•EXc •EXF •EXCY> ( F") 
TIME 13 TO TIME 0 cONTROL 
!INP+OUTl tF<>l,SIGN RECORD 2 CLEARED 
(A JUMPS EM• JI IMP CONDIT I ON NOT MET+ 
A JUMPS(f+Bl•JUMP cONoITION MET 
TIME 13 TO TIME 0 CONTROL 
TIME 13 TO TIME 0 CONTROL 
NOT•MTM2oUNIT NOT RUSY+ 
(ATE•ATX•IsI•IsO>.sUFFER NOT RlJSY 
TIME 13 TO TIME 0 CONTROL 
TIME !3 TO TIME 0 CONTROL 
NOT - ST+SQ 
ST+SQ 
EM+M•I 
MX 
GATE CLEAR SELECT ENABLES AT 16 TIME 
NOT - SR•RA+AO 
CONSTANT•BACKWARDS+JPR•FORWARD 
MX 
NOT - SLS 
SLS+HLT+ERR+NOP+ENTER 
SILY 
NOT-SID•SDC+SD 
NOT-SI•SIC•S!o 
NOT - !BO 
NOT-tSLJ+SJSl.A.JUMP cONDIT!DN NOT MET 
LOAD+SWEEP+ENTER+MUH•JFI 
NOT TRI 
NOT·<ATEY+ATXY+IBIY•IROYloCH 2 NOT BUSY 
F~ACTIVE•Bl+82+ENTER+LDAD+ 
MDI? tNTERRUPT+STP 
CLEAR SELECT RELATIVE BANK-TIME II 
A JUMPS FORWARD+A JUMPS BACKWARD 
MDJ3 SHIFTS AND E NOT=OO 
STRIPE O INHIBIT - BIT 0 
STRIPE l INHIRIT - BIT O 
STRIPE 2 INHIRIT - BIT 0 
STRIPE 3 INHIRIT - BIT 0 
X GATE - 0 
X GATE - DISCHARGER- 0 
Y GATF - D 
Y GATE - DISCHARGER - 0 
STRIPE 0 INHIRJT - BIT I 
STR!PF l INHIBIT • BIT l 
STRIPE I INHIRIT - BIT I 
STRIPE l INHIRIT - BIT l 
X GATF - l 
X GATF - DISCHARGER - 1 
Y GATE - l 
Y GATF - DISCHARGER - l 
STRIPE O INHIR!T - BIT 2 
STRIPF l INHIR!T • BIT 2 
STRIPE 2 INHIRIT BIT ? 
STRIPE 3 INHIBIT BIT 2 

2D 
20 
20 

20 
20 
20 

20 

20 
20 

20 
2D 

20 
II 
11 
11 
11 
22 
23 
23 
16 
20 
20 
19 
23 
23 
27 
20 
23 
27 
20 
20 

23 
20 
32 
42 
42 
42 
42 
44 
44 
4S 
45 
42 
42 
42 
42 
44 
44 
45 
45 
42 
42 
42 
42 

G024 
GO?S 
G0?6 
G0?7 
G030 
G031 
G032 
G033 
G034 
G035 
G036 
Go:n 
G040 
G04l 
G042 
G043 
G044 
Go45 
G046 
Go47 
Goso 
G051 
Gos2 
G053 
GOS4 
r.055 
GOc;6 
Go57 
G060 
\,(lf\l 

G06? 
G063 
G064 
G065 
G066 
Go67 
G070 
G071 
G07? 
G073 
G074 
Go75 
G076 
Go77 
GOBO 
GOAi 
GOA2 
GOR3 
G090 
GOQl 
G092 
Goq3 
GlOO 
GI OJ 
GJ02 
G l 03 
GJ 10 
G 11 l 
Gl !? 
GJD 
Gl?O 
GJ21 

1A03RA 
!A0388 
1003BA 
!D03BA 
!ROSIA 
!flOSIB 
lf!052A 
180S28 
1A037A 
JA037R 
1D037A 
JD037R 
JR067A 
1B0678 
1R068A 
JB068B 
JR040A 
JB040B 
10036A 
!D036B 
1R053A 
1B0538 
lfl054A 
1R054A 
1R039A 
Jfl039B 
1003SA 
J003S8 
JR069A 
lfl069B 
1R070A 
1B07D8 
1B038A 
1B03BB 
10034A 
100348 
JROSSA 
1805SB 
1ROS6A 
180568 
lfl037A 
180378 
10033A 
JD0338 
1R071A 
l 80718 
lR072A 
!R072B 
IROS7A 
1R057B 
IR058A 
JROSBB 
I R073A 
180738 
]R074A 
JR074A 
IR059A 
180598 
lR060A 
1R060R 
IR075A 
180758 

X GATF - 2 
X GATE - DISCHARGER - 2 
Y GATF - 2 
Y GATE - DISCHARGER - 2 
STRIPE D INHIRIT - BIT 3 
STRIPE I INHIRIT - BIT 3 
STRIPE 2 INHIRIT - BIT 3 
STR!PF 3 INHIPIT - BIT 3 
X GATF (3) 

X GATF - DISCHARGER t3l 
Y GATF (3) 
Y GATE - DISCHARGER (3) 
STRIPE 0 INHIRIT - BIT 4 
STRIPE I INHIRIT - BIT 4 
STRIPE 2 INHIRIT - RIT 4 
STRIPF 3 INHIRIT - 8IT 4 
X GATF (4l 
X GATE - DISCHARGER (4) 
Y GATF (4) 
Y GATE - DISCHARGER (4l 
STR!PF 0 INHIBIT - RIT 5 
STRIPF I INHIRIT - BIT 5 
STRIPE 2 INHIR!T - BIT 5 
STRIPE 3 INHIRIT - BIT S 
X GATF (5) 
X GATF DISCHARGFR (5) 
Y GATF (5) 
Y GATF - DISCHARGER <~l 
STRIPE 0 INHIR!T - BIT 6 
STRIPF l INHIR!T - SIT 6 
STRIPF 2 INHIRIT - BIT 6 
STRIPE 3 INHIRIT - BIT 6 
X GATE (6) 
X GATE - DISCHARGER (6) 
Y GATE - (6l 
Y GATE DISCHAPGFR (6l 
STRIPE 0 INHIRJT - BIT 7 
STPIPF I INHIRIT - BIT 7 
STRIPE 2 INHIAIT - RIT 7 
STRIPE 3 JNHIRIT - BIT 7 
X GATF (7) 
X GATF - DISCHARGER (7) 
Y GATF (7) 
Y GATF DISCHARGFR (7) 
STRIPE 0 INHIRIT - RIT 8 
STR1PF I INHIRIT - RlT R 
STRIPF 2 INHIRIT - RlT A 
STRIPF 3 INHIBIT - BIT A 
STRIPE O INHIR!T - RIT 9 
STRIPf l INHIRIT - BIT 9 
STRJPF 2 INHIRIT - BIT 9 
STRIPE 3 INHIRIT - BIT 9 
STRIPF 0 INHIR!T - RIT JO 
STRIPE I INHIBIT BIT JO 
STRIPE 2 INHIRIT BIT JO 
STR!PF 3 JNHIRIT BIT 10 
STRIPE 0 INHIRIT - BIT 11 
STRIPE l !NHIRIT - RIT 11 
STRJPF 2 INHIRIT - BIT II 
STRIPE 3 INHIRIT - AIT 11 
STRIPF 0 INHIR!T - BIT 12 
STR!PF I INHIRIT - RIT J2 

44 
44 
45 
45 
42 
42 
42 
42 
44 
44 
45 
45 
42 
42 
42 
42 
44 
44 
45 
45 
42 
42 
42 
42 
44 
44 
45 
45 
42 
42 
42 
42 
44 
44 
4S 
45 
42 
42 
42 
42 
44 
44 
45 
45 
42 
4? 
42 
42 
4? 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 



G}22 1B076A STRIPF. 2 INHIBIT - BIT 12 42 HI36 1C090D NORMAL Rf SYNC 47 

Gl23 IR076B STRIPF 3 INHIBIT - BIT 12 42 Hl:lB 1C090E NORMAL RE SYNC 47 

Gl30 lR06lA STRIPF 0 INHIBIT - BIT 13 42 Hl40 1P067A RESUME TWO 49 

Gl30 lR06lA STRIPF 0 INHIBIT - BIT 13 42 H141 1P068A RESUME TWO 49 

Gl11 180618 STRIPF 1 INHIBIT - BIT 13 42 Hl42 1P067R RESUME TWO 49 

Gl32 }f!062A STRIPF 2 INHIBIT - BIT 13 42 Hl44 1P067C RESUME TWO 49 

G}33 1B062B STRIPF. 3 INHIBIT - BIT J 3 42 H146 1P067D RESUMf TWO 49 

HOOO 10094A MAIN TIMING - TIME ZERO 3 Hl48 1P067E RESUME TWO 49 

HOOl 10090A MAIN TIMING - TIME ONE 1 H200 10093A TIME ZERO 3 

H002 I0088A MAIN TIMING - TIME TW(l 3 H20l 10089A TI"E ONE 3 

H004 JOOBIA MAIN TIMING - TIME FOUR 3 H204 l0080A TIME FCUR 3 

HOOS 10073A MAIN TIMING - TIME FIVE 3 H208 10053A TIME FIGHT 4 

H006 J0058A MAIN TIMING - TIME SIX 3 H250 1E074A MULTIPLY+DIV!Df+SHIFT 6 

H007 1005611 MAIN TIMING - T !ME SEVEN 3 H702 1N009A A TO A PRIME 24 

HOOB I00<;4A MAIN TIMING - TIME EIGHT 4 H703 1L012A A PRl"'E TO A 24 

H009 lPOl9A MAIN TIMING - TIME NINE 4 H706 1F079A PROBE A PRIME 24 

HOlO 10017A MAIN TIMING - TIME TEN 4 H723 10085A A PRIME TO S 25 

HOll JN016A MAIN TIMING - TIME ELFVEN 4 H900 1 NOllA Q PRIME TO A 24 

H012 1M014A MAIN TIMING - TIME TWELVE 4 H901 lHOl2A CLEAR A REGISTER 24 

HOJ3 1J017A MAIN TIMING - TIME THIRTEfN 4 H902 1E084A A TO A PRIMF 24 

H014 1H016A MAIN TIMING - TIME FOURTEEN s H903 1P054A A PRIME TO A 24 

H015 HW20A MAIN TIMING - TIME FIFTEEN 5 H904 l N008A Q TO A PRIME 24 

HOl6 1G017A MAIN TIMING - TIMF. SIXTEEN s H905 1F073A A LEFT SHIFT 25 

H017 1F021A MAIN TIMING - TIME SEVENTEEN 5 H906 10055A PROBE A PRIME 24 

H018 1F019A MAIN TIMING - TIME EIGHTEEN 5 H907 1H028A A RIGHT SHIFT 25 

H019 1F016A MAIN TIMING - TIME NINETEEN s H90l'I JN081A TOGGLE A PRIME 24 

H030 lt021A START LOGIC 12 H909 \0077A CLEAR A PRIME 24 

H032 l00l6A START LOGIC 12 H910 lNOlOA A TO Q PRIME 25 

H050 1E073A MULT!PLY•oIVIDE•SHIFT 6 H'lll 1F074A Q LEFT SHIFT 25 

HOS} 1F076A MULTIPLY+DIVIQE+SHIFT 6 H912 !F078A Q TO Q PRIME 25 

H052 1E076A MULTIPLY•oIVIoE+SHIFT 6 H913 lLOllA Q PRIME TO Q 24 

HOS3 1E080A MULT!PLY•DIVIoE•SHIFT 6 H914 1N074A Z INT. TO X 26 

HOS4 1F081A MULT!PLY•o!VloE+SHIFT 6 H915 1R071A Q RIGHT SHIFT 25 

HOS<; IE083A MULT!PLY+DIVIDE+SHIFT 6 H916 10070A Z EXT. TO X 26 

H070 ln021A INTERRUPT LOGIC 53 H917 !0013A X TO Q PRIME 25 

H07l I0020A INTERRUPT LOGIC 53 H91B 1E009A INTERRUPT S3 

H072 ln019A !NTERl1UPT LOGIC 53 H919 lLOlOA A PRIME TO X 26 

H073 lD017A INTERRUPT LOGIC 53 H920 1F077A REDUCE F LOWER 14 

H074 1D016A INTERl'/UPT LOGIC 53 H921 10076A CLEAR X 26 

H075 1D014A INTERRUPT LOGIC 53 H922 l I018A FE TO INDIRECT RANK 23 

HOBO 1L018A START LOGIC RESYNC 12 H923 }P053A A PRIME TO S 25 

HO Al 1L019A START LOGIC RESYNC 12 H924 ll017A .ff TO DIRECT BANK 23 

HOA2 1L018B START LOGIC RESYNC 12 H925 !0012A X TO S 26 

HOB4 lLOlBC START LOGIC RFSYNC 12 H926 l I014A FE TO BUFFER RANK 23 

HOIJ6 lLOJRD START LOGIC RfSYNc 12 H927 10084A P TO S 25 

HOBS lLOl8E START LOGIC RESYNC 12 H'l28 lIOlSA BANK TO Q ANO Q PRIME 24 

Hoc:io 10094A SUFFER RESYNC 48 H929 1E086A F TO F PRIME 14 

HO'll 1C094A BUFFER RESYNC 48 H930 !0064A BANK TO A 25 

H092 Hl094B BUFFER RESYNC 48 H931 JG014A SET FE 15 

HO'l4 1D094C BUFFER RESYNC 4A H932 1006lA Z INT TO F 15 

H096 100940 BUFFER RESYNC 48 H933 !P089A SET INTERRUPT LOCKOUT 53 

H098 1D094E BUFFER RESYNC 48 H934 10060A Z EXT TO F 15 

Hl20 1 P064A RESUME I 49 H935 }OO!lA AoO PRIME TO RANK 23 

H!21 1P06SA RESUME I 49 H936 !G038A A PRIME TO BER 28 

H122 1P064B RESUME I 49 H937 !0075A CLEAR F 15 

Hl24 1P064C RESUMF. I 49 H938 }G028A X TO RXR s1 

Hl26 1P0640 RESUMF' I 49 H939 }POSOA CLEAR BFR so 

Hl28 1P064E RESUME 1 49 H940 isoosA REDUCE F UPPER 14 

Hl30 1C090A NORMAL RESYNC 47 H94l !G015A CLEAR BXR 5 

Hl31 IC091A NORMAL RESYNC 47 H942 ll013A INPUT OUTPUT TO x 26 

Hl32 IC0908 NORMAL RESYNC 47 H943 !P052A CLEAR BER 28 

Hl34 IC090C NORMAL RESYNC 47 H944 !P016A NORMAL INPUT TO x 26 



H945 
H946 
H947 
H948 
H949 
H950 
H953 
H954 
H955 
H956 
H957 
H958 
H959 
H960 
H962 
H964 
H96S 
H966 
IOOI 
IO 11 
I021 
!031 
I04l 
IOc;l 
IOI\! 
!071 
IO Al 
I09l 
11n1 
1111 
I!21 
1800 
1801 
I802 
lsn3 
1804 
1805 
I806 
1807 
I sos 
Iso9 
Is10 
Is11 
1812 
1913 
JOO! 
J003 
JOOS 
J007 
J009 
JOll 
JOI2 
J013 
JOIS 
JOI 7 
JOJ9 
J020 
J021 
J032 
JOS6 
JOSS 
JOS9 

!0082A 
1I012A 
!KO!OA 
1J012A 
!MOlOA 
lPOlSA 
lPOSlA 
1A078A 
lKOllA 
1P014A 
JK012A 
1A082A 
1K014A 
I JOl l A 
1P013A 
1005911 
10083A 
1P012A 
1H059A 
II059A 
JJ059A 
1K059A 
IL059A 
\M0S9A 
1M05BA 
!LOSSA 
\K058A 
1 JOSBA 
IIOSBA 
IHOSAA 
1G058A 
lnD67A 
In067B 
I0066A 
100668 
10065A 
100658 
1D064A 
l 00648 
!E066A 
!E066B 
1E065A 
!E065B 
!E064A 
lto64B 
!M062R 
1L0628 
1K063B 
1K062R 
1J063B 
1J0628 
IL0448 
1!0638 
1I062A 
I A062A 
I HOS BB 
lOOSOA 
100508 
1H024A 
1N034A 
IN034A 
IF092A 

S TO P 
X TO RUFFER BANK 
SET X LOWER 
RELATIVE BANK TO X 
SET X UPPER 
FE TO RELATIVE BANK 
CLEAR RELATIVE BANK 
BUFFER RESYNC 
CLEAR INDIRECT BANK 
EXT, INPUT TO AFR 
CLEAR DIRECT RANK 
BE!<=AXR 
CLEAR RUFFER RANK 
El<ROR REG. TO X 
Z EXT, TO BFR 
CLEAR INTERRUPT LOCKOUT 
CLEAR SELECT ENABLFS 
Z INT, TO BFR 
I INVERTERS 
I INVERTERS 
I INVfRTERS 
I INVERTERS 
I INVERTERS 
I INVfRTERS 
I INVERTERS 
I INVFRTERS 
I INVFRTERS 
I INVERTERS 
I INVERTERS 
I INVERTERS 
I INVFRTERS 
MEM, INFO TO Z - BIT ZERO 
MEM, INFO TO Z - BIT ONE 
MEM, INFO TO Z - BIT TWO 
MEM, INFO TO Z - BIT THREE 
MEM, INFO TO Z - BIT FOUR 
MEM, INFO TO Z - BIT FIVE 
MEM, INFO TO Z - BIT SIX 
MEM, INFO TO Z - BIT SEVEN 
MEM, INFO TO Z - RIT EIGHT 
MEM, INFO TO Z - BIT NINE 
MEM. INFO TO Z - BIT TEN 
MEM. !NFO TO Z - BIT ELEVEN 
MEM. TNFO TO 7 - IRIT TWELVE 
MEM, INFO TO Z - BIT THIRTEEN 
ENARLE P TO U INVERTER 
ENABLE A TO U INVFRTER 
ENARLF X TO U INVERTER 
ENABLF BER TO U INVERTER 
ENABLE Q TO U INVERTER 
ENABLE I INVERTER 
ENARLF I INVERTER 
ENABLE A·2 TO 2ND TO 1 INVERTER 
ENAALF X TO I INVERTER 
ENARLF -x TO l INVERTER 
ENABLE Q PRIMF TO I 
M013 TNVERTER 
M012 INVERTER 
NOT NORMAL J/O WAIT 
START LOGIC 
STllRT LOGIC 
START LOGIC 

25 
23 
26 
26 
26 
23 
23 
48 
23 
so 
23 
48 
23 
26 
50 
53 
22 
50 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
42 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
38 
lo 
10 
48 
12 
12 
I2 

,JOl\l 
J062 
J063 
J064 
J065 
J067 
J068 
J069 
J071 
J072 
J077 
JOBI 
J082 
J083 
Jo96 
JIOO 
Jlfll 
J102 
Jio3 
J104 
J10s 
J106 
J101 
J1os 
J109 
J110 
JJII 
J112 
JI 13 
Jl14 
J115 
Jll6 
JlI7 
Jl18 
JI19 
Jl20 
Jl2I 
JJ22 
Jl23 
J121 
Jl28 
JI30 
JJ32 
J133 
JI34 
JI35 
Jl36 
JI37 
J138 
JJ39 
J140 
JJ4l 
J142 
JJ43 
Jl44 
Ji47 
Jl48 

,Jl49 

JlSO 
Jl51 

IP06l8 
lP061A 
1F093B 
1G035B 
1F090A 
ll059B 
IJ025A 
1 J025B 
lM019B 
1QOI2B 
lF092B 
!K058B 
1R0378 
IS0378 
IK032B 
!F094A 
IF094B 
JF093A 
IF093B 
IG036A 
!G036B 
!S043B 
rs one 
JN092A 
1Po2eA 
!E007B 
JE012A 
iJoo3B 
ffOI2B 
1M0318 
I00098 
lEOlSA 
IE013A 
IE013B 
1N046B 
1N044A 
JN044B 
IN045A 
!N045B 
!C078A 
1R080A 
I80808 
100878 
1A077A 
180788 
1A0778 
1R078A 
IR079A 
1C087A 
JC'lRBA 
1C089B 
180798 
!R077A 
IC089A 
IC083B 
JH007B 
100868 

I0086A 

IN0368 
1P042A 

RNJ 
NOT RNI 
X TO X INVERTERS 
X TO X INVERTERS 
BFR TO X INVERTER 
LOAD INVERTER 
X TO TRANSMITTERS 
X TO TRANSMITTERS 
F*ACT! VE 
NORMAL LOGIC 
LOAD INVERTER 
f"ACTIVE 
NOT-REQUEST MEMORY 
REQUEST MEMORY 
NOT-SWEEP+ENTER 
RUN orSABLE INVERTER 
RUN OTSABLE INVERTER 
RUN DISABLE INVFRTFR 
RUN DISABLE INVERTER 
RUN DISABLE INVERTER 
RUN DISABLE INVERTER 
RUN DISABLE INVERTER 
RUN DISABLE INVFRTER 
RUN DISABLE INVERTER 
RUN DJSABLf INVERTER 
MASTER CLEAR 
CLEAR P 
MASTER CLEAR 
CLEAR Q 
RUN DISABLE INVERTER 
SELECT RELATIVE BANK 
SELECT RELATIVE BANK 
RUN DISABLE 
RUN DISABLE 
RUN DISABLE 
SET BANK CONTROL 
SET BANK CONHWL 
SET BANK CONTROL 
SET BANK CONTROL 
BUFFER 2 CYCLE 
BUFFER NOT BUSY 
BUFFER NOT BUSY 
BUFFER NOT BUSY 
BUFFER BUSY 
CLEAR BUFFER CONTROLS 
CLEAR RUFFER CONTROLS 
BUFFER DISC. - !NP. ROY - OUTPUT RESUME. 
NOT-BUFFER orsc.INPUT RoY,oUTPUT RESUME 
NORMAL OISc,-rNP ROY-OUTPUT RESUME-I/O RESUME 
NOT OF Ji381 NOT BUFFER GATE1 NOT BUFFER CYCLE 
NOT-INPOISC,INPROY,OUT RESUME 
NORMAL I/O WAyT+STOP 
CLEAR BUFFER CONTROLS 
INPO!SC•INPRDY+OUT RESUME 
NOT-NORMAL CHANNEL OUTPUT RESUME 
INPUT BUFFER 
ENABLE BER TO A CHY.ENABLE !NP ro A CHY1 
EXT,FlJNCT,ROY CHY 
NOT-ENABLE BER TO A CHY1ENARLE yNP TO A CHY, 
EXT,FUNCT,ROY CHY 
START LOGIC 
START LOGIC 

3 
3 

37 
37 
37 
37 
49 
49 
48 
12 
37 
48 
49 
49 
54 
10 
10 
10 
10 
10 
10 
10 
10 
12 
53 
10 
10 
53 
10 
12 

9 
9 
9 
9 
9 
9 
9 
9 
9 

48 
47 
47 
48 
48 
48 
48 
48 
48 
47 
47 
47 
48 
48 
47 
47 
48 
47 

47 

I2 
12 



Jl52 1L025A START LOGIC 12 J27B 100216 NOT E CYCLE 11 
J155 1H037B NOT XXXXXXXXXXXXO IN P REGISTER• 37 J279 }0029A E CYCLE 11 
Jl60 icoe56 8090+8490 MOOE • BORROW PYRAMID 32 J280 l0021A NOT A CYCLE 11 
Jl61 1Go588 809Q+8490 ~ODE • BORROW PYRAMID 32 J281 100208 A CYCLE 11 
Jl62 1R003A SET F PRIME 14 J283 10020A B CYCLE 11 
Jl63 1R0148 SET F PRIME 14 J285 1N021B C CYCLE 11 
Jl64 1S029A SET F PRIME 14 J286 1N021A NOT D CYCLE 11 
J170 1G050A SHIFT A AND Q 25. J287 lNOl98 D CYCLE 11 
Jl 71 1K064B SHIFT A AND Q 25 J289 1N020A E CYCLE 11 
Jl73 1N05BB SHIFT A ANO Q 25 J291 1M0216 A CYCLE 11 
Jl74 180936 A=ZEROS 31 J293 1M021A B CYC;.E 11 
Jl86 lG039A A NOT = ZEROS 31 J295 1M020B C CYCLE ll 
J206 1N041A A NOT = TO ZERO 31 J296 1M020A NOT 0 CYCLE 11 
J213 1G083A SET SIGN RECORD 28 J297 1L023B ENTER 12 
JZ14 1F083A A"+ 31 J299 1L0176 E CYCLE 11 
J215 lE087B II=- 31 J301 100286 A CYCLE 11 
J216 lE087A A= ZEROS 31 J303 !P027B 6 CYCLE 11 
J217 1F083B SIGN RECORD LOGIC 28 J3D5 1P0261:l C CYCLE ll 
J220 1D083A BER=BXR TRANSLATOR 51 J306 1K017B F*ACTIVE.D CYCLE.NOT BUFFER CYCLE 26 
J221 10082A BER=BXR TRANSLATOR 51 J307 1N019A NOT - LOllO+SWEEP•INTERR.+SUFFER+ENTER 12 
J222 lDOSlA BER=BXR TRANSLATOR 51 J30S 1N020B L0AO•SWEEP+8090 MOOE INT+BUFFER•ENTER 12 
J223 lDOSOA BER=BXR TRANSLATOR 51 J309 1Po25B E CYCLE . 11 
J224 iFos9A BER=BXR TRANSLATOR 51 J311 lP0358 A CYCLE 11 
J225 1F081A BER=BXR TRANSLATOR 51 J313 1P0418 B CYCLE 11 
J226 J0084A BER NOT = TO BXR 51 J315 100428 C CYCLE 11 
J227 1D081B BER " TO BXR 51 J317 !P034B D CYCLE 11 
J230 1Io24A BREAKPOINT LOGIC 13 J327 JQ013B 0 CYCLE 11 
J2ll lK024A BREAKPOINT LOGIC 13 J337 1P024B 0 CYCLE 11 
J232 lL024A BREAKPOINT LOGIC 13 J347 100408 D CYCLE 11 
J233 1K023A BREAKPOINT LOGIC 13 J357 100258 D CYCLE 11 
J23t+ 1I023A BREAKPOINT LOGIC 13 J361 lM059B RNI 3 
J235 1J024A BREllKPO!NT LOGIC 13 J362 !DOS7A NOT l2TH BIT OF A PRIME 32 
J236 1J023A BREAKPOINT LOGIC 13 J363 lH0248 SIGN RECORD TWO 28 
J237 1G032A BREAKPOINT LOGIC 13 J364· !DOBBS NOT l3TH BIT OF A PRIME 32 
J23B 1G030A BREAKPOINT LOGIC 13 J365 lDOBBA l2TH BIT OF A PRIME 32 
J239 lG030B BREAKPOINT LOGIC 13 J366 lT041B NOT SIGN RECORD 2 28 
J240 lH031B BREAKPOINT LOGIC 13 J367 1DOB9A 13TH BIT OF A PRIME 3Z 
J242 1F076A (NOT-B,+MD12l.(B•+MD13l 10 J377 1M019A D CYCLE ll 
J243 !F076B INOTBt+M013).(Bt•M012l 10 J387 !L035B 0 CYCLE ll 
J246 1P046A RESUME ONE 49 J388 !G054B NOT BUFFER l CYCLE 48 
J247 1N035B RESUME ONE 49 J389 iGoe6B BUFFER l CYCLE 48 
J248 1P030A RESUME TWO 49 J390 1D089B NOT BUFFER CYCLE 48 
J249 1Mo35B RESUME TWO 49 J391 1D090A BUFFER l CYCLE 48 
J254 1K035B P NOT ,. TO 5 37 J393 100908 BUFFER CYCLE 48 
J255 1I041B P=ZERO OR HIO 37 J400 lAOl2B INTERRUPT TRANSLATION xo 53 
J256 lG03 lB P=3 OR 5 37 Jt+Ol lA012.tl INTERRUPT TRANSLATION Xl 53 
J257 1H04li:I P=THREE 37 J402 !Aooas INTERRUPT TRANSLATION x2 53 
J25B 1H042B P=THREE 37 J403 lAOOllA INTERRUPT TRANSLATION X3 53 
J259 110328 P=ONE 37 J404· 1110078 INTERRUPT TRANSLATION X4 53 
J2oo 110318 P=ONE 37 J405 1Ao07A INTERRUPT TRANSLATION XS 53 
J21'1 lJ0358 P=f OUR 37 J406 !A0048 INTERRUPT TRANSLATION X& 53 

I J21)(! 10027A CYCLE F F !NllERTER 11 J407 1Ao04A INTERRUPT TRANSLATION X7 53 
J263 10025A CYCLE F F INVERTER 11 J408 lAOllB CARRY LOGIC IN INTERRUPT SCAN COUNTER 53 
J264 lP020A CYCLE F F INVERTER 11 J409 JA003A INTERRUPT SCAN COUNTER•llOll 13 TO l 53 
J270 lP021B NOT A CYCLE ll J4l l lAOl lA INTERRUPT - MANUAL HOLD CKTY. 54 
J271 l0031A A CYCLE 11 J413 100106 INTERRUPT TRANS FOR SET S 53 

..• J272 lP02lA NOT B CYCLE 11 J414· 100068 INTERRUPT TRANS FOR SET S 53 
J273 100318 B CYCLE 11 J415' 100058 INTERRUPT TRANS FOR SET S 53 
J274 100296 NOT C CYCLE il J416· lD004B INTERRUPT TRANS FOR SET S 53 
J275 l0030A C CYCLE 11 J418 IDOlOA INTERRUPT TRANS. FOR SET S 53 
J276 l0028A NOT D CYCLE 11 J419 10009A INTERRUPT TRANS. FOR SET S 53 
J277 10030B 0 CYCLE 11 J421 10007A INTERRUPT TRANS• FOR SET S 53 



J422 
J423 
J42'+ 
J42S 
J1+26 
J428 
J438 
J439 
J448 
J449 
Ji.so 
JltSl 
JltS2 
J451t 
J45S 
Jlt56 
Jlt57 
Jlt60 
J800 
JBOl 
J802 
J804 
J806 
J808 
J809 
J810 
J81 l 
J812 
J813 
J81'+ 
J81S 
J816 
J817 
J818 
J819 
J820 
J821 
J822 
JB23 
J824 
J82S 
J826 
J827 
J828 
J829 
J830 
J83I 
J832 
J836 
J837 
J838 
J839 
J840 
J81tl 
J842 
J81t3 
J81t4· 
J845 
J846 
J81t7 
J848 
J849 

1D002B 
ID007B 
IDOOSA 
IDOOltA 
1D003A 
1M037B 
1A019B 
1A018B 
1C014B 
1C014A 
1A019A 
JDOOlA 
!AolBA 
JSOS4A 
1F0108 
1SOS4B 
lFOllB 
1E021B 
1FOS6A 
!FOS6B 
!FOSSA 
1H044B 
1E027D 
1C027D 
1F043A 
IF043B 
!D068B 
1D068A 
1F041A 
1D069B 
1D069A 
!F041B 
1Fo39A 
1F039B 
1F038A 
1F03BB 
1F037A 
1F023A 
1F023B 
1F037B 
1F034A 
1F036A 
1F044A 
1F040A 
1E070A 
!F044B 
1F04SA 
!F04SB 
1C071A 
iC072A 
!C072B 
!C073A 
!C074A 
!C0748 
1C075A 
1C076A 
1D076A 
1C076B 
!D071A 
1D072A 
1D0728 
1D073A 

INTERRUPT TRANS. FOR 
INTERRUPT TRANS. FOR 
INTERRUPT TRANS. FOR 
INTERRUPT TRANS. FOR 
INTERRUPT TRANS. FOR 
NOT MD12 INTERRUPT 
INTERRUPT LOGIC lX 
INTERRUPT LOGIC OX 
INTERRUPT SELECT 
INTERRUPT SELECT 
INTERRUPT LOGIC lX 
INITIATE INTERRUPT 
INTERRUPT LOGIC OX 
INTERRUPT 30 

CLEAR S 
CLEAR S 
SET S 
CLEAR S 
CLEAR S 

NOT INTERRUPT 30 
INTERRUPT 40 
NOT INTERRUPT 40 
BLOCK INTERRUPT TIMING 
BANK SELECT - BIT 1 
BANK SELECT - BIT 2 
BANK SELECT - BIT 3 
MEMORY NOT BUSY.REQUEST 
NOT MEMORY GATE 
NOT MEMORY GATE 
CLEAR DL DRIVE 
RESUME I,SET R/W 
X TO Z - BITS 0 THRU S 
X TO Z - BITS 6 THRU 12 
RESUME TWO 
I TO Z - BITS O THRU S 
I TO Z BITS 6 THRU 12 
ENO READ DRIVE 
START INHIBIT DRIVE 
START WRITE DRIVE 
CLEAR READ - WRITE 
ENO WRITE DRIVE 
ENO INHIBIT DRIVE 
CLEAR S PRIME 
CLEAR S PRIME 
CLEAR MEM. BUSY 
START DELAY LINE 
I TO Z 
NOT MASTER CLEAR 
SET 13TH BIT OF Z 
PARITv ERROR 
DISCHARGER DRIVE 
MEMORY NOT ACTIVE 

CHAIN 

MEMORY 

MEMORY ACTIVE 
PARITY CHECKING 
PARITY CHECKING 
PARITY CHECKING 
PARITY CHECKING 
PARITY CHECKING 
PARITY CHECKING 
PARITY CHECKING 
PARITY CHECK ING 
PARITY CHECKING 
PARITY CHECK ING 
PARITY CHECKING 
PARITY CHECKING 
PARITY CHECKING 
PARJTy CHECKI 

TRANSLATIONS 
TRANSLATIONS 
TRANSLATIONS 
TRANSLATIONS 
TRANSLATIONS 
TRANSLATIONS 
TRANSLATIONS 
TRANSLATIONS 
TRANSLATIONS 
TRANSLATIONS 
TRANSLATIONS 
tRANSLA TI ONS 

RANSLATIONS 
TRANSLATIONS 

S3 
53 
53 
53 
53. 
53 
53. 
S3. 
54 
Sit 
53 
53 
53 
54 
54 
S4 
S4 
S3 
41 
41 
41 
41 
4S 
44 
40 
40 
40 
40 
49 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
40 
41 
40 
43 
40 
41 
41 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 
43 

JBSO 
J8Sl 
J8S2 
J853 
J8S4· 
J860 
J861 
J862 
J863 
J864 
J86S 
J9BO· 
KOOO 
KOOl 
K002 
K003 
K004 

. KOOS 
K006 
K007 
KOOS 
K009 
KOlO 
KOll 
K012 
K013 
K014 
KOlS 
K016 
K017 

. K018 
K019 
K020 
K021 
K022 
K023 
K024· 
K02S 
K026 
K027 
K028 
K029 
K030 
K031 
K032 
K033 
K034 
K03S 
K036 
K037 
K038 
K039 
K040 
K041 
K042 
K043 
K044 
K045 
K046 

, K047 
K048 
K049 

1D074A 
1D074B 
1D075A 
1E072A 
1E071A 
1E027A 
1E027B 
1E027C 
1C027A 
1C027B 
1C027C 
lE019B 
1FOS9A 
1GOS7A 
1F062A 
1F063A 
1F064A 
1F064B 
IF065A 
1F06SB 
1F066A 
1F067A 
lF06BA 
1F067B 
1F061A 
1F060B 
1F069A 
1F069B 
1F070A 
1F070B 
1F071A 
1F071B 
10024A 
100248 
10023A 
10023B 
l0022A 
10022B 
1P023A 
1P023B 
1P022A 
1P022B 
lPOlOA 
lPOllA 
iToasA 
lTOBSB 
1T086A 
lT086B 
1H021A 
!H022B 
l0044A 
10039A 
1P038A 
1P039A 
1P040A 
lP041A 
!P042A 
10040A 
10038A 
10041A 
1P043A 
10043A 

PARITY CHECKING TRANSLATIONS 
PARITY CHECKING TRANSLATIONS 
PARITY CHECKING TRANSLATIONS 
PARITY CHECKING TRANSLATIONS 
PARITY CHECKING TRANSLATIONS 
DISCHARGER INVERTEH 
DISCHARGER INVERTER 
DISCHARGER INVERTER 
DISCHARGER INVERTER 
DISCHARGER INVERTER 
DISCHARGER INVERTER 
809Q/8490 MODE INTERRUPT~SELEcT 
ENABLE P TO U 
ENABLE P TO U 
ENABLE A TO U 
ENABLE A TO U 
ENABLE X TU U 
ENABLE X TO U 
ENABLE BER TO U 
ENABLE BER TO U 
ENABLE Q TO U 
ENABLE Q TO U 
ENABLE I 
ENABLE I 
ENABLE A~2 TO 2ND TO 
ENABLE A.2 TO 2ND TO 
ENABLE X TO I 
ENABLE X TO I 
ENABLE -X TO I 
ENABLE -X TO I 
ENABLE Q PRIME TO 
ENABLE Q PRIME TO 
8490 MODE 
8090 MOOE 
INT. "'EMORY 
INT. MEMORY 
SELECTIVE JUMP ONE 
SELECTIVE JUMP ONE 
SELECTIVE JUMP TWO 
SELECTIVE JUMP TWO 
SELECTIVE JUMP FOUR 
SELECTIVE JUMP FOUR 
REQUEST MEMORY READ 
REQUEST MEMORY READ 
REQUEST MEMORY WRITE 
REQUEST MEMORY WRITE 
REQUEST MEMORY HALF WRITE 
REQUEST MEMORY HALF WRITE 
SIGN RECORD ONE 
SIGN RECORD ONE 
SIGN RECORD TWO 
SIGN RECORlJ TWO 
SELECT RELATIVE BANK 
SELECT RELATIVE BANK 
SELECT DIRECT BANK 
SELECT DIRECT BANK 
SELECT INDIRECT BANK 
SELECT INDIRECT BANK 
SELECT BUFFER BANK 
SELECT BUFFER BANK 
SELECT ENTIRE MEMORY 
SELECT ENTIRE MEMORY 

43 
43 
43 
43 
43 
4S 
4S 
45 
44 
44 
44. 
53 
22 
22 
22 
22 
22 
22 
22 
22 
22 
22 
21 
21 
2I . 
21 
21 
21 
21 
21 
21 
21 
10 
10 
49 
49 
13 
13 
13 
13 
13 
13 
27 
27 
27 
27 
27 
27 
28 
2B 
28 
28 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 



KOSO 
KOSl 
KOS2 
KOSJ 
KOS ft 
KOSS 
KOS6 
KOS7 
KOSS 
KOS9 
K060 

· K061 
· K064 

K06S 
K066 
K067 
K068 
K069 
1<070 
1<071 
1<072 
K073 
KOH 
1<075 
K076 
1<078 
1<079 
KOSO 
K081 
1<082 
K083 
K084 
KOBS 
1<086 
1<087 
1<088 
K089 
K090 
K09l 
K092 
K093 

· K094 
K09S 
K096 
K097 
1<098 
K099 
KlOO 
Kl01 

. 1<102 
1<103 

. K104 
Kl OS 

:1<106 
1007 
Kl08 
Kl09· 
Kl10· 
Klli 
Kll2 
1<113 
Kll4· 

10026A 
100268 
lN026A 
1N026B 
lN02SA 
1N024B 
1N023A 
1N0238 
1N022A 
1N024A 
1P060A 
lP060B 
1I021A 
lio21B 
1F092B 
1F092A 
lD092A 
1D0928 
100678 
10067A 
1K027A 
1K027B 
1E093A 
!FOSSA 
1Q031A 
lD079A 
!D079B 
tRoo2A 
lROOlB 
1Gl002B 
lR0038 
HI025A 
1M025B 
1M024A 
lM024B 
lM023A 
1M023B 
1M022A 
1M022B 
1N090A 
1N0908 
lM027A 
lM0278 
1L028A 
!L028B 
lC083A 
1C084A 
1.8094A 
!8093A 
180928 
l8092A 
l8091A 
180918 
180908 
1B090A 
lI028B 
l I028A 
1B0888 
1B088A 
lB087A 
1B086A 
lF072A 

INITIAL START 
INITIAL START 
RUN 
RUN 
STOP 
STOP 
ENABLE 
ENABLE 
START 
START 
RNI 
RNI 
BFR TO X 
BFR TO X 
LOAD 
LOAD 
SWEEP 
SWEEP 
CLEAR INTERRUPT LOCKOUT 
CLEAR INTERRUPT LOCKOUT 
ENABLE R 
ENABLE R 
POSITIVE TEST F/F 
POSITIVE TEST F/F 
E CYCLE PIGGY BACK 
INITIATE DIVIDE 
INITIATE DIVIDE 
F PRIME LESS THAN 2 
F PRIME LESS THAN 2 
F PRIME LESS THAN 8 
F PRIME LESS THAN 8 
SELECTIVE STOP ONE 
SELECTIVE STOP ONE 
SELECTIVE STOP TWO 
SELECTIVE STOP TWO 
SELECTIVE STOP FOUR 
SELECTIVE STOP FOUR 
INSTRUCTION STEP 
INSTRUCTION STEP 
CYCLE STEP 
CYCLE STEP 
ENT. MEMORY 
ENT. MEMORY 
ENTER 
ENTER 
BUFFER SUSY 2 
BUFFER BUSY 2 
INPUT REQUEST 
INPUT REQUEST 
INFO READY 
INFO READY 
INPUT REQUEST 2 
INPUT REQUEST 2 
INPUT BUFFER 
INPUT BUFFER 
OUTPUT BUFFER 
OUTPUT BUFFER 
BUFFER BUSY 
BUFFER BUSY 
BUFFER CYCLE 
BUFFER CYCLE 
BUFFER l CYCLE 

12 
12 
12 
12. 
12 
12 
12 
12 
12 
12 

3 
3 

37 
37 
37 
37 
12 
12 

3 
3 

2B 
2B 
28 
28 
11 

6 
6 
6 
6 
6 
6 

12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
47 
47 
48 
48 
48 
48 
48 
48 
48 
4S 
48 
48 
48 
48 
48 
48 
48 

Kll5 
Kll6 
Kll7 
KUS 
Kll9 
Kl20 
Kl2l 
Kl22 
Kl23 
Kl24· 
Kl25 
Kl26 
Kl27 
Kl2B 
Kl29 
Kl30 
Kl32 
Kl33 
Kl34 
Kl35 
Kl36 
Kl37 
Kl38 
Kl39 
Kl40 
Kl4l 
Kl42 
1<143 
Kl44· 
Kl45 
Kl46 
Kl47 
KlS6 
Kl57 
Kl SB 
Kl59 
Kl60 
i\161 
Kl62 
Kl63 
Kl64 
Kl65 
Kl66 
Kl67 
Kl&B 
Kl69 
Kl70 
Kl 71 
Kl 72 
Kl 73 
Kl74 
Kl75 
Kl76 
Kl 17 
Kl78 
Kl79 
Kl80 
KlSl 
K'.182 
1<183 
Kl92 
1<193 

1F072B 
lB084B 
1B084A 
lBOS3B 
1B083A 
1C079A 
1C078B 
10004A 
100048 
!COBOA 
1cosoB 
lCOSIB 
lC081A 
!C082A 
icoa2B 
1C085A 
lN049A 
l0046A 
100878 
10087A 
lC086A 
1C0868 
1B082B 
lBOS2A 
1I027A 
110278 
1A093A 
1Ao93B 
1A092A 
1A092B 
1A091A 
1A091B 
lJ027A 
1Jo2aA 
1H027A 
lH027B 
lE 09 lA 
1E091B 
lG025A 
1G025B 
!AOS9A 
1A088A 
1A087A 
1A086A 
1Ao90A 
1A090B 
1P037B 
IP037A 
1P036A 
1P035A 
10034B 
1P034A 
1P033A 
1P032A 
!P031A 
lQOJOA 
1N032 
!NOJ2B 
lNOJlA 
ll'•031B 
1Ko21A 
1K021B 

BUFFER l CYCLE 
BUFFER 2 CYCLE 
BUFFER 2 CYCLE 
BUFFER GATE 
BUFFER GATE 
NORMAL 110 WAIT 
NORMAL I/O WAIT 
INPUT TO A • CHAN, 2 
INPUT TO A - CHAN, 2 
ENABLE BER TO A •CHAN, 2 
ENABLE BER TO A •CHAN, 2 
EXTERNAL FUNCTION READY 
EXTERNAL FUNCTION READY 
INPUT REQUEST ONE 
INPUT REQUEST ONE 
PIGGY BACK FOR BUFFER CYCLE 
INFO READY 1 
INFO READY l 
BUFFER BYPASS 
BUFFER BYPASS 
INPUT DISCONNECT 
INPUT DISCONNECT 
BUFFER • NORMAL 
BUFFER - NORMAL 
DIVIDE OVERFLOW 
DIVIDE OVERFLOW 
INTERNAL BUFFER PARITY ERROR 
INTERNAL BUFFER PARITY ERROR 
CHAN. 2 PARITY ERROR 
CHAN. 2 PARITY ERROR 
CHAN 3 PARITY ERROR 
CHAN 3 PARITY ERROR 
ADO OR SUBTRACT OVERFLOW 
ADO OR SUBTRACT OVERFLOW 
MEMORY PARITY ERROR 
MEMORY PARITY ERROR 
BLOCK IIO•CONTROL l 
BLOCK I/O•CONTROL l 
ENABLE BPE 
ENABLE BPE 
BUFFER REPLY 
BUFFER REPLY 
NORMAL REPLY 
NORMAL REPLY 
BLOCK BUFFER CONTROL 
BLOCK BUFFER CONTROL 
A CYCLE 
A CYCLE 
B CYCLE 
6 CYCLE 
C CYCLE 
C CYCLE 
D CYCLE 
D CYCLE 
E CYCLE 
E CYCLE 
BUFFER CHAN 2 BUSY 
BUFFER CHAN 2 BUSY 
BUFF£R CHAN 3 BUSY 
BUFFER CHAN 3 BUSY 
INIT• BUFFER INPUT It CH 2 
!NIT• BUFFER INPUT It CH 2 

48 
4B 
48 
48 
48 
27 
27 
47 
47 
47 
47 
47 
47 
47 
47 
48 
47 
47 
48 
4S 
47 
47 
48 
48 

6 
6 

55 
S5 
55 
55 
55 
55 
55 
55 
12 
12 
47 
47 
4B 
48 
48 
48 
47 
47 
48 
48 
11 
11 
11 
ll 
11 
11 
11 
11 
11 
ll 
54 
54 
54 
54 
54 
54 



Kl94 
Kl95 
Kl96 
Kl97 
Kl98 
Kl99 
K200 
K201 
K204 
K205 
K206 
K207 
K208 
K209 
K210 
K2ll 
K212 
K213 
K214 
K215 
K216 
K218 
K220 
K221 
K222 
K223 
K224 
K225 
K226 
K227 
K230 
K242 
K243 
K260 
K261 
K278 
K279 
K280 
K300 
K301 
K302 
K303 
K304 
K305 
K306 
K307 
K308 
K309 
K310 
K311 
K312 
K313 

. K314 
K315 
K320 
K321 
K322 
K323 
K324 

. K325 
K328 
K329 

1K020A 
1K020B 
1K019A 
1K019B 
1Kol8A 
1K018B 
1J021A 
1J021B 
1J019A 
1J019B 
1J018A 
iJOlBB 
1K008A 
1K0088 
10082A 
100828 
1M016A 
lLOlSA 
lMOlSA 
!0090A 
1Q090B 
lMOllA 
lEOllA 
lEO! lB 
1P062A 
1P062B 
1P063A 
1P063B 
1E088A 
1E08BB 
1P009A 
1G027A 
}G027B 
1E090A 
1E090B 
1P070B 
1P070A 
1Qoo3A 
1A006B 
1A006A 
lAooSB 
1A005A 
180188 
1B018A 
1B017A 
1C017B 
lCUlBA 
1C017A 
lAOlOB 
lAOlOA 
1A009B 
1A009A 
1B-Ol6B 
1B016A 
lA014B 
1Ao14A 
1A013B 
1A013A 
1C009B 
1C009A 
1C008B 
lCOOBA 

BUFtER OUTPUT - CHAN 2 
BUFFER OUTPUT - CHAN 2 
CLEAR BUFFER CONTROL - CH 2 
CLEAR BUFFER CONTROL - CH 2 
MTM2 
MTM2 
BUFFER BANK CONTROL • CH 2 
BUFFER BANK CONTROL - CH 2 
A TO BXR • CH 2 
A TO BXR - CH 2 
A TO BER - CH 2 
A TO BER - CH 2 
COMP TO COMP INTERRUPT 
COMP TO COMP INTERRUPT 
MOS 
MOS 
REQUEST MU10RY 
REQUEST MEMORY PIGGY BACK 
REQUEST MEMORY PIGGY BACK 
MUT-MUH 
MUT-MUH 
REQUEST MEMORY PIGGY BACK 
8090 OR 8490 MOOE SELECT 
8090 OR 8490 MOOE SELECT 
PLUS 1 TO I INVERTERS 
PLUS 1 TO I INVERTERS 
PLUS 2 TO I INVERTERS 
PLUS 2 TO I INVERTERS 
EXT. FUNCTION ROY. CH 2 
EXT. FUNCTION ROY. CH 2 
PIGGY BACK FOR READ 
BUFFER MD12/M013 MOOE 
BUFFER M012/MD13 MODE 
BLOCK I/O•CONTROL 2 
BLOCK I/O•CONTROL 2 
E PRIME CYCLE 
E PRIME CYCLE 
PIGGY BACK • F LESS THAN 2 
INTERRUPT SCAN COUNTER RANK l 
INTERRUPT SCAN COUNTER RANK 1 
INTERRUPT SCAN COUNTER RANK 2 
INTERRUPT SCAN COUNTER RANK 2 
COMP.-COMP. HOLD 
COMP.-COMP. HOLD 
MANUAL KOLO 
MANUAL HOLD 
MASTER LOCKOUT 
MASTER LOCKOUT 
INTERRUPT SCAN COUNTER RANK l 
INTERRUPT SCAN COUNTER RANK 1 
INTERRUPT SCAN COUNTER RANK 2 
INTERRUPT SCAN COUNTER RANK 2 
BUFFER TERM. l HOLD 
BUFFER TERM l HOLD 
INTERRUPT SCAN COUNTER RANK 1 
INTERRUPT SCAN COUNTER RANK 1 
INTERRUPT SCAN COUNTER RANK 2 
INTERRUPT SCAN COUNTER RANK 2 
BUFFER TERM. 2 HOLD 
BUFFER TERM. 2 HOLD 
CHM; 2 LOCKOUT 
CHAN 2 LOCKOUT 

54 
54 
54 

54 
54 
54 
54 

5 
5 
5 
5 
4 
4 

32 
32 
27 
27 
27 
32 
32 
27 
10 
10 
21 
21 
21 
21 
47 
47 
27 
10 
10 
47 
47 
11 
11 

6 
53 
53 
53 
53 
54 
54 
54 
54 
54 
54 
53 
53 
53 
53 
54 
54 
53 
53 
53 
53 
54 
54 
54 
54 

K33D 
: K331 

K332 
K333 
K334 
K335 
K338 
K339 
K400 
K401 
K402 
K403 
K404 
K405 
K406 
K407 
K408 
K409 

: K410 
K4ll 
K412 
K414· 
K415 
K416 
K417 
K418 
K419 
K420 
K421 
K422 
K428 
K429 
K432 
K438 
K439 
KSOO 
KSOO· 
KBOl 
K802 

1Aol7B 
1A017A 
1A016B 
1A016A 
1C007B 
1coo7A 
1coo6B 
1coo6A 
1B020B 
1B020A 
1C019B 
1C019A 
1co2os 
1C020A 
1P092B 
1P092A 
lCOlOA 
lCOllA 
1E006A 
1E006B 
1co13A 
!E003A 
1E003B 
!E004A 
1E004B 
1C012A 
lCOllB 
lDOllB 
lDOl lA 
1B005A 
1B004A 
1B006A 
1Boo5B 
1B007A 
1Boo6B 
lGossA 
lfOS3A 
1F053B 
1F052A 

INTERRUPT SCAN COUNTER RANK 1 
INTERRUPT SCAN COUNTER RANK l 
INTERRUPT SCAN COUNTER RANK 2 
INTERRUPT SCAN COUNTER RANK 2 
BUFFER TERM 3 HOLD 
&UFFER TERM 3 HOLD 
CHAN 3 LOCKOUT 
CHAN 3 LOCKOUT 
MANUAL INTERRUPT 
MANUAL INTERRUPT 
SEQUENCE RESYNC•INTERRUPT 
SEQUENCE RESYNc•INTERRUPT 
INTERRUPT·f<NI 
INTERRUPT RNI 
INTERRUPT SEQUENCE 
INTERRUPT SEQUENCE 
MASTER LOCKOUT RESYNc~INTERRUpT 
MASTER LOCKOUT RESYNC•INTERRUPT 
POWER ON • M.C. 
POWER ON • M.c. 
CHA~NEL l RESYNC~PIGGY BACK 
MD13 INTERRUPT RN! 
M013 INTERRUPT RNI 
MD13 INTERRUPT SEQUENCE 
M013 INTERRUPT SEQUENCE. 
CHANNEL 1 RESYNC 
CHANNEL l RESYNC 
RESTART ENABLE 
RESTART ENABLE 
CHANNEL 2 RESYNC • PIGGY BACK 
CHANNEL 2 RESYNC 
CHANNEL 2 RESYNC 
CHANNEL 3 RESYNC • PIGGY BACK 
CHANNEL 3 RESYNC 
CHANNEL 3 RESYNC 
PIGGY BACK FOR ENABLE P TO U 
MEMORY ACTIVE 
MEMORY ACTIVE 
MEMOf'.lY BUSY 

53 
53 
53 
53 
54 
54 
54 
54 
54 
54 
53 
53 
53 
53 
53 
53 
54 
54 
10 
10 
54 
53 
53 
53 
53 
54 
54 
53 
53 
54 
54 
54 
Sit 
54 
54 
22 
41 
41 
41 



K803 IF052R MEM0°RY BUSY 41 L042 lL038A DISPLAY BFR Q Q PRIME 7 

K804 IF051A MEMORY GATE 41 L043 1L032A DISPLAY Z F X 7 

KM5 !F051R MEMORY GATE 41 L045 l T084A INTERRUPT INDICATOR 54 
K806 lFOSOA READ nRIVE 41 Loso 1M036A DISPLAY S P BER 8 
KB07. !F0508 READ nRIVE 41 LOS! 1M044A DISPLAY BXR A A PRIME 8 

KSOB 1F049A WRITE DRIVE 41 L052 JM03AA DISPLAY BFR Q Q PRIME 7 
KB09 !F049R WRITE DRIVE 41 LOS3 1M032A DISPLAY Z F X 7 
KBIO 1E069A MEMORY READ 41 LOoO 1M035A DISPLAY S P BER 8 

KBll l E069B ME"40RY READ 41 L06l 1M043A DISPLAY BXR A A PRIME 8 

KB12 1E068A MEMORY WRITE 41 L062 JM037A DISPLAY BFR Q Q PRIME 7 
K813 1E068R MEMORY WRITE 41 LOn3 JM031A .DISPLAY z F x 7 
KA14 !E067A MEMORY HALF WRITE 41 L070 1L035A DISPLAY S P BER 8 

KB15 JE067A MEMORY HALF WRITE 41 L071 1L043A DISPLAY BXR A A PRIME 8 

KBJ6 !COS6A ODn INHIBIT - STRIPE ZERO 41 L072 1L037A DISPLAY BFR Q Q PRIME 7 

K817 IC0568 ODO INHIBIT - STRIPE ZERO 41 L073 lL03lA DISPLAY Z F X 7 

KBlB JCOSSA ODD INHIBIT - STRIPE ONE 41 LOAO !K035A DISPLAY S P BFR 8 

KBJ.9 !C055B oDn INHIBIT - STRIPE ONE 41 LOAl 1K043A DISPLAY BXR A A PRIME 8 

KB20 1COS4A oDn INHIBIT - STRIPE TWO 41 LOA2 1K037A DISPLAY AFR Q Q PRIME 7 
1<821 1C054A ODO INHIBIT - STRIPE TWO 41 L083 lK03!A DISPLAY Z F x 7 

1<822 JC053A ODD INHIBIT - STRIPE THREE 41 L090 l J035A. DISPLAY s p BFR 8 

1<823 !C053fl ODD INHIBIT - STRIPE THREF 41 LO<ll IJ043A DISPLAY BXR A A PRIME 8 

K824 1C052A EVEN JNHIBIT - STRIPE ZERO 41 L092 1J037A DISPLAY BFR Q Q PR!ME 7 
K825 1C052fl EVEN INHIBIT - STRIPE ZERO 41 L093 1N058A DISPLAY Z F x 7 

1<826 1C051A EVEN INHIBIT - STRIPE ONE 41 LlOO 1I035A DISPLAY s p BER 8 
KB27 1C051B EVEN !NHlB!T STRIPE ONE 41 L!Ol 1I043A DISPLAY BXR A A PRIME B 

KA28 JCOSOA EVEN INHIBIT - STRIPE TWO 41 LJ02 !!037A DISPLAY BFR Q Q PRIME 1 

KB29 !COSOB E\IEN INHIBIT - STR!PE TWO 41 Ll03 1N059A DISPLAY Z F x 7 

K930 1C049A EVEN JNH!BIT - STRIPE THRf E 4! Ll!O 1HOJ5A D!SPL11Y s p BER B 

Ks31 1C049fl EVEN INHIBIT - STR!PE THRFE 41 Ll 11 1H043A DISPLAY BXR A A PRIME 8 

K332 JF042A DISCHARGER 41 L 112 lH037A DISPLAY BFR Q Q PRIME 7 

Ks33 !F042B DISCH11RGER 41 Lll 3 1H031A DISPLAY Z F x 7 
LOOO 1H036A DISPLAY S P BER 8 Ll20 JG035A DISPLAY s p BER 8 

Looi JH044A DISPLAY BXR A A PRIME 8 Ll2l !R04311 DISPLAY BXR A A PRIME 8 

L002 1H038A DISPLAY 8F8 Q Q PRIME 7 L l ?.2 1G037A DISPLAY BFR Q Q PRIME 7 

L003 1H032A DISPLAY Z F x 7 Ll23 !G031A DISPLAY Z F X 7 

L004 l H0538 DISPLAY MCS 52 L20l l E02 l A OISPL11Y /J. CYCLE 11 

LOOS l T091H SELECT 8090 MOOF 10 L202 1E020A DISPLAY 8 CYCLE' ll 

LOlO 1 !03611 DISPLAY S P BER 8 L203 !EOI9A DISPLAY c CYCLE 11 

Loll 1104411 DISPLAY 13XR A A PRIME 8 L204 lEOl AA DISPLAY D CYCLE l 1 

Lo12 I I038A DISPLAY BFR Q Q PRIME 7 L205 lE017A DISPLAY E CYCLE 11 

L013 ll032A DISPLAY Z F x 7 L206 lLOOBB DISPLAY ERR 12 

LOJ4 1I0538 DISPLAY Mes 52 l.207 lE0!6R OISPL11Y COMPUTER PARITY ERROR 54 

L020 l J036A DISPLAY S P BER 8 L2n8 1J032R DISPLAY OVERFLOW ERROR 54 

L021 JJ044A DISPLAY BXR A A PRIME 8 L209 !E014A DISPLAY BUFFER PARITY ERROR 54 

Lo22 1J03AA DISPLAY BFR Q Q PRIME 7 l.210 lE016A DISPLAY SELECT '• 7 
L023 JJ032A DISPLAY Z f )( 7 L2ll IE020R DISPLAY .OUT 47 

L0?4 )J053fl DISPLAY Mes 52 L212 rL064R DISPLAY INP 47 

Lo2s JT074A DISPLaY REL. RANK SELECT 9 L2!3 !EOlBB DISPLAY INPUT RUFFER 48 

L026 JT091A D!SPL•Y DIR. BANK SELECT 9 L2l4 1E017B DISPLAY OUTPUT BUFFER 48 

Lo27 1Tos4B DISPLAY IND. RANK SELECT 9 L215 }E(l.158 DISPLAY INTFRRUPT 53 

Lo2s 1T073A DISPLAY BUFFER BANK SELECT 9 Maoo l T016A POWER FAILURE RFCE!VER 12 

L0?9 1To74R DISPLAY ENTIRE MEMORY 9 NOOO lG087A Q PRIME TO A 24 

LOJO 1K036A DISPLAY S P BER 8 NOOl JN08BA CLEAR A 24 

LO:H 1K044A DISPLAY BXR A A PRIME 8 N002 lGOSOA A TO A PRIME 24 

L032 1K038A DISPLAY BFR Q Q PRIME 7 N003 lH078A A PRIME TO A 24 

L033 JK032A DISPLAY Z F X 7 N004 1J078B Q TO A PRIME 24 

L034 !K053R DISPLAY MCS 52 NOOS !F087A A LEFT SHIFT 2S 

L037 I TOB3B LOAD INDICATOR 37 N006 1G080R PROBE A PRIME 24 

L038 !T0738 RUN DISABLE FOR CONSOLE 12 N007 1H077A A RIGHT SHIFT 25 

L039 JT083A RUN INDICATOR 12 N008 IN083A TOGGLE A PRIME 25 

L040 1L036A DISPLAY S P BER A N009 IN084A CLEAR A PRIME 24 

L041 1L044A DISPLAY RXR A A PRIME 8 NOJO 110768 A TO Q PRIME 25 



NOl l 
N012 
No13 
N014 
N015 
N016 
N017 
N018 
N019 
N020 
N021 
N022 
N023 
N0?4 
M0?5 
N026 
N027 
No2s 
N029 
N030 
N031 
N032 
N033 
N034 
N035 
N036 
N037 
N038 
N039 
N040 
N041 
N042 
N043 
N044 
N045 
N046 
N04B 
No so 
No53 
N054 
Noss 
NOS6 
No57 
Noss 
N059 
N060 
N062 
N064 
N065 
N066 
NlOO 
N!Ol 
N!02 
Nt03 
Nto4 
N1os 
N!06 
N101 
NlOR 
Nl09 
NllO 
Nlll 

1F08RA 
lI077A 
p;o74A 
1N065A 
1!07BA 
1N068A 
1I078B 
180218 
1HOS7A 
1P012A 
[r,06611 
1G051A 
1H057R 
1G0518 
1 I057A 
lGOSOB 
1G0S6A 
1G076A 
1P013A 
lG0718 
1P0238 
l R0328 
lEOlOA 
1R026A 
lGOSOA 
1G044A 
1R0138 
1G040A 
10049A 
1R0268 
1G041A 
1N066A 
1G046A 
1N067A 
1G034A 
1NOS28 
1G070R 
1NOS2A 
lNOS lB 
1A079A 
lNOSlA 
lGOOlR 
!NOS4A 
1A079B 
1NOS48 
1 f.1060A 
1G003B 
100158 
!E089A 
1G002A 
1N087A 
l ~I088B 
!NOB2A 
1L079A 
1K078A 
!G084A 
1M078A 
1J0798 
1NOB3A 
1N084B 
1L076A 
1G07SA 

SHIF0 T Q LEFT 
Q TO Q PRIME 
Q PRIME TO Q 
Z INT. TO X 
SHIFT Q RIGHT 
Z EXT. TO X 
X TO Q PRIME 
INTERRUPT 
A PRIME TO X 
REDUCE F LOWER 
CLEAR X 
-FE TO IND. BANK 
A PRI1"E To S 
FE TO DIR. BANK 
X TO S 
FE TO RUF. BANK 
P TO S 
BANK TO Q AND Q PRIME 
F TO F PRIME 
BANK TO A 
SET FE 
ZINT.TOF 
SET INTERRUPT LOCKOUT 
ZEXT.TOF 
A ANO Q PRIME TO BANK 
A PRIME TO BER 
CLEAR F 
X TO RXR 
CLEAR BFR 
REDUCE" F UPPER 
CLEAR BXR 
INPUT OUTPUT TO X 
CLEAR AER 
NORMAL INPUT TO X 
S TO P 
X TO RUFFER BANK 
RELATIVE BANK TO X 
FE TO RELATIVF BANK 
CLEAR RELATIVE BANK 
BUFFER RESYNC 
CLEAR INDIRECT BANK 
EXT. INPUT TO BFR 
CLEAR DIRECT RANK 
8ER=8XR 
CLEAR BUFFER RANK 
ERROR REGISTER TO X 
Z EXT. TO BFR 
CLEAR INTERRUPT LOCKOUT 
CLEAR SELECT FNABLES 
Z INT, TO BFR 
Q PRIME TO A 
CLEAR A 
A TO A PRI"'E 
A PRIME TO A 
Q TO A PRIME 
A LEFT SHIFT 
PROBE A PRIME 
A RIGHT SHIFT 
TOGGLF A PR!MF 
CLEAR A PRIME 
A TO Q PRIME 
SHIFT Q LEFT 

25 
25 
24 
26 
25 
26 
25 
S3 
26 
14 
26 
23 
2S 
23 
26 
23 
2S 
24 
14 
25 
lS 
ls 
S3 
lS 
23 
28 
lS 
Sl 
so 
14 
s 

26 
28 
26 
25 
23 
26 
23 
23 
48 
23 
so 
23 
48 
23 
26 
50 
53 
22 
so 
24 
24 
24 
24 
24 
25 
24 
2S 
24 
24 
2S 
2S 

Nl 12 
Nll3 
Nll4 
Nll5 
Nll6 
NJ17 
Nll8 
Nl19 
NJ21 
Nl22 
Nl23 
N}?4 
NJ?S 
Nl26 
Nl27 
NJ?8 
NJ29 
NJ30 
Nl32 
Nl34 
Nl35 
Nl36 
NJ17 
Nl38 
Nl39 
Nl41 
Nl42 
Nl43 
Nl44 
Nl45 
NJSO 
Nl56 
Nl60 
Nl62 
N}65 
Nl66 
N200 
N202 
N203 
N204 
N2os 
N;>06 
N21J7 
N210 
N2Jl 
N?l2 
N213 
N21S 
N2!7 
N218 
N219 
N223 
N2?5 
N227 
N2?8 
N230 
N23S 
N237 
N244 
N24S 
N300 
N302 

1L077A 
1J076R 
JN06SR 
l J077R 
IN06813 
l 1<077A 
lR02 l A 
IKOS7A 
}t;067A 
lNOSOA 
1MOS7A 
!NOSSA 
1LOS7A 
}NOSSA 
!NOS6A 
1M077A 
1R0!2A 
1N072B 
lR032A 
IR049A 
!MOS2A 
1G044B 
JR023A 
1G040A 
10049B 
1G041B 
1N066B 
Jr,0468 
1N0671-l 
1M030A 
lNOSOA 
lGOOlA 
lN060R 
1G003A 
1E089B 
1G002A 
1N087B 
1 N082B 
1L079R 
JK078B 
1M079A 
JM0788 
1M079B 
1L0768 
1M076A 
IL0778 
1M076B 
JK076A 
I K077R 
IFOlOB 
1KOS78 
1MOS713 
IL057B 
1NOS6R 
1G07613 
1G071A 
1MOS2B 
1R049R 
1N069A 
1M030A 
1G0878 
!J078A 

Q TO Q PRIME 
Q PRIME TO Q 
Z!NT.TOX 
SHIFT Q RIGHT 
Z EXT. TO X 
X TO Q PRIME 
INTERRUPT 
A PRIME TO X 
CLEAR X 
f.E TO IND. BANK 
A PRl"'E TO S " 
FE TO DIR. BANK 
X TO S 
FE TO BUF. BANK 
P TO S 
BANK TO Q AND Q PRIME 
F TO F PRIME 
BANK TO A 
Z INT. TO F 
Z EXT. TO F 
A ANO Q PRIME TO BANK 
A PRIME TO BER 
CLEAR F 
X TO RXR 
CLEAR BFR 
CLEAR BXR 
INPUT OUTPUT TO X 
CLEAR BER 
NORMAL INPUT TO X 
S TO P 
FE TO RELATIVE BANK 
EXT. INPUT TO BFR 
ERROR REGISTER TO X 
Z EXT. TO 13FR 
CLEAR SELECT ENABLES 
Z INT• TO BFR 
0 PRIME TO A 
A TO A PRIME 
A PRIME TO A 
Q TO A PRIME 
A LEFT SHI.FT 
PROBE A PR !ME 
A RIGHT SHIFT 
A TO Q PRIME 
SHIFT Q LEFT 
Q TO Q PR!"'E 
Q PRIME TO Q 
SHIFT Q RIGHT 
X TO Q PRIME" 
INTERRUPT 
A PRIME TO X 
A PRIME TO S 
X TO S 
P TO S 
BANK TO 0 AND Q PRIME 
BANK TO A 
A AND Q PRIME TO BANK 
CLEAR F 
NORMAL INPUT TO X 
S TO P 
Q PRIME TO A 
A TO A PRIME 

2S 
24 
26 
2S 
26 
2S 
53 
26 
26 
23 
2S 
23 
26 
23 
2S 
24 
14 
2S 
lS 
lS 
23 
28 
lS 
51 
50 
s 

26 
28 
26 
2S 
23 
50 
26 
so 
22 
so 
24 
24 
24 
24 
2S 
24 
2S 
2S 
2S 
2S 
24 
2S 
2S 
S3 
26 
2S 
26 
25 
24 
25 
23 
15 
26 
2S 
24 
24 



N303 lH07BB A PRIME TO A 24 Q007 lH062B Q PRIME REGISTER 34 

N304 l 10798 Q TO A PRIME 24 QOlO lI075A Q REGISTER 33 

N305 lJ079A A LEFT SHIFT 25 Q(lll ll074A Q REGISTER 33 

N306 1G070A PROBE A PRIME 24 0014 l I071A Q PR!t-tf REGISTER 34 

NJ07 1G079A A RIGHT SHIFT 25 0015 1I070A Q PR!t-tE REGISTER 34 

N310 1 I077B A TO Q PRIME 25 Qo20 !J075A Q REGISTER 33 

N3ll lJ076A SHIFT Q LEFT 25 0021 1J074A Q REGISTER 33 

N312 l I079A Q TO 0 PRIME 25 0024 l J071A Q PRit-tE REGISTfR 34 

N313 l J077A Q PRIME TO Q 24 0025 l ,J070A Q PRit-tE REGISTER 34 

N315 lK076B SHIFT Q RIGHT 25 0030 lK075A Q REGISTER 33 

N317 l I 076A X TO Q PRIME 25 Q03l lK074A Q REGISTER 33 

N319 lJ057B A PRIME TO X 26 Q034 lK07lA Q PRIME REGISTER 34 

N323 lJ057A A PRIME TO S 25 0035 1K070A Q PRIME REGISTER 34 

N325 1I057B X TO S 26 0040 1LD75A Q REGISTER 33 

N327 !G056B P TO S 25 0041 1L074A Q REGISTER 33 

N328 JN072A BANK TO Q AND Q PRIME 24 0044 l L071A Q PRIME REGISTER 34 
0045 1L070A Q PRIME REGISTER 34 

N344 1N069B NORMAL INPUT TO X 26 Q050 l M075A Q REGISTER 33 

N345 1G0348 S TO P 25 0051 1M074A Q REGISTER 33 

N405 !1'0868 A LEFT SHIFT 25 0054 l M07l A 0 PRit-tE REGISTER 34 

N428 1M0778 BANK TO Q ANO Q PRil-IE 24 0055 l M070A 0 PRit-tE REGISTER 34 

Nsos J.F086A A LEFT SHIFT 25 0060 !M073A 0 REGISTER 33 

NS28 160848 BANK ro Q AND 0 PRIME 24 QOt;l lM072A Q REGISTER 33 

N711 16066fl SHIFT Q LEFT 25 0064 l M069A Q PRit-tE REGISTER 34 

N900 ll017A INV CLOCK • RESYNC CIRCUIT 12 Q065 1M068A Q PRit-tE REGISTER 34 

N90l ll'l093B INV• CLOCK 3 0070 ll073A Q REGISTER 33 

N902 !00778 INV. CLOCK 48 Q07! lL072A Q REGISTER 33 

N910 l0077A INV CLOCK - RF SYNC CIRCUIT 48 0074 1L069A Q PRIME REGISTER 34 
Ng20 100638 INV Cl ocK - RE SYNC CIRCUIT 49 0075 !L068A Q PRIME REGISTER 34 
POOO !H034A P REGISTER 29 0080 l K073A Q REGISTER 33 

POOl !H034A P REGISTER 29 Q081 JK072A Q REGISTER 33 

PO!O ll034A P REGiSTER 29 ClQf\4 1K069A Q PR!l-IE REGISTER 34 
POll 110348 P REGISTER 29 0085 JK06BA Q PRIME REGISTER 34 
POZO lJ034A P REGISTER 29 OO<iO 1J073A Q REGISTER 33 

P02l 1J0348 P REGISTER 29 0091 l.J072 A Q REGISTER 33 

Po:rn 1K034A P REGISTER 29 00<i4 1J069A Q PRIME REGISTER 34 
P031 1K034B P REGISTER 29 0095 JJ06BA Q PRIME REGISTER 34 

P040 ll034A P REGISTER 29 0100 l !073A Q REGISTER 33 

P041 1L034B P REGISTER 29 0101 l Io72A Q REGISTER 33 

Po so 1M034A P REGJSTER 29 0104 l T069A Q PRIME REGISTER 34 

P051 lM034fl P RE<HSTER 29 0105 1I06BA Q PRIME REGISTER 34 

P060 lM033A p REGISTER 29 0110 1H073A Q REGtSTER 33 

P061 JM033B p REIHSTER 29 () l 11 lH072A Q REGISTER 33 

PQ70 ll033A p REGISTER 29 0114 !HQ69A Q PR!ME REGISTER 34 

P071 1L033B p REGISTER 29 0115 !H068A Q PRI'"E REGISTER 34 

Po so 1K033A p REGISTER 29 0120 l(;Q73A Q REGISTER 33 

PO Al !K033B p REGISTER 29 Qj 21 !(l072A Q REGISTER 33 

P090 iJ033A p REGISTER 29 0124 1M69A Q PRIME REGISTER 34 

P09l 1J033B p REGISTER 29 0125 JGOMlA Q PRIME REGISTER 34 

PJOO l I033A p REGISTER 29 ROOO lT0671\ EXT MEM•OATA TO X AND F 35 

P!Ol l !0338 p REGISTER 29 ROOl 1T0678 EXT i'lfM.DATA TO )( AND F 35 

Pno 1H033A p REGISTER 29 Roo2 l T066A EXT MEM.DATA TO )( AND F 35 

Pll J !H033B p REGISTER 29 R003 lT066B EXT MFMoDATA TO x AND F 35 

PJ20 1GIJ33A p REGISTER 29 R004 1T065A EXT l-lfMoDATA TO x AND F 35 

PJ21 JG033B p REGISTER 29 Roos 1T065B EXT MfMeDATA TO x AND F 35 
QOOO lH075A 0 REGISTER 33 R006 1T064A EXT MEM.DATA TO x AND F 36 

QOOl 1H074A Q RfGISTER 33 R007 1T064B EXT MFM0D1HA TO x AND F 36 

0002 !H076A Q REGISTER 33 R008 1T063A EXT l-IEMoDATA TO x AND F 36 

0003 1H076B Q REGISTER 33 R009 l T063B EXT MFMoDATA TO x AND F 36 

0004 !H07lA 0 PRIME REGISTER 34 ROJO l T062A EXT l-IEMeDATA TO x AND F 36 

0005 1H070A Q PRit-tE RFGISTER 34 Roll 1T062R EXT MfM.DATA TO x AND F 36 

Q006 lH063B 0 PRit-tE REGISTER 34 R012 IT061A EXT MfMeDATA TO x AND F 36 



R04l l T049A RESUME ONE 49 R75l lTOBl 8 BUFFER INPUT DATA 50 
R042 I T049B RESUME TWO 49 R752 l T071B BUFFER INPUT DATA 50 
R043 !T037A PARITY ERROR 55 R753 !T082B INPUT READY-BUFFER 48 
Ro44 IT042R POWER FAILURE RECEIVER FROM MEMORY UNIT-NORMAL 0 55 R754 lT082A INPUT DISCONNFCT-BUFFFR 48 
Roso l T055B INPUT-OUTPUT DATA TO COMPUTE 35 R755 1T071A OUTPUT RESUME-BUFFER 48 
Rosi l T055A INPUT-OUTPUT OATA TO COMPUTE 35 RBOO lF035A I TO Z 40 
ROS2 l T056B INPUT-OUTPUT DATA TO COMPUTE 35 5000 !H056A S REGISTER 30 
Ro53 lT056A INPUT-OUTPUT OATA TO COMPUTE 35 soot 1H055A S REGISTER 30 
R054 1T057B INPUT-OUTPUT DATA TO COMPUTE 35 soo4 lR025A S PRI!AE REGISTER 41 
ROSS 1 TOS7A INPUT-OUTPUT OATA TO COMPUTE 3S soos lB025B S PR 1'•E REG I STER 41 
ROS6 JTOSBB INPUT-OUTPUT DATA TO COMPUTE 36 5010 l I OS6A S REGISTER 30 
ROS7 1TOS8A INPUT-OUTPUT QATA TO cOi'!PUTE 36 SOll 1I05SA S REGISTER. 30 
Rose 1TOS9B INPUT-OUTPUT OATA TO COMPUTE 36 SOJ4 lR024A S PRI!AE REGISTER 41 
ROS9 1TOS9A INPUT-OUTPUT OATA TO cOi'!PUTE 36 so1s 1B0248 S PRIME REGISTER 41 
R060 l T060A INPUT-OUTPUT DATA TO COMPUTE 36 S020 lJOS6A S REGISTER 30 
R061 1T060A INPUT-OUTPUT DATA TO COMPUTE 36 5021 1J055A S REGISTER 30 
R062 1 T06 l B INPUT-OUTPUT QATA TO cOi'!PUTE 36 5024 1R023A S PRI!AE REGISTtR 41 
R077 lTOOlA INPUT READY 47 so2s !8023B S PRIME REGISTER 41 
ROS! !T003A PARITY ERROR-CHAN. TWO 55 5030 !KOS6A S REGISTER 30 
R082 }T003B PARITY ERROR-cHANo THREE 55 S03! 1KOS5A S REGISTER 30 
ROFl3 lT042A POWER FAILURE RECEIVER FROM I/0 UNIT-NORMAL 0 54 5034 !R022A S PRI!AE REGISTER 41 
Rl70 l T034A COMP. TO COMP. INTERRUPT 54 S03S !R022B S PRIME REGISTER 41 
Rl7l l T033B INTERRUPT 30 - BUFFER 54 S040 lL056A s REGISTER 30 
Rl72 l T033A INTERRUPT 40 - RUFFER 54 S041 1L055A s REGISTER 30 
RI 73 1TOS3A INTERRUPT 30 - NORMAL 54 S044 1C024A s PRIME REGISTER 41 
RI74 1 TOS3B INTERRUPT 40 - NORMAL 54 So4s 1C024B s PRIME REGISTER 41 
R175 !T030A POWER FAILURE RECEIVER FROM COMPUTE UNIT-NORM. 1 S4 soso lM056A s REGISTER 30 
RlR3 !T004A BUFFER TERMINATE-CHAN. TWO 54 SOS! !MOSSA s REGISTER 30 
R!84 !T004B BUFFER TERMINATE-CHAN. THREE 54 S0'54 1C023A s PRIME REGISTER 41 
R!8S ITOOSA INTERRUPT ONE-CHAN. TWO S4 soss 1C023B s PRIME REGISTER 41 
R}86 lTOOSB INTERRUPT TWO-CHAN. TWO 54 S060 1M054A s REGISTER 30 
Rl87 !T006A INTERRUPT ONE-CHAN. THREE 54 5061 lM053A s REGISTER 30 
Rl88 1T006B INTERRUPT TWO-CHAN. THREE 54 5064 lC022A s PRIME REGISTER 41 
R279 !T0348 CHAN. 2 BUSY 54 506S lC022B s PRIME REGISTER 41 
R3RO 1 T036B CHAN. 3 BUSY S4 5070 1L054A s REGISTER 30 
R720 lT007A NORMAL INPUT DATA 3S son 1LOS3A s REGISTER 30 
R721 !T007B NORMAL INPUT DATA 35 So74 !D024A s PRIME REGISTER 41 R722 !TOOBA NORMAL INPUT DATA 3S 5075 ID024B s PRIME REGISTER 41 R123 JTOOBB NORMAL INPUT DATA 3S 5080 1KOS4A s REGISTER 30 
R724 !T009A NORMAL INPUT DATA 3S SOR! !K053A s REGISTER 30 
R125 JT0098 NORMAL INPUT DATA 35 5084 10023A 5 PRIME REGISTER 41 
R726 lTOlOA NORMAL INPUT DATA 36 Soils 1D023B s PRIME REGISTER 41 R727 lTOlOB NORMAL INPUT DATA 36 5090 1J054A s REGISTER 30 R728 lTOllA NORMAL INPUT DATA 36 S09l 1J053A s REGISTER 30 
R729 lTOl lB NORMAL INPUT OATA 36 5094 1D022A s PRIME REGISTER 41 
R730 l TOI 2A NORMAL INPUT DATA 36 S09S 100?28 s PRI!AE REGISTER 41 
R731 l T012B NORMAL INPUT DATA 36 5100 1I054A s REGISTER 30 
R732 l TOl 38 NORMAL INPUT DATA 36 5101 1I0S3A s REGISTER 30 
R733 I T002B INPUT READY-NORMAL 47 S!04 1E024A s PRIME REGISTER 41 
R134 lT0!3A OUTPUT RESUME-NORMAL 47 s1os 1E024B s PRIME REGISTER 41 
R135 !T002A INPUT oISCONNFcT - NORMAL 47 Sl!O 1H054A s REGISTER 30 
R740 1T076A BUFFER INPUT DATA 50 5111 1HOS3A s REGISTER 30 
R741 iT076B BUFFER INPUT DATA so 5114 1F023A s PRIME REGISTER 41 
R742 l T077A BUFFER INPUT DATA 50 SllS 1F023B s PRIME REGISTER 41 
R743 I To77B BUFFER INPUT DATA so 51?0 HlOS4A s REGISTER 30 
R744 lT078A BUFFER INPUT DATA so 5121 lGOS3A S REGISTER 30 
R74S 1T07BB BUFFER INPUT DATA 50 s122 lG059B PIGGY BACK-13TH BIT OF S REGISTER• 30 
R746 !T079A BUFFER INPUT DATA so Sl24 1E022A S PRIME REGISTER 41 
R747 lT079B BUFFER INPUT DATA 50 5125 1E022B S PRIME REGISTER 41 
R748 !TOAOA BUFFER INPUT DATA 50 SgOQ lFOSAA ME!AORY BANK SELECT SWITCH 41 
R749 l T080B BUFFER INPUT DATA so 5801 !F0588 MEMORY BANK SELECT SWITCH 41 R7c;O lTOBlA BUFFER INPUT OATA 50 ssn2 lFOSBC MEMORY BANK SFLf CT SWITCH 41 



S9no 1F0!4A MEMORY-REFERENCF TIME SELECT SWITCH 41 Tl 70 1TOA9f! COMP. TO COMP, INTERRUPT 4 
S9AO !F0!4D 8090/A490 MODE INTERRUPT SELECT SWITCH 53 TJ;>O 1H039A NOP MAL DATA 35 
Tono 1H02SA COMPUTE TO MEMORY-DATA 49 T7?! JT039A NORMAL DATA 35 
TOOi 1T02SA COMPUTE TO MEMORY-DATA 49 T722 IJ039A NOR!AAL DATA 35 
Too2 IJ022A COMPUTE TO MEMORY-DATA 49 T7?3 JK039tl NORMAL DATA 35 
T003 1K022A COMPUTE TO MEMORY-DATA 49 T724 !L039A NORl-'AL DATA 35 
T004 lM018A COMPUTE TO MEMORY-DATA 49 T72S JM039A NORMAL DATA 35 
TOOS !M017A COMPUTE TO MEMORY-DATA 49 T726 JM039f! NORMAL DATA 36 
T006 IMO!Bf! COMPUTE TO MEMORY-DATA 49 T727 !L039f! NORMAL DATA 36 
T007 lM017B COMPUTE TO MEMORY•DATA 49 T728 IK039f! NORMAL DATA 36 
TOOB IK0?28 COl-lPUTE TO MEMORY-DATA 49 T729 1J0398 NORMAL DATA 36 
T009 IJ022B COl-'PUTE TO MEMORY-DATA 49 1730 110398 NORMAL DATA 36 
TOlO 1 I025B COMPUTE TO MEMORY•DATA 49 T731 IH039B NORMAL DATA 36 
Toll !H0?58 COMPUTE TO MEMORY-DATA 49 T732 1 T020A NORMAL DATA 36 
TOJ2 !G026B COMPUTE TO MEMORY•DATA 49 T735 1T020B EXT. FUNCTION-NORMAL 47 
T0!9 1 M29A COMPUTE TO MEMORY-ADDRESS 52 T736 I T021 A INPUT REQUEST-NORMAL 47 
T020 IH0298 COMPUTE TO MEMORY•ADDRESS 30 T737 l T021B INFO READY-NORMAL 47 
T021 1 I029A COMPUTE TO MEMORY-ADDRESS 30 T738 !T040A MASTER CLEAR-NORMAL 10 
T022 1J029A COMPUTE TO MEMORY-ADDRESS 30 T740 lH040A BUFFER DATA 50 
To?3 IK029A COMPUTE TO MEMORY-ADDRESS 30 T741 1I040A BUFFER DATA 50 
To;>4 !L029A co,..PUTE TO MEMORY-A,DDRESS 30 T742 I J040A BUFFER DATA so 
To2s JM029A COMPUTE TO MEMORY•AODRESS 30 T743 1K040A BUFFER DATA 50 
T0;>6 1"~029R COMPUTE TO MEMORY•ADDRESS 30 T744 !L040A BUFFER DATA 50 
To;>7 !L029B COMPUTE TO MEMORY-ADDRESS 30 T74S !M040A BUFFER DATA so 
To2a !K0298 COMPUTE TO MEMORY-ADDRESS 30 T746 !M040B BUFFER DATA so 
T0;>9 IJ029B COMPUTE TO MEMORY-ADDRESS 30 T747 1L040f! BUFFER DATA 50 
T030 1 T029B COMPUTE TO MEMORY-ADDRESS 30 T748 1K040B BUFFER DATA 5D 
T031 !H029A COMPUTE TO MEMORY•ADDRESS 30 T749 1J040R BUFFER DATA so 
To3z !G029B COMPUTE TO MEMORY-ADDRESS 30 T7so JI040R BUFFER DATA 50 
T033 1 T026R COMPUTE TO MEMORY-SELECT 52 T1c:;l 1H040B BUFFER DATA 50 
T034 IT022A COMPUTE TO MEMORY-SELECT S2 T752 1 T087B BUFFER DATA 50 
T035 ITOl9A COMPUTE TO MEMORY•SELECT 52 T7s5 !T090A INPUT REQUEST • BUFFER 47 
T037 IT070A REQUEST MEMORY-EXT.MEMORY 49 T7S6 !T090B INFO. READY-BUFFER 47 
T038 1T070B SELECT READ-EXT.MEMORY 49 T7<;7 JT087A EXT, FUNCTION-BUFFER 47 
T039 1T093A SELECT WRITE·FXToMEMORY 49 T7<;8 1T040B MASTER CLEAR-RUFFER 10 
T040 JT093A SELECT HALF WRITE-EXT.MEMORY 49 Teno 1A045A X DRIVE - ADDRESS XXXoo OR XXX40 44 
T044 !T022B MASTER CLEAR TO MEMORY 10 TRnJ !R045A X DRIVE • ADDRESS XXXol OR XXX4! 44 
Toso 1H026A COMPUTE TO I/O - DATA 35 TAn2 1A045fl X DRIVE - ADDRESS XXXn2 OR XXX42 44 
TOSI 1I026A COMPUTE TO IIO - DATA 3S Tso3 !B04SR X DRIVE - ADDRESS XXXn3 OR XXX43 44 
To52 1J026A COMPUTE TO I/O - DATA 3S T804 1A044A X DRIVE - ADDRESS XXXn4 OR XXX44 44 
To53 JK026A COMPUTE TO I/O • DATA 35 Taos 1R044A X DRIVE - ADDRESS XXXn5 OR XXX45 44 
To54 1L026A COMPUTE TO IIO - DATA 3S T806 1A0448 X DRIVE • ADDRESS XXXo6 OR XXX46 44 
Toss !M026A COMPUTE TO I/O • DATA 35 · T807 !R044B X DRIVE • ADDRESS XXXo7 OR XXX47 44 
To56 JM026B COMPUTE TO IIO - DATA 36 Taos 1A035A X DRIVE - ADDRESS XXX10 OR XXX5o 44 
To•;7 1L026B COMPUTE TO IIO - DATA 36 rao9 lf!035A X DRIVE - ADDRESS XXX11 OR xxx51 44 
Toss 1K026R COMPUTE TO IIO • DATA 36 Ta10 lh.0358 X DRIVE • ADDRESS XXX12 OR XXX52 44 
TOS9 1J026R COMPUTE TO I/O - DATA 36 TR!l !R03SB X DRIVE - ADDRESS XXX13 OR XXX53 44 
Toi;o 1 T026R COMPUTE TO IIO • DATA 36 TBJ2 1A034A X DRIVE • ADDRESS XXX14 OR XXX54 44 
T061 IH026B COMPUTE TO I/O - DATA 36 T913 !R034A X DRIVE - ADDRESS XXX1S OR XXX55 44 
To62 !G026A COMPUTE TO I/O - DATA 36 TA14 1A034R X DRIVE • ADDRFSS XXXt6 OR XXX56 44 
To63 ITQ398 FUNCTION READY • l/0 47 TRIS 180348 X DRIVE • ADDRESS XXXJ7 OR XXX57 44 
T064 JT03BA SELECT - I/O 14 TR16 !A043A X DRIVE - ADDRESS XXX20 OR XXX60 44 
Too7 JT046A INITIATE sUFFFR INPUT 54 T8!7 1R043A X DRIVE - ADDRESS XXX2l OR XXX6J 44 
T06A lTOSOA INITIATE BUFFER OUTPUT 54 T8Hl 1A043B X DRIVE - ADDRESS XXX22 OR XXX6;> 44 
To69 JTOSOR SET BUFFER BANK 54 TB!9 IR043B X DRIVE • ADDRESS XXX23 OR XXX63 44 
T070 1T023A SET AER 5 TR:>O 1A042A x nRIVE - ADDRESS XXX24 OR XXX64 44 
Tn71 IT023B SET BXR 5 TB?! 1R042A x DRIVE - ADDRESS XXX25 OR XXX65 44 
T072 l T024A BER To A 47 T822 !A042B x DRIVE - ADDRESS XXX26 OR XXX66 44 
T073 l 10248 INPUT TO A 47 T823 1B042B x DRIVE - ADDRESS XXX27 OR XXX67 44 
To74 1To2SA CLEAR AUFFEP CONTROL 54 T824 1A033A x DRIVE - ADDRESS XXX30 OR XXX70 44 
T07S IT025R MASTER CLEAR • I/O 10 TR?S IR033A x DRIVE - ADDRESS XXX3l OR xxxn 44 

T076 1 T026A t.!EM. TO MEM• XF<R 54 T826 !A033A x OR!VE - ADDRESS XXX32 OR XXX7;> 44 



TA27 !Bo33B x DRIVE - ADDRESS XXX33 OR XXX73 44 T989 1E036A Y DRIVE - ADDRESS !3!XX OR 17!XX 46 
T828 1 An32A x DRIVE - ADDRESS XXX34 OR XXX74 44 T990 lf030R y DRIVE - ADDRESS !32XX OR 112xx 46 T829 !R032A x DRIVE - ADDRESS XXX35 OR XXX75 44 T991 1E0368 y DRIVE - ADDRESS J33XX OR 173XX 46 
T830 !A032B x flRIVE - ADDRESS XXX36 OR XXX76 44 T992 1E029b. y DPIVE - ADDRESS !34XX OR 174XX 46 T83! 180328 x DRIVE - ADDRESS XXX37 OR XXX77 44 T993 lf035A y DRIVE - ADDRESS 135XX OR 17SXX 46 Tqoo IC038A y DRIVE - ADDRESS oooxx OR 040XX 45 Tq94 1E029B y DRIVE - llDDRESS 136XX OR }76XX 46 T9()1 !C044A y DRIVE - ADDRE"SS OOlXX OR 041XX 45 T995 !E0358 y DRIVE - ADDRESS \37XX OR 177XX 46 T902 1C038B y DRIVE - ADDRESS 002xx OR 042XX 45 UOOl 1H06!A u INVERTERS 38 T903 IC044B y DRIVE - ADDRESS 003XX OR 043XX 45 uo11 1I061A u INVERTERS 38 T904 1C037A y DRIVE - ADDRESS 004XX OR 044XX 45 uo21 1J06!A u INVERTERS 38 T905 IC043A y DRIVE - ADDRESS 005XX OR 045XX 45 UOJI IK061A u INVfRTERS 38 T906 !C037B y DRIVE - ADDRESS 006XX OR 046XX 45 U041 1L06!A u INVERTERS 38 T907 IC043B y DRIVE - ADDRESS 007XX OR 047XX 45 U05! !M061A u INVERTERS 38 T908 IC032A y ORIVf - ADDRESS OlDXX OR 050XX 45 UO~l IM060A u INVfRTERS 38 Tqo9 lnD45A y DRIVE - ADDRfSS ouxx OR 051xx 45 U07! !L060A u INVF"RTERS 38 T9!0 IC032R y DRIVE - ADDRESS 012xx OR os2xx 45 lJORI IK060A u INVERTERS 38 T911 1D045B y DRIVE - ADDRESS 013XX OR 053XX 45 U09! 1J060A u INVFRTERS 38 T912 1C03!A y DRIVE - ADDRESS 0!4XX OR 054XX 45 u 101 !I060A u INV!'RTERS 38 T913 !D044A y DRIVE - ADDRESS Ol5XX OR 055Xx 45 Ul 11 1H060A u INVERTERS 38 T9!4 IC031B y DRIVE - ADDRESS 016XX OR 056XX 45 U121 1G060A u INVERTERS 38 T9!5 1D0448 y DRIVE - ADDRESS Ol7XX OR 057XX 45 vooo l0092A TI"'E ZERO 3 T9!6 IC036A y DRIVE - ADDRESS 02oxx OR 060XX 45 VOO! 100928 TI"'E ONE 3 T917 !C042A y DRIVE - ADDRESS 021xx OR 06}XX 4S voo2 IT044A TI"'E TWO 3 T9!B IC036B y DRIVE - ADDRESS 022xx OR 062XX 45 V004 I 00868 TIME FOUR 3 T9!9 !C0428 y DRIVE - ADDRESS 023XX OR 063XX 45 voos 1G0748 TIME FIVE 3 
T920 !C035A y DRIVE - ADDRESS 024XX OR 064XX 4S V006 !00S7A TI"'E SIX 3 
T921 !C041A y DRIVE - ADDRESS 025xx OR 06sXX 45 V007 100579 TIME SEVEN 3 
T922 1co3s0 y DRIVE - ADDRESS 026XX OR 066XX 4S voo0 !0052A TI"'E EIGHT 4 T923 !C04!8 y DRIVE - ADDRESS 027XX OR 067XX 45 V009 lPOIBA TIME NINE 4 
T924 1C030A y DRIVE - ADDRESS 030XX OR 070XX 45 VOlO IP017A TI"'E TEN 4 T92S 1D043A y DRIVE - ADDRESS 031XX OR 071 xx 4S VO!! !NOlSA TI"'E ELEVEN 4 
T926 !C030R y DRIVE - ADDRESS 032XX OR o72XX 4S V012 !N0!2A TIME TWELVE 4 
T927 !D043R y DRIVE - ADDRESS 033XX OR o73XX 45 Vo13 1JOl6A TIME THIRTEEN 4 T92B 1co29A y DRIVE - ADDRfSS 034XX OR o74XX 4S VOJ4 !H015A TIME FOURTEEN 5 T929 !D042A y DRIVE - ADDRESS 035XX OR 075XX 45 VOJS IGOl 9A TIME FIFTEEN 5 T930 !C029B y DRIVE - ADDRESS 036XX OR 076XX 45 VOl6 IG018A TIME SIXTEEN 5 T93! 1110428 y DRIVE - ADDRESS 037XX OR 077XX 45 Vo17 !F020A TI"'E SEVENTEEN s T954 1D031A y DRIVE - ADDRESS !OOXX OR 140XX 46 VO!R !FOIBA TIME EIGHTEEN 5 T955 !E044A y DRIVE - ADDRESS 101xx OR )4}XX 46 vo19 IFOl7B TIME NINETEEN 5 T966 lfl031R y DRIVE - ADDRESS 102XX OR 142XX 46 V030 IL022A START LOGIC 12 T967 !E044fl y DRIVE - ADDRESS !03XX OR }43XX 46 Vo50 1E07SA MULTIPLY + DIVIDE + SHIFT 6 T96B lfl030A y DRIVE - ADDRESS 104XX OR }44XX 46 V05! 1 E077A MULTIPLY + DIVIDE • SHIFT 6 T969 !E043A y DRIVF - ADDRESS 1osxx OR 145XX 46 vos2 !E079A MULTIPLY + DIVIDE + SHIFT 6 Tq70 !D030B y DRIVE - ADDRESS !06XX OR l46XX 46 Vo53 1E079fl MULTIPLY + DIVIDE + SHIFT 6 Tq71 11'0438 y DRIVE - ADDRESS !07XX OR l47XX 46 V054 1E082A MULTIPLY + DIVIDE + SHIFT 6 T972 !F032A y DRIVE - ADDRESS 11 oxx OR 1soxx 46 Voss lf0A2R MULTIPLY + DIVIDE + SHIFT 6 
T973 I E"03BA y DRIVE - ADDRESS !!!XX OR !5!XX 4f, Vo70 I DOI BB INTERRUPT TIMING CHAIN 53 
Tq74 I f032B y DRIVE - ADDRESS 112xx OR tszXX 46 Vo71 IC016B INTERRUPT TIMING CHAIN S3 
T97S !F03BA y DRIVE - ADDRESS !13XX OR 1S3XX 46 Vo72 !C0!6A INTERRUPT TIMING CHAIN 53 
T976 !E031A y oRIVE - ADDRESS !!4XX OP !54XX 46 Vo73 !fJOl BA INTERRUPT TIMING CHAIN 53 
Tq77 }E037A y DRIVE - ADDRfSS 115XX OR 1s5XX 46 V074 1COl5A INTERRUPT TIMING CHAIN 53 
T978 !E0318 y DRIVE - ADDRfSS ! ! 6XX OR }56XX 46 Vo7s lrlOl SA INTERRUPT TIMING CHAIN S3 
T979 1F0378 y DRIVE - ADDRESS 111xx OR !57XX 46 VO Al !L020A START LOGIC RESYNC 12 
T980 ID029A y DRIVE - ADDRESS 120XX OR 160XX 46 V091 1C093A INT. RUFFER RESYNC 48 
T981 !E042A y DRIVE - ADDRESS 12!XX OR 16}XX 46 V!Ol 1T04SA MAIN TIMING - TIME ONE 3 
T982 lD029A y DRIVE - ADDRESS 122xx OR 162XX 46 v102 IT044B MAIN TIMING - TIME TWO 3 
T9A3 lf042B y DRIVE - ADDRESS !23XX OR 163XX 46 v104 !0079A MAIN TIMING - TIME FOUR 3 
T984 !D028A y DRIVE - ADDRESS !24XX OR !64XX 46 VIOS !0071A MAIN TIMING - TIME FIVE 3 
T9AS !E04 !A y DRIVE - ADDRESS 12sxx OR 16SXX 46 V!06 1H077B MAIN TIMING - TIME SIX 3 
T9B6 !D028B y DRIVE - ADDRESS !26XX OR !66XX 46 VJ08 100528 MAIN TIMING - TIME EIGHT 4 
T997 !E041B y DRIVE - ADDRESS 121xx OR J67XX 46 V}09 }P0!8A MAIN TIMING - TIME NINE 4 
T98A !F030A y DRIVE - ADDRESS !30XX OR 110xx 46 V!!O 10016A MAIN TIMING - TIME TEN 4 



Vll l l NO l SA MAIN TIMifllG - TIME ELEVEN 4 Wl48 1H054B MASTER CLEAR 10 
vn2 1M0!3A l-IAIN TIMING - TIME TWELVE 4 WJSO 1M032B CLEAR P 10 
'1!13 1JOI6B MAIN TIMING - TIME THIRTEEN 4 w1s1 1L032A CLEAR P 10 
V114 lHOlSB MAIN TIMING - TIME FOURTEEN 5 w1s2 1M063B CLEAR Q lo 
V115 160198 MAIN TIMING - TIME FIFTEEN 5 Wl53 IL063B CLEAR Q 10 
'1116 1G016A MAIN TIMING - TIME SIXTEEN 5 WI l'>O 1H038B SET BR 9 
V117 1H014B MAIN TIMING - TIME SEVENTEEN 5 Wl f> l 1I044B SET BR 9 
VllA 1F018B MAIN TIMING - TIME EIGHTEEN 5 W162 1J044B SET BR 9 
Vll9 1P003A MAIN TIMING - TIME NINETEEN 5 W}63 !K044A SET A<I 9 
v121 1P066A RESUME ONE RESYNC 49 W}65 1G037B SET BO 9 
Vl31 1C092A NORMAL RESYNC 47 Wl66 JI043B SET BO 9 
V141 JP069A RESUME TWO RESYNC 49 WJ67 1J043B SET BO 9 
Vl50 1F075B MULT. + DIV. + SHIFT 6 W168 IK043B SET RD 9 
V}Sl 1F077B MULT. • DIV. + SHIFT 6 W170 1H036B SET Al 9 
V170 IAOOIA INTERRUPT TIMING CHAIN 53 Wl 71 II03AR SET BI 9 
V174 lCO!SA INTER"IUPT TIMING CHAIN SJ Wl72 !J03AB SET RI 9 
v201 10091"1 MAIN TIMING - TIME ONE 3 Wl 73 !K03BB SET Ill 9 
v202 10086A MAIN TIMING - TIME TWO 3 Wl75 1H035R SET A. BANK 9 
V204 }00798 MAIN TIMING - TIME FOLIR 3 WJ76 l I 037R SET R. BANK 9 
v2011 }0051A MAIN TIMING - TIME EIGHT 4 Wl77 1J037A SET B. BANK 9 
V20<l 1 POl 78 MAIN TIMING - TIME NINE 4 WI78 !K037A SET A. BANK 9 
v210 JOOl6R MAIN TIMING - TIME TEN 4 •1202 lJ04lA A=O TRANSLATION 31 
Vzll }NOJ4A MAIN TIMING - TIME ELEVEN 4 W204 1K042A A=o TllANSLA TI ON 31 
v212 1MOI3fl MAIN TIMING - TIME TWELVE 4 W20f> 1K041A A=o TRANSLATION 31 
V2!3 lJOlSA MAIN TIMING - TIME THIRTEEN 4 W208 1H04U A=O TRANSLATION 31 
V2!4 lH014A MAIN TIMING - TIME FOURTEEN 5 w210 1C013A NOT M.C - INTERRUPT 53 
v21s !GO!Bfl MAIN TIMING - TIME FIFTEEN 5 w21s lll042A BOOTSTRAP TRANSLATION 37 
V218 lF017A MAIN TIMING - TIME EIGHTEEN s W2J6 I I036B BOOTSTRAP TRANSLATION 37 
V270 l C021A INTERRUPT TIMING CHAIN 53 w211 1J0368 BOOTSTRAP TRANSLATION 37 
V274 lAOOlB INTERRLJPT TIMING CHAIN 53 W?I8 IK0368 BOOTSTRAP TRANSLATION 37 
V302 1L0228 MAlN TIMING - TIME TWO 3 W219 1L036A BOOTSTRAP TRANSLATION 37 
V304 10078A MAIN TIMING - TIME FOUR 3 W2?0 1M038B BOOTSTRAP TRANSLATION 37 
V305 10071Fl MAIN TIMING - TIME FIVE 3 w221 1M042A BOOTSTRAP TRANSLATION 37 
V308 100518 MAIN TIMING - TIME EIGHT 4 W222 1L041A BOOTSTRAP TRANSLATION 37 
VJlO lOOlSA MAIN TIMING - TIME TEN 4 w223 JM041A BOOTSTRAP TRANSLATION 37 
V3Jl JN014R MAIN TIMING - TIME ELEVEN 4 W224 1 N063A BOOTSTRAP TRANSLATION 37 
V3!2 1M012A MAIN TIMING - TIME TWELVE 4 W225 1N061A BOOTSTRAP TRANSLATION 37 
V313 1JOI5B MAIN TIMING - TIME THJRTEfN 4 W226 1L023A BOOTSTRAP TRANSLATION 37 
V314 1J0148 MAIN TIMING-TIME FOURTEEN 5 W227 lH0438 PARITY ERROR INVERTER 55 
V370 IC021B INTERRUPT TIMING CHAIN 53 W?28 1A017B POWER FAILURE INVERTER-I/O UNIT-NORMAL 1 54 
V404 }007BB MAIN TIMING - TIME FOUR 3 WROO 1F022A S TO <; PRIME 41 
V4JO lOOlSB MAIN TIMING - TIME TEN 4 WB01 1F022B S TO S PRIME 41 
V4ll !N013A MAIN TIMING - TIME ELEVEN 4 WB02 l D070A CLEAR Z 41 
V412 1M012R MAIN TIMING - TIME TWELVE 4 W803 100708 CLEAR Z 41 
V504 !0091A MAIN TIMING-TIME FOUR.RN! 3 wsos Jno63A GATE RANK 0 SENSE AMPS. 41 
V510 10014A MAIN TIMING - TIME TEN 4 WB09 !D063B GATE RANK 0 SENSE AMPS. 41 
V5Jl JNOJ3fl MAIN TIMING - TIME ELEVEN 4 W810 1E063A GATE RANK I SFNSE AMPS. 41 
Vsl2 \N012R MAIN TIMING - TIME TWELVE 4 Well 1F063B GATE !JANK I SfNSE AMPS. 41 
v610 }00}4fl MAIN TIMING - TIME TEN 4 xooo 1H067A X PEGISTER 35 
V6Il I-l014A MAIN TIMING - TIME ELEVEN 4 XOO} IH066A )( REGTSTER 35 
v6l3 }JOJ3A MAIN TIMING - TIME THJRTEfN 4 X003 !H063A x JNVF.RTER 37 
V6}4 }H013A MAIN TIMING - TIME FOURTEEN 5 XOlO 1I067A x REGISTER 35 
V902 }M050B TIME TWO OR TIMF TWELVE 3 XOll IT066A x REGISTER 35 
V9nR 1P049A CLEAR RANK SELECT 9 X0!3 II063A x !NVE"RTER 37 
W140 l N093A MASTER CLEAR 10 XO?O !J067A x PEG I STER 35 
WJ41 1<'10428 MASTf'! CLEAR 10 xo21 1J066A x REGISTER 35 
W!42 lll003A MASTER CLEAR lo X023 1J063A x INVEPTER 37 
Wl43 1N094fl MASTER CLEAR 10 xo10 1K067A x REGJSTER 35 
WI44 100088 MASTER CLEAR 10 X031 1K066A x REGISTER 35 
Wl45 IN094A MASTER CLEAR 10 X033 1K063A x INVERTER 37 
Wl46 1D093A MASTER CLEAR 10 X040 1L067A x REG!STER 35 
W}47 JM094A M•C ANO NOT INPUT oIScONNfcT 10 X041 1L066A x REG! STER 35 



X043 1L063A x INVERTER 37 Z03! 1C067B z REGISTER 42 XO<;O 1M067A x PEG I STER 35 Z040 I C06611 z PEG!STER 42 XO<;l 1M066A x REGISTER 35 Z041 1C066B z REGISTER 42 X053 1M063A x INVERTER 37 zoso IC065A z REGISTER 42 X060 1M065A x REGISTER 36 ZOc;l !C065B z REGISTER 42 X06! !M064A x REGISTER 36 Z060 !C064A z REGISTER 42 X063 !M062A x INVERTER 37 Z061 1C064B z REGISTER 42 X070 !L065A x REGISTER 36 zorn 1C063A z REGISTER 42 xon ll064A x REGISTER 36 Z071 !C063B z REGISTER 42 X073 !L062A x INVERTER 37 ZOBO 1C062A z REGISTER 42 XOBO 1K065A x REGISTER 36 ZOB! JC062R z REGISTER 42 XOAl 11<064A x REGISTER 36 Z090 1C061A z REGISTER 42 XOA3 1K062A x INVERTER 37 Z091 1C061B z REGISTER 42 X090 JJ065A x REGISTER 36 ZlOO !C060A z REGISTER 42 X091 l J064A x REGISTER 36 ZlOl 1C060B z REGISTER 42 Xo93 1J062A x INVERTER 37 z 110 IC059A z REGISTER 42 x100 l I065A x REGISTER 36 ZJ 11 1C059B z REGISTER 42 XJOJ l I064A x REGJSTER 36 Zl20 !C05BA z REGISTER 42 XJ03 !I062A x INVERTER 37 z121 1C05AB z REGISTER 42 XJJO !H065A x REGISTER 36 Zl30 !C057A z REGISTER 42 XJ!l !H064A x REGISTER 36 Zl31 1C057A z REGISTER 42 XJJ3 !H06211 x INVERTER 37 
x120 1G065A x PEG! STER 36 
XJ21 JG064A x REGISTER 36 
x122 JG064A x RfGISTER INVERTER-BIT 12 36 
XJ23 JG062A x INVERTER 37 
XJ25 JG069A X REGISTER INVERTER-BIT 12 36 
vooo !D049A SENSE AMPS, - BANK 0 42 
YOO} IE062A SENSE AMPS, - RANK l 42 
YOJO lfl056A SENSE AMPS, - BANK 0 42 
Yo11 1E055A SENSE AMPS, - BANK l 42 
Y020 l0050A SENSE AMPS. - RANK 0 42 
Y021 !E06!A SENSE AMPS, - BANK l 42 
Yo30 JD057A SENSE AMPS, - BANK 0 42 
Y03! JE054A SENSE AMPS, - RANK I 42 
Y040 !DOSJA SENSE AMPS, - BANK 0 42 
Y04J !E060A SENSE AMPS, - BANK l 42 
Yo so !OOSBA SENSE AMPS, - BANK 0 42 
Yos1 1E"053A SENSE AMPS, - BANK l 42 
Y060 !D052A SENSE AMPS, - RANK 0 42 
Y06! JE059A SENSE AMPS, - BANK I 42 
Y070 lfl059A SENSE AMPS, - BANK 0 42 
Y07! 1E052A SENSE AMPS, - BANK l 42 
YOAO lD053A SENSE AMPS, - RANK 0 42 
YORI !EOSBA SENSE AMPS, - BANK I 42 
Y090 1D060A SENSE AMPS, - RANK 0 42 
Y09l 1E051A SENSE AMPS, - BANK l 42 
nno l0054A SENSE AMPS, - RANK 0 42 
Y!Ol 1E057A SENSE AMPS, - BANK I 42 
YJ 10 lrl06 l A SENSE AMPS, - BANK 0 42 
Yll J !EOSOA SENSE AMPS, - RANK 1 42 
YJ20 lOOSSA SENSE AMPS, - RANK 0 42 
YJ2! l F056A SENSE AMPS, - BANK I 42 
YJ30 ID062A SENSE AMP - BANI< 0 - PARITY 42 
YJ3J JE049A SENSE AMP - BANK l - PARITY 42 
zooo IC070A Z REGISTER 42 
ZOO! 1C0708 Z REGISTER 42 
lOJO !C069A Z REGISTER 42 
zo11 1C069A Z REGISTER 42 
Zo20 1C06AA Z RfG!STER 42 
zo21 1C06BA Z REGISTER 42 
Zo30 !C067A Z RfGISTER 42 
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5 l 

INTERPRET TO ENGINEERING STANDARD 3.01.002 
!!PREPARATION OF LOGIC DIAGRAMS.n 

CONNECTOR NUMBERS SHOWN ARE INTERPRETED IN 
THE FOLL DWI NG MANNER' 

A. -j)---
JIOI C03 .__.,,......__.,,..... 

CONNECTOR PIN 
NO. NO. 

B. 

4 

THE FOLLOW I NG IS A LI ST OF THE SUBTITLES AND THE 
SHEET NO'S OF EACH, 

SUBTITLE SHEET NO. 

STATUS SHEET 
BLOCK 0 I AGRAM 
MAIN TIMING 
MAIN TIMING 
MAIN TIMING 
MOS TIMING 
REGISTER DISPLAY 
REGISTER DISPLAY 
SELECT/SET BANK CONTROL LOGIC 
MANUAL CONTROL 
CYCLE CONTROL 
STA~T & STOP LOGIC 
BREAKPOINT LOGIC 
F & F' REGISTER 
F REGISTER 
F TRANSLATION 
F Tl\ANSLATION 
F T~ANSLAT I ON 
F TRANS LAT JON 
liATES 1-7 
GATES 8-12 
GATES 13-18 
GATES 19-28 
GATES 29-38 
GATES 39-49 
GATES 50-58 
GATES S9-65 
GATES 6&-67 
P REGISTER 

LOGIC DI A GRAMS CORRESPOND TO REVIS I ON v OF DOCUMENT 
NUMBER 16901300 ( CO~PUTE UNIT ME CHAN I HD DES I GN DATA). 

5 T 

I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
2S 
26 
2/ 
28 
29 

l l 2 

REVISIONS 
SUBTITLE SHEET NO. jSvM. ZONE DESCRIPTION DATE APPROVEO 

A REVISED SEE ECO CBl9692 
S REGISTER 
A REGISTER 
A' REGISTER 
Q REGISTER 
Q' REGISTER 

30 
31 
32 
33 
34 
3S 
3u 
3 7 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
so 
SI 
S2 
S3 
S4 
SS 
Sc 

8 SEE ECO CB 19674 1210-:stJ A':?g 

X REGISTER 
X REGISTER 
X INVERTERS 
I & U INVERTERS 
BORROW PYRAM I D 
MEMORY CYCLE 
S' REGISTER & MEMORY CONTROL LOGIC 
Z REGISTER 
PAR I TY 
X OR I VE 
Y OR I VE 
Y OR I VE 
1/0 CONTROL 
SUFFER CONTROL 
EXTERNAL MEMORY CONTROL 
BFR REGISTER 
BER, BXR & COMPARATOR 
BANK CONTROL 
INTERRUPT SEQUENCE 
INTERRUPT LOGIC 
ERROR REGISTER 
MASTER CLOCK 

c 
D 
E 

A 
A 
A 

A 

SEE ECO CB 19783 
SEE ECO CBl9782 

SEE ECO CB 19972 

C C D -
c c 

SH49 SH50 SH51 SH52 SH53 SH54 SH55 SH56 

REVISION STATUS OF SHEETS 

A B B c 
A B 8 c 
A - __a 8 
A 

SH25 SH26 SH27 SH28 SH2*H3<l SH31 SH32 SH3' SH34 SH35 SH36 SH37 SH38 SH39 SH4C SH41 SH42 SH43 SH44 SH4'\ SH46 SH47 SH48 

REVISION STATUS OF SHEETS 

E 

D c c D c 
c c c c c 
B A 
A A 

SHI SH2 SH3 SH4 SH5 SH6 SH7 SH8 SH9 SHIO SHll SHl2 SHl3 SHl4 SH15 SHIS SHl7 SHl8 SHl9 SH20SH21 SH22 SH2~ SH24 

REVISION STATUS OF SHEETS 

UNL£SS OTHERWISE SPECIFIED 

TOLERANCES ON 

FRACTtONS: DECIMALS: 

± -

DO NOT SCALE DRAWING 

ANGLES: 

•·• CONTROL DATA 
:II CORPORATION 

GOVERNMENT SYSTEMS DIVISION 
M INNEAPOl IS• MINNESOTA 

± - l-CO-NTJ>A--CT-,...-'..:.;._'-'-';;_;,;_;.;.;:_:o.;_:_;_c--1 

APPROVED , . ~ , r 7~ ~ <i-'-1 

l>RAWH ~:Lft 2-20-6 

TITLE 

COMPUTE UNIT 

LOGIC DIAGRAM 

I OF 56 

l-
----l-----izrr•1Al i-c==HE:;;c•;_rn_K!_~_-_u'_;:~-'_1-z;z.~_c7-1 

NEXT ASSY. USED ON A~ l--·c_ll_EJ _;_~-E-~~~-·_;_N_0_1l__ ___ 1_6_0_;_·_;~lr;4_0_o_N_O o_· -----i APPROVED ___ --- ---~ I 
APPLICATION __. SCALE -- l SHE ET 

I 7 T 

D 

c 



D 

c 

... 
·} 

B 

A 

L 5 .. 

BFR--+ EKTERNAL EOUlP. 

BUFFER 
DATA 

REGISTER 
12 BITS 

Z EXT+SFR 

EXTERNAL 
EQl..HP ...., BF" 

BFR•X INV 

ZINT-.BFR 

BUFFER EXIT 
REGISTER 

13 llTS 

X-+ 8XR 

BE"_. U 

X->-U 

INPUT READY 

OUTPUT RESUME 

FUNCTION READY 

INFORMATION READY 

INPUT REQUEST 
'--~~-__J-+ B.T INTERRUPT 

BER__,.U 

- f!fTMlllC£ REGISTliR 
13 BITS 

CONTROL 

A1 -+ BER 

3 

NORMAL 
INPUT-OUTPUT 

CONTROi.. 

FUNCTION READY 

INFORMATION READY 

INPUT REQUEST 

t--YM_.t--zON_E'-j--_2 ______ _:;_D~ES~C~=~~:P~~:~~:~0-N_S _______ '._:'DATE_.....__A_"_._,~·O'-li~ 
.,. 

MAGNETIC 
CORE 

STORAGE 

FROM CONTROL 

CONTROL .., 
z 
-' 

RESUME l 

RESUME n: 

l 
(~, 

D . I 

. .., 
"! 

c 
EXTERNAL MEMORY TO EXTERNAL MEMORY 

B+X 
R 

X+BXR 

z ... x 

BOOTSTRAP TO X 

NORMAL OUTPUT 
BUFFfR CHANNEL 

X_.89 
B --=. Q'~ B REGISTER 

8 ~16BITS 

AO ----=>B M 

Z-+F 
Z EXT_____...F 

NORM AL OUTPUT 
NORMAL CHANNEL 

I/O 11'-FO ~ X 

NORMAL INPUT- X 

EXTERNAL 
MEMORY -? X 

PYRAMID 
CONTROL 

CONTROL 

FE -+B lNV 

5.212 ...,.9.20 

9.20 +s-212 

S' REGISTER 
13 BITS 

9-+S' 

INTERNAL MEMORY CONTROL 
EXTERNAL MEMORY CONTROL,--------,~- BFR NO 20 

EXT NO. 40 

--,..--.----.,.J,.__- EXT. NO. 30 

MANUAL 
EXT_ NO 10 

'------------<>- A' -+ S 
COMPUTER 
INTERRUPT 

P REGISTER 
13 BITS 

5 

5-+P 

9.20--+-s 212 

5.2!2_,.920 

S REGISTER 
13 B!TS 

P-+ S 

S 2 12 TO EXT 
MEMORY 

INTERRUPT ADDRESS~ S 

MANUAL 
C0NTROL 

BLOCK DIAGRAM - COMPUTE UNIT 

3 

6I10 CHANNEL INTERRUPTS 

A 

CODE IDE"NT N.0 Sil£ 

27963 c 16501400 
SHE I:. I 2 

2 
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I 

D 

c 

8 

A 

5 

VI 21 

F944 

K!20 

VO! I 

F530 V908 

V908 

KOS I 

VOS I 

K052 
V31 3 

F970 

F4 71 

Cl95 

F538 -~~-=:::: 
F677 

v 111 -+----n~ ,_ ___ _ 

F5 l 9 ~-.,_ _____ __µ 

F930 

5 

K033 
K073 

1<035 

K407 K067 

VI 16 K137 

F984 K417 

V054 

F335 

vooa 
K073 

K092 

VOlO 

F960 

VOID 

F96 3 

F964 

GATE 49 
P-+S 

gtJ~R 1E8NABLE FLIP-FLOP'S 

GATE 48 
A'~S 

K !Bl 

K 183 

K090 

K031 

K02 7 

K029 

K085 

K087 

K089 

K093 

K095 

K025 

GATE 16 
A-.;>U 

GATE I 5 
BER~U 

GATE It 
Q'-+ I 

GATE 8 
ENABLE I (•l,•21 

H937 

c·406 
GATE 13 
P-U GATE 55 CLEAR 

GATE 8 
ENABLE 
l(+!, +2) 

x 

3 

~ K05J 

K073 

K090 

K094 

K !23 

GATE 64 
F ~CTIVE 
FLIP-FLOP 

K 218 

K092. r\420 

K024 

K026 

K028 

K084 

K086 

K088 

GATE 61 
READ FLIP-FLOP 

Kt 77 

Kt 79 

K !80 

KI 82 

3 j 
---~---

GATE 4 7 
s- p 

K 125 

K 134 

K227 

K092 

K404 

Kl30 

J291 

VOID 

J06! z 1 -+f 

H9~2 

K023 J307 

J061 ZE-+ F 

H934 

K022 J307 

SYM ZONE 

MAIN TIMING 

2 

" 

REVISIONS 

DESCRIPTION DATE APPROVED 

SEE ECO C819783 fr23·69 / 1, -=-

D 

J072 

V504 

F538 H914 

HOlO H916 

F933 H92 ! 

K006 H929 c 
Kl 7 l H932 

K 172 H934 

H937 

K054 

F504 

J263 

KOOO 

K03! 

K !71 

K 177 

K07l 

HOOS 

H906 

)(037 

K039 

KI I 7 

H208 

V3l0 

F388 

Kl 12 

J361 

A 
GATE 51 

A.'~x 

CODE IDENT NO. SIZE 

27963 c 16501400 
SCALE--- SHE ET 3 



r~~ ' 

5 

I 

• r· 
GATE 24 
CLR BR ,FE•BR 

GATE 29 
A'•A 

D 

J391 

V007 

Kl 12 
J399 

Kl 18 

Vl31 

Vl51 

K081 

F313 

V007 

K061 

Vl21 

F943 

Vl41 

GATE 25 
CLR Br,FE+BI 

K060 

c V055 

K081 

F314 

GATE26 
CLR Bo,F£+Bo 

GATE19 
SEL BR 

~~Eef.FE .... Be. 
K278 X--+ 89 
K279 

Kl71 

K173 GATE 24 

Kl75 Ff-+ BR 

GATE 29 
A'~A 

GATE 48 
A'....+S 

GATE 48 
//f-+S 

B GATE 49 
P-+S 

GATE 55 
CLR X 

GATE I K210 
08~01 

K033 

K035 

A 

5 

3 

GATE 50 GATE 28 
x .... s AQ+BANKS 

~~fc6t READ 
GATE 40 
X-+0' 

K081 

K030 GATE 50 

K083 
X-+S 

GATE 9 GATE60 
-X-+:I REC MEMORY 

GATE 10 K036 X-+I 

gATE II 
'-+I 

H051 

K406 

K061 

GATE 2 
IJI0-+01 

GATE 8 
ENABLE I (+l,+2) 

GATE 24 
CLRBR 

GATE 32 
CLR A' 

GATE 12 
A.22~I 

GATE 13 
P-..U 

GATE 15 
BER-+U 

GATE 16 
A-+U 

GATE 1 7 
X-+U 

GATE 8 
ENABLE 1(+11•2) 

GATE 13 
P-+U 

GATE 14 
Q-+U 

GATE 17 
X-+U 

8000 

8001 

K020 

K02l 

K!92 

~Kl94 

~Kl96 
t-<198 t K200 

K308 

3 

GATE 20 
SELECT BI 

GATE 33 
TOGGLE It 

Kl29 

H200 

GATE 22 
SELECT Be 

GATf ?4 
s:E~BR 

GATE JG 
Q'__,..A 

GATE 35 
A-+A" 

GATE 36 
Q-+A' 

Nl2B V512 

GATE 19 
SEL BR 

GATE 20 
SEL B1 

GATE 21 
SEL Bo 

GATE 22 
SEL 89 

GATE 23 
SEL BE 

GATE 66 
SIGN--·RECORD ll 

2 
REVISIONS 

YM. ZONE DE CRIPTION 

c SEE ECO CR/9783 

GATE 18 
~}F~S ENAB~E 

GATE 47 
S-+P 

GATE 25 
CLEAR Bi: ,FE-+ Br 

GATE 27 
CLEAR B9, FE-+89 
x ... e8 
GATE44 
SHIFT A RIGHT 

K064 

H931 
r1"' ~~EB~~f-l-89 

GATE 35 
A-.A1 

l+--"""•HOl4 

GATE58-~-olC----1 
CLEAR F' 

GATE 43 
SHIFT A LEFT 

K167 

KIOO 

KIOS 

K124 

K126 

Kl28 

K143 

GATE 29 
A'-+-A 

GATE 37 
Q'+Q 

GATE 51 
A'-+X 

GATE 56 
SET X LOWER 
SET X UPPER 

GATE 60 
REQ MEMORY 

GATE 61 
SELECT READ 

GATE 62 
SELECT WRITE 

~n~f HALF WRITE F361 

CODE ID£NT NO. 

27963 
MAIN TIMING 

SCALE---

2 

074 

GATE <?13 
Ff"+Bo 

(.;ATE 57 
I/O---+ X 

GATE 25 
Fi:_-..BI 

'-------.->GATE 3 
f)l3-+80 

GATE 8 
ENABLE IC+ l,+2) 

GATE 13 
P-+U 

K003 

K226 

GATE 66 
POS. TEST F/F 

GATE 38 
BANKS-+QQ' 

GATE 39 
A~Q' 

GATE 53 
BR-+X 

F38B 

GATE 54 
ERROR REG~X 

c 

GATE 4 
013-+•4 

GATE 34 
PROBE A' 

GATE 4Z 
BANK•<!' 

GATE 67 
ENABLE R F/F 

CLEAR 
INTERRUPT 
LOCKOUT 

COMPUTER TO 
COMPUTER INTERRUPT 

16501400 
4 

D 

c 

A 





D 

c 

B 

A 

s 

5 

F626 
aoo•-o--~ 

KOSO 

F~F· 

------;~ H 929 

V2l 4 

F!593 

J299 
GATE 44 
SHIFT AR 

FOl4 

F024 

F034 

INITIATE DIVIDE 

F044 --"°"'>-...l 
HOOB 

H208 F014 

F024 

F034 

F044 

,,,_ __ _J-,C"H050 

GATE 45 
SHIFT QL 

4 

H052 

H250 

H052 

K076 

REDUCE FE 

H920 

GATE 41 
Q-+Q' 

3 

3 

SYM ZONE 

MOS TIMING 

2 

2 

REVISIONS 

DESCRIPTION 

H201 

GATE 34 
PROBE A' 

GATE 35 
A-.A' 

HOOS 

E5l 3 

QO 04 

~---+---< ;~ QO 0 5 

F314 

Wl43 

CODE IDfNT NO 

DATf APPROVED 

L208 

SEE SH.55 

XOOl 

27963 16501400 
6 

D 

c 

A 
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REVISIONS 
SYM ZONE DESCRIPTION DA TE APPROVED 

D D 

lJl07AOl 

c c 
DISPLAY 

z 

F 

x 
ZIZO 

F002 F068 FOIB F JSO F090 F!OO 

xooo XOIO X020 X030 X040 X050 xoso X070 X090 XIOO Xl10 Xl20 

B 

AFo3 

BFR 

Q 

o' 
8122 

A 
0120 

A Q004 0014 Q024 0034 0044 0064 0074 0084 0094 0104 Qlt4 0124 

COD£ IDENT NO. DRAWING NO 

27963 c 16501400 
REGISTER DISPLAY 

SCALE --- SHEET 7 

5 3 2 



s 3 2 
REVIS-IONS 

YM. ZONE DESCRIPTION DATE APPROVED 

b D. 

c c 

BXR 

A 

A.' 

A004 A0l4 A024 A034 A044 A054 A064 A.074 A084 A094 Al04 J362 J364 

B 

s 

p 

BER 

A 8086 9096 8106 8116 8126 A 

CODE IOENT NO 

27963 c 16501400 
REGISTER DISPLAY 

SCALE -- B 

5 4 3 2 
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REVISIONS 

i-s_vM_.t-zo_N_E-j _________ o_E s_c_R_1_PT_1_o_N _______ -f-.:D:.AT:::E_i1 APPROVED 

D D 
JI03A.09 

MOOS N44A 

8000 

8010 

BR 
8020 

Jll 4 

8030 

8211 

8221 

8231 

8241 

c M0\5 20 c 
8100 

005 

ll095 
Bl 10 

SELECT Bo 

8120 Bo 
N468 

Jl 14 8130 
H953 
H"57 

001 N45A 

11075 

·~·I SELECT Br a 
8060 00> 

<;;1"1-
- .... 

8070 Br o .... 
8 

L()I: 
CO"' 

009 
8080 

11065 
-::- SELECT Be 805 SET z3 

V2 I I J!23 

F554 M035 N458 zO 
Kl78 
V211 

H35B 
Wl75 8150 

F553 

8160 

MEMORY 
8170 89 

23 

8180 

A A 

KJl5 

H032 
K093 
H200 

CODE IOENT NO OflAW!NG NO 

H009 27963 c 16501400 
H032 
H208 SELECT/SET BANK CONTROL LOGIC 

SCALE--- SH ( l T 9 

"" 
5 4 3 2 .~ 



I"': 

D 

c 

B 

A 

5 " 
W208 J237 K243 E5l 4 J213 J214 K242 Sl22 

t 

8490 MOOE 8090 MOOE 

J24Z J2.36 Jl70 N307 E514 J243 J214 J 21 3 

F839 FB 4 ! 

V6 I I 1/6 I I 

SELECT 8090 
8490 MOOE 

Jl06E05 l 1 JI06E07 

OR "'•'-s:=r-'"•o 

POWER ON/OFF 
MASTER CLEAR 

5 

Kl 36 

JI 34 

KOSO 

K053 

K054 

I-----<>-+ K 059 

Kl I I 

K 125 

K 12 7 

,L---~~H90! 

H937 

JI ! I 

J I I 3 

JI I 5 

KO 21 

K067 

K 2 I I 

K 173 

K 17 5 

c__ ____ _.~K 329 

K339 

4 

I 
I 
I 
I 

F5l3 

5124 
T032 
Jl60 
5124 
T019 

I 
I 
I 
I 

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

A002 

AO!O 

A020 

A030 

A040 

A050 

A060 

A070 

AOBO 

A090 

AIOO 

A 11 0 

A I 20 

"'-----------' '-~· ~- GATE 31 
CLEAR A 

SET ANO CLEAR A 

SET 
A 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

2 
REVISIONS 

i SYM ZONE DESCRIPTION 

A . REVISED SEE ECO C819692 

C SEE ECO CB 197e3 

K05~ 

M003 

MOl3 

M023 

M033 

M043 

M053 

M063 

M073 

MOB3 

M093 

M 103 

Ml 13 

M 123 

SET AND CLEAR Q 

f-- - -----------------+ 
I 
I 
I 
I 

I 
I 

MOOI 

MOl I 

M021 

M03! 

M041 

M051 

M061 

M07 I 

M081 

M091 

Ml O! 

M 11 I 

M 121 
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'-~~~~~~~~_.~~~~~~~~~--+--~~~~~~~~~'--~~~~~~~~-+~~~~~~~~~-+-J1os 

A A 

CODE IOENT tlO. SIZE DRAWING NO 

27963 c 16501400 
P REGISTER 

SHEET29 

5 3 2 



D 

c 

B 

A 

F84 I 

J02 I 
BOO! 

J4!5 

5 

;_ 
JlllA09 

J424 J4!3 

5 4 

3 2 

SYM ZONE 

J_ 
JlllAO! 

Nl25 

N127 

Nl23 

A014 A005 

J416 

S REGISTER 

3 2 

J426 

CODE IDfNT NO. 

27963 c 
SCALE---

DA TE APPROV£0 

•-s N025 

p__,.s 
N027 

A'~S 
NOZ3 

SET INTERRUPT ADDRESS 
V5 I I 

SET INTERRUPT ADDRESS 
V41 I 

X-----+S 
N225 

p--->-s 
N227 

A'-:.:,5 
N223 

SET INTERRUPT ADDRESS 
V31 I 

V6!0 

16501400 
T 30 

D 

c 

0 
Oo 
~"' 
01-
1.()~ 
<.():C 
-Cll 

A 



I"., -

> "" 

.... 

... 

"" 

l> 

:u ,,, 
G) 

"' -f ,,, 
... L:u 

~I ~ 
<.!) 
()') 
(.)J 

~ 
---

('") ~. 
'o 

1 
" en 

(}I 

A051 
0 

~I ~;I ~ z ~ 
! 0 0 

0 0 
z z 

0 -< 0 "' -

: 0 
" 

e ~ 

A061 

A021 •r.::1 
AOll 

"' 
~ 

> 16501400 
SHEET 31 

~ 
al 

NIOO Nl07 

"' o_ ~ J: 

"' -< ! -< 
0 " r " '!! 
~ " -< -< 

z z 
0 0 
0 ~ 0 

I" 
I~ 
~ 
-< 

z 
0 

~ 

n 

"T - r<'> J ~ ~ ,,,. 
"" 

zz~ 

ooo 
S9o 

n 
I 
I 

~ 
"' 

A004 
W202 

0004 

8100 

LOOI 

0005 
UOOl 
A005 
I021 

0 

"' 

... 

"" 

~ 
;;:: 

~ 
... 

~ 
" ~I~ - ,.., 
Ci< 
0 Vi 
z 0 

z 
V> 

~ 

I 
0 

0 



5 

D 
5040 A050 A040 A04 I A051 5041 

LI It c 

B L 121 

8126 

Xl20 QOOO AOOO A120 Al21 AOOI 0001 Xl21 

N 109 
N302 

N304 

A Jl61 £120 ~-0_1_2_1 __ 0_1_2_0_.,__ _ __:_PR=OB,,_E:o___ N306 

~------------T~O~G~G~L£E_ NIOS 

5 4 

F515 
F725 

ReOA 

VI 17 

F335 

V052 

F360 

V5!2 

F382 

VI 19 

W147 

Wl40 

3 2 

REVISIONS 

SYM ZONE DESCRIPTION 

5020 A030A020 A021 A03! 5021 

5080 A090 AU80 A081 A091 S081 5070 A080 A070A071 A081 5071 

A011 fLoa1 ~xo01 xo1ots.016tA0Goj t"''t Jcy1 txo11 
• I Li 1-LY _J_J 

,---1 

3 

H052 

1(076 

E122 

Ul21 

G588 

I 
l<t <t <llll 
!'- (\J - f'-

~---,,0 CO ro o 

FE121 

- ~Al24 

A' REGISTER 

CODE IOtNT NO 

27963 
SCA.LE--

2 

c 

DA lf APPROVED 

CLEAR A1 
N009 

A-----. A' 
N002 

Q---+ A' 
N004 

PROBE 
N006 

TOGGLE 
N008 

CLEAR A' N!Qg 

A---+ A N202 

O------+- p,,' N204 

PROBE NZOG 

TOGGLE NIOB 

16501400 
32 

D 

c 

A 



D 

c 

B 

A 

5 4 3 2 
REVISIONS 

YM ZONE DESCRIPTION DATE APPROVED 

8000 0004 Q005 L002 

SET Q 
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~---t--t-_._----l--l_.---+-+-4------+-+_..---f---'l--<..._~JQ64(ENABLE XTOX) 
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W221 
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W2t5 

W216 
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E050 E040 £030 E020 EOOO 

KOIO GATE 8 
ENABLE I {+I, +2) 

K019 GATE II 
Q' TO I 

K013 ~~;~ ~~ 
KOIS GATE 10 

)( TO I 

K017 GATE 9 
-x TO I 

ATE 8 
ENABLE! (+I, +2) 

GATE 12 
A-22 TO I 

AOOO 
'--~~~+---t---t--t--'-~~~~f--t-+-f--"'--~~~-t--t--f-t-_.~~~~t-t-+-t-__.._~~~-t--t--i--t~;._~~~~~~K003 GATE 16 

A TO U 

'--~~~~-t--t---t-4-~~~~~t-t---t--.._~~~~-t---t~f--"~~~~~+-+--+_._~~~~-+-i~J-4~~~~~~~~KOOI GATE 13 
P TO U 

'--~~~~~+---t---4-~~~~~~f--t-+-~~~~~-t--t-_.~~~~~~t-t-_._~~~~~-t---t-<~~~~~~~~~KQ09 GATE 14 
Q TO U 

'--~~~~~~-j-__...~~~~~~~t-"'--~~~~~~-t---~~~~~~~t-4-~~~~~~-+-<~~~~~~~~~~K005 GATE 17 
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X090 
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J849 
J 850 
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xoso 
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J836 
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FO!O 

J839 
J 840 
XO !O 

WBIO 
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3 

f--t-+--+--+--+-+-+--+-~~~~-o--+Fl20 

J844 
XI 2 0 

BI 02 
FI 00 

J846 
J84 7 
x 100 
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FOBO 

JB49 
J 850 
XO 80 
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F060 
J849 
J 850 
X060 
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F040 
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JB 37 
X040 

>-+-+-+--+--+-+-+-+~~~~~~0022 
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J840 
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D !) 

Z030 

2040 

Z051 

Z030 

Z041 

Z050 

203 ! C72B 

Z040 

Z050 
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Z041 
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Z020 
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SECTION 2 

AUXILIARY MEMORY UNIT 

GENERAL THEORY OF OPERATION 

An Auxiliary Memory Unit contains from one to three memory banks depend

ent upon system application. A Memory Unit containing one memory bank is 
designated an 8492, a unit containing two memory banks is designated an 

8493, and a unit containing three memory banks is designated an 8494. The 
8496 and 8497 contain an 1/0 Unit and one and two memory banks respective

ly. A system using a minimum of external memory incorporates an 8492. A 

system using maximum external memory contains seven memory banks. 

Memory banks within a unit share three access channel units to provide three 

channel (compute and/or 1/0) access to any one Memory Unit, Figure 2-1. 
The access channel logic is common to three units; that is, the logic is distri

buted equally among the three units. In the case of one memory bank within 
a cabinet, the Memory Unit still receives access channel logic from each ac

cess channel unit, but the circuitry involved is at a minimum. 

Each 8492 Memory Unit has a storage capacity of 8, 192 14-bit words con
tained in two banks of 4, 096 words each, Figure 2-2A. The storage function 

within a selected Memory Unit is controlled by a delay line for timing and a 
Z and sr register to directly effect a memory reference at a specific location, 

Figure 2-28. 

The selection of a specific bank in a Memory Unit is controlled by a Com

pute or 1/0 Unit. VVhen a Memory Unit senses its own select code and a 

memory request from a Compute or 1/0 Unit, it performs a memory refer

ence cycle. The time from first selection to completion of cycle requires 

about 1 .35 microseconds. At the end of a cycle, the Memory Unit scans 
select codes and requests from other Compute or 1/0 Units in the system. 

14091700 2-1 Rev. A 



If its selection code and request for a memory reference are on the lines 

from other Compute or 1/0 Units, the Memory Unit processes each of the 

other references in turn before returning to the first Compute or 1/0 Unit for 

any subsequent references. This feature prevents one Compute or 1/0 Unit 

from monopolizing one Memory Unit. 

13 DATA BITS, 
13 ADDRESS BITS, 
4 SELECT MODE 
BITS, 
MODE SELECT 
AND MEM REQUEST 
FROM COMPUTE 
OR I/O UNIT 
TO 1 OF 3 
CHANNELS. 

NOTE: 

ACCESS 
CHANNEL 

RECEIVERS 
r-----
-}. CH 1 
i. CH 2 
L... 
i"' CH 3 
L _____ 

·~ 

MEMORY _. 
UNIT ,--. ~ 

CHASSIS I 

~ 

MEMORY .... 
UNIT 

CHASSIS 2 

~ 
MEMORY 

!----' 

..... 
UNIT ... 

CHASSIS 3 

THIS DIAGRAM IS A FUNCTIONAL ARRANGEMENT AND DOES NOT 
REPRESENT PHYSICAL ARRANGEMENT OF THE EQUIPMENT. 

ACCESS 
CHANNEL 

TRANSMITTERS -----, 
CH 1 I --.. I .. 
CH 2 -..... ... CH 3 

I 
I 

..... 
_ _____ J 

Figure 2-1 • Functional Arrangement of Memory Units 

13 DATA BITS 
PARITY ERROR, 
RESUME I, 
RESUME Il, 
TO COMPUTE OR 
I/O UNIT 
FROM 1 OF 3 
CHANNELS. 

The circuitry of the Compute or 1/0 Unit places a memory request, select 

code, read-write or partial-write command, and address signal on the lines 

of all Memory Units connected to this Compute Unit or 1/0 Unit. Each idle 

Memory Unit continuously scans its three access channels. Wien a Memory 
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Unit senses its select code and a request on an access channel, the scanner 

in this Memory Unit stops. A busy flip-flop shuts out any interference from 

other access channels, and the read, write, or partial-write operation begins 

with the Compute or 1/0 Unit on the access channel selected by the scanner. 

In the write mode, the Compute Unit or 1/0 Unit places data for a specific 

address on the interconnecting lines. VVhen the write gate is activated, the 

data is transferred into the Z register of the Memory Unit that responded to 

the request selection at the start of the cycle. 

In the read mode, the data from the memory address selected by the 5 1 reg
ister appears on the outputs of the sense amplifiers during the read portion 

of the memory reference. (The sense amplifiers in the 8492 Memory Unit 
are identical to those in the internal memory of the 8491 Compute Unit. A 

functional analysis on this subject is provided in Section 1 • ) VVhen the read 

transfer occurs, the data is transferred into the Z register of the Memory 

Unit. The output of the Memory Unit Z register is then gated to the Compute 

Unit or 1/0 Unit. The data word read out of memory during the read por

tion of the memory reference is restored in memory during the write portion 

of the memory reference cycle. 

In the partial-write mode, both the read and write functions are used in one 

memory reference cycle. The upper seven bits of the 13-bit word operate 
in the read mode and the lower six bits of the 13-bit word operate in the write 

mode. The result is that the lower six bits of the word are changed in the 

partial-write mode while the upper seven bits are not affected. 

During a program in the 8490, numerous references to various Memory Units 

occur. One memory is located within the Compute Unit that is performing 

computations. Additional external storage is provided by the 8492 Memory 

Units. A maximum of seven Memory Units may be used in any combination 

with one Compute Unit or one 1/0 Unit. A Memory Unit may be used by 

three different Compute or 1/0 Units. 

The following control and data lines connect a Memory Unit to a Compute or 

1/0 Unit: 

Data transfer ( 3 channels, 13 lines each) 

Bank selection and request ( 3 channels, 4 lines each) 

Address selection ( 3 channels, 13 lines each) 

Mode select ( 3 channels, 3 lines each) 

Resume signals ( 3 channels, 2 lines each) 
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Master clear ( 3 channels, line each) 

Parity error ( 3 channels, line each) 

At the start of an external memory reference cycle, bank selection, memory 

request, mode command, address select and a data word (write operation 

only) are placed on the lines to the Memory Unit by the Compute or 1/0 Unit. 

The mode command for read, write, or partial-write sets the read, write, or 
partial-write flip-flop in the Memory Unit after that Memory Unit is selected. 

DETAILED THEORY OF OPERATION 

BANK AND MODE SELECTION 

In the 8490 mode of operation, core storage within an Auxiliary Memory Unit 

is treated as one 8, 192-word bank. The internal memory bank in the Com

pute Unit is usually designated as bank 0, and the banks in the Auxiliary 

Memory Units are designated with even numbers, 2 through 16 a ( 2, 4, 6 
through 16). In the 8090 mode, the core storage in each unit 1s treated as 

two 4, 096-word banks. The internal memory in the Compute Unit is usually 
designated banks 0 and 1. These banks can be referenced only by the Com

pute Unit that contains them. The banks in the Auxiliary Memory Units are 
assigned unique numbers in the system ( 2 through 17 8 in pairs). Thus, one 

external memory bank would contain banks 2 and 3; another 4 and 5; etc. 
A number is assigned to a given unit by setting the bank selection switches in 

that unit. The highest order bit of the address word determines whether the 
odd or the even bank in a unit is referenced. 

Whenever the correct select code and request appear on any of the three 

access channels to an idle Memory Unit, the scanner stops. The Compute 

or 1/0 Unit connected to that channel may then make one memory reference. 
If another Compute or 1/0 Unit connected to any other access channel gen

erates a select code and request while the scanner is stopped, it could not 

interrupt the channel that first made the selection; but it would be selected 
when the scanner restarts. Since the scanner restarts from where it 

stopped on the last selected channel, the next-in-sequence channel would be 

selected. 

The input circuits to the Memory Units from the selection lines consist of four 

receivers followed by four inverters. The inverters can be switched in or 
bypassed by a two-position switch associated with each inverter. The code to 

which a Memory Unit responds is determined by the setting of these coding 
switches. In one switch position, the input circuit uses a 1 to cause selec

tion; in the other position, a 0 causes selection. Three of these switches in 
each of three channels are set to the select code, Figure 2-3. 
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Wl02 
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ENABLES READ. WRITE, I 
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ENABLER TO Z 
AND R TO S 
TRANSFER 

Figure 2-3. Typical Scanner Control Circuit 

VVhen the select code, request signal, and set output from the selected chan
nel active flip-flop are received by an idle Memory Unit, the halt scanner flip
flop associated with the selected channel is set. The 0 output from the reset 
side of the halt scanner flip-flop blocks one of the AND gate inputs to either 
the set or clear side of one of the flip-flops· in the scanner. Since the 
scanner is thereby unable. to perform a set or clear function on this particular 

flip-flop, the scanner stops. 

The scanner circuit is formed by connecting three flip-rt ops in a closed loop, 
Figure 2-4. The set output of the first flip-flop sets the second flip-flop and 
the set process continues sequentially until the third flip-flop is set. The 
set output of the third flip-flop is applied to the reset side of the first flip-flop. 
The reset output of the first flip-flop resets the second flip-flop and the reset 
process continues sequentialiy until the third flip-flop is reset. The reset 
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output of the third flip-flop sets the first flip-flop and the cycle repeats. This 

cycling goes on without interruption until a halt scanner flip-flop disables one 

of the scanner AND gates. 

KIOO 

Kl 10 Kll2 K114 

Kl II Kll3 Kll5 

K300 

SCANNER SETS AND CLEARS UNINTERRUPTED UNTIL A SET OUTPUT OF A "HALT SCANNER" FF BLOCKS ONE OF 
THE INPUT AND GATES 

Figure 2-4. Scanner Circuit 

If the busy flip-flop is reset when the scanner stops, the channel active flip

flop in the selected channel is set. The 0 output of the reset side of the set 

channel active flip-flop is inverted and applied as a 1 to enable the input AND 
gates to the read, write, and partial-write flip-flops, and the sr and Z reg

ister flip-flops. The read, write, partial-write, and 5 1 register flip-flops re

set during the clear read-write and clear sr pulse at the end of the pre

ceding cycle, and remain reset until a mode. select AND gate or S 1 register 

AND gate is completed in the active channel. The Z register was reset 

during the clear Z pulse at the start of the current cycle. 

The following discussion assumes that the write mode is to be selected in 

active channel 1, Figure 2-5. A 0 appears on the output of receiver R 162, 
thereby blocking the 1 received from Wl 02; hence a 1 appears on the output 

of 1314. The 1 received from W1 02 resulted from the channel selection and 

setting of channel 1 channel active flip-flop. The AND gate input to K812/ 
K813 is completed at the start of the memory cycle when the output of J811 
is a 1. The reset output of K812/K813 is inverted through J81S, placing an 

enabling 1 on the input gate for bits 6 through 12 of the Z register. This 

same 0 is inverted through J814, thereby placing an enabling 1 on the input 

gate for bits 0 th rough 5 of the Z register. A 1 does not appear on the out

put of JS 14 and JS 1 5 until both inputs to these inverters are 0; therefore, 

when a 0 from emitter-follower E904 appears at the input to these inverters, 

the R to Z register transfer function occurs. All Z register flip-flops that 

are to store 11s are set, and those that are to store O's are not set. This 

write action is described under Inhibit Circuits. (The inhibit circuits in the 

8492 Memory Unit are identical to those in the internal memory of the 8491 
Compute Unit. A functional analysis of this subject is given in Section 1.) 
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The 1 appearing on the output of R 161 for read mode and R 163 for partial

write mode combines with the 1 output of Wl 02 to set a 0 on the output of in

verters 1313 and 131 5, respectively. This blocks the AND gate to read flip

flop K81 O/K811 and partial-write flip-flop K814/K81 S, thereby preventing 

these flip-flops from setting. 

ADDRESS SELECTION 

Since all address transfers operate in the same manner, a typical operation 
is described for the transfer of bit 12 from R to S' register with channel 1 · 

selected, Figure 2-6. If bit 12 is O, the output of R132 is a 1. Vvhen the 
channel active flip-flop K 102/K 1 03 sets, a 1 appears on the output of Wl 02. 

The 1 output of W102 combines with the 1 output of R132 to set a 0 on the 
output of 1312. The 0 output of 1312 blocks the AND gate to S 124/S 125, 

thereby preventing this flip-flop from setting when the 1 input from J803 is 

received. At the end of the preceding cycle, the output of J870 is a 1 which 

resets the memory busy flip-flop K 120/K 121,. Figure 2-7. The O output at 

the set side of K 120/K1 21 enables the OR gate input at JOOO. The reset out

put of the channel 1 active flip-flop disables the AND input at JOOO enabling a 

1 output at JOOO. The 1 output at JOOO is inverted by JSO 1 , causing a 1 out

put at J802 and J803 which enables the R to S' register transfer. The 1 
output at JOOO is also inverted by JSOO which starts a 0 pulse down the de
lay line. 
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The delay line is normally held at a logic 1 , and when the 0 output of J800 

occurs, the leading edge of this 0 pulse is started down the delay line. \Mien 

the leading edge of this 0 pulse is picked off the delay line by emitter-follower 

E902, the 1 output of J811 sets the memory busy flip-flop K120/K121. The 

set output of K 120/K 121 sets a 1 on the input of JOOO, thereby causing a O 

output and setting a 1 on the output of J800. The 0 pulse is now about 50-

nanoseconds wide and travels the length of the delay line in about 1200 nano

seconds. 

The memory busy flip-flop K 120/K 1 21 remains set because no clear pulse 
has arrived to clear it, and its 0 output is applied to the AND gates of the 

set input side of the channel active flip-flops. 

The following discussion assumes that the address in the 5' register is zero. 
Thus, there is a 1 on the reset side of each 5 1 register flip-flop. Since bit 

12 is a 0, it operates as follows to set the memory to the even bank. The 1 
output of 5124/S 125 remaining from the previous clear signal combines with 

the 1 output of S064/S065 to satisfy inverter E839. The 0 output of E839 

is combined with the appropriate 0 inputs to select two transformer drivers 

and one gate in the even memory bank along the Y axis. The selection of 
the transfer driver and gate in the Y axis is accomplished in the same manner 

as described in the following paragraph as an example of t'1e selection of 
transformer drivers and gates in the X axis. 

In this example, address 0000 octal is used to select gate G004 and trans

former drivers 0000 and 0003, as shown in Figure 2-8. 

Bit 12 is used to select the odd or even bank. The remaining 12 bits, bit 11 
through bit 0' are used so that the lower 6 bits select transformer drivers 

and gates along the X axis and the upper 6 bits select transformer drivers 
and gates along the Y axis. The set output of K 834/K 835 is inverted through 

the inverter E820 ·and applied as a 0 input to 0000. The 1 output from S034/ 

S035 is inverted through inverter E825 and applied as a 0 input to 0000, 

0001, 0002, and 0003. The 1 output from S004/S005 is inverted through 

inverter E827 and applied as a 0 input to 0000 through 0003. The three 

coincident 0 inputs which turn on a transformer driver occur on the inputs 
to 0000 and 0003. A 1 on any input of a transformer driver does not turn 

on that driver. A further analysis of the action of the remaining bits shows 
a 1 appearing on at least one of the inputs to the remaining transformer 

drivers along the X axis. This prevents these transformer drivers from 
being turned on. A similar action occurs using appropriate logic circuitry 

to turn on one of the eight line driver transformers enabled by 0000 and 

0003. The action of the gates, transformer drivers, and line driver trans
formers is further described under X and Y drive circuits. (The X and 
Y drive circuits, core arrangement, core theory, and parity logic in the 8492 

Memory Unit are identical to those in the internal memory of the 8491 Com
pute Unit. A functional analysis of these subjects is contained in Section 1 • ) 
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MEMORY TIMING 

\Mien a memory reference to an external Memory Unit is made by a Compute 
or 1/0 Unit, the select code, memory address, mode command, FWA, 

LWA + 1, and memory request are originated by this Compute or 1/0 Unit. 
After memory time o, when the delay line in the Memory Unit is active, the 

functions of read, write, or partial-write are controlled within the Memory 
Unit. The Compute Unit or 1/0 Unit then stays on the line until the Memory 

Unit completes its cycle. 

Each Memory Unit contains a delay line which controls the sequence of events 
to read data from memory or write data into memory. The delay line in 

the memory section cycles through its functions in approximately 1 .2 micro
seconds or 1200 nanoseconds. 

Memory Cycle 

The functions occurring during the first 200 nanoseconds of the 1 .35-micro
second memory cycle are listed as minus times. At 0 time the delay line is 

activated. The remaining 1200 nanoseconds are listed as plus times. All 

times are in nanoseconds. Assume a channel 1 select code. 

Time -200: The select code, memory address, mode command, and data 

·word (assuming a write or partial-write function) are on the input data lines 

to the Memory Unit. At time -200 a memory request appears on the re

quest line. 

Time -198: The 1 outputs of the four inverters or three code select switches 

on the select-code lines plus the memory request satisfy the 4-input AND 
gate to one of the halt scanner flip-flops. The reset output of the halt scanner 

flip-flop places a blocking 0 on an AND gate to one of the flip-flops in the 

scanner, Figure 2-4. 

Time -185: The scanner stops enabling two inputs to the AND gate of one 

of the channel active flip-flops. These two scanner outputs combine with the 
1 output from the reset memory busy flip-flop and the 1 output from the halt 

scanner flip-flop to set the channel active flip-flop. 

Time -40: The output of the reset side of the set channel active flip-flop is 

inverted and applied as a 1 to the control gate for the: 

R to Z transfer of data bits 

R to S 1 transfer of address bits 

R transfer of the mode command 

Transfer of data bits, parity error, resume I ,and resume II to the 
Compute Unit 
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The reset output of the channel 1 active flip-flop places a disabling 0 on the 
AND gate input to JOOS. 

The set output of the memory busy flip-flop enables the OR gate input to JOOO. 

Time -30: The 1 output of JOOO is inverted through J801. The 0 output of 
J801 is inverted through J802 and J803 to enable the AND gates to the S' 
register. 

The 1 output of JOOO also is applied to JBOO to start forming a positive goinQ 
pulse on the delay line, Figure 2-7. 

Time -16: The 1 outputs from J802 (for the lower six bits) and J803 (for the 
upper seven bits) combine with the output of the I inverters following the re
ceivers on the address lines to set the memory address in the sr register. 

Time 0: The 0 pulse from JBOO starts a 0 pulse down the delay 11ne, 
Figure 2-9. After the leading edge of the 0 pulse on the delay line passes 
emitter-follower E900. a 1 appears on the output of J816. The 1 output of 
J816 sets the gate flip-flop K832/K833 and the read-drive flip-flop K834/K835. 
The 1 output from JOOO resets discharger drive flip-flop K838/K839. 

The set output of K 832/K 833 is inverted through J806 a~d J808 and applied 
to the gates in the address selection circuitry connected to the line-driver 
transformers. The set output of the read-drive flip-flop K 834/K 835 is applied 
to inverters E820, E822, E823, E830, E832, and E833. S' register flip
flops 5044/5045, 5024/5025, and 5014/5015 combine with the output of 
J808 to satisfy the AND input of one of the gate cards in the X-drive logic. 
5054/5055, 5034/5035, and 5004/5005 are applied to the transformer 
drivers. The gate and transformer driver select a line-drive transformer 
and allow 340 milliamperes of current to flow in the energized X line. The 
1 output of flip-flops 5074/5075, 5084/5085, and 5104/51 05 combine in the 
same manner to turn on a gate in the Y axis. Flip-flops 5064/5065, 5094/ 
5095, 5114/511 5 ," and 5124/5125 combine with the set output of K 834/K 835 
to select a line in the Y axis. The Y axis selection is performed in the 
same manner as the X axis selection. The current is sufficient to switch a 
core from 1 to 0 at the intersection of the selected X and Y drive lines. 
The output of the discharger drive flip-flop K838/K839 places a disabling 1 on 
the inputs to the transformer dischargers for the X and Y drive. 

Time 25: After the. leading edge of the O pulse on the delay line reaches the 
input to emitter-follower E901 , a 1 appears on the output of J809 and JB 10. 
The 1 output of J809 and J81 O clears the Z register flip-flops in preparation 

for receipt of a 13-bit data word. 

Mode 5 election 

The remaining events in a memory cycle vary depending on the mode of op
eration. One cycle may be either a read, write, or partial-write cycle; 

therefore, each mode as it occurs in a· memory cycle is discussed separately. 
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Write Mode 

Time 50: After the leading edge of the 0 pulse on the delay line passes 
emitter-follower E902, a 1 appears on the output of J811 • The 1 output of 
JBl 1 is applied to set K120/K121, the memory busy flip-flop. The set output 
of K 120/K 121 causes a 0 output from JOOO and J001. The 0 output of JOOO 

and JOOl enables a 1 output at JBOO. This returns the delay line to a logic 1. 
This action forms a delay line pulse approximately SO-nanoseconds wide. The 
1 output of JBl 1 also allows the read, write, or partial-write flip-flops to set. 

Time 1 00: The leading edge of the 0 pulse on the delay line passes emitter:-
follower E903,producing a 1 output at J813. This 1 output at J813 is an in
verted resume I signal which is applied to the AND gate inputs of trans
mitters T155, T255, and T355. The 1 output at J813 satisfies the AND gate 
to one transmitter at the selected channel. This transmits the resume I to 

the computer. The resume I signal indicates that the R to Z register transfer 
has occurred and that data may be dropped from the input lines. The signal 
occurs slightly before the actual R to Z register transfer; however, by the 
time the signal is translated by the Compute or 1/0 Unit, the transfer has 
occurred. 

Time 150: The leading edge of the 0 pulse on the delay line passes emitter
follower E904. The 0 output of E904 satisfies the inputs to J814 and J815, 
thereby placing a 1 on their outputs. The 1 outputs of JB 14 and JB 1 5 allow · 
the R to Z register transfer to occur. 

Time 250: The 0 pulse on the delay line passes emitter-follower E905, 
causing a 1 output at J821. This 1 output is applied to the AND gate input 
of the resume II transmitters. The 1 output of J821 will satisfy the AND 
gate input to the transmitter at the selected channel of the other Memory Unit. 
A resume II signal appears at the selected channel to indicate that a transfer 
from the sense ampl.ifier inverters to the Z register has occurred. How
ever, since the inverters following the reset read flip-flop K81 O/K811 have 
0 outputs, no transfer of 1 's can occur and the resume II operation in write 
mode is equivalent to an all 0 transfer from I to the Z register. 

Time 350: The 0 pulse on the delay line passes emitter-follower E906, placing 
a shaped 0 pulse on the output of RBOO. J822 and RBOO shape the pulse for 
sense amplifier gating. The 0 output of RBOO enables J824 and J825. The 
1 output of the reset partial-write flip-flop K814/K815 combines with the 1 
output of K81 O/K811 to place a blocking 1 on the input to J825. The output of 
J824 and J825 is 0; therefore, no I to Z transfer of 11s occurs. 

Time 400: The O pulse on the delay passes emitter-follower E907, placing a 
1 on the output of J830. The 1 output of J830 clears the read-drive flip-

flop K834/K835. The set output of K834/K835 is inverted through E820, 
E822, E823, E830, E832, E833 to place a blocking 1 . on the input 
to the transformer drivers along the X and Y axes. Th is turns off the read 

drive. 
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Time 500: The 0 pulse on the delay line passes emitter-follower E908, causing 

a 1 output of J831 • The reset output of the write flip-flop K812/K81 3 combines 

with the 0 output of E908 to place a 1 on the output of J828. The 1 output of 

~831 is applied t_o enable the AND gate inputs to the inhibit stripe select flip
flops K816/K817 through K830/K831, This 1 combin.es with the set and clear 

outputs of 5044/5045 and 5054/5055 (for selection of the odd inhibit drivers) 

and combines with 5104/5105 and 5114/5115 (for selection of even inhibit 

drivers) to set the appropriate stripe select flip-flops. The outputs of the 

stripe select flip-flops combine with the reset output of Z register flip-flops 

to turn on the required inhibit drivers. The 1 output of J828 enables the 

AND gate input to parity flip-flop Z 130/Z 131. If parity is 1, the reset out-

put of set flip-flop Z 130/Z 131 prevents a turn-on of the inhibit driver; and 

the core receiving a parity bit switches from 0 to 1 • If parity is 0, then 

the core is not switched. 

Time 525: The 0 pulse on the delay line passes emitter-follower E909, 
causing a 1 on the output of J832. The 1 output of J832 is applied to set the 

write-drive flip-flop K 836/K 837. The set output of K 836/K 837 is inverted 

and applied as 0 1s to turn on transformer drivers in the X and Y axes. The 

direction of current through the line-driver transformers, as determined by 

the write transformer drivers, is to switch cores from 0 to 1. Any cores 

that do not have an opposing inhibit current flowing through them are switched. 

The contents of the Z register is transferred to the memory location selected 

by the 5 1 register. 

Time 650: The 0 pulse on the delay line passes emitter-follower E91 0, 
placing a 0 on the input of J855. The reset output of read flip-flop K810/K811 
blocks inverter J855, causing a 0 output to remain on the output of J855. 
The 0 output of J855 blocks the parity error transmitters so a transmission 

of 1 along the parity error line does not occur. The 0 output of J855 blocks 

the parity error transmitters at the selected channel of the other Memory Unit. 

Time 750: The 0 pulse on the delay line passes emitter-follower E911, 
causing a 1 output of J860. The 1 output of J860 clears read flip-flop K810/ 
K811, write flip-flop K812/K813, and partial-write flip-flop K814/K815. 

Time 925: The 0 pulse on the delay line passes emitter-follower E912, 
causing a 1 output from J861 • The 1 output of J861 clears gate flip-flop 

K832/K833 and write-drive flip-flop K836/K837" The reset output of K832/ 
K833 is inverted through J806 and J808 to turn off the X and Y gates. This 

prevents further core switching for the remainder of the cycle. The set 

output of K 836/K 837 is inverted to block a turn-on of transformer drivers in 

the X and Y axes of the memory banks. 

Time 950: The 0 pulse on the delay line passes emitter-follower E913, 
causing a 1 output of J862. The 1 output of J862 clears stripe select flip

flops K 81 6 /K 81 7 th rough K 83 0 /K 83 1 • The set output of these stripe select flip-flops 
blocks the AND gate inputs to the inhibit generators, thereby ending the inhibit drive~ 

Rev. A 2-18 14091 700 



Time 1 000: The 0 pulse on the delay line passes emitter-follower E914, 
placing a 1 on the output of J863 and J864. The 1 output of J863 and J864 
clears the S 1 register. 

Time 975: The 0 pulse on the delay line passes emitter-follower E915, 
placing a 1 on the output of J865. The 1 output of J865 clears the halt 
scanner flip-flops. 

Time 1050: The 0 pulse on the delay line passes emitter-follower E916, 
placing a 1 on the output of J867. The 1 output of J867 clears the channel 
active flip-flops and the discharger drive flip-flop K838/K839. The reset 
output of K838/K839 is inverted through J805 and J807 and the 0 output is 
applied to the transformer discharger circuits. The 0 output to the dis
charger circuits turns them on to ground out any remnant magnetization of the 
line-driver transformers and thereby aids the gates to turn off. 

Time 1200: The 0 pulse on the delay line passes emitter-follower E917, 
placing a 1 on the output of J870. The 1 output of J870 clears the memory 
busy flip-flop K 120/K 121. The set output of K 120/K 121 and its inverted re
set output enable the AND gates to the channel active flip-flops, thereby 
preparing them for selection in a subsequent cycle. 

Read Mode 

Only those times and events that differ from the write mode are listed for the 

read mode. Otherwise, the time and events are the same for both modes. 

Time 50: The read mode is basically the same as the write mode except 
the read flip-flop K 81O/K811 is set. 

Time 150: The 1 outputs of write flip-flop K812/K813 and partial-write flip
flop K 814/K815 place a blocking 1 on the inputs to J814 and J815. This 
prevents an R to Z · register transfer and the Z register remains clear. 

Time 350: The 0. pulse on the delay line passes emitter-follower E906, 
causing a 0 output from R800. The 0 output of R800 enables inverters J824 
and J825. The reset output of the read flip-flop K81 O/K811 satisfies J824, 
placing a 1 on its output. The reset output of partial-write flip-flop K814/ 
K815 and the reset output of K81O/K811 disable the AND gate input of J825, 
thereby setting a 1 on the output of J825. The 1 output of J824 enables the 
AND gate between the sense amplifier inverters and the Z register flip-flops 
for bits O through 5 and parity bit 13. The 1 output of J825 enables the 
AND gate between the sense amplifier inverters and the Z register flip-flops 

for bits 6 through 12. 

These AND gates satisfy any sense amplifier inverters having 1 's on their 
outputs. This causes the corresponding Z register flip-flop to set. The re..: 
set outputs of the set flip-flops in the Z r:-egister are inverted and applied as 
1 's to the AND gate inputs of the data transmitters. Since these transmitters 
were enabled at time 250, a transfer of data from the Memory Unit to the 

selecting Compute or 1/0 Unit occurs. 
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The remainder of the memory cycle is identical to the cycle described in the write 

mode. The word that was destroyed when it was read out of memory is 

restored in its same memory location. 

Partial Write 

Time 1 00: The partial-write mode is the same as the write mode except 

partial-write flip-flop K 814 /K 81 5 is set. 

Time 150: The leading edge of the 0 pulse on the delay line passes emitter

follower E904 to place an enabling 0 on the input to J814 and J815. The 
reset output of K814/K815 blocks the reset output of K812/K813 to place a 

satisfying 0 on the inputs of J814. This sets the output of J814 to 1. The 
reset output of K812/K813 blocks inverter J815, thereby leaving a 0 on the 

output of J815. The 1 output of J814 satisfies the AND gates for a transfer 
of 1 1s from the R register input to the six lower order flip-flops in the Z 

register. The 0 output of J815 blocks the AND gate inputs so an R to Z 

register transfer of the seven upper bits does not occur. 

Time 350: The 0 pulse on the delay line passes emitter-follower E906, 
causing a 0 on the output of R800. The 0 output of R800 enables J824 and 

J825. The reset output of flip-flop K81 O/K811 blocks the 0 input to J824 so 
a 0 remains on the output of J824. The reset output of the partial-write flip

flop K814/K815 blocks the AND gate input to J825. The 0 from the blocked 
AND gate satisfies the 0 inputs to· J825 to place a 1 on the output of J825. 

The 1 output of J825 enables the AND gate inputs to the upper seven bits in 

the .z register. 

the Z register. 

register and the 

The upper seven bits in the selected address are gated into 

The AND gates to the six lower order flip-flops of the Z 

parity bit flip-flop are blocked by the 0 output of J824 so a 

sense amplifier inverter to Z transfer does not occur. The Z register now 

contains a word consisting of six lower bits from the Compute or 1/0 Unit 

and seven upper bits from those existing in memory. 

The remainder of ·the cycle is the same as the write mode except at time 500 

when the parity circuitry generates a parity bit corresponding to the number 

of 1 's in the new word. The parity bit then goes into memory. 
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0006 ICOOlA x DRIVER ADDRESS Y-YOXlXXO R OR Y-Y!XJXXO w 11 E831 11-iOOSB y DRIVER SELECTOR 12 
0007 I COO Pl x DRIVER ADDRESS Y-YOX!XXO w OR Y-YJXJXXO R 11 E832 1H006A y DRIVfF< SELECTOR 12 
D008 !D016A x DRIVER ADDRFSS Y-YXXOXXj R 11 E833 1H006B Y DRIVER SELECTOR 12 

0009 100168 x DRIVER ADORFSS Y-YXXQXXl w 11 E834 1H007A y DRIVER SELECTOR 12 
DOlO lDOllA x DRIVER ADDRESS Y-YOXOXXJ R OR Y-YlXOXXl w l l E835 1H0078 y DRIVER SELECTOR 12 
DOil 10011 Fl x DRIVER ADDRESS Y-YQXOXXj w OR Y-Y1XoXXl R 11 Efl36 JHOOBA y DR IVER SELECTOR 12 
D012 10006A x DRIVER ADDRFSS Y-YXX!XXI R 11 E837 JH008B y DRIVER SELECTOR 13 
0013 l 00068 x DRIVER ADDRESS Y-YXX!XXJ w 11 EB38 1H009A y DRIVER SELECTOR 13 

0014 l0001A x DRIVER ADDRESS Y-YOX!XX! R QR Y-YJX!XXl W 11 EA39 !H0098 y DRIVER SELECTOR 13 
DOlS l DOOHl X DRIVER ADDRFSS Y-YOXlXXl W OR Y-Y!XXXl R 11 E840 lHOlOA y DR!\IER SELECTOR 13 
D020 1K009A 70 NANOSEC DELAY-SCANNER 4 E841 1H010B y oR!VER SELEcTOR 13 
0021 lK009C 70 NANOSEC DELAY-SCANNER 4 E900 lKOl9A EM!TTFR FOLLOWER - TIME 0 NSEc 5 
D022 1K0090 70 NANOSEC OELAY-SCANNER 4 E90l !K0!9B EMITTER FOLLOWER-TIME 25 ~SEC 5 

0112 !NOl9A MASTER CLEAR• 0·5 MICRO SEC DEL11Y 9 E902 JK019C EM!TTFR FOLLDWER•TIME 50 NSEC 5 
Dl?O !N027A MASTER CLEAR• S MJLL!SECOND DELAY 9 E903 lK0190 EMITTER FOLLOWER - TIME 100 NSEC 5 

0121 !N025A MASTER CLEAR• Oe2 MICRO SEC DELAY 9 E904 !K020A EMITTER FOLLOWER • TIME 150 NSEC s 
0122 JN024A MASTER CLEAR• l•D MICRO SEC DELAY 9 E9i15 lK020B EMITTER FOLLOWER - TIME 250 NSEC 5 
0)23 IN07l A MASTER CLEAR• Oo3 MICRO SEC DELAY 9 E906 1K020C EM!TTFR FOLLOWER - TIME 350 OR 375 NSEC s 
0200 lEOlJA y DRIVER ADDRESS oYYOYYox-x R 12 E907 1K020D EM!TTfR FOLLOWER - TIME 400 NSEC 5 

D20l !E013B y DRIVER ADDRESS QYYoYYox-x w 12 E908 lK02lA EM I HER FOLLOWER - TIME 500 NSEC 5 

0202 l F008A y DRIVER ADDRESS ooYoYYoX-X w OR OlYOYYQX-X R 12 E909 IK02l8 EMITTfR FOLLOWER - TIME 525 NSEc 5 

D2o3 1E008B y DRIVER ADDRESS ooYoYYox-x R OR 01 Yonox-x w 12 E910 1K021C EMITTER FOLLOWER - TIME 650 NSEc 5 

D204 11':007 A y DRIVER ADDRESS oYYlYYoX-X R 12 F9ll 1K021D EMITTER FOLLOWER - TIME 750 NSEc s 
n2os 1F007R y DRIVER ADDRFSS oYYJYYoX-X w 12 E912 lK022A EMITTFR FOLLOWER - TIME 925 NSEC 5 

0206 !E002A y DRIVER ADORFSS ooY!YYox-x w OR OlYJ YYoX-X R 12 E913 1K0228 EMITTFR FOLLOWER - TIME 950 NSEc 5 

D207 l E0028 y DRIVER ADDRFSS ooY!YYox-x R OR 01 n nox-x w 12 E914 ll<022C EMITTER FOLLOWfR - TIME 1000 NSEC 5 

D20A IE0l 9A Y DRIVER ADDRESS OYYOYY1X-X R 12 E915 11<0220 EM!TTFR FOLLOWER - TIME 975 NSEC 5 

0209 JE019A y nRIVER ADORFSS OYYOYYJX-X w 12 E916 1K023A EMITTER FOLLOWER - TIME 1050 NSFC 5 
D210 lEOl4A y DRIVER ADDRfSS OOYOYYJX-X w OR OlYOYYl X-X R 12 E917 lK023B EM!TTFR FOLLOWER - TIME 1200 NSFC 5 
0211 1E014B y ORIVfR ADDAFSS 00YOYY1x-x R OR OlYOYYl X-X w 12 GOOD lROOlA STRIPE 0 INHIAIT BIT n 7 

0212 !FD20A y DRIVER ADDRESS 0YY1YY1x-x R 12 Goo1 l ROOl B STRIPF 1 INHIRIT BIT O 7 
0213 !F020B y DRIVER ADDRFSS 0YY!YY1x-x w 12 G002 1R008A STRIPE 2 JNHIAIT BIT o 7 

D21'• 1F015A y DRIVER ADORFSS 00Y1YY1X-X w OR 01Y1n1x-x R 12 G003 1R008fl STRIPE 3 INHI8IT BIT n 1 
D?l5 lFOISA y DRIVER ADDRESS ooYJYYJX-X R OR 01 Yl YY!X-X •1 12 G004 1C010A X GATE ADDRESS Y-YXOXoox 11 

D216 JF006A y DRIVER ADDRESS lYYOYYox-x R 13 GOOS I cOlOB X GATF G004 DTSCHARGEP 11 

0217 lF0068 y DRIVER ADDRESS lYYOYYoX-X w 13 G006 l FO l 4A Y GATE ADDRESS YYOYOOYX-X 12 
D218 lFOOlA y DRIVER ADDRfSS lOYOYYox-x w QR l l YOYYQX•X R 13 G007 !F014fl Y CiAif G006 DISCHARGER 12 
D219 lFOOlB y DRIVER ADORFSS JOYOYYox-x R OR l l YOYYOX-X w 13 GOlO lBOISA STRIPE 0 INHIA!T BIT l B 

D220 1G007A y ORIVER ADDRESS lYYlYYox-x R 13 GOll lROlSB STRIPE 1 INHIBIT BIT l 8 

D221 1G0078 y DRIVER ADDRESS lYYJYYox-x w 13 G012 1R022A STRIPE 2 INHIBIT A!T l 8 

D222 1G002A y oRIVER ADDRESS 10Y1YYox-x w OR ll Y 1 YYoX·X R 13 G013 1A022B STRIPE 3 INHlRIT BIT l B 

D223 !G002B y DRIVER ADDRFSS loYJYYox-x R OR llYl YYoX-X W 13 G014 1C009A X GATE ADDRESS Y•YXOXQlX 11 

D224 !GOl9A y DRIVER ADDRESS jYYoYYJX•X R 13 G015 1C009B X GATE G014 DISCHARGER 11 

D225 jGOJ9B y DRIVER ADDRFSS 1YY0YY1X·X w 13 G016 1F013A Y AATE ADDRESS YYOYOlVX-X 12 

0226 lA014A y DRIVER ADDRESS 10YoYY1X-X w OR 11 YoYY ix-x R 13 G017 1F0138 Y GATE G016 DISCHARGER 12 
D227 1G014B y DRIVER ADDRESS JOYOYYJX•X R OR l l YOYYJX•X "' 13 G020 1R002A STRIPE 0 INHIBIT BIT 2 7 
D228 !G013A y DRIVER ADDRESS 1YY!VY1X-X R 13 G021 1R002B STRIPE l INHIBIT BIT 2 7 

D229 lr,0138 y DRIVER·ADDRESS 1YY!YY1X-X w 13 G022 1R009A STRIPE 2 INHIBIT BIT 2 7 

0230 JG008A y DRIVER ADDRESS lOY}YY1X-X w OR llYlYY1X•X R 13 G023 180098 STRIPE 3 INHIBIT BIT 2 7 
D231 JGOOBB y DRIVER ADDRESS 10YlYY1x-x R OR llYlYYJX•X \; 13 G024 1C008A X GATE ADDRESS Y•YXOXJOX 11 

G02S lCOOBB x GATE G024 DISCHARGER 11 
G026 1F012A y GATE ADDRESS YYOY!OYX•X 12 
G027 IF012R y GATE G026 DISCHARGER 12 



G030 lAOl6A STRIPE 0 INHIBIT BIT 3 A G!32 IR02BA STRIPE 2 INH!RIT BIT J3 8 
G031 1B0168 STRIPE I INH I A IT BIT 3 8 G133 1A0288 STRIPE 3 INHIAIT BIT J3 8 
G032 1B023A STRIPE 2 INHIBIT BIT 3 8 I116 1N015A OUTPUT GATING,CHAS l• CHAS 2• CHAS 3 10 
G033 18023B. STRIPE 3 INHIBIT BIT 3 8 I 120 1J003B CHANNEL I ACTIVE FF OUTPUT SLAVE 4 
G034 lC007A X GATf ADDRESS Y•YXOX!lX 11 ll33 !TO!OA BANK SELECT INVERTER • CHANNEL 1 • BIT 3 
G035 1C007B X GATE G034 DISCHARGER 11 1134 lTOllA BANK SELECT INVERTER - CHANNEL l ' Bif 2 3 
G036 IFOll A Y GATE ADDRESS YYOYllYX-X 12 1135 1T012A BANK SELECT INVFRTER - CHANNEL , . BIT 3 3 
G037 IFOllB Y GATE G036 DISCHARGER 12 I 140 ILOOIA REQUEST• CHANNEL I 4 
G040 IA003A STRIPE 0 INHIBIT BIT 4 7 rzco I J004B CHANNfL 2 ACTIVF FF OUTPUT SLAVE 4 
G041 IB003B STRIPE l I NH I A IT BIT 4 7 I233 JRO!OA BANK SELECT INVERTER - CHANNEL 2• BIT 1 3 
G042 IROlOA STR!PE 2 I NH IA IT BIT 4 7 I234 J<IOJlA BANK SELECT INVERTER - CHANNEL 2• t:ll T 2 3 
G043 IROlOA STP!PE 3 JNHIAIT BIT 4 7 1235 J'1012A BANK SELECT· INVERTER - CHANNEL ?• Bit 3 3 
G044 1!)010A X GATE ADDRESS Y-YXJXoox 11 I240 ILOO!B REQUEST. CHANNEL 2 4 
G045 IDOIOB X GATJ:· G044 DISCHARGER 11 1300 IOOOIA S PRIME REGISn=R INPUT INV. 6 
G046 lFOlOA Y GATF ADDRESS YY!YOOYX-X 12 !301 J0002A S PRIMf REGISTER INPUT INV, 6 
G047 lFOlOB Y GATF G046 DISCHARGER 12 I302 I 0003A S PRIME REGISTER INPUT JNV, 6 
Goso lfl017A STRIPE O I NH IR IT BIT 5 B !303 10004A S PRIME REGISTER INPUT INV. 6 
G051 180178 STRIPE 1 INHIR!T BIT 5 8 1304 JOOOSA S PRIME REGISTER INPUT INV. 6 
G052 JR024A STRIPE 2 INHIBIT BIT 5 8 1305 J0006A S PRIME REGISTER INPUT INV. 6 
Go53 1A024B STRIPE 3 INHIBIT BIT 5 B !306 10007A S PRIME REGISTER INPUT INV, 6 
GOS4 lfl009A X GATE AOORESS Y-YXlXolX 11 1307 JOOOBA S PRIME REGISTER INPUT INV, 6 
Goss 100098 X GATE G054 DISCHARGER 11 1308 10009A S PRIME REGISTER INPUT !NV, 6 
G056 1F009A Y GATf ADDRESS YY!YOlYX~X 12 I309 !0010A S PRIME REGJSTFR INPUT JNV, 6 
Gos1 1F009B Y GATE Go56 DISCHARGER 12 I310 1001 lA S PRIME REGISTER INPUT I Nii. 6 
G060 l R004A STRIPE 0 INHIBIT BIT 6 1 I311 10012A S PRIME REGISTER INPUT INV. 6 
G06l !80048 STRIPE 1 INHIB!T•BIT 6 7 !312 100l3A S PRIME REGISTER INPUT !NV• 6 
G062 lROllA STRIPE 2 INHIBIT BIT 6 7 1313 lNOlOA SELECT READ INPUT INVERTER 10 
G063 lROllB STRIPE 3 INHIBIT BIT 6 7 1314 lNOl lA SELECT WRITE INPUT INVERTER 10 
G064 100084 X GATF ADDRESS Y-Yx1x1ox 11 1315 lN012A PARTIAL WRITE INPUT INVERTER 10 
G065 l [)0088 X GATE G064 DISCHARGER 11 I320 lJOOSB CHANNEL 3 ACTJVE FF OUTPUT SLAVF 4 
G066 lF008A Y GATE ADDRESS YYlYlOYX-X 12 !333 lPOlOA BANI< SELECT INVERTER $ CHANNEL 3• BIT l 3 
G067 1F008fl Y GATE G066 DISCHARGER 12 !334 lPOll A BANI< SELECT INVERTER - CHANNEL 3• BIT ? 3 
G070 l RO I BA STRIPE O INH!AIT BIT 7 8 1335 1P012A BANK SELECT !NVFRTER - CHANNEL 31 BIT J 3 
G07l lROlBB STR!PF l INHIBIT BIT 7 8 1340 1L002A REQUEST• CHANNEL 3 4 
G072 1A025A STRIPE 2 INHIR!T BIT 7 8 I600 10016A Z REGISTER INPUT INV• 7 
G073 l A02SB STRIPE 3 INHlRIT BIT 7 8 !601 l00l7A Z REGISTER INPUT INV• 8 
G074 ID007A X GATE ADDRESS Y-YXlX!lX 11 I602 10018A Z REGISTER INPUT INVo 7 
G075 lfl007R X GATE G074 DISCHARGER 11 1603 JOOl9A Z REGISTER INPUT INVo 8 
G076 !F007A Y GATE ADDRESS YY!YllYX-X 12 I604 !0020A Z REGISTER INPUT INV• 7 
G077 !F007R Y GATE G076 DISCHARGER 12 1605 10021A Z REGISTER INPUT INV• 8 
G080 !ROOSA STRIPE 0 INHIBIT BIT 8 7 !606 10022A Z REGISTER INPUT INV• 1 
GOA! IR005B STRIPF l INH!AIT BIT R 7 1607 !0023A Z REGISTER INPUT INV• 8 
G082 lfl012A . STRIPE 2 I NH I A IT BIT 8 7 I608 )0024A Z REGISTER INPUT rnv. 7 
G083 IR012R STRIPE 3 INHIAIT BIT 8 7 1609 !0025A Z REGISTER INPUT !NV• 8 
Go90 !R019A S TR I PF:" O INH!RIT BIT 9 fl I6JO J0026A Z REGISTER INPUT INV• 7 
G09l 180198 STRIPF l INHIBIT BIT 9 8 l 611 !0027A Z REGISTER INPUT !NV• 8 
Go92 JR026A STRIPE 2 INHIBIT BIT 9 A I612 )002BA Z REGISTER INPUT INV• 7 
G093 lfl026B STRIPF 3 INHlAIT BIT 9 8 1700 1G022A SENSE AMP.INV,B!T (\ 7 
GlOO IR006A STRIPE O I NH I R IT BIT 10 7 I7r>l 1G022B SENSE AMP.JNV,B!T 1 8 
G!Ol l R006B STRIPE 1 JNHIR!T BIT· JO 7 I702 !G023A SENSE AMP.INV.BIT 2 7 
Gl02 IB013A SHl!Pf 2 INHIBIT BIT 10 7 I703 1G023B SENSE AMP,JNV,A!T 3 8 
Gl03 1Rl113B STRIPF:" 3 I NH I BI T BIT JO 7 1704 1G024A SENSE AMP.INV.BIT 4 7 
GllO 1R020A STRIPE 0 JNHIRIT BIT 11 8 1705 1G024B SENSE AMP,INV,BIT 5 8 
Gll I 180208 STRIPE 1 INHIBIT BIT 11 8 1706 1G02SA SENSE AMP.INV.BIT 6 1 
Gll2 1R027A STRIPE 2 INHIRIT BIT 11 8 1707 1G025B SENSE AMP.INV,BIT 7 8 
GJ 13 IR027B STRIPE 3 INHIRIT BIT 11 8 l70B 1G026A SENSE AMP.INV.BIT B 7 
GJ20 IB007A STRIPE O INHIBIT BIT 12 7 I709 lG026B SENSE AMP,INV,BIT 9 8 
G!21 lB0078 STRIPE I INHIBIT BIT 12 7 I710 lG027A SENSE AMP.INV.BIT 10 7 
Gl22 l8014A STRIPE 2 INHIBIT BIT 12 1 1711 1G027B SENSE AMP.JNV,9!T 11 B 
G}23 180148 STRIPE 3 INHIBIT BIT 12 7 I712 1G028A SENSE AMP,INV,BIT 12 7 
Gl30 IR021A STRIPE 0 INHIBIT BIT 13 8 I713 lG0288 SENSE AMP,JNV,BIT 13 8 
Gl31 180218 STR!Pf l INHIBIT BIT )3 8 IBOO lJOlSA Z REGISTER OUTPUT SLAVE, RIT 11 7 



IBOl 1J016A z REGISTER OUTPUT SLAVE, BIT 8 JB54 1H027B PARITY GENERATOR 9 
1802 1J017A z REGISTER OUTPUT SLAVE, BIT 2 7 J855 1H028A PARITY ERROR 9 

ilA03 1J018A z REGISTER OUTPUT SLAVE, BIT 3 8 JA60 1J024B CLEAR REAO/WRrTEIPARTIAL WRITE 5 
'Ifl04 I J019A z REGISTER OUTPUT SLAVE, BIT 4 7 JA61 I J014A END WRITE DRIVE 5 
lBOS IJ020A z 'REGISTER OUTPUT SLAVEt BIT 5 8 J862 1Jnl4B END INHIBIT DRIVE 5 
1806 lJ02lA z REGISTER OUTPUT SLAVE, BIT 6 7 J863 lJOOSA CLEAR S PRIME 5 
1807 1J022A z REGISTER OUTPUT SLAVE, BIT 7 8 J864 IJ009A CLEAR S PRIME 5 
!BOB 1J023A z REGISTER OUTPUT SLAVE, BIT 8 7 JB65 }M0}9A CLEAR HALT SCANNER 5 
1809 }J024A z REGISTER OUTPUT SLAVE, BIT 9 8 JB67 1J004A CLEAR CHANNEL ACTIVE AND DISCHARGER FF 5 
!BIO 1J025A z REGISTER OUTPUT SLAVE, BIT 10 7 J870 1L016B CLEAR RUSY 5 
1811 1J026A z REGISTER OUTPUT SLAVE, BIT 11 8 JSRO IG020A DISCHARGER 12 
IB!2 JJ027A z REGISTER OUTPUT SLAVE, BIT 12 7 JBAl 1G020A DISCHARGER 12 
JOOO 1J007A DELAY LINE PULSF SHAPER 4 JBR2 1G020C DISCHARGER 12 
JlOO 1N022A MASTER CLEAR 9 J8R3 }00l7A DISCHARGER ll 
J!Ol JN0228 MASTER CLEAR 9 JBA4 100178 DISCHARGER 11 
JllO I J002A SCANNER NOT HALTED 9 J8AS l0017C DISCHARGER 11 
Jll2 lNOl8A MASTER CLEAR• MfMORY AUSY CKT. 9 KlOO 1L004A HALT SCANNER Ff, CHANNEL 4 
Jll3 1N0!88 MASTER CLEAR• MEMORY AUSY CKT. 9 K!Ol 1L0048 HALT SCANNER FF, CHANNEL 4 
Jl 14 lN0208 MASTER CLEAR• MEMORY AUSY CKT. 9 K102 1K002A CHANNEL l ACTIVE FF 4 
Jl20 !N026A MASTER CLEAR• POWER LOSS cKT 9 Kl03 IK0028 CHANNEL l ACTIVE FF 4 
Jl21 1N0268 MASTER CLEAR• POWER TURN•ON 9 KllO 1K006A SCANNER 4 
Jl24 1N021A MASTER CLEAR INPUT INV• 9 Klll 1K006B SCANNER 4 
Jl26 1N020A MASTER CLEAR INV 9 Kll2 lK007A SCANNf R 4 
Jsoo 1L017A DELAY LINE DRIVER 5 Kl13 1K007B SCANNER 4 
J80l 1 JOllA SET S PRIME INVfRTER 4 Kl14 1K008A SCANNER 4 
JB02 1J006A SET S PRIME 4 KllS 1K0088 SCANNER 4' 

J803 1J008A SET S PRIME 4 K120 1K016A ME"ORY BUSY FF 4 
JS06 }60208 GATE FF OUTPUT SLAVE 12 Kl21 lK016B ME"'ORY BUSY FF 4 
Jsoa }0017B GATE FF OUTPUT SLAVE 11 K200 lLOOSA HALT SCANNER ff, CHANNEL 2 4 
J809 1J020B CLEAR Z 5 K20l lLOOSB HALT SCANNER FFt CHANNEL 2 4 

. J810 1J027B CLEAR Z 5 K202 1K003A CHANNEL 2 ACTIVE" FF 4 
Js11 }K017A SET BUSYt READ/WRITE/PARTIAL WRITE FfS 5 K203 1K003B CHANNEL 2 ACT!VE FF 4 
J813 1N013A RESUME 1 INVERTfO 5 K300 1L006A HALT SCANNER FFo CHANNEL 3 4 
J814 lJ016B GATE R TO Z BITS O TO 5 5 K30l 1L006B HALT SCANNER ff, CHANNEL 3 4 
J815 1J022B GATE R TO Z BITS 6 TO 12 5 K302 1K004A CHANNEL 3 ACTIVE FF 4 
Jet6 lKOl 78 SET GATEt READ DRIVE 5 K303 JK004B CH,11NNEL 3 ACTIVE FF 4 
Je21 !N014A RESUME 2 INVERTED 5 K810 1L026A READ 10 
JS22 1M020A I TO Z PULSE SHAPER 5 K8ll 1L026B READ lo 
J824 lJOlSB GATE I TO Z BITS O TO 5tl3 5 KB12 1L027A WRITE 10 
J825 1J021B GATE I TO Z BITS 6 TO 12 5 K813 1L027B WRITE 10 
JB2B 1J026fl SET Z BIT 13 5 KR14 1L028A PARTIAL WRITE 10 
J830 lJOl 78 ENO READ DRIVF 5 K815 1L028B PARTIAL WRITE 10 
Ja31 }JOJ8B START INHIBIT DRIVE 5 K816 I0018A ODO INHIBIT STRIPE 0 ADDRESS Y-i'OOXXXX 10 
J832 lJ0198 · START WRITE DRIVE 5 K917 lD0188 ODD INHIBIT STRIPE 0 ADDRESS Y•YOOXXXX 10 
J836 !H017A PARITY GENERATOR 9 KsIB lD019A OOD INHIBIT STRIPE 1 ADDRFSS Y•YO}XXXX 10 
JB37 1H018A PARITY GENERATOR 9 K919 lnD! 9B ODO INHIBIT STRIPE 1 1100Rf SS Y•YO}XXXX 10 
Jll38 lHOl8B PARITY GENERATOR 9 Ks;>o ll'J020A ODD INHIBIT STRIPE 2 ADDRESS v-noxxxx 10 
,J939 lHOlSA PARITY GENERATOR 9 K82l 100208 OOD INHIBIT STRIPE 2 ADDRE"SS Y•YlQXXX)( 10 
JB40 lHOl6A PARITY GENERATOR 9 K822 !f')()21A ODO INHIBIT STRIPE 3 ADDRFSS Y•YJJXXXX lo 
Ja41 lHOl68 PARITY GENERATOR 9 K823 100218 ODO INHIBIT STRIPE 3 ADDRESS Y•Yi}XXX~ 10 

Ja42 lHOl9A PARITY GENERATOR 9 K824 lCOlBA EVEN INHIBIT STRIPE 0 ADDRESS YooYYYYX-X lo 

J943 1H027A PARITY GENERATOR 9 K825 IC018B EVEN INHIBIT STRIPE 0 AOORESS YoOYYYYX-X io 
J944 iH020A PARITY GENERATOR 9 K826 1C019A EVEN INHIBIT STRIPE 1 ADDRESS Ynl YYYYx-x 10 

J945 1H020B PARITY GENERATOR 9 KB27 1C019B EVEN INHIBIT <;TRIPE l ADDRESS Yol YYYYX•X 10 
J846 1H023A PARITY GENERATOR 9 K828 lC020A EVEN INHIBIT STRIPE 2 ADDRESS Yl OYY'l'YX•X 10 
J947 JH024A PARITY GENERATOR 9 K829 1C020B EVEN !NHIRIT STRIPE 2 ADDRESS Y10YYYYX-X 10 
J949 1H024B PARITY GENERATOR 9 K830 !C021A EVEN INHIBIT STRIPE 3 ADDRESS YJ}YYYYx-x lo 
J949 1H021A PARITY GENERATOR 9 K83l lC021B EVEN TNHIRIT STRIPE 3 ADDRESS Y1!YYYYX-X 10 
Jsso !H022A PARITY GENERATOR 9 KB32 lHOllA GATE 10 
Jssl 1H022B PARITY GEN[RATOR 9 K833 lHOllB GATE 10 
JS52 1H025A PARITY GE"if:RATOR 9 K834 lHOl2A READ ORI VE 10 
J853 1H026A PARITY GENERATOR 9. K835 1H012R READ DRIVE 10 



K836 lH013A WRITE DRIVE 10 R247 lR023B DATA RECEIVER - CHANNFL 2. BIT 7 3 
K837 lH013B WRITE DRIVE 10 R24R 1R024B DATA RECEIVER - CHANNEL 2• BIT A 3 
K838 1H014A GATE oISCHARGER lo R249 1R025B DATA RECEIVER - CHANNEL 2• BIT 9 3 
K939 1H014B GATE oISCHARGFR 10 R2SO 1R026B DATA RECEIVER - CHANNEL 2• BIT 10 3 
MlOO !N02BA MASTER CLEAR POWER LOSS CKT 9 R251 1R027B DATA RECEIVER - CHANNEL 2• BIT ll 3 Rl20 !TOOlA ADDRESS RECEIVER - CHANNEL 1 • BIT 0 3 R2S2 1R028B DATA RECEIVER - CHANNEL 2• BIT J2 3 
Rl21 lTOOlB ADDRESS RECEIVER - CHANNEL 1 ' BIT 1 3 R260 !R007B REQUEST MEMORy, CHANNEL 2 3 Rl22 1T002A ADDRESS RECEIVER - CHANNEL l' BIT 2 3 R261 }R013B SELECT READ, CHANNEL 2 3 
Rl23 1T002B ADDRESS RECEIVER - CHANNEL lo BIT 3 3 R262 1R014B WRITE RECEIVER - CHANNEL ? 3 
Rl24 l T003A ADDRESS RECEIVER - CHANNEL 1 ' BIT 4 3 R263 !ROlSB PARTIAL WRITE RfCEIVER•CHANNEL 2 3 
Rl25 1T003B ADDRESS RECEIVER - CHANNEL l • BIT 5 3 R264 1R0098 MASTER CLEAR RECEIVER - CHANNEL 2 3 
Rl26 !T004A ADDRESS RECEIVER - CHANNEL l • BIT 6 3 R320 lPOOlA ADDRESS RECEIVER - CHANNEL 3• BIT 0 3 
Rt27 }T004B ADDRESS RECEIVER - CHANNEL l • BIT 7 3 R32l lPOOlB ADDRESS RECEIVER - CHANNEL 3• BIT l 3 
R!28 1 T005A ADDRESS RECEIVER - CHANNEL I ' BIT 8 3 R322 1P002A ADDRESS RECEIVER - CHANNEL 3• BIT 2 3 
Rl29 !T005B ADDRESS RECEIVER - CHANNEL l • BIT 9 3 R323 1P002B ADDRESS RECEIVER - CHANNEL 3• BIT 3 3 
R!30 l T006A ADDRESS RECF.l VER - CHANNEL l • BIT 10 3 R324 1P003A ADDRESS RECEIVER - CHANNEL 3• BIT 4 3 
Rt3l }T006B ADDRESS RECEIVER - CHANNEL l' BIT l l 3 RJ?S !P003B ADDRESS RECEIVER - CHANNEL 3• BIT 5 3 
R}32 1T007A ADDRESS RECEIVER - CHANNEL l• BIT 12 3 R326 1P004A ADDRESS RECEIVER - CHANNEL 3• BIT 6 3 
R133 lTOOSA BANK SELECT RECEIVER - CHANNEL l. BIT l 3 R327 1P004B ADDRESS RECEIVER - CHANNEL 3• BIT 7 3 
R!34 iTOOSB BANK SELECT RECEIVER • CHANNEL , . Btf ~ 3 R328 !POOSA ADDRESS RECEIVER - CHANNEL 3• BIT 8 3 
R13s !T009A BANK SELECT RECEIVER • CHANNEL l • BIT J 3 R329 !POOSB ADDRESS RECEIVER - CHANNEL 3• BIT 9 3 
R!40 !T016B DATA RECEIVER - CHANNEL 1' BIT 0 3 R330 !P006A ADDRESS RECEIVER - CHANNEL 3• BIT 10 3 
Rt41 lTOl 76 DATA RECEIVER • CHANNEL l • BIT l 3 R331 1P006B ADDRESS RECEIVER - CHANNEL 3• BIT 11 3 
Rl42 !TOI BB DATA RECEIVER - CHANNEL 1. BIT 2 3 R332 !P007A ADDRESS RECEIVER - CHANNEL 3• BIT 12 3 
RI43 iT019B DATA RECEIVER - CHANNEL l. BIT 3 3 RJ33 !POOSA BANK SELECT RECEIVER - CHANNEL 3' sn 3 
RI44 !T020B DATA RECEIVER - CHANNEL I • BIT 4 3 R334 lPOOBB BANK SELECT RECEIVER - CHANNEL 3• BIT 2 3 
Rl4S lT02I B DATA RECEIVER - CHANNEL 1. BIT 5 3 R335 1P009A BANK SELECT RECEIVER - CHANNEL 3• BIT 3 3 
Rl46 iro22s DATA RECEIVER - CHANNEL l • BIT 6 3 R340 1POI6B DATA RECEIVER - CHANNEL 3, BIT 0 3 
R147 l T023B DATA RECEIVER - CHANNEL l• BIT 7 3 R341 1P017B DATA RECEIVER - CHANNEL 3, BIT I 3 
R}48 1T024B DATA RECEIVER - CHANNEL l • BIT 8 3 R342 lPOlBB DATA RECEIVER - CHANNEL 3, BIT 2 3 
R!49 !T025B DATA RECEIVER - CHANNEL l. BIT 9 3 R343 !P019B DATA RECEIVER - CHANNEL 3• BIT 3 3 
RISO !T026B DATA RECEIVER - CHANNEL 1 • BIT 10 3 R344 1P020R DATA RECEIVER - CHANNEL 3, BIT 4 3 
RISI IT027B DATA RECEIVER • CHANNEL 1' BIT 11 3 R34S 1P021R DATA RECEIVER • CHANNEL 3, BIT s 3 
Rl52 JT02BB DATA RECEIVER • CHANNEL l• BIT 12 3 R346 !P022B DATA RECEIVER - CHANNEL 3t BIT 6 3 
Rl60 1T007B REQUEST MEMORY RECEIVER - CHANNEL 3 R347 !P023B DATA RECEIVER - CHANNEL 3t BIT 7 3 
Rt61 1T013B READ RECEIVER - CHANNAL 1 3 R348 1P024B DATA RECEIVER - CHANNEL 3• BIT 8 3 
Rl62 1T014B WRITE RECEIVER - CHANNAL l 3 RJ49 tP025B DATA RECEIVER - CHANNEL 3• BIT 9 3 
Rt63 lTOlSB PARTIAL WRITE RECEIVER - CHANNEL l 3 R3SO 1P026B DATA RECEIVER - CHANNEL 3, BIT JO 3 
RJ64 lT009B MASTER CLEAR RECEIVER - CHANNEL l 3 R3Sl IP027B DATA RECEIVER - CHANNEL 3, BIT 11 3 
R220 lROOlA ADDRESS RECEIVER - CHANNEL 2• BIT 0 3 R3S2 1P02BB DATA RECEIVER • CHANNEL 3o BIT 12 3 
R221 lROOlB ADDRESS RECEIVER - CHANNEL 2• BIT l 3 R360 1P007B REQUEST MEMORY - CHANNEL 3 3 
R222 1R002A ADDRESS RECEIVER - CHANNEL 2• BIT 2 3 R361 }P0138 SELECT READ - CHANNEL 3 3 
R223 1R0028 ADDRESS RECEIVER - CHANNEL ? ' BIT 3 3 R362 1P014B WRITE RECEIVER - CHANNEL 3 3 
R224 tR003A ADDRESS RECEIVER - CHANNEL 2• BIT 4 3 RJ63 lPOISB PARTIAL WRITE RECEIVER - CHANNEL 3 3 
R2?S 1R0038 ADDRESS RECEIVER - CHANNEL 2• BIT 5 3 RJ64 1P0098 MASTER CLEAR RECEIVER - CHANNEL 3 3 
R226 IR004A ADDRESS RECEIVER - CHANNEL 2• err 6 3 R800 l0014A I TO Z PULSE SHAPER s 
R227 1R004B ADDRESS RECEIVER - CHANNEL 2• BIT 7 3 S004 lIOOlA S PRIME REGISTOR BIT o 6 

· R22B !ROOSA ADDRESS RECEIVER - CHANNEL 2• BtT 8 3 soos lJOOlB S PRIME REGISTOR BIT 0 6 
R229 1R005B ADDRESS RECEIVER • CHANNEL 2• BIT 9 3 S014 1I002A S PRIME REGISTOR BIT 1 6 
R230 1R006A ADDRESS RECEIVER - CHANNEL 2• BIT 10 3 5015 110029 S PRIME REGISTOR BIT l 6 
R231 1R0068 ADDRESS RECEIVER - CHANNEL 2• BIT 11 3 so24 1 I003A S PRIME REGISTOR BIT 2 6 
R232 1R007A ADDRESS RECEIVER - CHANNEL 2• BIT 12 3 so25 1I003B S PRIME REGISTOR BIT 2 6 
R233 !ROOSA BANK SELECT RECEIVER - CHANNEL 2 BIT l 3 S034 1I004A S PRIME REGJSTOR BIT 3 6 
R234 lROOBB BANK SELECT RECEIVER - CHANNEL 2 BIT ? 3 So3s 1I004B S PRIME REGISTOR BIT 3 6 
R23S 1R009A BANK SELECT RECEIVER - CHANNEL ? BIT J 3 5044 lIOOSA S PRIME REGISTOR BIT 4 6 
R240 1R016B DATA RECEIVER • CHANNEL 2• BIT o 3 S045 1I005B S PRIME REGISTOR BIT 4 6 
R241 1R017B DATA RECEIVER - CHANNEL 2• BIT J 3 SQ54 ll006A S PRIME REGISTOR BIT s 6 
R242 1R01BB DATA RECEIVER - CHANNEL 2• BIT 2 3 soss l I006B S PRIME REGISTOR BIT 5 6 
R243 1R019B DATA RECEIVER - CHANNEL 2• BIT 3 3 S064 1I007A S PRIME REGISTOR BIT 6 6 
R244 1R020B DATA RECEIVER - CHANNEL 2• BIT 4 3 S065 1!0078 S PRIME REGISTOR BIT 6 6 
R245 1R021B DATA RECEIVER - CHANNFL 2• BIT S 3 5074 1I008A S PRIME REGISTOR BIT 7 6 
R246 1R022B DATA RECEIVER - CHANNEL 2• BIT 6 3 S075 lIOOBB S PRIME REGISTOR BIT 7 6 



SOA4 II009A s PRIME REGISTOR fllT R 6 T348 JP024A OUTPUT DATA TRANSMITTER - CHANNFL 3, BIT 8 14 

SOAS 110098 s PR!t-<E REGIS TOR BIT A 6 T349 JP025A OUTPUT DATA TRANSMITTER - CHANNEL 3• BIT 9 14 

Soq4 llOlOA s PR!t-<E REGISTDR BIT 9 6 T3sO 1P026A OUTPUT DATA TRANSMITTfR - CHANNEL 3• BIT !fl 14 

SOQS l!OlOB S PRIME REGISTOR BIT 9 6 T351 JP027A OUTPUT DATA TRANSMITTER - CHANNEL 3• BIT 11 i4 

SJOO JM002A .BANK SELECT SWt CHANNEL 1 • RIT 0 4 T352 JP028A OUTPUT DATA TRANSMITTFR - CHANNEL 3, BIT 12 14 

SJOI JM002B BANK SELECT SW, CHANNEL J ' RIT l 4 T355 1P014A RESUME 1 TRANSMITTER - CHANNEL 3 14 

s102 JM002C BANK SELECT SWt CHANNFL I ' RIT 2 4 T356 lPOJ5A RESUME 2 TRANSMITTER - CHANNEL 3 14 

Sl04 ltOllA S PRIME REGtSTOR BIT 10 6 T357 JP013A PARITY ERROR TRANSMITTER • CHANNEL 3 14· 

s105 l!OllB S PRIME REGISTOR AIT JO 6 TBOO IC015A XFMR, X DRIVE LINES 0,32 11 

SJ 14 1IOJ2A S PRIME REGISTOR BIT 11 6 TBOl lD015A XFMRo X DRIVE LINES lt33 11 

Sll5 110128 S PRIME REGISTOR BIT 11 6 T8o2 lCOlSB XFMRt X DRIVE LINES 2t34 11 

SJ24 l!Ol 3A S PRIME REGISTOR BIT J2 6 T803 1D015B XFMRt X DRIVE LINES 3,35 11 

s125 !I013B S PRIME REGtSTOR BIT !2 6 T804 1C014A XFMRt x ORI VE LINES 4, 36 11 

SJ60 JM024A REQUEST ENABLE SW, CHANNEL 1 4 Taos 1D014A XFMRt x DRIVE LINES 5,37 11 

s200 1M004A BANK SELECT SWt CHANNEL 2t BIT 0 4 T8o6 1C014B XFMRt x DRIVE LINES 6t38 11 

s201 JM004B BANK SELECT SWt CHANNEL 2• BIT l 4 T807 ID014B XFMRt x DRIVE LINES 7,39 ll 

s202 1M004C BANK SELECT SWt CHANNEL 2• BIT 2 4 Taos !COOSA XFMRt x DRIVE LINES 8,40 11 

S260 1M0248 REQUEST ENABLE SW, CHANNEL 2 4 T809 10005A XFMR, x DRIVE LINES 9t4J 11 

S300 I M006A BANK SELECT SWt CHANNEL 3• BIT () 4 T810 lCOOSB XFMRt x DRIVE LINES 10•42 11 

'S3n1 1M006B BANK SELECT SWt CHANNEL 3• BIT 1 4 Tall 100058 XFMRt x DRIVE LINES 11•43 11 

S302 1M006C BANK SELECT SWt CHANNEL 3• BIT 2 4 T8!2 1C004A XF'MR, x DRIVE LINES 12•44 II 

S360 lM024C REQUEST ENABLE SW, CHANNEL 3 4 TB13 lo004A XFMR, x DRIVE LINES 13•45 11 

Tl40 !T016A OUTPUT DATA TRANSMITTER • CHANNEL l • BIT 0 14 T814 1C0048 XFMR• x DRIVE LINES 14•46 11 

Tl4l 1T017A OUTPUT DATA TRANSMITTER • CHANNEL l. BIT l 14 T815 100048 XFMR, x DRIVE LINES 15•47 11 

Tl42 1T018A OUTPUT DATA TRANSMITTER - CHANNEL 1 • BIT 2 14 T816 lC013A XfMRt x DRIVE LINES 16•~8 11 

TJ43 1T019A OUTPUT DATA TRANSMITTER - CHANNEL 1' BIT 3 14 TB17 ID013A XFMRt x DRIVE LINES 17•49 11 

TJ44 1TD20A OUTPUT DATA TRANSMITTER - CHANNEL 1' BIT 4 14 T8l8 1C0138 Xf,,.R, x DRIVE LINES 10050 11 

TJ45 !T021A OUTPUT DATA TRANSMITTER - CHANNF.L l' BIT 5 14 TB19 l 0013B XFMR, x DRIVE LINES 19•51 11 

TI46 lT022A OUTPUT DATA TRA~SMITTER - CHANNEL l ' BIT 6 14 T820 lC012A XFt-<R, x DRIVE LINES 20•52 11 

TJ47 JT023A OUTPUT DATA TRANSMITTER - CHANNEL 1. BIT 7 14 T821 lOOl2A XFMRt x DRIVE LINES 2!•53 11 

Tl48 JT024A OUTPUT DATA TRANSMITTER - CHANNFL I ' BIT 8 14 T822 1C0!28 XFMR, x DRIVE LINES 22•54 11 

.TJ49 1T025A OUTPUT DATA TRANSMJTTFR - CHANNFL 1' BIT 9 14 T8?3 100128 XFMR, x DRIVE LINES 23•55 11 

TISO 1T026A OUTPUT DATA TRANSMITTER - CHANNEL 1 • BIT 10 14 TB24 1C003A XFMR, x DRIVE LINES 24•56 11 

Tl51 1T027A OUTPUT DATA TRANSMITTER • CHANNEL 1. BIT l ! 14 T825 1D003A XFMR, x DRIVE LINES 25t57 11 

T!52 IT028A OUTPUT DATA TRANSMJTTFR - CHANNFL 1' BIT 12 14 T826 1C003B XFMR, x DRIVE LINES 26•58 11 

T15s IT014A RESUME l TRANSMITTER • CHANNEL l 14 T827 !D003B XFMR, x DRIVE LINES 27•59 11 

Tl56 lTOlSA RESUME 2 TRANSMITTER - CHANNEL l 14 Ta2a !C002A XFt-<R, x DRIVE LINES 28•60 11 

TI57 1T013A PARITY ERROR TRANSMITTER - CHANNEL l 14 T829 1D002A XFMR, x DRIVE L!NES 29•61 11 

·T240 1R016A OUTPUT DATA TRANSMITTER • CHANNEL 2• BIT 0 14 T830 1C002B XFMR, x DRIVE LINES 30t62 11 

T241 JR017A OUTPUT DATA TRANSMITTER • CHANNFL 2• BIT l 14 TB31 1D002B XFMR, x DRIVE LINES 3lt63 11 

T242 JR018A OUTPUT DATA TRANSMtTTER - CHANNEL 2• BIT 2 14 T900 1E012A XFMRt y DRIVE LINES Ot32 12 

T243 lROl9A OUTPUT DATA TRANSMITTER • CHANNEL 2• BIT 3 14 T90l 1 EOl BA XFMRt y DRIVE LINES 1,33 12 

T244 1R020A OUTPUT DATA TRANSMITTER - CHANNEL 2• BIT 4 14 T902 1E012B XFMR, y DRIVE LINES 2,34 12 

T245 !R021A OUTPUT DATA TRANSMITTER • CHANNEL 2• BIT 5 14 T9o3 !EOlBB XFMR, y DRIVE LINES 3,35 12 

. T246 1R022A OUTPUT DATA TRANSMITTER • CHANNEL 2t BIT 6 14 T904 1 EOllA XFMR, y DRIVE LINES 4t36 12 

T247 1R023A OUTPUT DATA TRANSMITTER - CHANNEL 2• BIT 7 14 T905 1E'Ol7A XFMR, y DRIVE LINES 5,37 12 

T248 1R024A OUTPUT DATA TRANSMITTER • CHANNEL 2• BIT 8 14 T906 lEOllB XFMRt y DRIVE LINES 6•3B 12 

T249 !R025A OUTPUT DATA TRANSMITTER • CHANNEL 2• BIT 9 14 T907 1E017B XFl'Rt y DRIVE LINES 7,39 12 

T250 1R026A OUTPUT DATA TRANSMITTER • CHANNEL 2t BIT 10 14 T908 1E006A XFMR, y DRIVE LINES 8t40 12 

T251 1R027A OUTPUT DATA TRANSMITTER • CHANNEL 2• BIT 11 14 T<l09 1F019A XFMR, y DRIVE LINES 9t4! 12 

T252 !R028A OUTPUT DATA TRANSMITTER • CHANNEL 2• BIT 12 14 T910 1F006B XFMR, Y DRIVE LINES 10•42 12 

r2s5 JR014A RESUME l TRANSMITTER - CHANNEL 2 14 T9Jl JF019B XFMRt y DRIVE LINES 11•43 12 

T256 JR015A RESUME 2 TRANSMITTER • CHANNEL 2 14 T912 IEOOSA XfMRt y DRIVE LINES 12•44 12 

Tz57 }R013A PARITY ERROR TRANSMITTER - CHANNEL 2 T913 lf018A XFMR, y DRIVE LINES 11•45 12 

T340 1P016A OUTPUT DATA TRANSMITTER - CHANNEL 3• BIT 0 14 T914 lEOOSB XFMRt y DRIVE LINES 14•46 12 

T341 1P017A OUTPUT DATA TRANSMITTER - CHANNEL 3• BIT 1 14 T9!5 1F018B XFMRt y DRIVE LINES 15•47 12 

T)42 1Po1aA OUTPUT DATA TRANSMITTER - CHANNEL 3t BIT 2 14 T916 lEOlOA XFMR, y DRIVE LINES 16•4B 12 

T343 }P019A OUTPUT DATA TRANSMITTER - CHANNEL 3• BIT 3 14 T917 1F016A XFMRt y DRIVE LINES 17•49 12 

T344 1P020A OUTPUT DATA TRANSMITTER - CHANNEL 3• BIT 4 14 T91R lEOlOB XFMRt y DRIVE LINES lR•SO 12 

T345 1P021A OUTPUT DATA TRANSMITTER - CHANNEL 3, BIT 5 14 T9!9 1EOI6B XFIORt y DRIVE LINES 19•51 12 

T)46 1P022A OUTPUT DATA TRANSMITTER - CHANNEL 3• BIT 6 14 T9?0 IE009A XFMRt y DRIVE LINES 20t52 12 

T347 !P023A OUTPUT DATA TRANSMITTER - CHANNEL 3• BIT 7 14 T921 IE015A XFMRt '( DRIVE LINES 2lt53 12 



T922 1E0098 XFMR, y DRIVE LINES 22054 12 w211 lS026A . OUTPUT DATA GATE TO CHANNEL 2 FROM CHASSIS 14 
T923 1E0158 XFMR, y DRIVE LINES 23•55 12 w212 1R0108 Rlo R2• PE GATE. TO CHANNEL 2 FROM CHASSIS 14 
T924 1E004A XFMR, y DRIVE LTNES 24•56 12 W2?0 1S021A OUTPUT DATA GA TE· TO CHANNfl 2 FROM CHASSIS 2 14 
T925 !F017A XFMRt y DRIVE LINES 25•57 12 W221 100278 OUTPUT DATA GATE To CHANNFL 2 FROM CHASSIS 2 14 
T926 1E004B XFMR, y DRIVE LINES 26•58 12 w222 JRO!lR R}• R;>• PE GA ff TO CHANNFL 2 FROM CHASSIS 2 14 
T927 l FOl 7B XFMR, y DRIVE LINES 27•59 12 W230 }0022B OUTPUT DATA GA TE· TO CHANNEL 2 FROM CHASSIS 3 14 
T928 1E003A XFMR, y DRIVE LINES 28•60 12 W?31 100288 OUTPUT DATA GATE TO CHANNFL 2 FROM CHASSIS 3 14 
T929 IF016A XFMR, y DRIVE LINES 29•61 12 W232 1R012B Rlt Rz, PE GATF TO CHANNEL 2 FROM CHASSIS 3 14 
T930 1E003B XFMR, y DRIVE LINES 30•62 12 W31'JO 100018 ENABLF R TO So CH 3 4 
T931 1F0168 XFMR, y DRIVE LINES 31•63 12 W30l 100048 ENABLF R TO S,CH 3 4 
T964 !F005A XFl'Ro y OR!VE LINES 64•96 13 W302 1001 rn INPUT ENARLE•OUTPUT GATEtCH 3 4 
T%5 1G018A XFl'Rt y DRIVE LINES 6<;•97 13 w3n3 100178 ENARLE R TO z, CHANNEL 3 4 
T966 lf0058 XfMR, y DRIVE LINES 66•98 13 \'1304 100238 ENARLF R TO. Z, CHANNEL 3 4 
T967 1G0188 xnm, y DRIVE LINES 67•99 13 "1310 10020fl OUTPUT DATA GATE TO CHANNEL 3 l'"POM CHASSIS l 14 
T96B 1 F004A XFMR, y DRIVE LINES 68•100 13 W3!l l nrl?6B OUTPUT DATA GATF TO CHANNFL 3 FROM CHASSIS 1 14 
T969 lG017A XFMR, y DRIVE LINES 69•101 13 WJ12 JPOlOR RJ, R;::, PE GATF TO CHANNFL 3 FPOM CHASSIS l 14 
T970 l FOOl+fl XFMR, y DRIVE LINES 70' l 02 13 W320 100218 OUTPUT DATA GA TF TO CHANNrL 3 FPOM CHASSIS 2 14 
T97! JGC)J7fl XFMR, y DRIVE LINES 71'103 13 W3?1 100278 OUTPUT DATA GATF TO CHANNFL 3 FPOM CHASSIS 2 \I+ 
T972 Jt;OQ6A XFMR, y DRIVE LINES 7?• 10'• 13 W322 lPOllR HJ, R;" PF GATF TO CHANNFL 3 FPOM CHASSIS 2 14 
T973 \G012A xnm, y DRIVE LINES 73. l ()') 13 W330 J0022fl OUTPUT DATA GATF TO CHAN NFL 3 FROM CHASSIS 3 14 
T974 J!';IJ06B XFMR, y DRIVE LIMES 74•106 13 W331 JOll;?RR OUTPUT DATA GATF TO CHANNFL 3 FPOM CHASSIS 3 14 
T975 JG012R XFMR, y DRIVE LINfS 75•107 13 W33? JP012R fq, R2• PF G,\ TF To CHANNFL 3 fi>OM CH.ASSIS 3 14 
T976 JGOll5A XFMR, y DRIVE LIMES 76•108 13 'ler;o 1F021A ENARLE SE~ISt • PA~IK () lO 
T977 ll'l()l l A XFMR, y DRIVE LINES 77'109 13 "1851 lfO?lR ENARLF SENSfJRANK 0 10 
T978 ll'l0058 XFMR, y DRIVE LINES 78'110 13 Id f<'i2 1F021A ENARLF SENSE, RA~IK 1 10 
T979 1 r;rn rn XFMR, y DRIVE LINES 79•1!1 13 l~RS3 IF021B EEl\BLF SENSE•RANK 1 10 
T9p,o 1F003A XFMR, y DRIVE LINES 80•li2 13 YOOO 1C022A SENSE AMP RANK 0 BIT fl 7 
T9Rl JG0161\ XFMR, y DRIVE LINES 81'113 13 YOO! lF022A SENSE AMP RANK l Ali 0 7 
T9B2 !F003B xnrn, y DRIVE LINES 82• 11'• 13 YOlO lnD22A SENSE AMP BANK 0 BIT l e· 
T9B3 JG016B XfMR, y DRIVE LINES 83•115 13 YOl l 1F022A SENSE AMP BANK l RIT 1 8 
T9fl4 JF002A XFMR, y DRIVE LINES 84•1!6 13 Y020 lC023A SENSE llMP BANK 0 BIT ? 7 
T9B5 Jflnl5A XFMR, y DRIVE LINES 85•117 13 Y02l lf023A SENSE AMP BANK l. BIT 2 7 
T986 1F002B XFMRt y DRIVE LINES 81\' l 18 13 Y030 1D023A SENSE AMP BANK 0 BIT 3 8 
T987 lG0! 58 XFMR, y DRIVE LINES 87 • 119 13 Yn31 1F023A SENSE AMP BANK 1 BIT 3 8 
T988 1G004A XFl'R, y DRIVE LINES 88•120 13 Y040 1C024A SENSE AMP BANK 0 BIT 4 7 
T999 lGOlOA XFMR, y DRlVE LINES 89•!2! 13 Y04l lE024A SENSE AMP BANK B!T 4 7 
T990 1G0048 Xfl~R, y DRIVE LINES 90'122 13 Yoso HJ024A SENSE AMP BANK 0 BIT 5 B 
T991 lGOlOB XFMR, y DRIVE LINES 9!•123 13 Y051 1F024A SENSE AMP BANK l BIT 5 8 
i992 1G003A XFMR, y DRIVE LINES 92'124 13 Y060 1C02SA SENSE AMP RANK 0 BiT 6 1 
T993 11'009A XF"R' y DRIVE LINES 93•125 13 Y06l 1E025A SENSE AMP BANK l BIT 6 7 
T994 1G003B XFl'R, y DRlVE LINES 94• 126 13 Y070 !D025A SENSE AMP BANK 0 BIT 7 8 
T995 1G009B XFMR, y OR!l/E L!NES 95'127 13 Y07l 1F025A SENSE AMP BANK I RIT 7 8 
WlOO 100038 ENt\1lLE R TO S,CH l 4 Yosn 1C026A SENSE AMP BANK 0 BIT R 7 
w101 ll'J006B ENABLF R TO s,cH 1 4 YOP,l JE026A SENSE AMP BANK 1 BIT A 7 
W102 100138 INPllT ENARLE•OUTPUT GATE,CH 4 Y090 1D026A SENSE AMP BANK 0 BIT 9 8 
w103 J0019fl ENARLF R TO z, CHANNEL l 4 Y09l 1F026A SENSE AMP BANK 1 BIT 9 8 
\vll'J4 !002'ifl ENA13LF R TO z' CHANNEL l 4 YlOO 1C027A SENSE AMP BANK 0 BIT 10 7 
Wllo 1S020fl OUTPUT DATA GATF TO CHANNEL FROM CHASSlS ! 14 Y!lll 1E027A SENSE 11MP BANK l BIT JO 7 
w111 J.S0268 OUTPUT DATA G11TE: TO CHANNFL FROM CHASSIS l 14 Yl 10 l0027A SENSE AMP BANK 0 BIT 11 B 
\>! 112 lTOlOR R lo R;>t PF GATF TO CHANNfL FROM CHASSIS l 14 Yll l JF027A SENSE AMP BANK l BIT l l 8 
WJ?O l S021B OUTPUT DATA GATE· TO CHANNFL FROM CHASSIS 2 14 Yl20 lC028A SENSE AMP BANK 0 RIT 12 7 
WJ;>l i sons OUTPUT DATA GATf TO CH ANN fl FPON CHASSIS 2 14 Yl21 1E026A SENSE AMP BANK l 8!T 12 7 
•1122 !TOllfl Ri, R;>, PE G11Tf TO CHANNEL FROM CH11SSIS 2 14 Y! 30 Jl)028A SENSE AMP RANK 0 PARITY BIT 13 8 
W130 1S0228 OUTPUT DATA Gt1TE TO CHANNtL FRON CHASSIS 3 i4 Yl31 lF028A SENSE AMP 81\NJ< 1 PAR I TY BIT 13 8 
W131 150286 OUTPUT DATA G11Tr TO CHANNEL FROM CHASSIS 3 14 ZOO() l;Ol5A z REGISTER RlT 0 7 
w112 lTOl 28 Rl, R;>, PE G11TE TO CHANNEL FROM CHASSIS 3 14 ZOO! 1!0158 z PFGISTER fllT 0 7 
W200 !0002B ENARLF: R TO s,cH c 4 ZOlO l! 0 l 6A z PEG I STER an l 8 
\>1201 100058 ENA ALE R TO S,CH 2 4 ZO!l 1IOl6R z REGISTER RIT 1 B 
w202 100128 INPUT ENABLE•OUTPUT GATE,CH 2 4 Z021'J l T017A. z REGISTER BIT 2 7 
W203 lOOJBB ENABLF R TO z, CHANNEL 2 4 2021 11017'1 z REG!STER BIT 2 7 
W204 10024B ENABLF R TO z. CHANNEL 2 4 2030 1TO1 All z RfGTSTER BIT 3 8 
w210 1S020A . OUTPUT DATA GATE TO CHANNEL 2 FROM CHASSIS 1 14 7031 1IO1 RR z REGISTER BIT 3 B 



Z040 l IOl 9A z REGISTER BIT 4 7 

Z04l 1TOl9B z REGISTER BIT 4 7 
zoc;o 1Io2011 z REGISTER BIT c; B 

Zoc;1 I !0208 z REGISTER BIT 5 8 
Z060 1T021A z REGISTER BIT 6 7 
Z061 1I021B z REGISTER BIT 6 7 
Zo70 l I022A z REGISTER BIT 7 8 

zo:n 1I022B z REGISTER BIT 7 B 
zoao 1I023A z REGISTER BIT 8 7 
ZOBl 110238 z REGISTER BIT 8 7 
Zo90 1I024A z REGISTER BIT 9 8 
Z091 1!0248 z REGISTER BIT 9 8 
Z!OO 1I025A z REGISTER BIT 10 7 
ZlOl 1I0258 z REGISTER BIT 10 7 
z110 1 I026A z REGISTER BIT 11 8 
Zill !I026B z REGISTER BIT II 8 
Z120 !I027A z REGISTER BIT 12 7 
Z12l !I0278 z REGISTER BIT 12 7 
Zl30 1I028A z REGISTER PARITY BIT 13 8 
Zl31 1I02BB z REGISTER PARITY BIT 13 8 
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NOTES, 

I. INTERPRET TD ENGi NEER I NG STAllD~~D 3 '0 I. D02 
"PREPARATION OF LOG1 C DI A GRAMS." 

2. CONNECTOR NUMBERS SHOWN ARE I NTERPRETEO IN THE 
FOLLOWING MANNER> 

A. 
CONNECTOR Pl N 

NO. NO. 

,.....-1'-.r-"--, 
J003 ADI 

----7~ 

B. CONNECTOR P; N 
NO. NO. 

r-7o'59'~ 

~~ 
3.A. CHASSIS 

NUMBER "--..I T l3 B 

8. D 06 

~ \ VERT I CAL 
COOll.OINATE CICUIT 

HORIZONTAL 
COORJ l t'ATE 

TRANSMITTER OUTPUTS AND RECEIVER 
INPUTS ARE Twl STED PAIR WI RES. 
THE SECOND WIRE OF A TWISTED PAIR 
IS THE NEXT HIGHER DIGIT OF THE 
PIN NUMBER SHOWN. 

TWO CONNECTORS ARE ASSOCIATED WITH 
EACH TRANSMITTER AllO RECEIVER. THE 
SECOND CONNECTOR 'IAS THE SAME PIN 
NUMBER AS SHOWN, AND IS THE 
CONNECTOR NUMBER OBTAINED BY ADDING 
THE DIGIT 3 TO THE GI VEN CONNECTOR 
NUMBER. THUS THE SECOND CONNECTOR 
AND PIN ASSOCIATED WITH Rl20 IS J006 
AO I, EXAMPLE A. 

THE PLACEMENT NuMBERS FOR THE R AND T 
TERMS LOCATED IN THE ACCESS CHANNEL 
GATING LOGIC ARE PRECEDED BY THE 
DIGIT I, 2, OR 3. THIS DIGIT REPRESENTS 
THE CHASSIS NUMBER, EXAMPLE A. TERMS Wei I CH 
ARE COMMON TO ALL ACCESS CHANNELS USE 
THE STANDARD PLACEMENT NUMBER 
INTERPRETATION, EXAMPLE B. 

4. J\. LOGIC DESIGNATED BY THIS SYMBOL IS OMITTED IN A 8492 
(3 CHANNELS) 

5.~ LOGIC DESIGNATED BY THIS SYMBOL IS OMITTED IN A 8493 
l3 CHANNELS) 

5 1 4 

l y 3 J 

6. THE FOLLOW I NG IS A LI ST OF THE SUBTITLES AND THE 
SHEET NO'S OF EACH: 

7. 

SUBTITLE 

STATUS SHEET 
BLOCK 0 I AGRAM 
INPUT GATING. CHASSIS I 
SCANNER & SCANNER CONTROL 
MEMORY CYCLE 
S 1 REGISTER 
Z REGISTER EVEN Bl TS 
Z REGISTER ODD BITS 
PARITY & MASTER CLEAR LOGIC 
MODE AND I NHI Bl T CONTROL 
X DRIVE 
Y OR I VE 
Y OR I VE 
OUTPUT GATING, CHASS! 

SHEET NO 

I 
2 
3 
4 
5 
b 

7 
8 
9 
10 
II 
12 
13 
14 

LOCI C DI A GRAMS CORRESPOND TO REV. 8 OF OOCLIHENT 
NUMCER 16901400 (MEMORY BANK MECHANIZED DES I GN 
DATA) 

B 
4 

~YM. 

-
-

/\ 
u 

2 

REVISIONS 
ZONE DESCRIPTION DATE APPROVED 

- - - - - - - - B B - -
- - - -- - -- - -

SHI SH2 SH3 SH4 SHS SH6 SH7 SHS SH9 SHIO SHll SHl2 SHl3 SHl4 

REVISION STATUS OF SHEETS 

UNLESS OTHERWISt: SPECIFIED 

TOLERANCES ON 

FRACTIONS; DECIMALS: 

±- ±-

00 NOT SCALE DRAWING 

•·• CONTROL DATA 
Ill' CORPORATION 

GOVERNMENT SYSTEMS DIVISION 
Ml NNEAPOLIS• Ml N N ESOTA 

CONTRACT 
Tl TLE 

MEMORY UNIT 

DRAWN R ~ ~·.:1: 2-22 q LOGIC DIAGRAM 
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\ 
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MEMORY REQUEST 

(3 CHANNELS) ( 3 LINES) 

MEMORY SELECT 
RECEIVERS 

ANO 
( 3 CHANNELS) ( 12 LINES) INVERTERS 

READ 
( 3 CHANNELS) { 3 LINES) 

WRIT! 
( 3 CHANNELS) f3 LINES) 

PARTIAL WRITE 
(3CHANNELS\ (3LINES) 

DATA 13 BITS 
( 3 CHANNELS)( 39 LINES} 
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SECTION 3 

INPUT /OUTPUT UNIT 

The 8495 1/0 Unit provides additional data channels for the basic 8490 system. 

Each 1/0 Unit contains two buffered, bidirectional data channels designated 

channel 2 and channel 3. A maximum of five peripheral equipments may be 

connected to each data channel. The 1/0 Unit also has provisions for con

trolling memory-to-memory data transfers without intervention from the Com

pute Unit. However, the 1/0 Unit requires information from the Compute 

Un it to initiate I /0 activity. 

The basic cabinet configuration can also be altered to include an 1/0 Unit and 

one· or two banks of memory. The 8496 1/0 and Memory Unit contains an 

1/0 Unit and one memory bank ( 8, 192 storage locations); the 8497 

1/0 and Memory Unit contains an 1/0 Unit and two banks of memory ( 16, 384 

storage locations). Both of these cabinet configurations contain all the control 

circuitry necessary to operate the individual units. 

GENERAL THEORY OF OPERATION 

Figure 3-1 is a simplified, functional block diagram of an 1/0 Unit. This dia

gram presents only channel 2 and the logic which is common to both channels 

2 and 3. The following descriptions consider the functional operation of an 

1/0 Unit with respect to the various types of operations which involve this unit. 

All of the discussions, except memory-to-memory transfer, assume operation 

on channel 2, since a given operation is identical for either channel. 

EXTERNAL FUNCTION 

The 8490 selects an external equipment or requests its status by an external 

function. For equipment attached to the channels in an 1/0 Unit, this EF code 
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and the necessary control signals are transmitted to the 1/0 Unit. If the 1/0 
Unit has been previously cleared by an internal or external control signal, 

the correct channel select signal enables the priority circuitry for an EF op

eration. When the EF code is available on the data lines from the Compute 

Unit, the Compute Unit transmits a function ready signal to the 1/0 Unit. 

This signal conditions the compute interface control logic to generate the sig

nal which gates the EF code into the BFR. A signal from the compute inter

face control logic also enables the 1/0 control logic to generate the signal 

which gates the EF code out of the BFR onto the data lines to the external 

equipment. After the EF code has been sensed, the external equipment re

turns an output resume signal to the 1/0 Unit. This signal is transmitted to 

the Compute Unit by the 1/0 Unit. When the Compute Unit receives the out

put resume, the function ready and data signals are removed. 

INPUT TO A 

In response t0 an EF status request by .the Compute Unit, the external equip

ment generates a status response code. An input-to-A operation is required 

to transmit this code from the external equipment through the channel 2 logic 

to the Compute Unit. Channel 2 must be selected by the channel select code 

from the Compute Unit. The sequence of events is initiated by an input-to-A 

signal from the Compute Unit. This signal causes the compute interface con

trol logic to enable the 1/0 control logic. The 1/0 control logic sends an 

input request to the external equipment. This signal causes the external 

equipmen1' to place the status word on the data lines and to generate an input 

ready signal. When this signal is received by the 1/0 control logic, the in

put request signal is removed and the data is gated into the BFR. The 1/0 
control logic then gates the contents of the BFR onto the data lines to the 

Compute Unit. After the status word has been received by the Compute Unit, 

the input-to-A signal ceases. The removal of this signal results in the clear

ing of the channel 2 BFR and 1/0 control logic. 

INTERRUPT 

The 1/0 Unit contains separate interrupt logic for each channel. Two exter

nal interrupt lines and an input disconnect line are associated with each 

channel. Any of these lines may be activated by any equipment serviced by 

the channel. Each channel also contains provisions for a buffer termination 

interrupt. At the end of a buffer, as determined by the compare logic, a 

terminate buffer signal is sent to the interrupt logic. Whenever any interrupt 

is active, the correct interrupt signal is sent to the Compute Unit. This 

signal causes the Compute Unit to perform the routine necessary to satisfy 

the interrupt. Input disconnect and buffer termination signals also result in a 

clear signal to the channel selection and priority logic. This signal frees 

channel 2 for the next 1/0 operation involving this channel. 
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INPUT BUFFER 

For an input buffer, the 1/0 Unit buffers data from an input device into a 

selected block of memory locations in a Memory Unit. A select channel code 

from the Compute Unit determines which channel will be affected by control 

signals from the Compute Unit. However, prior to the initiation of the input 

buffer, the Compute Unit sets the FWA in the BER, the LWA. + 1 in the BXR, 

and the bank designation in the BBC for channel 2. The data for the reg

isters and control is transmitted, one word at a time, over the data lines 

and placed in the proper register or control. These words control the ad

dress selection for each data word and the repetition of the buffer operation. 

When an initiate buffer input signal arrives, the channel select and priority 

logic and the 1/0 cont1~01 logic are conditioned for an input buffer operation. 

As a result of this signal, the 1/0 control logic sends an input request signal 

to the input equipment. When the input word is placed on the data lines to 

the BFR, the input equipment sends an input ready signal to the 1/0 Unit. 

As a result of this signal, the 1/0 control logic removes the input request, 

gates the input word into the BFR, and sends a write signal to the Memory 

Unit. The 1/0 control logic then places the contents of the BER, BBC, and 

BFR on the data lines to the Memory Unit and sends a memory request to 

the Memory Unit. This signal causes the Memory Unit to store the data word 

at the address specified by the contents of the BER in the bank designated by 

the contents of the BBC. 

After the data has been stored, the Memory Unit returns a resume I signal 

to the 1/0 control logic. This logic then generates the signals necessary to 

increase the contents of the BER by one, clear the BFR, and generate an

other input request. VVhen the next input ready signal is received by the in

put equipment, the preceding steps are repeated for the next input word. 

This process is repeated for each input word until the contents of the BER 

equals the content~ of the BXR. When they are equal, the compare logic 

sends a terminate buffer signal to the interrupt logic. This logic then gener

ates the required interrupt and clears the channel 2 control logic. 

OUTPUT BUFFER 

The logic of the 1/0 Unit is a part of the transfer of data from a selected 

block of memory locations in a Memory Unit to an output equipment. Channel 

2, to which the output device is attached, is selected by a channel select code 

from the Compute Unit. Prior to the initiation of the output buffer, the Com

pute Unit sets the LWA + 1 in the BXR, the FWA in the BER, and the bank 

designation in the BBC. 

When the initiate buffer output signal occurs, 

and priority logic and the 1/0 control logic. 

Rev. A 3-4 

it conditions the channel select 

The 1/0 control logic then gates 
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the contents of the BER and BBC onto the address selection lines to the 

Memory Unit and generates a read signal. The 1/0 control logic then sends 

a memory request signal to the Memory Unit. This signal initiates the mem

ory cycle which reads the contents of the location as specified by the address 

selection. When this data is available, a resume I signal is sent to the 1/0 

Unit. 

The receipt of the resume I signal causes the 1/0 control logic to remove the 

address selection and memory request signals from the lines; to gate the 

output data word from the Memory Unit onto the data lines to the output equip

ment; to send an information ready signal to the output equipment. 

After the output equipment has processed the data word, an output resume 

signal is sent to the 1/0 Unit. This signal causes the 1/0 control logic to 

remove the output data and the information ready signal from the lines and to 

enter a resume cycle which clears the BFR and increases the contents of 

the BER by one. The next address is then gated onto the address selection 

lines. The buffer cycle is then repeated for the next output word. This 

repetition continues until the contents of BER equals the content::; of the BXR, 

at which time a terminate buffer signal is sent to the interrupt logic. The 

interrupt logic then generates the correct interrupt signal and clears the 

channel 2 logic. 

MEMORY-TO-MEMORY TRANSFER 

Both channels of an 1/0 Unit participate in the transfer of a block of data 

from one memory area to another. Basically, channel 2 performs an output 

buffer and channel 3 performs an input buffer. However, only the BFR for 

channel 3 is used for both operations, so data is stored in another memory 

area instead of being transmitted to external equipment. 

The channel 2 select code is used to enable the channel 2 priority logic. 

Prior to the initiation of the memory-to-memory transfer, the Compute Unit 

sets in the BER, BXR, and BBC the FWA, LWA + 1, and bank designation, 

respectively, for the memory area from which data is to be transferred. 

Similar data is also set in channel 3 controls for the memory data area to 

which data is to be transferred. 

The Compute Unit then issues a memory-to-memory signal which sets a 

control in the priority logic. This control conditions the 1/0 control logic of 

channels 2 and 3 to perform the required operations. The memory-to

memory transfer is initiated by an I B02 or IB03 instruction. 

The 1/0 control logic gates the contents of the channel 2 BER and BBC onto 

the address selection lines and sends a read signal to the Memory Unit. 
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The 1/0 control logic then generates a memory request which initiates the 

reading of the first data word at the location specified by the address selection. 

When the data is available, the Memory Unit returns a resume I signal to the 

1/0 Unit to remove the read, memory request, and address selection signals 

and to gate the data into the channel 3 BFR. The channel 2 1/0 control 

logic then performs a resume cycle which increases the contents of the 

channel 2 BER by one. 

The channel 3 1/0 control logic gates a write signal and the contents of the 

channel 3 BER, BBC, and BFR onto the signal lines to the selected mem..:. 

ory module. A memory request signal is then sent to the Memory Unit to 

initiate the storage of the data word at the location specified by the channel 3 

address selection. After the data has been stored, a resume I signal is re

turned. This signal causes the channel 3 1/0 control logic to remove all 
channel 3 data and control signals and to perform a resume cycle which 

increases the contents of the channel 3 BER by one and clears channel 3 

BFR. 

At the completion of the channel 2 resume cycle, the channel 2 logic begins 

the repetition of the memory-to-memory transfer by selecting the address of 

the next word. This process is performed while the channel 3 operation is 

being completed. The operations involving channels 2 and 3 are repeated for 

each word to be transferred until the contents of the channel 2 BER equals 

the contents of the channel 2 BXR. When these quantities are equal, the 

memory-to-memory transfer is terminated. 

DETAILED THEORY OF OPERATION 

The following paragraphs describe the logic contained in each of the blocks 

shown in Figure 3-1 . In most cases, only channel 2 logic is discussed. It 
is assumed that the operation of channel 3 logic is identical. 

CHANNEL SELECT AND PRIORITY 

The logic in this group includes most of the cir~cuitry which establishes initial 

operating conditions and which provides the control signals that condition other 

logic circuits to perform the required operation. 

Channel Select 

The channel select logic translates a select code from the Compute Unit to 

determine if channel 2 or channel 3 is selected. This circuitry provides the 

required enable signals to other portions of the logic in the 1/0 Unit to pro

vide operation on the selected channel, Figure 3-2. 
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R064 i-------------.- J700 i--_...._ ___ J702 

J701 

}
CHANNEL 3 
SELECTED 

i-----. 

Figure 3-2. Channel Select Logic 

Channel 2 Busy Logic 

\Mien channel 2 is selected, an initiate buffer input signal satisfies the AND 
input to the set side of K450/K451 , Figure 3-3. Similarly, if channel 2 is 
selected, an initiaie output buffer signal satisfies the AND input to the set side 
of K452/K453. The set outputs of these flip-flops enable the 1/0 control logic 
for their respective operations. However, these flip-flops are never set at 
the same time. 

A reset output from each flip-flop forms an AND gate to J91 0. \Mien either 
flip-flop is set, the AND is disabled and a 1 output occurs from J91 0. This 
1 causes T279 to send a channel 2 busy signal· to the Compute Unit. This 
signal prevents the Compute Unit from initiating any other operation involving 
channel 2 until the input or output buffer has been completed. A reset output 
from each flip-flop also feeds the function ready logic. One of these signals 
disables the function ready logic whenever channel 2 is performing as a buffer. 

Clear Logic 

The clear logic of channel 2 generates the signals necessary to clear the 
channel 2 control logic. These clear signals are necessary when a master 
clear or clear buffer control signal is generated by the Compute Unit or 
when an input disconnect or buffer termination interrupt occurs, Figure 3-4. 
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Fi~ure 3-3. Channel 2 Busy Logic 

Whenever there is a 1 input to J800, the resulting 1 outputs from J802 and 
J804 clear the channel 2 control logic. A master clear signal produces a 0 
output from R075 and R077 which is applied to J504. This produces a 1 
input to JBOO. J91 2 has a 1 output when a buffer termination interrupt 
occurs on channel 2. A clear buffer control signal produces a 1 from 
R074. If channel 2 is selected, the AND input to the set side of K472/ 
K473 is satisfied. When resume II flip-flop resets and resume Ill flip-
flop sets during the resume cycle, the set output of K472/K473 sets K474/ 
K475. The set output of K474/K475 resets K472/K473 and is applied to 
JBOO. The clear signal from J802 resets K474/K475 after a 5 microsecond 
delay. 

Priority 

The priority logic enables one channel or the other to perform an input or 
output operation. Since both channels share the same memory lines, both 
cannot operate simultaneously. Figure 3-5 shows the channel 2 priority logic 
and a coincidence inverter. Channel 3 is identical to channel 2 except for 
the coincidence inverter. 

\Mien flip-flop K700/K701 is. set, its reset output enables the transfer of the 
contents of BER and BBC to memory. The set output enables various 
parts of the 1/0 control logic for channel 2 operation. 

\Mien a channel- 2 write request occurs and there is no channel 3 read or 
write request, a set output of K714/K715 and reset outputs of K772/K773 

. . 

Rev. B 3-8 14091700 



and K764/K765 satisfy one AND input to K700/K701. Similarly, when a 

channel 2 read request occurs and there is no channel 3 read or write re
quest and data is not currently being gated from memory to BFR, a set out

put from K 722/K 723, a. 1 from J946, and reset outputs from K 772/K 773 and 
K764/K 765 satisfy the other AND input to K700/K 701. 

RESUME 2 
J704 K718 

CLEAR 
BUFFER R074 K472 K474 

CONTROL 

K721 
K473 RESUME 3 K475 

MASTER K705 
CLEAR 

K715 

K723 

K451 

J802 K453 
CLEAR 

J912 J804 K717 

K725 

K701 

K731 

Figure 3-4. Channel 2 Clear. Logic 

Inverter J917 serves as a coincidence circuit if channel 2 and channel 3 
priority conditions should occur simultaneously. This circuit ensures that 
channel 2 takes priority in such a situation. If there is a read or write re
quest on channel 2 and a. read or write request on channel 3, the two AND 

inputs to J917 are disabled. If neither channel 2 priority flip-flop nor channel 
3 priority flip-flop is set, all inputs to J91 7 are 0. The resulting 1 output 

·from J917 sets K700/K701. The channel 2 priority flip-flop is reset by any 
of the following conditions: 

14091700 

Inverter 
J804 
J936 
J947 

Condition 
Clear channel 2 logic 
Channel 2 resume cycle 
Data from memory available for channel 2 
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Figure 3-5. Channel 2 Priority Logic 

COMPUTE INTERFACE LOGIC 

Figure 3-6 shows the channel 2 compute interface logic except function 
ready which is described with external function logic. 

Set BER, BXR, and BBC Logic 

This control logic, under the direction of the Compute Unit, generates the 
commands necessary to enter the FWA in the BER, the LWA + 1 in the 
BXR, and the memory bank designation in the BBC. 

\M"ien ·the set BBC command is generated by the Compute Unit, the output 
of R069 is 1. This 1 produces a 0 output from J954 and a 1 output from 
J966. If channel 2 is selected, the AND input to J951 is satisfied, and the 
set BBC channel 2 is generated. This command gates the memory bank 

designation from the data receivers into the BBC. The 0 output from J954 
is inverted by J960. After 0.1 microsecond; a 1 output is applied to J966. 
As a result of this input, the output of J966 switches to a O, which disables 
the AND input to J9S1 and removes the set BBC channel 2 command. 

The operation of control logic for each of the other commands is the same. 
If channel 2 is selected when the command is given by the Compute Unit, 
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the appropriate command is given to perform the required gating. After 0. 1 

microsecond, the 1 output of 0403 produces a 0 output at J966 to disable the 

gating command. 

BER to A 

When the BER to A command is generated by the Compute Unit and channel 

2 is selected, the AND input to J901 is satisfied. The resultant 1 outputs 

from J902 and J903 gate the contents of the BER to the data transfer net
work. The 0 outputs from J901 gate this data onto the data lines to the 

Compute Unit. 

BUFFER EXIT REGISTER 

The BXR is a 13-stage register which holds the LWA + 1 for a buffering 
operation. Only one control affects the operation of the BXR. This control, 

A to BXR, gates the 13-bit LWA + 1 from the data receivers into the BXR. 

Figure 3-7 shows the lower order three stages of the BXR. The 1 outputs 

from J962 through J965 in the compute interface logic gate the 13-bit LWA + 1 

from the data receivers into the BXR by a forced transfer. Inverters J720 

through J732 invert the output of the corresponding receivers. Thus, when 

the output of Rl 50 is O, the 1 output from J720 resets K300/K301. When 

the output of RlSO is a 1, K300/K301 is set. The only outputs from the 
BXR are to the logic which compares the contents of the BXR with the 

contents of the BER. 

Rl52 

Rev. A 

J715 

0 
(\J ,.., 
:.:: 

J722 Rl51 

COMPARE LOGIC 

J714 

J721 R150 J720 
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A--+BXR 

Figure 3-7. Typical Channel 2 BXR Stages 
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BUFFER ENTRANCE REGISTER 

The BER is a 13-stage, double-ranked register which contains the current 

address (initially the FWA) for a buffer operation. The double-ranked 

feature of this register permits it to operate as an additive counter. At the 

completion of each buffer operation, the contents of rank I is transferred to 

rank II. An advance pulse complements the contents of rank II to rank I in 

such a manner that the current address is increased by one. 

Figure 3-8 shows the lower order three stages of the BER. A 1 output 

from J934 enables the forced transfer of rank I to rank II. A 1 output from 

J938 advances the count. The lowest order stage is complemented by each 

advance pulse. The other stages are complemented only if all lower order 

stages of rank II are set. Thus, the count would advance in the following 
manner: 

000 

001 
010 

01 1 
100 

101 
1 1 0 
1 1 1 

VVhen the count reaches 111 , an advance pulse is generated for the next 
group of three stages. The count in rank I represents the current address 

for a buffer operation. This address is sampled by the compare logic. The 

contents of the BER can be transferred through the data transfer network to 

the Compute Unit or to a selected Memory Unit. 

BUFFER BANK CONTROL 

The BBC consists of three flip-flops, Figure 3-9. The memory bank 

designation for a buffer is sent from the Compute Unit through the data re
ceivers to the BBC. For each buffered word, the contents of the BBC and 

BER are placed on the lines to memory to select the correct address for 
each memory reference. The contents of the BBC remains unchanged during 

a buffer. It is only changed when a new bank designation is sent from the 

Compute Unit. 

BUFFER DATA REGISTER 

The BFR contains 13 stages. 

1/0 Unit is stored temporarily 

typical stages of the BFR. 

14091700 

All buffer data which enters or leaves the 

in the BFR. Figure 3-1 0 shows three 
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Data can enter the BFR from the Compute Unit, a Memory Unit, or an ex

ternal equipment connected to channel 2, as determined by the gating signal. 

All data words are entered into BFR by a transfer of 1 1s. Similarly, with 

the correct gating, data can be transferred to the Compute Unit, a Memory 

Unit, or an external equipment. After the data word in the BFR has been 

transferred to the correct unit or equipment, a signal from the 1/0 control 

logic clears the BFR to receive the next data word. 

DATA RECEIVERS 

Thirteen receivers terminate the data lines from the Compute Unit, Figure 3-11. 
\Nhen a 1 is applied to a transmitter at the other end of the line, the output of 

the associated receivers becomes a 1 • A group of 13 inverters, 1 per re

ceiver, provides reset inputs for forced transfers. When the output of a 

Rl50 

----.} 0 OUTPUTS 

I OUTPUTS 

Rl51 J721 J741 

I OUTPUTS 0 OUTPUTS 

I OUTPUTS 

Rl52 

Figure 3-11. Typical Data Receivers 
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receiver is O, the associated inverter has a 1 output. The data receivers 
and inverters are used to transfer the FWA to the BER, the LWA + 1 to the 
BXR, and data from the Compute Unit to the BFR. Bits 1 through 4 also 
transfer the bank designation to the BBC. Four inverters provide additional 

1 outputs for bits 1 , 2, 3, and 4. The data receivers are common to both 
channels 2 and 3. 

DATA TRANSFER NETWORK 

The data transfer network consists of the transmitters and associated inverters 
necessary to transfer data to the Compute and Memory Units and address 
selection to the Memory Unit. The data transfer network is shared by 
channels 2 and 3. 

Data to Memory Unit 

Both the channel 2 BFR and channel 3 BFR provide inputs to inverters J850 
through J862, Figure 3-12. For example, J850 receives an input from the 
reset side of stage 00 of both BFR 1s. Each signal is gated by the output of 
an inverter in the 1/0 control logic for the respective channels. Thus, if the 
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channel 2 1/0 control logic generates the command BFR to memory, the 1 
outputs from J932 and J933 gate the contents of channel 2 BFR into the in

verters. The 1 outputs of J932 and J933 enable one AND input to each in

verter and the output of a given inverter is dependent on the input from an 

associated stage of the BFR. Thus, if stage 00 is set, the input to JSSO is 
a 0 and the output of JSSO is a 1 • If stage 00 is reset, the input to JSSO is 

a 1 and the output of JSSO is a o. Therefore, the output of inverters JSSO 
through J862 effectively duplicates the set output of every stage of channel 2 
BFR. 

When channel 2 is active, the 0 outputs from J532 and J533 disable the other 

AND gate to each inverter to prevent channel 3 information from entering 

these inverters. 

When the BFR to memory command occurs for either channel, a 0 is applied 
at the inputs to J766 and J765. The resulting 1 outputs from these inverters 

gate the outputs of JSSO through J862 into TOOO through TOl 2. These trans

mitters place the data on the data lines to the memory stack. 

Bank and Address Selection 

Inverters J770 through J785 and transmitters T020 through T035 transfer the 
bank and address selection to memory, Figure 3-13. This network is 

shared by channels 2 and 3. The operations of the channels are identical. 

When the channel 2 1/0 control logic generates a BER/BBC to memory, sig

nal 1 outputs result from J943, J944, and J945. These 1 1s enable the trans
fer of the contents of the BER and BBC to the transfer network. 

For example, the 1 output of J943 enables J770 to follow the contents of 

stage 00 of channel 2 BFR. When stage 00 is set, the reset output provides 

a 0 to J770, and the output of J770 is 1. When stage 00 is reset, the reset 

output is 1 , and the output of J770 is 0. Thus, the output of J770 duplicates 
the set output of stage 00. The contents of every stage of channel 2 BER 

and BBC is transferred to the network in this manner. The outputs from 

J770 through J785 are applied to T020 through T035, · respectively. The 

transmitters then place the bank and address selection on the lines to memory. 

The signals on these lines select a bank in a Memory Unit and an address 

in that bank for the memory reference required by channel 2. 

BER, BFR to Compute Unit 

Inverters J750 through J762 and transmitters Tl 50 through Tl 62 permit the 
transfer to the Compute Unit of the contents of the BER or BFR in either 

channel, Figure 3-14. The operation is identical for both registers in both 
channels, except that only 12 bits are transferred from the BFR 1s. When the 

compute interface logic generates the command BER to A, J902 and J903 

have 1 outputs. These 1 outputs gate the contents of the BER into the in

verters. For example, when stage 00 is set, a 0 from the reset output of 
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this stage disables the AND input to J750 and the output of J750 goes to 1. 

If stage 00 is reset, the 1 from the reset output of this stage satisfies the 
AND input to J750 and the output of J750 is a 0. The outputs of J750 through 
J762, therefore, duplicate the set outputs of the BER. When any of the con
ditions are present which require data to be transmitted to the Compute Unit, 

a 0 is applied to the AND inputs to J763 and J764. The resultant 1 outputs 
gate the outputs of J750 through J762 into the transmitters, which place the 
data on the lines to the Compute Unit. 

INTERRUPT LOGIC 

Basically, the interrupt logic in the 1/0 Unit functions as a repeater network. 
When an interrupt signal is generated by an external equipment on the com
pare logic, the interrupt logic receives this signal and transmits it to the 
Compute Unit, Figure 3-15. 

Buffer Termination 

A buffer termination interrupt occurs in two ways. An input disconnect from 
the equipment currently involved in a buffer operation on channel 2 produces 
a 1 output from R714. Because D714 delays the application of the 1 to J909, 
the output of J909 is still 1. Therefore, the AND input to J911 is satisfied. 
The 0 output from J911 is inverted to a 1 by J912 and applied to T283. A 
buffer termination interrupt is then sent to the Compute Unit. After 0. 2 micro
second, the 1 output of J909 switches to a 0 which disables the AND input 
to J91 t and removes the buffer termination interrupt. A buffer termination 
interrupt is also generated during the resume cycle for the last buffer opera
tion. At this time, the contents of BER equals BXR and the output of J735 
is 1. This 1 and the 1 from the set side of the resume Ill flip-flop ( K721) satisfy 
the other AND input to J91 t, which results in the buffer termination interrupt. 
Regardless of how the interrupt is generated, a 1 output from J912 causes 

the clear logic to clear the buffer control logic. 

Interrupts 1 and 2 

The operation of interrupt 1 is identical to the operation of interrupt 2. When 
a given interrupt is activated by an equipment on channel 2, a 1 results from 
the associated receiver. This 1 is applied directly to the transmitter which 

sends the correct interrupt _to t_he Compute Unit. 

Parity Error 

A resume signal from memory to channel 2 results in a 1 output from 0722. 
This signal sets K730/K731. This flip-flop remains set until a similar re
sume signal occurs for channel 3 or the channel 2 clear logic is activated. 

If a parity error occurs during a read operation on channel 2, the AND input 

to the set side of K726/K727 is satisfied. The set output of the flip-flop is 
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applied to T281, which results in a parity error signal. This signal is re
moved by any of the foll owing conditions: 

1 • Channel 2 is selected and a new input or output buffer is initiated. 

2. A master clear occurs. 

3. A channel 2 clear buffer control signal occurs. 

NOTE: The remainder of the 1/0 logic is 
discussed as it applies to a particular 
type of 1/0 operation. 

EXTERNAL FUNCTION LOGIC 

When the channel clear logic is activated, the 1 outputs from J802 and J804 
place flip-flops K450/K451, K452/K453, and K724/K725 in the reset condition, 
Figure 3-16. If the external function code is to be transferred to an equip
ment on channel 2, the Compute Unit generates the select code for channel 2, 
places the EF code on the data lines, and sends a function ready signal. 
The resultant 1 outputs from R063 and J702 and the reset outputs from K450/ 
K451 and K452/K453 satisfy the AND input to J905; the resultant 1 outputs 
from J906 and J907 gate the EF code from the data receivers into the 
channel 2 BFR. The 0 output from J905 also disables the AND inputs to 
J949 and J950. The 1 outputs from these inverters gate the EF code out of 
the BFR to T700 through T712, which places this code on the channel 2 ex
ternal data I ihes. 

The 1 output from J906 to T714 is delayed o. 5 microsecond. When this out
put switches to a 1 , a function ready signal is sent to the external equipment. 
The function ready signal gates the EF code into an external equipment. 
After the code has been sensed, the external equipment sends an output re
sume to the channel 2 logic. Receipt of this signal causes the channel 2 
logic to clear the channel 2 BFR and to transmit a resume to the Compute 
Unit from T077. This signal causes the Compute Unit to remove the function 

ready and data from the signal lines. 

INPUT-TO-A LOGIC 

For an input-to-A operation on channel 2, the Compute Unit generates the 
correct select code for channel 2 and an input-to-A signal. This signal initi
ates the reading of a status word from an external equipment on channel 2 
and the transmission of this word through the 1/0 Unit to the A register in 
the Compute Unit. Figure 3-17 shows the channel 2 logic involved in an 
input-to-A operation. Normally, flip-flop K 704/K 705 is reset by the clear 
logic at the end of any operation involving channel 2. When channel 2 is 
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selected, a 0 output results from J700 and a 1 output results from J704. V\/hen 

the input-to-A signal is generated by the Compute Unit, the output of R073 is 
o. The 0 outputs from J700 and R073 disable the AND inputs to J925. The 

output of J925 switches to 1 , which causes an input request to be sent to the 
external equipment through T713. 

When the input word is available on the data lines, the external equipment 

sends an input ready to the 1/0 Unit. The resulting 1 output from R717 

combines with the 1 output from J925 to set K712/K 713. Inverter J926 in

verts the 1 output from R717 to a O, which is applied to J927 and J928. 
The other input to these inverters is held at 0 by D700 and D404 for 0. 1 

microsecond. The 1 outputs from J927 and J928 gate the input word from 

R700 through R712 into the BFR. A reset output from K712/K713 is in

verted by J929 and J930. The 1 outputs from these inverters gate the com

plement of the data from the BFR into inverters J750 through J762. These 
inverters apply the actual data word to Tl 50 through Tl 62 for transmission 

to the Compute Unit. After O. l microsecond, the outputs of D700 and D404 

switch to a ·1 and the data gate into the BFR is disabled. 

When flip-flop K712/K713 was set, 
input to J894. The other input was 

through the chain J891, J892. The 
output of K706/K707 to produce a 1 

by D405 and then applied to T077. 

a set output from this flip-flop disabled the 

previously disabled by the 0 output from J925 

resultant 1 output is ANDed with the set 
out of J896 which is delayed 0. 1 microsecond 

This sends a resume to the Compute Unit. 

The resume signal, which occurs after the data transfer is complete, causes 
the Compute Unit to remove the channel selection and input-to-A signals. 

V\/hen these signals are removed, the outputs of J700 and J925 go to 1. The 

set output of K712/K713 and the 1 output of R717 satisfy the AND input to 

J913. The resultant 1 outputs from J914 and J915 clear the BFR. The 

output of J925 goes to 0, which removes the input request. The removal of 

this signal, in turn, causes the external equipment to remove the input ready 

signal. When this signal ceases, the output of R073 goes to 1. This 1 re
sets K712/K 713. The channel 2 input-to-A logic has now been returned to 

its cleared condition. 

INPUT BUFFER LOGIC 

Prior to the initiation of a channel 2 input buffer, the FWA is placed in the 

BER, the LWA + 1 in the BXR, and the memory bank designation in the 

BBC. When channel 2 is selected, 1 outputs result from J702 and J704, 
Figure 3-18. An initiate input buffer command from the Compute Unit pro

duces a 1 output from R067. The 1 outputs from R067 and J702 satisfy the 

AND input to the set side of input buffer flip-flop K450/K451. Similarly, the 
1 outputs from R067 and J704 combine to set input request flip-flop K 704/K 705. 
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When the input request flip-flop sets, a 0 from J700 is applied to the input of 
J925. The resultant 1 output causes T713 to send an input request signal to 
the external equipment. \/\.hen the input word has been placed on the data 

lines to channel 2, the external equipment generates an input ready. This 
signal produces a 1 output from R717. 

A 1 output from R717 resets K704/K705, which removes the input request 
signal, which in turn causes the external equipment to remove the input 
ready signal. The 1 output from R71 7 produces a 0 output from J926 
and 1 outputs from J927 and J928. These 1 outputs gate the input word 
from R700 through R712 into the lower order 12 stages of the BFR. A 
output from J928 also combines with the set output of K450/K451 to set write 
request flip-flop K714/K715. After 0.1 microsecond, 0700 and 0404 apply 
the 1 output of R71 7 to J927 and J928, which disables the gating of data into 
the BFR. 

If channel 3 is not involved in a read or write operation, the set output from 
K714/K715 is gated into the set side of priority flip-flop K700/K701. The 
set output of this flip-flop indicates that channel 2 has priority to use the 1/0 
Unit memory lines. 

Reset outputs from K 714 /K 71 5 and K 700 /K 701 provide 0 inputs to J943, J944, 
and J945. The resultant 1 outputs gate the address selection from channel 2 
BER and BBC into the control lines to memory. 

The set outputs from K700/K701 and K714/K715 satisfy the AND input to 
J931. A 0 output from J931 is inverted to a 1 by J889. This 1 causes 
T039 to send a write request to memory. The 0 output from J931 produces 
1 outputs from J932 and J933. These 1 outputs gate the complement of the 
data word from the BFR into JSSO through J862. The 0 output of J884 pro
duces 1 outputs from J765 and J766. These 1 outputs gate the actual data 
word into TOOO through TOl 2 for transmission to memory. 

A O output from J884 also produces a 1 output from J885. This 1 is de
layed 0.1 microsecond by 0701 and then applied to T037, which sends a 
memory request. This signal enables the selected memory bank to store the 
data word at the specified address. 

After the Memory Unit has stored the data, a resume I signal is returned to 
the 1/0 Unit. The resultant 1 output of R041 sets the resume I flip-flop 
K040/K041. After 0.1 microsecond, the set output from K040/K041 combines 
with the set output from K700/K701 and the set output from K450/K451 to set 
resume I flip-flop K716/K717. Setting this flip-flop initiates the resume cycle. 

The set output from K040/K041 also combines with the set output from K700/ 
K701 to reset write request flip-flop K714/K71 S. Resetting this flip-flop re
moves the address and bank selection, write request, and memory request 
signals from th.e lines to memory. 
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A reset output of K716/K717 produces 1 outputs from J934 through J937. 
These signals transfer rank I of the channel 2 BER to rank II. After a O. 1-

microsecond delay, the set output of resume I flip-flop sets resume II flip-flop. 
A reset output from this flip-flop produces, 1 outputs from J938 through J941. 
These 1 outputs advance the count in the BER by one. A set output from 
K718/K719 produces a 0 output from J913 and 1 outputs from J914 and J915. 
These 1 outputs clear the BFR. 

If none of the signals represented by the inputs to J908 are present, the set 
output of K718/K719 sets resume Ill flip-flop after 0.2 microsecond. If the 
buffer is not complete, the set output of K720/K721 sets the input request flip
flop to initiate the buffering of the next input word. After the last word has 

been buffered, the preceding step does not occur, and the buffer is terminated. 

A set output of K720/K721 also resets K716/K717, which causes each of the 
other resume flip-flops to reset. 

OUTPUT BUFFER LOGIC 

Prior to an output buffer on channel 2, the Compute Unit enters the FWA, 
LWA + 1, and memory bank designation in the channel 2 BER, BXR, and 
BBC, respecitvely. The Compute Unit then selects channel 2 and generates 
an initiate buffer output command. 

The resultant 1 outputs from J704 and R068 set channel 2 output buffer flip-flop 
K452/K453 and read flip-flop K722/K723, Figure 3-19. If channel 2 is not 
currently gating data from memory into the BFR and channel 3 is not performing 
a memory reference, a set output from K722/K723 sets priority flip-flop 
K700/K701. 

Reset outputs from K722/K723 and K700/K701 produce a 1 output from J943 
through J945. These 1 outputs gate the address selection and memory bank 
designation onto the control lines to memory. Reset outputs from the channel 2 
priority and read flip-flop disable both AND inputs to J887. The resultant 1 
output of J887 causes T038 to send a read signal to memory. 

The set output from K700/K701 and a set output of K722/K723 satisfy the AND 
input to J884. The resultant 1 output of D701 is delayed O. 1 microsecond 
before it causes T037 to send a memory request to memory. 

This signal causes the selected memory to read the contents of the specified 
address. In the memory cycle, a resume I signal is returned to the 1/ 0 Unit. 
The resultant 1 output from R041 is gated into the set side of K728/K729. After 
a O. 3-microsecond delay, D721 applies a 1 to J946. The resultant 1 outputs 
of J947 and J948 gate the data word into the BFR and reset the channel 2 

read and priority flip-flops. Resetting these flip-flops causes the removal of the 
address and bank selection, read, and memory request signals from the lines 

to memory. 
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However, before the priority flip-flop resets, the 1 output from 0721 sets 
K724/K725. A reset output of this flip-flop produces 1 outputs from J949 and 
J950 which gate the output word out of the BFR onto the data lines. 

If there is no output resume, input ready, or input disconnect signal present, 
the 1 output of J908 gates the set output of K724/K725 into 0706. After 3. 5 
microseconds, the 1 output of D 7 06 causes T71 6 to send an information ready 

signal to the output equipment. 

The information ready signal causes the output equipment to process the data 
word. When this operation is complete, the output equipment returns an output 
resume. 

A 1 output of R71 3 and a set output from the output buffer flip-flop combine to 
set resume I flip-flop K716/K717. A reset output of K716/K717 is inverted by 
J934 through J937 to transfer rank I of the BER to rank II. 

After 0. 1 microsecond, the set output of resume I flip-flop sets resume II flip
flop. A reset output from the latter flip-flop is inverted by J938 through J941 
to advance the count in the BER. After the output equipment removes the out
put resume, the set output of K718/K719 is gated into 0703. After 0.2 micro
second, resume Ill flip-flop is set. Set outputs from this flip-flop cause the 
resume cycle to clear and the read flip-flop to set if the contents of BER and 
BXR are not equal. Setting the read flip-flop causes the buffer cycle to repeat 
for the next output word. 

This process is repeated until the contents of the BER equals the contents of 

the BXR, at which time the buffer terminates. 

MEMORY-TO-MEMORY TRANSFER LOGIC 

Channel 2 must be selected by the Compute Unit prior to a memory-to-memory 
transfer. When a memory-to-memory transfer signal is generated by the Com
pute Unit, the 1 output from R076 sets K476/K477, Figure 3-20. 

When an initiate buffer output command occurs, the 1 outputs of J972 and R068 
set channel 3 input buffer flip-flop K650/K651. The 1 outputs of R068 and 
J704 set channel 2 output buffer flip-flop K452/K453 and channel 2 read flip-flop 
K722/K723. If channel 2 is not currently gating data from memory into the 
BFR and channel 3 is not performing a memory reference, a set output from 
K722/K723 sets priority flip-flop K700/K701 • A reset output from K722/K723 
produces 1 outputs from J943 , J944, and J945. These signals gate the contents 
of channel 2 BER and BBC onto the data lines to memory. 

Reset outputs from K700/K701 and K722/K723 disable both AND gates to J887. 
The resultant 1 output causes T038 to send a read signal to memory. 
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The set output from K700/K701 and a set output of K722/K723 satisfy the AND 
input to J884. The resultant 1 output from J885 is delayed by D701. After 
0. 2 microsecond, T037 sends a memory request to memory. 

When the memory begins reading the data word at the address specified by the 

contents of channel 2 BER and BBC, a resume I is returned to the 1/0 Unit. 
A delayed channel 2 priority set output, the 1 output from J972, and the 1 output 
from R041 set K778/K779. After 0. 3 microsecond, the 0 output at J546 pro
vides 1 outputs at J547 and J548, which gahils the data word from memory into 
the channel 3 BFR. After 0. 2 microsecond the 1 output of J547 resets K778/ 
K779. 

The 1 output at R041 , the set output from K452/K453, and the delayed channel 
2 priority set output also combine to set K728/K729. The set output from 

K728/K729 resets K722/K723. After 0. 3 microsecond, the 1 output from 
J947 resets K700/K701. After 0. 2 microsecond, the 1 output from 0722 resets 
K728/K729. 

The 1 outputs from J 972 and J947 set channel 3 write request flip-flop 
K764/K 765. Since the channel 2 read and write flip-flops are reset, the set 
output of K764/K765 sets channel 3 priority flip-flop K702/K703. 

A reset output from K764/K765 produces 1 outputs from JS43, JS44, JS45 
which gate the contents of channel 3 BER and BBC onto the signal lines to 
memory. 

After 0. 2 microsecond, the set output of K702/K703, the reset output of 
K728/K729, and the 1 output of J946 satisfy the AND input to J531. The 
resultant 1 outputs from J532 and J533 gate the complement data word in the 
channel 3 BFR into J650 through J862. The 1 outputs of J765 and J766 gate 
the data onto the transmission lines to memory. 

A 1 output also occurs from J889. The 1 output of J889 causes T039 to send 
a write signal to memory. The 1 output of J532 produces a 0 output from 
J884 and a 1 output from J885. After 0. 1 microsecond, T037 sends a memory 
request to memory. This signal causes memory to store the data word at the 
address in the bank specified by the contents of channel 3 BER and BBC, 
respectively. 

The 1 outputs from J533 and J972 set channel 2 resume I flip-flop. Setting 
this flip-flop initiates the channel 2 resume cycle, which updates the contents of 
the channel 2 BER and prepares for the reset work. At the end of the resume 
cycle, the channel 2 read flip-flop is set unless the last word has been pro
cessed. If the flip-flop sets, channel 2 begins the processing of the next word. 

When the Memory Unit generates a -resume I signal, the 1 output of R041 
moves the memory request signal and sets resume I flip-flop K040/K041 • 

re
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CHANNEL SELECTION 

FROM COMPUTE UNIT 

CHANNELi 
SELECTED 

______ 1<764 

MTM 2 IB t 
FROM COMPUTE 

BERoiBX 
CH I 
J736 

J803 

:S READ REQUEST K772 __ ___,._ ... 

J946 

~}CLEAR 
~ CHANNELi 

~}CLEAR 
~ CHANNELll 

K714 

JI04 2 WRITE REQUEST 

BER CHANNEL 2 

Kll2/K113 
THROUGH 

K212/ K213 

K772 

0.211SEC 
D72 
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13 DATA LINES 
TO EXTERNAL 
MEMORY UNIT 

RESUME 
FROM EXTERNAL MEMORY UN IT 

K453 

D722 

T03 T037 
READ MEMORY' 

\ REQUEST I 
v 

TO EXTERNAL 
MEMORY UNIT 

K701 

(INPUT REAOY CHANNEL 2 EQUIPMENT) R717 

(OUTPUT RESUME CHANNEL 2 EQUIPMENTlR713 

I INPUT DISCONNECT l R714 

WRITE REQUEST 2 WRITE REQUEST K714 

t--.--t--+ K 700 

K729 

CLEAR CHANNEL 2 BFR 

J931 

WRITE 

TO EXTERNAL 
MEMORY UNIT 

K722 

J884 

13 DATA 
LINES 
FROM 
EXTERNAL 
MEMORY 
UNIT 

J805 

R002 
THROUG 

ROii 



UNIT 

K700 

K701 

UT READY CHANNEL 2 EQUIPMENT) R717 

PUT RESUME CHANNEL 2 EQUIPMENT)R713 

I INPUT DISCONNECT l R714 

RESUME 2 

WRITE REQUEST 2 WRITE REQUEST K714 

t---+-t--+ K 700 

K729 

Cl.EAR CHANNEL 2 BFR 

J931 

WRITE 

TO EXTERNAL 
llEllORY UNIT 

K722 

J884 

13 DATA 
LINES 
FROM 
EXTERNAL 
MEMORY 
UNIT 

J805 

RESUME I 
WRITE- FROM EXTERNAL MEMORY UNIT 

R041 

RESUME 

J884 

BFR 

(INPUT READY CHANNEL 3 EQUIPMENT) R767 

(OUTPUT RESUME CHANNEL 2 EQUIPMENT) R763 

(INPUT DISCONNECT) R764 

0.1 )ISEC 

D711 

13 DATA 
LINES TO 
EXTERNAL 
MEMORY 
UNIT 

K772 
I READ REQUEST 

BER CHANNEL I 

l 1 1ER 

543 

J771 T021 
THROUGH 

J781 T031 

J784 T034 

AODRESS 
SELECTION 
13 DATA LINES 
TO EXTERNAL 
MEMORY UNIT 

BANK 
SELECTION 
I DATA LINES 
TO EXTERNAL 
MEMORY UNIT 



0. 1 microsecond, the set output of K040/K041 initiates the channel 3 resume 

cycle which updates the contents of the channel 3 BER. The memory-to

memory transfer continues until the contents of channel 2 BER and BXR are 

equal. When this condition occurs, the transfer of data from one memory bank 

to another is complete. 
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LOGIC DIAGRAMS 

• Symbol Index 

• Logic Diagrams 



fl040 
fl04l 
fl40l 
D403 
fl404 
fl405 
fl406 
fl407 
fl408 
fl476 
flS93 
DMO 
0602 
fl603 
fl606 
fl607 
D700 
n701 
0702 
0703 
()704 
0705 
fl7Mi 
[)707 
D7nA 
0709 
D7l0 
D7l l 
D712 
D713 
0714 
fl71S 
fl716 
D7l 7 
fl718 
D719 
D7?0 
D721 
D7?2 
0809 
0810 
0917 
D967 
D993 
J476 
JSOl 
JSfl2 
JS03 
Jsn4 
Jsns 
Jsn6 
Jsn7 
JsnA 
J509 
JS Jn 
J511 
Js12 
JS13 
JSI4 
JSlS 
JS16 
J523 

1M004A 
IM003A 
!K018A 
! N013C 
I '10130 
}MOOSA 
IMOOSR 
l "1013A 
JNOORA 
1C027A 
J "1001 A 
!N026A 
lN027A 
JMOOSC 
!C023A 
1on14A 
!L007B 
!LOIRA 
ll007C 
ll006A 
1L0070 
!0012A 
J .J003A 
li<OlOA 
!C009A 
JC0;:>6A 
lC023A 
1C023C 
!COOSA 
1C023D 
1Cn;>4A 
1co2sA 
tNnJ4A 
Jf.;007A 
l i:.-01211 
I l'"nl 3A 
1Ln;>3A 
ll024A 
ll02SA 
]M005D 
JL007A 
10009A 
Jlln23A 
100!8A 
J0007A 
l One l A 
10020A 
100208 
ll'l007A 
!00170 
J0016R 
100l6A 
ll'"Ol8R 
lM009R 
JMOORB 
tM009A 
lMOl SR 
1N007A 
1N006A 
1N006R 
JM014A 
J0015A 

.2 MICRO SEC nELAY-CLFAP l'lES r FF 

.t MICRO SEC nFLAY-PES I 
S MICPO SEC DELAY-CLR AFR CTRLS-CH 2 
·l MicRO SEC nFLAY-REr.ISTER SET PULSE 
-I Mii-RO SEC nELAY-FXT EQtlIP TO AFR-CH 2 
•l MicRO SEC nELAY•I/O UNTT RESUME TO COMPtlTf 
•l MICRO SEC nELAY-NOT-INA? 
•l MICRO SEC nELAY-FUNCTION REAOY CONTROL•CH.2 
.5 MICRO SEC nFLAY·EXTEl'lNAL FUNCTION READY-CH 2 
.2 MICRO SEC nELAY•NOT-MTM2 TRANSFER 
2 MICRO SEC DFLAY•OUTPUT RESUME-CH 3 
s MICRO SEC DELAY-cLR AFR cTRLS-CH 3 
•l MICRO SEC nELAY-EXT EQUIP TO BFR•CH 3 
.1 MicRO SEC nELAY-NOT-INA? 
·l MicPO SEC nELAY-FUNCTION REAnY CONTRL-CH 3 
34'!1• i'licRO SEC OELAY•EXTERl'IAL FUNCTION READY-CH_ 3 
• l Mri:RO SEC nf"LAY-.:.fxr fQUIP .TO BFR-CH 2 
.1 1-'ICRO SEC DELAY-MEMORY REQUEST 
.1 1-'IcRO SEC nELAY-RES FF1-cH 2 
.2 MICRO SEC nELAY-RES FF?-CH 2 
·l "'lrRO SEC nFLAY-NOT-RES FF2-cH. 2 
23,5 MICRO SEC DELAY-FUNCTTON RfAOY 
3,5 MICRO SEC DELAY-INFORMATION READY 
·2 Mf cRO SEC nELAY-INPUT READY·cH 2 
3·,s' 14JCRO ~EC PEt..AY•INFORMATfoN Rf'AQY•CH 3 
•2 MICRO SEC nELAY-INPUT RFADY·cH 3 
•l MJcRO SEC ~ELAY-EXT EQUIP TO AFR•CH 3 
•l MicRO SEC nFLAY-RES FF1-CH 3 
•2 MICRO SEC nELAY•RES FF?-CH 3 
·l MicRO SEC nFLAY-NOT-RES FF2-cH 3 
•2 1-'IcRO SEC nELAY-INPUT OJSC Pt~SE-CH 2 
.2 1-'JcRO SEC nELAY-INPUT DISC PULSE-CH 3 
3,5 MrcRO SEC OFLAY- DATA TO FXT EQUIPMENT 
,2 MICRO SEC nELAY-CH 3 PPTORITY 
,3 MICRO SEC flELAY•READ RFSUME-cH 3 
,2 MICRO SEC nFLAY-MEM TO AFR-CH 3 
•2 MicRO SEC nELAY-cH.2 PRIORITY 
,3 MICRO SEC DELAY-READ RESUME-CH 2 
•2 MJcRO SEC nELAY-1-'EM TO AFR-CH 2 
•l MICRO SEC DFLAY•IBI2•IB02 PULSE 
•l MICRO SEC nELAY•IBI2+IR02 PULSE 
3.5 MICRO SEC DFLAY-INPUT RFAOY-CH 2 
3,5 Mf CRO SEC OFLAY•INPUT READY-CH 3 
2 MICRO SEC DFLAY•OUTPUT RESUME-CH 2 
NOT-INP AFR ACTIVE CH 3 MTM2 
NOT·BFR TO A CH 3 
GATF PER TO A CH 3 
GATE pER TO A CH 3 
COMPUTE OR MEMORY MASTER CLEAR 
NOT•COMPUTE TO AFR CH 3 
GATE fOMPUTE flATA TO AFR CH 3 
GATE COMPUTE nATA TO AFR CH 3 
NOT-<INP RDY•OUT RES•INP nrsc1-cH 3 
INPUT DJScONNi:.-cT CONTROL CH 3 
CH.3 "!USY 
BUFFER TERMINATION INTERRUPT CONTROL-CH 3 
BUFl'"ER TERMINATION INTERRUPT-CH 3 
CLEAR AFR CONTROL-CH 3 
CLEAR AFR CH 1 
CLEAR BFR CH 3 
FUNCTION READY CONTROL•CH 1 
EXT. fQUIP, To AFR CONTPOL~CH 3 

6 
6 
3 
5 
6 
!S 
6 
!S 
!S 
3 
9 
3 
9 
9 
5 
5 
6 
6 
6 
6 
6 
s 
6 
6 
9 
9 
9 
9 
9 
9 
5 
5 
6 
1 
9 
9 
3 
6 
6 
6 
6 
6 
9 
6 
3 
5 
s 
5 
1 
s 
5 
5 
9 
c:; 
1 
5 
c:; 
9 
9 
9 
5 
9 

JS?S 
JS26 
J527 
JS?B 
J5?9 
JS30 
JS31 
JS32 
J533 
J534 
J535 
J536 
J537 
J538 
J539 
JS40 
J54l 
J543 
J544 
J545 
J546 
JS47 
J54!> 
J549 
J550 
JS<;l 
J5S2 
J555 
JSS6 
J557 
JSSR 
J559 
J561 
J562 
J563 
JS64 
J565 
J593 
JS94 
J610 
J6J J 
Jnl2 
J613 
J614 
J6J5 
J(,lfi 
J617 
J61B 
J6]9 
J635 
J636 
J700 
J7nt 
J702 
J703 
J704 
J7os 
J706 
J707 
J710 
J7]1 
J71? 

lCOlllA 
I On22A 
JM0?2A 
}N022R 
1 Fn22A 
l l'"022B 
1L020A 
1L020R 
1L021A 
lD025A 
lfl025R 
lfl026A 
Jfl026R 
!F0?7A 
Ii'"027A 
!F026A 
l 1'"026A 
1 (;Q26A 
l M25A 
1<;024A 
I MOll A 
}00228 
10021A 
1C008A 
1C008A 
!FOl4A 
l 1'"014R 
l FOl IA 
IFOil R 
1 ri'o1 OA 
lFOIOR 
li<009A 
Il'"023A 
1F023A 
!1'"0?4A 
!C003B 
Ii'"024R 
}N002B 
}N002A 
J(;009A 
l Ml OR 
IC002B 
lll0098 
l r.011 A 
lGOl2A 
1(;01611 
IG014A 
1(.;01 SA 
IM13A 
Jf.;00411 
l(.;OOSA 
I M02"iA 
JM02511 
!M024A 
I LO?l R 
11-'0248 
}M022A 
10005A 
JM022R 
}(;018A 
lMlOA 
!1'027A 

INA3 CH 3 NOT BUSY 
EXT. i:.-QUIP. To AFR CONTROL-CH 3 
GATE i:.-xT. EQUyP. DATA TO BFR-cH 3 
GATF i:.-xT. EQUIP. DATA TO BFR-cH 3 
GATF F!FR DATA TO COMPtlTE-CH 3 
GATF "!FR DATA TO COMPllTE-CH 3 
BFR TO MEMORY CONTROL-CH 1 
GATE RFR TO 1-'FMORY-CH 3 
GATE RFR TO MEMORY-CH 3 
RANK t TO RANK 2 BER CH 3 
RANK } TO RANK 2 AFR cH 3 
RANK 1 TO RANK 2 AFR CH 3 
RANK j TO RANK ? RFP CH 3 
ADVANCE RER CH 1 
ADVANCE RER CH 3 
ADVANCE RER CH 3 
ADVANCE BER CH 3 
GATE RER•BRC TO~MFMORY-CH 1 
GATF RER•BBC TO MEMORY-CH 3 
GATE RER•RBC TO MEMORY•CH 1 
1-'EMORY TO BFR CONTPOL-CH 1 
GATE MEMORY To RFR-cH 3 
GATE MEMORY To AFR-CH 3 
GATE AFR TO EXT, EQUIPME.NT•CH 3 
GATE eFR TO EXT, FQUIPMENT-cH 3 
COMPUfE TO ABC CONTROL-CH 1 
GATE COMPUTE flATA TO ABC-CH 3 
A TO PER CONTROL-CH 3 
GATE A TO RER-CH 3 
GATE A TO RER-CH 3 
GATE A TO BER-CH 3 
GATE A TO BER-CH 3 
A TO RXR CONTROL•CH 3 
GATE A TO BXR-CH 3 
GATE A TO RXR-CH 1 
GATE A TO AXR-CH 3 
GATE A TO BXR-CH 3 
OUTPUT RESUME-CH 3 
OUTPUT RESUME-CH 3 
CH 3 RER COUNTER CARRY LOGIC 
CH 3 RER COUNTFR CARRY LOGIC 
CH 3 BER COUNTER CARRY LOGIC 
CH 3 BER COUNTER CARRY LOGIC 
CH 3 sER,sXR COMPARE LOGIC 
CH 3 BERtRXR COMPARE LOGIC 
CH 3 RER,BXR COMPARE LOGIC 
CH 3 BERtBXR COMPARE LOGIC 
CH 3 RERtRXR COMPARE LOGIC 
CH 3 RERtBXR COMPARE LOGIC 
BER=RXR CH 3 
BEl'l NOT=BXR CH 1 
NOT•CH 2 SELECTED 
CHANNEL SELECT COOF INVERTFR-RIT O 
CH ? SELECTED 
NOT•CH 3 SFLFCTEfl 
CH ;> SELEcTFD 
CH 3 SELECTEn 
23.s MICRO SEc DELAYEn FUNCTION READY 
CH ) SELECTED 
CH 2 RER COUNTER CARRY LOGIC 
CH 2 RFR COllNTER CARRY LOGIC 
CH ? RER COllNTFR CARRY LOGIC 

9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9· 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
9 
s 
s 
5 
5 
i; 

5 
<; 
5 
5 
5 
5 
5 
9 
9 

11 
11 
11 
11 
11 
11 
I l 
li 
11 
11 
11 
11 

3 
3 
3 
3 
3 
3 
5 
3 
A 
8 
8 



'1713 l(;Ol8A 
J714 l GOl 9A 
J715 MO;>OA 
J716 lG021A 
J7l7 lGOl7A 
J7l9 1G022A 
J7I9 \r,013R 
J720 1P027R 
J721 1P026R 
J7?2 }P025R 
J7;>3 1 P024R 
J7?4 !P023R 
J7;>S l P022R 
J7('6 1 P021 R 
J777 JP020A 
J728 l P(ll 9R 
J729 JP018R 
Jno 1Po11R 
J731 }P()Jl)R 
J7J2 JPO!SR 
JBS 1G004A 

·\J716 l G003A 
J741 !NOOSA 
J742 1NoosR 
J743 1N004A 
J744 1N004R 
J750 1P027A 
.1751 !P026A 
J7<;2 1P02SA 
J7s3 1P024A 
J754 1P023A 
J755 }P022A 
J756 l P021A 
J7'i7 1P020A 
J758 1P019A 
J7'i9 1P018A 
J76fl }P017A 
JUil JP0!6A 
J762 lPOlSA 
J763 Jr.lOJIA 
J764 lQOllR 
JU,5 !flOlOA 
J766 }Q0}08 
J770 1P014A. 
J771 1P014R 

'J772 1P013A 
. J773 1 PnJ 38 

J774 !P012A 
J775 }POJ2R 
J776 lPOllA 
J777 1Po11a 
J779 JPOJOA 
J779 l POlOR 
J780 J P009A 

·J78l JP009B 
,)782 ]OO!nA 
J7R3 }001 OR 
J784 !0006A 
J7RS !OOOl'>B 
Jsoo l 00?6A 
JSOI lfll023A 
JBO~ x, .}Ol\:!!6R 

CH 2 RER COUNTfR CARRY LOGIC 
CH ? RERtBXR COMPARE LOGIC 
CH.2 RERtBXR COMPARE LOGIC 
CH 2 RERtBXR COMPARE LOGIC 
CH 2 RERtBXR COMPARE LOGIC 
CH ? RfR,RXP COMPARE LOGIC 
CH 2 RERtRXP COMPARE LOGIC 
DATA !NVERTFR-DATA FROM COMPUTE-R!T 0 
DATA {NVERTER-DATA FROM COMPUTE-RIT l 
DATA yNVERTER-DATA FROM COMPUTE-BIT 2 
DATA JNVERTER-DATA FROM COMPUTE-BIT 3 
DATA iNVERTFR-DATA FROM COMPUTE-All 4 
DATA jNVERTFR-DaT• FROM COMPUTE-All 5 
DATA yNVERTER-DATA FROM COMPUTE-BIT 6 
DATA !NVERTER-DATA FROM COMPUTF-BIT 7 
DATA iNVFRTER-OATA FROM COMPUTE-BIT 8 
DATA INVERTER-DATA FROM COMPUTE-BIT 9 
DATA tNVERTFR-DATA FROM COMPUTE-BIT 10 
DATA TNVERTER-DATA FROM COMPUTE-PIT 11 
DATA INVERTER-DATA FROM COMPUTE-BIT 12 
BER=RXR CH 2 
BER NOT=RXR CH2 
DATA jNVERTER-DATA FROM COMPUTE-BIT l 
DATA fNVERTER-OATA FROM COMPUTE-BIT 2 
DATA jNVERTER-DATA FROM COMPUTE-BIT 3 
DATA iNVERTER-DATA FROM COMPUTE-BIT 4 
BER,BFR DATA TO COMPUTE-BIT O 
BER,AFR DATA TO COMPUTE-BIT 1 
RER,BFR DATA TO COMPUTE-BIT 2 
BER,BFR DATA TO COMPUTE-BIT 1 
BER,BFR DATA TO COMPUTE-BIT 4 
BERoBFR DATA TO COMPUTE-BIT S 
BER,RFR DATA TO COMPUTE-BIT 6 
BER,RFR DATA TO COMPUTE-BIT 7 
BER,BFR DATA TO COMPUTE-BIT R 
BER,BFR DATA TO COMPUTE-BIT 9 
BER,RFR DATA TO COMPUTE-BIT lo 
BERtAFR DATA TO COMPUTE-BIT 11 
BER,BFR DATA TO COMPUTE-BIT 12 
GATE BER.aFR TO COMPUTE-BITS o-6 
GATE RER•RFR TO COMPUTE-BITS 7-]2 
GATF nATA TO FXTERNAL MFMORY-BITS 0-6 
GATE DATA TO FXTERNAL MEMORY-BITS 7-12 
ADDRESS To FXTERNAL MEMORY-RIT 0 
ADDRESS TO EXTERNAL MfMORY-BIT 1 
ADDRESS TO FXTFRNAL MFMORY•BIT.? 
ADDRESS TO FXTFRNAL MFMORY•RIT 3 
ADDRESS To EXTERNAL MFMORY-BIT 4 
ADDRESS TO EXTERNAL MFMORY-BIT 5 
ADDRESS TO EXTERNAL MFMORY-BIT I\ 
ADDRESS TO EXTFRNAL MFMORY-BIT 7 
ADDRESS TO fXTFRNAL MEMORY•RIT s 
ADDRESS TO EXTERNAL MEMORY-BIT q 
ADDRESS TO EXTFRNAL MFMORY-BIT 10 
ADDRESS TO EXTERNAL MFMORY•BIT 11 
ADDRESS TO EXTERNAL MFMORY•BIT 12 
BANK SELECT TO FXTFRNAL MEMORY-RIT l 
BANK SELECT To EXTERNAL MFMORY-sIT 2 
BANK SELECT To EXTFRNAL MFMORY-sIT 3 
NOT-MC•CBC2•CH 2 BFR TERM INT 
NOT-Mc•CBC3+CH 1 BFR TERM+MTM2 TERM 
CLEAR BUFFER cONTROLS-CH ? 

8 
8 
R 
A 
8 
8 
8 
3 
3. 
3 
3 
3 
3 
3 
3 
"l 
'l 
3 
3 
3 
8 
8 
3 
3 
3 
3 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
3 
3 
3 

JR03 
Jf104 
JBOS 
JA06 
JA07 
JA08 
J809 
JBlO 
JA40 
J8'i0 
Jfl'il 
Jfl'i2 
J853 
JA54 
JR'i'i 
JR'i6 
JR"i7 
JB5R 
JAS9 
JA60 
JRl\l 
JA62 
JBR4 
J8'1S 
JRR7 
J889 
JA91 
J892 
JR93 
JA94 
J895 
J896 
JB97 
J901 
J902 
J903 
Jqos 
J906 
J907 
J90A 
J909 
J910 
J911 
J912 
J913 
J914 
J9JS 
J9lli 
J917 
J9;:>3 
,J9?S 
J9;:>6 
J927 
J9?A 
J929 
J930 
J93l 
J932 
J933 
J'l34 
J935 
J'l'l6 

l0024A 
l0025R 
l'l0?4R 
1co20A 
1C019B 
]1<0048 
lNOllA 
I NOl l 8 
lN007R 
100058 
10004A 
100048 
J0003A 
!0003B 
10002A 
J0002R 
1P00411 
}P004R 
1P003A 
JP003R 
JP002A 
}P002R 
1M006A 
lMOlOA 
ll<OllB 
JMOJOB 
!C021R 
1N0038 
l M017B 
1K009A 
!L0148 
1L012A 
lLOl2B 
1N012A 
lNOl2R 
lNO!OA 
lNO!OA 
1N009A 
l N0098 
1F'Ol8A 
lL019A 
lM008A 
1M017A 
}M016A 
}N003A 
JM016R 
JMOlSA 
1MOJ4R 
!Ull4A 
l ornss 
lCOlBB 
100078 
11"006A 
1F006fl 
!F007A 
!F007B 
1l.Ol6A 
IL016A 
IL017A 
1M020A 
JMO?OB 
IM0\9A 

CLEAR RUFFEP CONTROLS•CH 3 
CLEAR BUFFER cONTROL5-CH ? 
CLEAR BUFFER cONTROLS-CH 3 
NOT-IRI+IRO 
IBI•IRO 
NOT•CRC 
!BI !PULSED) 
IBO !PULSEDl 
RESUME l CONTROL 
DATA TO EXTERNAL MEMORY-BIT 0 
DATA io EXTERNAL MEMORY-BIT 1 
DATA TO EXTERNAL MEMORY-BIT 2 
DATA TO EXTFRNAl MEMORY-BIT 3 
DATA TO EXTFRNAL MEMORY-BIT 4 
DATA TO EXTERNAL MFMORY-BIT 5 
DATA TO EXTERNAL MFMORY•BTT 6 
DATA TO EXTERNAL MFMOPY-STT 7 
DATA TO EXTERNAL MEMORY·BTT B 
DATA TO EXTERNAL MEMORY-BIT 9 
DATA TO EXTERNAL MEMORY-BIT In 
DATA TO EXTERNAL MEMORY-BIT 11 
DATA TO EXTERNAL MEMORY•BIT 12 
REQUEST MEMOPY CONTROL 
REflUFST MEMORY CONTROL 
REQUEST READ 
REQUEST WRITE 
NOT-!NA!2+3) nISCONNEcT 
INAl2•3l D!SCONNECT 
NOT-INA{2+3l CH NOT BllSY+FUNCTION READY 
110 RESUME CONTROL 
I/O RESUME CONTROL 
I/O RESUME TO COMPUTE 
I/O RFSUME LOGIC TO coMPUTF 
BER To A CONTROL-CH 2 
GATE PER TO A-CH ? 
GATE RER TO A-CH 2 
NOT-COMPUTE TO 8FR CH 2 
GATE COMPUTE DATA TO sFR CH 2 
GATE COMPUTE DATA TO RFR CH 2 
NOT-!yNP RDY•oUT RES•INP DTSCl-cH 2 
INPUT DIScONNFCT CONTROL-CH ? 
CH.2 RUSY 
BUFFER TERMINATION INTERRUPT cONTROL-cH, 2 
BUFFER TERMINATION INTERRUPT-CH 2 
CLEAR RFR CONTROL-CH ? 
CLEAR BFR-CH ? 
CLEAR BFR•CH 2 
FUNCTION READY CONTROL-CH ? 
CH 2 PRIORITY CONTROL 
EXT FQUIP, To RFR CONTROL-CH 2 
INA2 CH 2 NOT RUSY 
EXT, FOU!P, To RFP CONTROL•CH 2 
GATF FXT. EQUIPMENT DATA TO BFR-CH 2 
GATE FXT. EQUIPMENT DATA TO AFR-CH 2 
GATE RFR TO COMPUTF-CH 2 
GATE aFR TO COMPUTE-CH ? 
NOT·RFOUEST WRITE CH 2 
GATE pFR TO MEMORY-CH 2 
GATF RFR TO MrMORY-cH. 2 
RANK ! TO RANK 2 AER CH 2 
RANK l TO RANK 2 BFR CH 2 
RANK l TO RANK ? AFR CH 2 
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3 
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5 
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6 
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J937 1MnJ9B RANK I TO RANK 2 BER CH 2 6 KJ?O 1 I024A CH 2 RER•RIT ? 8 
J93R )rln?6R ADVANCE BER CH ? 6 Kl ?l 1T023A CH 2 RER•R IT ? 8 
J939 inn271'1 ADVANCE BfR CH 2 6 K1?2 tHn24A CH 2 RER RANK 21COUNTERl•AIT ? 8 
J94(1 \rl0?5R ADVANCE BER CH. 2 6 KI 23 JH024R CH ? RER RANK 21COUNTFRl•R!T ? A 
J941 JG024R ADVANCF BER CH ? 6 Kl26 !J023A CH 3 BER•BIT 2 11 
Jq43 1LOl11'1 GATE RERtBRC TO MFMORY•CH .2 6 Kl?7 1J022A CH 3 BER•BIT 2 11 
J944 1 Lnt lA GATE RfR,RBC TO MEMORY-CH 2 6 K!2R l Hn! 2A CH 3 BER RANK 21cnuNTER>-srT ? 1 i 
Jq45 JLO!OA GATE RERtRBC TO MEMORY-CH 2 6 KJ29 JHnJ28 CH 3 BER RANK 2!COUNTER)·BIT ? 11 
J946 1L008A MEMORY TO BFR CONTROL-CH ? 6 K130 l Tn22A CH 2 AER•RIT 1 A 

J947 !LOOBB GATE MEMORY To BFR-cH.2 6 KJ31 l !0228 CH 2 Rl'"R•BIT 1 R 

J948 tLntOR GATF MEMORY To RFR•CH2 6 Kl"l2 1H023A CH 2 RER RANK ;>!COUNTFRl•BIT 'I ll 
J949 JF004A GATE RFR TO EXT. EOUIPMENT-CH 2 6. K!33 !H023R CH 2 RER RANK 2 (COUNT FR) •fl IT 3 8 
J9t;O !F004R GATE RFR TO EXT, fOUIPMENT•CH,2 6 Kl31\ 1 J021A CH 3 BER-BIT 3 11 
J9<;1 10013A COMPUTE TO ABC CONTROL-CH 2 i; K!17 LJ021A CH 3 BER-RIT 3 l i 
J952 l 1'1013A GATE (OMPUTE OATA TO RBC-CH 2 5 Kl38 JHOllA CH 3 AER RANK 2<coUNTERl-RIT 3 11 
J9'i4 lPOOAA NOT·SFT flBC•SET BER+SFT BXR c; Kl VJ lHOll A CH 3 REA RANK ?ICOUNTERl-AIT 3 l l 
J955 JP007A A TO RER CONTROL-CH 2 '! Kl40 1 T021 A CH 2 RER·RIT 4 B 
J956 lPOn7B GATE A TO AFR CH ? 'i Kl4l l T020A CH 2 AER·BIT 4 fl 
J957 1P006A GATE A TO BER CH 2 'i K!42 lH022A CH ? RER RANK 2<COUNTFRl-RTT 4 8 
J95A JP006fl GATE A TO BER CH 2 5 K!43 JH022fl CH ? RER RANK ?!COUNTFR)•A!T 4 8 
J95Q l 001 7A GATE A TO BER CH 2 5 Kl41\ l .JO?OA CH ~ AER-B IT 4 11 
JQl\O !POOSA SET RRC•SET BER+SET BXR 5 1<147 l JOl 9A CH 3 BER-BIT 4 11 
J%l JP005fl A TO RXR CONTROL-CH 2 5 1<]48 lHOlOA CH 3 BER RANK 21COUNTERl·RIT 4 11 
J962 !OOOAR GATE A TO AXR CH 2 5 Kl49 lHOll'IR CH 3 REA RANK ?ICOUNTERl~AIT 4 li 
J963 1 OOOAA GATE A TO AXR CH 2 5 KJSO l IOl 911 CH 2 RfR•B!T 'i 8 
Jq;<,4 l OOllR GATE A TO BXR CH 2 5 K15l IT01BA CH 2 RFR·BIT 'i 8 
J965 !OO!lA GATE ,. TO BXR CH.? 5 K!t;2 lH021A CH 2 RfR RANK 21COUNTFAl·RJT 5 8 
J966 !L019B SET RRC+SET BER+SET BXR IPULSFDl 5 Kl53 !H021B CH 2 RER RANK 21COUNTER>·BIT 5 8 
J972 l L'll 7B MTM2 3 Kl 'i6 1J018A CH 3 SEP-BIT 5 11 
J973 1R0078 PARITY CHECK 5 Kl'i7 !J017A CH 3 BER-BIT 5 ll 
J993 100199 OUTPUT RESUME-CH 2 6 KJ58 IH009A CH 3 BER RANK 2!COUNTERl·BIT 5 ll 
J994 J00!9A OUTPUT RESUME-CH 2 6 KJ<;9 !H009B CH 3 BER RANK 2(COUNTER>•R!T 5 11 
KOOO JM017A CH 2 AUFFEP RANK CONTROL-8 IT 0 5 Kl60 1T017A CH 2 RE'R•RIT 6 A 
KOOl JN017B CH 2 BUFFER RANK CONTROL-BIT 0 c; I< 11\ l 1T017R CH 2 Fl!"R·B IT 6 A 
1<006 1N021A CH 3 9UFFER RANK CONTROL-R!T 0 5 KJ62 1H020A CH 2 RER RANK-2CCOUNTFRl•BIT ,., R 
K007 1 ~1021 B CH 3 BUFFEP RANK CONTROL-BIT 0 5 K}63 JH0208 CH 2 RER RANK ?(COUNTFRl-BlT 6 ll 
KOJO JN016A CH 2 BUFFER RANK cONTAOL-AIT l 5 I< 166 1 J016A CH 3 BEP-BIT 6 li 
11'01! 1N016R CH 2 BUFFER RANK cONTROL-sIT I 5 l<J67 !J016A CH 3 FIER•AIT I\ 11 
K0l6 JM020A CH 3 sUFFER RANK cONTAOL·RrT 1 5 Kll\R JHOOBA CH 3 AER RANK 2<COUNTEP>·8!T 6 Ii 
K0l7 1M020B CH 3 RUFFE'R RANK CONTROL-BIT 1 5 K!69 1H008R CH 3 BER RANK 21COUNTERl•AlT 6 11 
1<1'120 lMOlSA CH 2 sUFFEP BANK CONTROL-fl IT 2 'i K170 l tnl 6A CH 2 RER-BIT 7 B 
KO:>l JN0158 CH 2 RUFFER RANK cONTROL-sIT 2 s KJ 71 l TOl SA CH 2 BER-BIT 7 8 
K026 IN019A CH 3 RUFFER RANK cONTROL•R!T 2 c; K}72 JH019A CH 2 RFR RANK 2 I COUNT FR) •A!T 7 8 
K0?7 !N0!9B CH 3 RUFFER RANK CONTROL-BIT 2 5 K!73 }H0198 CH 2 RER RANK ;>!COtJNTER>-RIT 7 R 
1<040 JM002A REStJMF l FIF 6 K)76 lJOlSA CH 3 8ER-8IT 7 11 
K04l ]M002R RESUME l FIF 6 1<177 IJOl4A CH 3 8ER-FIIT 1 11 
Kl 00 1 T026A CH 2 REP-BIT o 8 1<'178 JH007A CH 3 AER RANK 2<couNTEAl-RIT 7 11 
K!Ol 1I026R CH 2 RER-BIT 0 8 K179 !H007B CH 3 RER RANK ?(COlJNTER>•sIT 7 1 j 
KJ02 1H026A CH 2 RER RANK 21COUNTFRl•RIT 0 R KlAO l T014A CH ? RER-AIT A 8 
KJ03 !H026R CH 2 RER RANK 21COUNTfRl·BTT o 8 KJ R] lt013A CH 2 RER-BIT R !L 

KlOI\ !J025A CH 3 BER•B!T 0 11 KJR2 !HO! BA CH 2 RER RANK ?!COUNTFAl-AIT R A 

KJ07 IJ025R CH 3 RER•RIT 0 li K!B3 !HOlBB CH 2 AFR RANK 21COUNTER)-RTT A A 
KJOA JHOJ4A CH 3 AER RANK 2(COUNTER>-srT 0 I I 1<186 !JOl3A CH 3 BER•BIT A 11 
Kl09 !H014R CH 3 RER RANK 21COUNTERl•RIT 0 11 K1A7 !J012A CH 3 AER•RIT 8 11 
Kl!O l I025A CH 2 RER·AIT l 8 KlA!l lHOOl\A CH 3 BER PANK ;>ICoUNTERl•RIT 8 11 
Kt 11 ii'n2s13 CH 2 RER-BIT i 8 K!B9 1H006B CH 3 AER PANK 21COUNTER>•BIT 8 I I 
Kl!2 1H025A CH 2 REP RANK 21COUNTFR)-BTT 8 Kl90 1io12• CH 2 RfR-RIT 9 8 
K!13 !H0251'1 CH 2 RER RANK 2 I COUNTER l •BIT 8 1<191 l I0121'1 CH 2 AER•RIT q A 

I< 116 1J024A CH 3 AER-BIT l 11 Kl92 1H017A CH ;> RER RANK 21COUNTFR>-BIT 9 8 
Kll7 1J024R CH 3 BER-BIT I 11 1<193 !H017B CH ? RER RANK 21COUNTEPl•RIT 9 8 
1<118 JH013A CH 3 AER RANK 2(COlJNTERl·RIT 11 K) 96 lJO!lA CH 3 BER•AIT 9 11 
Kll9 JH013B CH 3 BER RANK ;>ICOlJNTEAl•AIT 11 Kl97 1JO11 R CH 3 AER-BIT 9 II 



Kl9R !HOOSA CH 3 BER RANK 2(COUNTERl-8IT 9 11 1<390 lFOlBA CH 2 RXR-R!T 9 8 
Kl99 lHOOSR CH 3 BER RANK ;>(COUNTERl-RIT 9 11 K3'll lEOlBB CH 2 RXR-RtT q 8 
K200 l JOllA CH 2 RER-BIT 10 8 K396 lEOOSA CH 3 RXR-B!T q 11 
1<201 l YOlO~ CH 2 RER-BIT JO 8 K397 lFOOSB CH 3 BXR·B!T 9 ll 
K202 1H016A CH 2 RER RANK 21COUNTERl-BIT 10 8 K400 1!'017A CH 2 RXR·R IT l 0 B 
K203 1H0168 CH 2 RER RANK 2(COUNTER)•BIT 10 8 1<401 1 fill 78 CH 2 RXR-BIT 10 8 
K206 lJOIOA CH 3 BER-BIT IO 11 K406 IF00411 CH 3 RXR·fl!T 10 1 i 
1<207 1J009A CH 3 flER·BIT 10 11 1<407 I F004B CH 3 BXR•B!T JO ll 
1<208 1H004A CH 3 BER RANK ;>!COUNTER>•BIT lo 11 1<410 1F016A CH 2 RXR·BIT l l 8 
1<209 1 H0048 CH 3 AER RANK 21COUNTERl•AIT 10 11 K4ll 1F016B CH 2 r;XR·AIT i I 8 
1<210 1T009A CH 2 RER·BIT i l B K416 1E003A CH 3 BXR·B!T 11 11 
K211 l TOOAA CH 2 REA-BIT 1 l B 1<417 1F003B CH 3 BXR-8 IT l l 1 i 
K212 lHOlSA CH 2 REA RANK 21COUNTERl•BIT 11 8 1<4?0 lEOlSA CH 2 l'IXR•BIT 12 8 
K2!3 1 HO! SI'! CH 2 RER RANK 21COUNTER)•RIT 11 8 K4?1 IEOlSA CH 2 RXR•BIT }2 8 
K216 lJOOBA CH 3 BER-BIT 11 11 1<4?6 1E002A CH 3 BXR-B!T l? 11 
K217 1J00411 CH 3 BER-BIT 11 11 1<427 1F002A CH 3 BXR·B!T !? 11 
K218 1H003A CH 3 BER RANK ;>!COUNTEPl·BIT IJ 11 K450 1M013A INPUT BUFFER CH 2 1 
1<219 1H003B CH 3 BER RANK 21COUNTERl•BIT 11 11 K451 JM013B INPUT BUFFER CH 2 3 
K220 l I007A CH ? RER·BIT l2 8 K452 1M0!2A OUTPUT BUFFER CH ? 3. 
K2?1 1 T004A CH 2 PER-BIT J2 8 1<453 1 M012B OUTPUT BUFFFR CH 2 3 
K2?2 1 I003A CH i' PER RANK ;:>!COUNTFR>-BIT ]2 8 K472 1K01911 CLEAR RUFFER CONTROLS 1 CH 2 3. 
K223 1!0030 CH 2 REA RANK 2<COUNTEA>•BIT 12 8 K473 1K019A CLEAR BUFFER CONTROLS l CH 2 3 
K226 1J007A CH 3 BER-BIT li? 1 i K474 !K020A CLEAR BUFFER CONTROLS 2 CH 2 3 
K2?7 1I006A CH 3 BER-BIT 12 l i. 1<475 !K020R CLEAR BUFFER CONTROLS 2 c;H 2 3 
K228 !J002A CH 3 flER RANK 2 !COUNTERl •AIT I;> ll K476 lt<021A MTM2 TRANSFER 3 
K229 1J002R CH 3 BER RANI< ;:>I COUNTER l -BIT l ;> 11 K477 1K021R MTM2 TRANSFER 3 
1<300 lF027A CH 2 pXR-BIT n B K500 l0024A CH 2 AFR OATA RFGISTEP·BIT 0 7 
1<301 lf"027B CH ;> R~R-8IT o B KSOl I0024R CH 2 AFR DATA REGISTER-AIT 0 1 
K306 1E014A CH 3 BXR•BIT n 11 K506 10012A CH 3 BFR DATA REGISTER-BIT O 10 
1<307 lEOl4R CH 3 BXR-RIT 0 11 1<5n7 10012R CH 3 BFR DATA REGISTER-SIT O io 
K310 lF026A CH 2 AXR·BIT l 8 KSlO lnG23A CH 2 AFR DATA REGISTER-BIT 1 1 K311 1E026B CH 2 AXR•AIT l B K511 100230 CH 2 AFR DATA RFGISTER•BIT I 1 
1<316 IE'Ol3A CH 3 BXR•BJT 1 li KS16 lOOllA CH 3 BFR DATA REGISTER-BIT l 10 
K317 lFOl 38 CH 3 BXR•RJT l Ii K517 100118 CH 3 BFR DATA REGISTER-BIT 1 10 
1<320 1F02511 CH ;:> AXR·BIT ? B KS20 l0022A CH 2 AFR DATA REGISTER-RIT 2 7 
1<3?1 1F'025B CH 2 AXR·BIT ? B KS?l l 0022B CH 2 AFR DATA REGISTER-BIT 2 7 
1<326 1F012A CH 3 BXR-BJT 2 11 K526 IOOlOA CH 3 AFR DATA REGISTER·flIT 2 10 
1<327 1E012A CH 3 AXR-BIT 2 li 1<527 lOOlOB CH 3 AFR DATA REGISTER-BIT 2 lo 
1<330 1F0?4A CH ;> AXR•BIT ' B KS30 10021A CH 2 AFR DATA REGISTER-BIT 3 t 
K331 1E024B CH 2 AXR·BIT 1 8 1<531 Hl021A CH 2 AFR DATA REGISTER-BIT 3 7 
K336 lFOllA CH 3 BXR•BIT 3 11 K536 !0009A CH 3 BFR DATA REGISTER-BIT 3 10' 
K337 lEOllR CH 3 BXR-BIT 3 ll 1<537 !M09B CH 3 AFR DATA REGJSTEA·BIT 3 10 
K340 1E023A CH 2 RXR·BIT 4 B K540 l0020A CH 2 AFR DATA RFGISTER•BIT 4 1 
1<341 1E0?3B CH 2 RXR•BIT 4 8 K54l l0020B CH 2 AFR DATA RFGISTER·BIT 4 1 
K346 1F010A CH 3 BXR-RIT 4 11 KS46 1nooeA CH 3 AFR OATA REGISTER-BIT 4 10 
K347 IF''OlOB CH 3 BXR-RIT 4 Ii K547 100088 CH 3 BFR DATA REGISTER-BIT 4 1 ii 
K350 IF0?2A CH 2 Am-BIT c; 8 Ksc;o 1no19A CH ;> AFR DATA RFGISTEP•AIT 5 7 
K351 1F022R CH 2 RXR·BIT 5 B 1<551 1nn19B CH 2 AFR DATA REGISTER-BIT 5 7 
K356 l E'009A CH 3 RXR·BIT 5 11 KS% lf'I007A CH 3 BFR DATA REGISTER-BIT 5 10 
K357 I F009B CH 3 AXA-BIT '5 ll 1<557 trl007B CH 3 AFR DATA REGISTER-BIT 5 10 
K360 1F021A CH ;> RXR•BIT ,, B K<;F.O 1no10A CH 2 AFR DATA RFGISTER·RIT 6 7 
K3F.l ll"021R CH 2 AXR•BIT r, A KSl\l 1001BR CH 2 AFR DATA RFGISTEP·BIT 6 7 
K366 lFOOAA CH 3 AXA•BIT 6 11 KSt'.6 10006A CH 3 AFR OATA REGISTFR-B!T 6 lo 
K367 !F'OOBR CH 3 BXR-BIT I\ 11 KSl\7 1M06A CH 3 AFR DATA REGISTFR•BIT 6 10 
1<370 lf020A CH 2 AXR•BIT 7 8 K570 1no1111 CH 2 RFR DATA RFGISTER-BIT 7 7 
K371 I E020R CH 2 RXR-BIT 7 8 K57l Hl017R CH 2 AFR DATA REGISTER-BIT 7 7 
1<376 !f'"007A CH 3 RXR-BIT 7 II 1<576 IDOOSA CH 3 BFR DATA REGJSTFR-BTT 7 10 
1<377 l !'007B CH 3 BXR•BIT 7 l l K577 lOOOSR CH 3 BFR DATA RfGTSTFR•BIT 7 10 
K380 IEOl9A CH 2 AXR-BIT A A KSRO !0016A CH ;> AFR DATA RFGISTER•RIT A 7 
K3AI 1E019B CH 2 RXR·BIT R 8 KSAI In016A CH 2 AFR DATA REGISTER•BIT 8 7 
K3A6 IF006A CH 3 BXR•BIT A l i l<SM 1000411 CH 3 AFR DATA REGISTER-BIT 8 10 
K387 I F'006R CH 3 BXR·BIT 8 11 i<c;R7 10004R CH 3 BFR DATA REGISTER-BIT 8 10 



KS90 
1<591 
KS96 

.1(597 
K6·oo 
l<'.601 
K6nt'1 
K6f17 
K610 
K611 
K616 
K617 
K6;>0 
K62l 
K626 
K6;>7 
K6S0 
K6'i1 
K6'i2 
Kli53 
K672 
K673 
Kii74 
K1i75 
K700 
K70l 
K702 
K703 
K704 
K705 
K7f11'> 
K707 
K7!0 
1<711 
K712 
K713 
K714 
K715 
K716 
K717 
1<718 
K719 
K7?0 
K7?1 
K722 
K7?3 
K7?4 
K7?5 
K7?6 
K7?7 
K7;>8 
K7;>9 
K730 
K731 
K754 
K755 
K762 
K763 
K764 
K765 
K71\6 
K767 

100l5A 
· 1Ml5R 
10003A 
l0003A 
l0014A 
lM14A 
1000211 
l0002R 
J0013A 
10013R 
!OOOlA 
lDOOlB 
JC003A 
lCOOlA 
1C002A 
H':OOlR 
lKO;>SA 
1K025R 
1K024A 
1K0;>4R 
)F016A 
lf'Ol6A 
1FOJ511 
1F0!5R 
}K015A 
}K0!4~ 

lK013A 
JK014B 
!K012A 
1 KOll A 
1 L013A 
1L0!3B 
11<00811 
lKOORB 
1K007A 
JK007R 
JK006A 
1K006R 
1K005A 
1K004A 
1K003A 
1K003R 
lL004A 
1L004B 
ll.00311 
1L003R 
1L00211 
1Ul02A 
!C020A 
1C019A 
ll026A 
1L0;>6B 
JK016A 
J K11! 6!! 
!CO;>?A 
!CO?lA 
!C017A 
lCOl 78 
lC01611 
1C016R 
lCOlOA 
1C015B 

CH 2 RFR DATA REGISTEP-RIT 9 
CH ;>"AFR OATA AFGISTER-AIT 9 
CH 3 BFR DATA PEGTSTFP•BIT 9 
CH 3 BFA DATA RFGJSTFP·BIT 9 
CH ;> RFR DATA RFGISTER·BIT 10 
CH 2 RFR DATA RFGISTEP·BIT JO 
CH 3 BFR DATA REGISTER-BIT 10 
CH 3 BFR DATA REGJSTFR•B!T 10 
CH ;> pFR DATA RFGISTEP·AIT 11 
CH 2 RFR DATA REGISTER-BIT 11 
CH 3 BFR DATA REGISTER-BIT 11 
CH 3 BFA DATA REGISTER-BIT Ii 
CH ? AFR DATA RFGISTER-BIT 12 
CH 2 AFR OATA RFGISTER•RIT 12 
CH 3 BFR DATA REGYSTFR-BTT 12 
CH 3 AFR DATA REG!STFR-AIT 12 
INPUT BUFFER CH 3 
INPUT BUFFER CH 3 
OUTPUT BUFFER CH 3 
OUTPUT BUFFER CH 3 
CLEAR BUFFER cONTROLS l CH 3 
CLEAR BUFFER CONTROLS 1 CH 3 
CLEAR RUFFER CONTROLS 2 CH 3 
CLEAR RUFFER cONTROtS ? CH 3 
CH 2 PRIORITY 
CH 2 PRIORITY 
CH 3 PRIORITY 
CH 3 PRIORITY 
INPUT REQUEST-CH 2 
INPUT REQUEST-CH 2 
I/O RFSUME 
I/O RfSUME 
CH.2 TERMINATFD IN MTM? TRANSFER 
CH.;> TERMINATFD IN MTM2 TRANSFER 
INPUT TO A-CH 2 
INPUT TO A•CH ? 
WRITE REQUEST-CH ? 
WRITE REQUEST-CH 2 
RESUMF F/F t•cH 2 
RESllMf F/F )•CH 2 
RESIJMF F/F ;>•CH 2 
RESIJMF F/F 2-CH 2 
RESIJMF F/F 3-CH 2 
RESUME F/F 3-CH 2 
READ REQUEST-CH 2 
READ RFQUEST-cH 2 
INFORMATION REAOY-CH ? 
INFORMATION READY-CH ? 
PARITY ERROR-CH 2 
PARITY ERROR-CH 2 
READ RESUME-CH 2 
READ PESUME-CH ? 
PARITY ERROR TEST-CH ? 
PARITY ERROR TEST-CH ? 
INPUT REQUFST-cH 3 
INPllT REQUEST-CH 3 
INPUT TO A-CH 3 
INPUT TO A•CH 3 
WRITE REQUEST-CH 3 
WRITE REQUEST-CH 3· 
RESUMF F/F 1-cH 3 
RESUMF F/F !•CH 3 
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6 
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Ii 
5 
s 
6 
6 
5 
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9 
9 
9 
9 
9 
9 
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1<7t'll 
K71'-9 
K770 
K771 
K772 
K773 
1<774 
K77S 
1<776 
1<777 
1<778 
K779 
K780 
K7Rl 
ROOO 
ROOl 
RQ02 
Roo3 
R004 
Roos 
R006 
R007 
ROO!J 
R009 
AOlO 
ROll 
A012 
R04l 
R043 
R063 
R064 
R067 
R068 
R069 
R070 
R071 
R072 
R073 
R074 
A075 
R076 
Ro77 
RISO 
R!Sl 
RJ52 
RlS3 
RlS4 
Rl55 
RJ56 
Rl57 
Rl58 
Rl59 
Rl60 
R!6l 
R!62 
R700 
R701 
R702 
R703 
R704 
R705 
R706 

IC014A 
](~014B 

1 C013A 
l Ml 3R 
!Cf112A 
lCOl?B 
lCOl lA 
1C015A 
lN025A 
J00;>5A 
1F020A 
1F020B 
1K017A 
JK0178 
JS027A 
!50278 
1S026A 
!S026B 
15025A 
1502SB 
lS024A 
1S024B 
l S023A 
150238 
1S022A 
150228 
1S021B 
1S021A 
1S020A 
IS020B 
1S019A 
1S018B 
1S017A 
1S0178' 
l S0l 6A 
1S016B 
lSOlSA 
1 SOl SB 
15014A 
!S014B 
1S013A 
1S006A 
1S013B 
!S012A 
}S012B 
lSOllA 
1so11e 
lSOlOA 
lSOlOB 
1S009A 
1S0098 
!S008A 
1S008B 
1S007A 
1S007B 
1R027A 
1R027B 
1R026A 
1R026B 
1R025A 
1R025B 
1R024A 

RESUMF F/F ?-CH 3 
RESllMF F/F ;>-cH 3 
AE~l~F F/F ]•CH 3 
RESUMF F/F 3•CH 3 
REAO RFQUEST-cH 3 
READ RFQUEST•CH 3 
INFORMATION AEAOY-CH 3 
INFORMATION READY-CH 3 
PARITY ERAOR-cH 3 
PARITY ERRoR-cH 3 
READ RESUME-CH 3 
READ RESUME-CH 3 
PARITY ERROR TEST-CH 3 
P.AR!TY ERROR TEST-CH 3 
DATA FROM MEMOPY•BIT O 
DATA FROM MEMORY•BIT l 
DATA FROM MEMORY-BIT ;> 
DATA FROM MEMORY-BIT 3 
DATA FROM MEMORY-BIT 4 
DATA FROM MEMORY-BIT 5 
DATA FROM MEMORY-BIT 6 
DATA FROM MEMORV•BIT 7 
DATA FROM MFMOAY·BIT e 
DATA FROM MEMORY-BIT 9 
DATA FROM MEMORY-BIT JO 
DATA FROM MEMORY-BIT 11 
DATA FROM MEMORY-BIT 12 
RESUME 1 
PAA I Ty ERROR 
FUNCTION READY 
I/O CHANNEL SELECT CODE-BIT 0 
INITIATE BUFFfR INPUT 
INITIATE BUFFER OUTPUT 
SET BUFFER BANK CONTROL 
SET BER 
SET BXR 
BER To A 
INA2 (INVERTED> 
CLEAR BUFFER CONTROL 
MASTER CLEAR FROM COMPUTE<INVERTED> 
MTM2 
MASTER CLEAR FROM MEMORY <INVERTEDl 
DATA FROM COMPUTE-BIT 0 
DATA FROM COMPUTE-BIT l 
DATA FROM COMPUTE-BIT 2 
DATA FROM COMPUTE-SIT 3 
DATA FROM COMPUTE-BIT 4 
DATA FROM COMPUTE-BIT 5 
DATA FROM COMPUTE-BIT 6 
DATA FROM COMPUTE-BIT 7 
DATA FROM COMPUTE-BIT 8 
DATA FROM COMPUTE-BIT 9 
DATA FROM COMPUTE-BIT 10 
DATA FROM COMPUTE-BIT 11 
DATA FROM COMPUTE-BIT 12 
DATA FROM EXT. EQUIPMENT•cH 2•BIT 0 
DATA FROM EXt. EQUIPMENT-CH 2•BJT l 
DATA FROM EXT. EQUIPMENT-CH 2-srr 2 
DATA FROM EXT. EQUIPMENT-CH 2•BIT J 
DATA FROM EXT. EQUIPMENT-CH 2•BIT 4 
DATA FROM EXT. EQUIPMENT•CH 2-B!T 5 
DATA FROM EX!. EQUIPMENT-CH 2•BIT 6 

9 
9 
9 
9 
9 
9 
9 
9 
s 
s 
9 
9 
5 
5 
1 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
7 
6 
s 
'5 
3 
6 
6 
5 
5 
5 
s 
6 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
7 
7 
7 
7 
7 
7 
7 



R707 1R024B OATA FROM EXT• EQUIPMENT•CH 2•BIT 7 Tl50 lTUl 1A UATA TO (.;OMl'UTE.•IHT u 4 
R70B 1R023A OATA FROM EXT. EQUIPMENT-CH 2-01t ·ll 7 tis1 lTUi 11! UATA TU [OMl'UTE·lllT l 4 

·R709 1R023B OATA FROM EXT. EQUIPMENT-CH 2•BIT y 7 fl52 lTOlUA UATA TO COMl'UTE•llIT i! 4 
R710 1R022A OATA FROM EXT. EQUIPMENT-CH 2-BJT lo 7 Ti53 lTOlUll UATA TO CoMPUTt-llIT j 4 
R711 1R022B OATA FROM EXT. EQUIPMENT-CH 2•BJT ll 7 Tl54 iTU09A UATA TO COMPUTE·llIT 4 4 
R712 1R021A OATA FROM EXT 0 EQUIPMENT-CH 2•BJT i2 7 Tl55 lTOOYB UATA TO COMPUTE•Blt s 4 
R713 1R021B OUTPUT RE.SUM£•CH 2 6 Tl56 iT008A UATA TO COMl'UTE.-BIT b 4 
R714 1R020A INPUT DISCONNECT-CH 2 5 H57 1T008tl UATA TO COMPUTE-BIT -, 4 
R715 1R0208 INTERRUPT l·CH 2 5 Tl58 iTU07A UATA TO CciMl'VTE-~It & 4 
R716 1R019A lNTERRUPi 2•CH 2 5 ti59 1T0078 UATA TO CciMl'VTE-~IT 9 4 
R717 lROlOA INPUT -READY•CH 2 6 ti60 lTOObA UATA TO i;oMPUTE-~lT io 4 
R750 1R0198 DATA FROM EXT. EQUIPMENT-CH 3 -au 0 10 Tl61 iTOUbtl UATA TO COMPUTE•!! IT ! l 4 

. R751 lROlBA OA TA .FROM EXT• EQUIPMENT-CH j -alt 1 io T162 lTOO!>A UATA TO COM~UTE•lllt 12 4 

. R752 lROlBB OATA FROM EXT. EQUIPMENT-CH j -art 2 io T279 lSOOlll 1.;t1;2 BUSY 10-COMi'>UTE- 3 

. R753 }R017A UATA FROM EXT. EQUIPMENT-CH 3 ·BIT 3 io t2ao lSOOlA i:;ii;3 BUSY lo COM ... UTE 3 
R754 1R017B OATA FROM EXT. EQUIPMENT-CH 3 -art 4 io t2s1 iSOOlB et1;2 PAKlTY tRHOH tO COMPUTE 5 
R7SS 1R016A DATA FROM EXT. EQUIPMENT-CH 3 ·BIT 5 lo t2a2 lSOOJA i:;t1.3 PAHiTV ERROH TO ~UMPUTE 5 
R7S6 1R016B UATA FROM EXl. EQUIPMENT-CH 3 -srt 6 lei 1203 1S0031l i:l1~2 au~~~ii 1EHM1NiT10N iNTERRUPI 5 
R757 lROlSA DATA FROM EXT. fQUIPMENT·cH 3 -en 7 io · 1284 isoo4A i:i1.3 BUFFEH iEHM)NAf~ON lNtERRUPi 5 
R7SB 1R015B UATA FROM EXT. EQUIPMENT-CH 3 -en 8 lo t2Bs 1S0041l i:l1~2 INTERHUPT 1. TO-~OMPUTE - - 5 
R759 }R014A DATA FROM EXT. EQUIPMENT-CH 3 ·BIT 9 io T286 lSOO!>A i:H~2 INlERHUPT 2 to COMPUTE 5 
R760 1R0148 DATA FROM EXT. EQUIPMENT-CH 3 •BIT 10 lo t2a1 iSOOSll i:;t1;3 JNllRHU"'t l to COMPUTE 5 
R761 1R013A OATA FROM EXT. EQUIPMENT-CH j -sit 11 lo i2as lSOOlA 1;11.3 !NlERHUPT 2 TO COMPUTE 5 
R762 1R013B DATA FROM EXT. EQUIPMENT-CH 3 -ell i.2 ~o T100 }Q027A Cii-2 DA!A TO-EXT.-EQDJPMENT·BJT u 7 
R763 1R012A OUTPUT RESUM~·CH 3 9 T701 1Q02i'B CH 2 DATA TO EXT. EQUJPMENT·BJT 1 7 
R764 }R0128 INPUT DISCONNECT-CH 3 s T702 }Q02bA CH 2 DA!A To EXT~ EQ9JPMENT·BI! 2 7 
R765 lROllA INTERRUPT l·CH3 s T703 }Q026B CH 2 DATA TO EXTo EQUIPMENT-BIT 3 7 
R766 lROllB INTERRUPT 2•CH 3 s T704 1Q025A CH 2 DATA To EXT~ EQUIPMENT-BIT 4 7 
R767 lROlOt:l INPUT READY·CH•3 9 T705 1Q02SB CH 2 DATA TO EXT~ EQUIPMENT-Bit 5 7 
Toco 1T027A UATA TO EXTERNAL MEMDRY·BIT 0 4 T706 1Q024A CH 2 DATA TO EXT; EQUIPMENT-BIT 6 7 

, TOOl 1T027B DATA TO EXTEHNAL MEMORY-BIT 1 4 T707 1Q024B CH 2 DATA TO EXT. EQUIPMENT-BIT 7 7 
. T002 1T026A DATA TO EXTERNAL MEMORY•BIT 2 4 T1os }Q023A CH 2 DATA TO EXT. EQUIPMENT-BIT 8 7 

T003 1T026B DATA TO EXTEHNAL MEMO~Y-BIT 3 4 T709 }Q023B cH 2 DATA TO EXT~ EQUIPMENT-BIT 9 7 
Too4 1 T025A DATA TO EXTERNAL MEMORY-BIT 4 4 T710 }Q022A CH 2 DATA to EXT. EQUIPMENT-BIT 10 7 
Toes 1T025B DATA TO EXTERNAL MEMORY-BIT 5 4 T71 l }Q022B CH.2 DATA TO EXT. EQUIPMENT-Bit 11 7 
T006 1T024A DATA TO EXtEHNAL MEMORY-BIT 6 4 T712 }Q021A CH 2 DATA TO EXT. EQUIPMENT-BIT 12 7 
T007 1T024B OATA TO EXTERNAL MEMORY-BIT 7 4 T713 1Q021B INPUT REQUEST-CH 2 6 
Tooa IT023A DATA TO EXTERNAL MEMORY-BIT B 4 T714 1Q020A FUNCTION READY•CH 2 5 
T009 1T023B DATA TO EXTERNAL MEMORY-BIT 9 4 T715 1Q020B MASTER CLEAR•CH 2 3 
TolO Il022A DATA TO EXTERNAL MEMORY•BJT 10 4 T716 1Q009A INFORMATION READY•CH 2 6 
Toll lT022B UATA TO EXTERNAL MEMORY-BIT il 4 T750 1Q019A CH 3 DAfA TO EXT. EQUJPMENT•BIT 0 10 
TOI2 lT004A DATA TO EXTERNAL MEMORY-BIT 12 4 T7Sl 1Q019B CH 3 DATA to EXT. EQUIPMENT•BJf 1 io 
To20 .1T021A ADDRESS !O-EXTERNAL MEMORY-BIT 0 4 T752 lQOlBA CH 3 DATA TO EXT. EQUIPMENT-BIT 2 i.o 
To21 Il02iB ADDRESS TO EXTERNAL MEMORY-BIT l 4 I T153 1Q018B CH 3 DATA TO EXTo EQUIPMENT-BIT 3 io 
To22 Il020A ADDRESS to EXTERNAL MEMORY-BIT 2 4 T7S4 1Q017A CH 3 DATA TO EXT. EQUJPMENT•BIT 4 lo 
T023 Il020B ADDRESS TO EXTERNAL MEMORY-BIT 3 4 T755 }Q017B CH 3 DATA TO EXT. EQUJPMENT•BIT 5 10 
To24 1T019A ADDRESS TO EllTERNAL MEMORY-BIT 4 4 T7S6 }Q016A CH 3 DATA TO EXT. EQUIPMENT-BIT 6 10 
To2s 1T019B ADDRESS 10 EXTERNAL MEMORY-BIT 5 4 T7S7 }Q016B CH 3 DATA TO EXT. EQUIPMENT-BIT 7 10 
T026 lTOlBA ADDRESS TO EXTERNAL MEMORY-BIT 6 4 T15B }Q015A CH 3 DATA TO EXT. EQUIPMENT•BIT B 10 
To27 1T0188 ADDRESS fO EXTERNAL MEMORY-BIT 7 4 T759 lQOlSB CH 3 DATA TO EXTo EQUIPMENT-BIT 9 10 
To2a }T017A ADDRESS to EXTERNAL MEMORY-BIT 8 4 T760 1Q014A CH 3 DATA TO EXT. EQUIPMENT-BIT 10 10 
T029 1T017B ADDRESS TO EXTERNAL MEMORY-BIT 9 4 T761 1Q014B CH 3 DATA TO FXTo EQUIPMENT-BIT 11 10 
To30 1T016A ADDRESS TO EXTERNAL MEMORY-BIT 10 4 T762 1Q013A CH 3 DATA TO EXT. EQUIPMENT•BJT 12 10 
To31 1T016B ADDRESS to EXTERNAL MEMORY-BIT 11 4 T763 1Q013B INPUT REQUEST-CH 3 9 
T032 llOlSA ADDRESS to EXTERNAL MEMORY-BIT 12 4 T764 1Q012A FUNCTION READY•CH 3 5 
To33 1T015B llANK SELECT TO EXTERNAL MEMORY•BlT 1 4 T765 1Q012B MASTER CLEAR•CH 3 3 
To34 Il014A BANK SELEtt io EXTERNAL MEMORY-sit 2 4 T766 1Q009B INFORMATION READY•CH 3 9 
T035 1T014B BANK SELECT TO EXTERNAL MEMORY-BIT 3 4 
T037 1T013B HEQUEST MEHOHY - 6 
T038 lTOl2A HE.QUEST HEAU 6 
TOJ9 lTOi28 Hi:.QUEST WHlTt. 6 
to11 lTOO!>B i'O HE~(JM~ !~ ~OMPUT~ 5 
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NOTES, 

I. INTERPRET TO ENGINEERING STANOARD 3.01 002 
"PREPARATION OF LOG! C DI A GRAMS." 

2. CONNECTOR NUMBERS SHOWN ARE INTERPRETED IN 
THE FOLLOW! NG MANNER, 

A. J--07)---;03 

~R~ 
8. 

NO. NO. 

~~~ 
~R'"7i;-' 

NO. NO. 

THE DASH IN THE CONNECTOR 
NUMBER INDICATES CHASSIS 
CDNF I GURAT I ON I , 2 , OR 3 , 
DEPENDENT UPON SYSTEM APPLI -
CATION. THE CONNECTOR 
NUM!ER REPRESENTS EITHER THE 
SIG~AL INPUT OR TERMINATOR 
DEPENDENT UPON USE OF THE 
EQUIPMENT. IF THE CONNECTOR 
NUMBER SHOWN IS THE SIGNAL INPUT, 
THEN THE NEXT SEQUENT I AL CONNECTOR 
NUMBER IS THE TERMINATOR, OR 
J-02 C03, AS IN EXAMPLE A. THE 
3RD DIGIT IN THE PIN 
DESIGNATION INDICATES AN ODD 
PIN NUMBER. ONE WIRE IN A 
TW I S TED PA IR GOES TO TH I S PI N. 
THE OTHER WIRE OF THE TWISTED PAIR 
GOES TO THE NEXT SEQUENT I AL PIN 
NUMBER, OR J-0 I C04 AS IN 
EXAMPLE A. A PIN DESIGNATION 
REPRESENT I NG ONE WI RE IS 
INDICATED BY A LETTER, AS IN 
EXAMPLE B. 

3. THE FOLLOWING IS A LIST OF THE SUBTITLES AND THE 
SHEET ND'S OF EACH, 

SUBTITLE 

STATUS SHEET 
I /0 UN IT BLOCK DI AGRAM 
CHANNEL SELECT, PR I OR I TY LOGIC, AND DATA RECEIVERS 
DATA TRANSFER NETWORK 
COMPUTE INTERFACE, INTERRUPT, ANO BBC 
CHANNEL 2 I /0 CONTROL 
CHANNEL 2 BFR REG! STER 
CHANNEL 2 BER, BXR, AND COM' ARE 
CHANNEL 3 I /0 CONTROL 
CHANNEL 3 SFR REG I STER 
CHANNEL 3 BER, SXR, AND COMPARE 

4. LOGIC DI AGR~W CORRESPOND TO REV. S' ON B OF DOCUME~T 
NUMBE- 16901500 (I /0 UN IT MECHlfN I ZED DES I G~ DATA) 

5 1 4 

SHEET NO. 

I 
2 
3 
4 
5 
b 
7 
8 
9 
I 0 
II 

l 

UNLESS OTHERWISE SPECIFIED 

TOLERANCES ON 

FRACTtONS: DECIMALS: 

I 
2 

REVISIONS 
YM. ZONE DESCRIPTION 

A REVISED SEE ECO CB 19128 

B REVISED SEE ECO CB 19175 

•·• CONTROL DATA 
lit: CORPORATION 

GOVERNMENT SYSTEMS DIVISION 

B-BA-A--A--

A--A-A Al- -

I 2 3 4 5 6 1 8 9 10 Ii 

SHEET 

REVISION STATUS OF SHEETS 

ANGLES: MINN EAPOLI Se Ml N N ESOTA 
±~-•-co_N_TRA_CT~----------1 TIT LE 

APP!!OVEO , .• _-L '- ~ l/O UNIT 

°l3 1 2 1 

DATE APPROVED 

218/Gs ""·~"" 

I OF II 

D 

c 

~ 
-

0 
Q -
0 
(j) 
tO --

..._ 
0 

I-
Ill 
Ill 
:r 
"' 
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B 

COMPUTE 
UNIT 

5 

~ERRUPT 

~!TY ERROR 

DATA 

~RECEIVERS 

SHEET 3 

3 2 

REVISIONS 

SYM ZONE DESCRIPTION 

~ "I "I 

r-'----------1--~-------+------+---~·J 1 ~ CHANNEL 2 LOGIC 

I l ADVANCE BER ~ ~ ~ ~ 
l RANK l TO RANK Il 8 FFER BUFFER B FFE l 

.l~N~IT-"IA~T~E~B~U~F~F~ERc_cclNecP-"U'"'T-~~l-~------>I INPUT CONTROL EXT BFR ~ X 1 T COMPARE ENTRANCE BUFFER ~AT AR 

l~N~IT~IA~T~E~BU=F~F~ERc_~D~U~TP~U~T-~~"::<_~ _ _l~---__,.. OUTPUT CONTROL CLEAR BFR INTERRUPT r REGISTER ~ l'E'- REGISTER rl BANK r REGISTER 

INPUT READY 

INPUT~ A 

BER~ A 

' ' BFR EXT ~ SHEET t:l (2) SHEET 8 (2) rl SHEET r:. (2) CONTROL SHEET 7 (2) 

I ' SHEET (Z) MEM BFR ~ SHEET S SHEET II (3) SHEET II (3) SHEET 11 (3) SHEET 5 SHEET IG ~]) 

L~ -- SHEET (3)___; -- 1. 

~--·~.,~-~-~ ~~~ --.-i..., .... 
I 

L_ 

ENABLE 

--"'------~ ----- -------~ _____ "'i ___ y ..... -----r--"i 

~ 
w 
m 

0 
<D 
m 

t 
<i MEM~BFR 

:;&J~.Jllijl COMPUTE L !._,,., 
~~=;~:::~:~~~~---~ INTERFACEl<-OU""-'T~P~UTc._~RE~S~UM~E"---+----+--------t-------t--+------------------------jf------+--+-t-"D~U~TP~U~T-~R~E~SU~M~E~----
FIJNCTJQti READY CHANNEL SELECTION ~ INPUT DISCONNECT 

OUTPUT RESUME SHEET 5 ~ INTERRUPT I OR 2 

~ FUNCTION READY 

I'--------+----+--------- ____ ---------~ --------J --+---t-!!if_Q_RMATION_~~ 
!F-~~~~~-+--+----t-----------1'r--._--------+----+-------------------------+f--------j _ -+--+-''~NP~U~T~~R~E~Q~U~ES~T~---+ RESET PRIORITY 

MASTER CLEAR 
CHANNEL CHANNEL SELECTIQI'!-

CLEAR BUFFER SELECT MEM~MEM _____ ------------t-·--+--+----<~'~N~PU~T~-R~E_AD~Y~-----

f----------+~---+-----------+------------1---+----------------_Jl_UHER BUSY AND 

"' .-.--1 sfilcr CHANNEL READ REQUEST 
PRIORITY 

. __ J------ -----+-+--"M~A~S~T~ER~~C~L~E~A~R----~ I 

APPROVED 

MEMORY 
UNIT 

CHANNEL 
2 OR 3 

(DUPLICATE 
CONNECT10tii 

FOR 3 ) 

MEM-+ MEM WRITE R~ST .-.--1 
CLEAR 
CLEAR BUFFER _.,-1 

SHEET 3 r--._ 

"-

~-----l----+-------- ----- - ---- __l'i_Rlli_ 

'------------- ___ _ _______ ~ ___ -------t------.--1--"M~E~M~O~RY~~P~A~R~IT~Y_-------->~E~R_R~OR __ } 

1 ~----------- • __ -------------- ----! ---+-1-"M~EmM~OR~Y'--~R~E~Q~U~ES~T ___ _ 
READ 

LEGEND 

DATA 

CONTROL~ 

5 

r--._----------·----------------- -----

"'~---------- --- ···----------- -------

BFR--? COMPUTE DATA 

!~:;y MER~OUE5-~ TRANSFER 

___ --------- --1--~B~E~R _-->~M~E~M'-----"' 
BBC-+ MEM 
CHANNEL SELECTION 

CODE IOENT NO. Sil[ 

27963 c 

NETWORK 

SHEET 4 

I 10 UNIT BLOCK DIAGRAM 

3 2 

COMPUTE 
~ UNIT 

16901100 
SH ft T 2 

D 

c 



D 

c 

8 

A 

J-OIC03 

~-

5 

K21 I 
K217 
K41 I 
K417 

J-OIC05 S078 Pt5B 

'.-~162 -___;:~732 KZ21 ~ 1(220 L..- K227 
K226 K421 
K42G K427 
K426 

5 

~K620 
~K626 

K516 

K526 

K536 

K546 

DATA 

FROM 
COMPUTE 

MODULE 

--- f 3 2 

REVISIONS 
SYM. ZONE DESCRIPTION DATE APPROVED 

TRANSLATION B REVISED SEE ECO CB 19175 2 21·68 • i.h,"~' 

CHANNEL J-03AOI 

SELECT~ 
CODE 

J972 
BER 
Bf'R 
BXR 
BBC 
[)'476 

COMPUTE 
MASTER 

CLEAR 

J735 

WRITE 2 

Wiii'fE3 
Rfi'il3 

3 MEM--- BFR 

REA.O 2 

WRITE 3 

WRITE 3 

K475 

J512 
J911 

J504 

J512 

L __ 

J946 --+-------1 }-~l-----
K723 --

K764 -~J'"----.,., 

J905 
J901} 

CH2 
JgSI SELECTED 

J955 

J96! 

T7!3 

K704 
CH 2 

SELECT£:, 
K722 

K472} 

K727 M22A 

CH 2 
PRIORITY ----, 
K700 

~:~~ r-~ J943 

K701 1:J944 

J945 

J887 

J931 

t--~1(715 

~K716 
t-- K728 

4K778 

T763 

J501} J505 
J55! CH 3 

SELECTED 
J555 

J56l 

CLEAR 

CHANNEL SELECT AND PRIORITY LOGIC AND DATA RECEIVERS 

4 3 2 

N26A 

' K674 

Klllt74 

J884 

JBOB 

K 18A 

l not t[)t NT NO. 

27963 c 

CHANNEL 2 
BUSY 

CLEAR 

CONTROL @l-1 

CLEAR 

BUFFER CONTROL (CH 2) 

JBOO 

16901100 

D 

c 

A 



5 3 2 
REVISln~h 

SYM ZONE DESCRIPTIO'. [)Alf APPROVED 
J903 

REVISED SEE ECO CB 19128 2/8/68 l . 1~1, '"~ 

J545 
K226 
K220 

J945 

D K616 D 
K216 K026 

K 610 K020 

1<210 
EXTERNAL J533 

~M~ K016 ' MEMORY K626 
KOIO ,,r~ 

SELECT K620 J503 COi 
CODE K206 J93 3 

K600 COi 

~~68 K006 K 616 
,.J 903 KOOO K 610 

K596 

K 196 COi 
K226 K606 

K 590 
K220 K600 

K190 

J544 Tl6 B C03 
K586 K2 I 6 

~z-1-1--~/-~ K596 

KI 86 K2 I 0 K590 

K580 J944 

c I( 180 
K206 c K586 

K576 
K200 K580 

K! 76 
809 8u5 

1<570 K 196 1>---- K576 

K! 70 K 190 K 570 

K566 
903 BER I BFR TO K 186 K566 DATA TO K 166 
~ COMPUTE K 180 K5&.0 EXTERNAL MEMORY K560 

MODULE 
K160 

J529 K 176 K556 
K556 K 170 K560 
~m-- 801 J932 

>-m~ EXTERNAL A09 
K 166 K546 o"<t I( 150 
K 160 MEMORY 

K540 J 002 
ADORE SS 

K546 0 J543 A' 7 -t--Kl46 K 156 K536 ow 1(~40 Kl 50 K530 
(j)~ Kl 40 J943 
S:Q (/) 

..--i Ar;5 
K536 K 146 K526 >--+ A07 K 140 KSZO Kl 36 

>----K530 

Kl 30 A03 
K 136 K516 >-Kl 30 K510 

K526 

Kl 26 
A05 

r A05 
K520 K 126 ))---->- K506 

K ! 20 K 120 K500 

K5!6 A03 QlOA 
A03 K 116 ))--+ J931 K ! 16 

>--+ K 110 
K5l0 

J531 
Kt !O 

K 106 

K506 K 100 
AOI 

"'06 r k500 

A KIOO A 

~;~~ 
J50 t 
J901 

~<'DI 11'fNT NO. 

27963 c 16901100 
DATA TRANSFER NETWORK 

SCALE --- 4 

5 3 2 



0 

c 

8 

A 

CHANNEL 
SIGNALS 

FROM COMP. 

EXT 
EQPT 
CH2 

5 

J-0~01--) 
SET BBC 

Sl6A 
SET BXR 

3 

J705 

}"'" CH 2 

J-03001 --) )-----[fem 1-----_.,._ ________ ,_,~,__---------------+---+-~ 

R7l4 
R764 

J994 

Si68 

J925 

J9 I 6 --0~~~~'::::'._l_ _ _J 
0967 --LI-~~'-' 

1<763 

J-01co1--) 

J-09V --) 

J925 
INTERRUPT NO. I 

R208 S048 J-03001 

J-11 y --)~1~ --------------..·~>---+ 

INTERRUPT NO_ 2 
RI 9A SOSA J-03DC3 

J-11 E. --) )-->[]_R7i6]'-----------~>fr286fh r 

PARITY ERROR S20A 

J-07001--)~~ K776 

EXT 
EQPT 
CH 3 

CH 2 TO 
COMP 
UNIT 

K477 

J-14V ---j 

J525 

RI IA 

J-ISY --)~-----

R! I B 

J- t5l ---j ~-----

RO?B 

2 

BUFFER BANK CONTROL l.9:LU 
J785 J784 

DATA 
FROM 

COMPUTER 

RI 53 

BUFFER BANK CONTROL (CH 2) }""'" CH3 J785 J784 

DATA 
FROM 

COMPUTER 

RI 53 

J895 

K711 
lNTERRuPT NO.! 

S05B J-03005 

---~·[T2a7p r 

INTERRUPT NO. 2 
SOIA J-03007 

---->@88f--) :>--+ 

CH 3 TO 
COMPUTE 

UNIT 

J783 

J721 

J78"3 

J72 I 

RESUME 
TO COMP 

FCN READY 
TO EXT 

CH 3 
J-16T 

>--

A067 
R068 

J805 J807 --9 i>fN' NO 

J707 27963 c 
I COMPUTE INTERFACE, INTERRUPT, AND BBC 

809 
J704 K475 

0810 
16901100 

•,·A.I--- 5 

5 4 3 2 

0 

c 

oll'l 
0 

A 



5 

J736 -i 

D K453 J884 

K700 

K452 J917 

K650 K702 

K652 

K772 

JB06 

K702 

J806 

K450 J736 
K772 

c K650 K4 76 

K754 K451 

INPUT 

B 

A 

5 

4 3 2 
REVISIONS 

SYM ZONf DESCRIPTION 11ATf 

REVISED SEE ECO CB 19!28 218/68 

OUTPUT CHANNEL 2 

R041~ 
K700 

K453 

0720 

1- I 

-t Li IA t .. "' L24t::. K764 
J944 

TO MEMORY J531 K701 

J94T K7~.· 

} MEMORY LCJBA 
TO BFR E K730 

0722 

EXT J-llS 
0.2 j.J SE:: K729 

~~~G~~--7 
-- ---~- -~K781 

CH 2 
J908 

3.5 i-J SEC L25A 

INFORMATION READY 
TO EXT EQUIP CH 2 

>--
} "" ro """"' EQUIPMENT CH 2 

F048 

J925 INPUT CHANNEL 2 MIOB K700 

~ J- IO S INPUT REQUEST TO MEMORY MODULE 

TO EXT EQUIP CH 2 

} 
BFR TO 

COMPUTE 

~'546 

I 

J90I RESUME J908 

1 0.1 ).J __ SEC FF 2 

i------~~-~?;e 
L07C I K03A 

I t'\038 

J91 I 

~---------j-+-------j-----+-------t--+----------___..•K710 
J804 
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SECTION 3 

1/0 UNIT 

POWER DISTRIBUTION AND MCS PROTECTION DRA'MNGS 
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