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PREFACE 

The 1700 Customer Engineering Manual provides logic diagrams and circuit descriptions of 

the CONTROL DATA® 1700 Computer System. This manual contains information on all 

units contained in the main computer cabinet with the exception of the Basic Peripheral 

Equipment, which is in Pub. No. 60164200. I 

The circuit descriptions and diagrams are arranged to give a general continuity of logic 

flow. Thus, the Clock and Timing controls are given first, followed by the Register 

groupings, Adder/Shifter, etc. A special reference is made to the Command Timing 

sequences. These sequences give the detailed timing of each instruction. Thus, the 

Command Timing sequences logically interconnect various diagrams on a timed sequence 

basis. Refer to the 1700 Computer System Command Timing Charts, Pub. No. 60194500. 

The logic diagram symbol description and the block diagram description precede the 

detailed circuit descriptions. The Logic Diagram Symbol section lists each of the standard 

logic symbols used onthe diagrams and a brief description of their meaning and use. 
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LOGIC DIAGRAM SYMBOLS 

Two signals, a logical "0" and a logical "1", are the possible input or output 
conditions of a circuit. By convention, "1" is considered "up" and "0" is con
sidered "down" on a timing chart, for example. Detailed descriptions of logic 
symbols and their associated electronic representations are contained in the 
Printed Circuits Manual, Vols. 3 and 4. 

STANDARD LOGIC SYMBOLS 

The 1700 Computer logic is mainly composed of the CONTROL DATA 6000 
Series printed circuit modules. Standard logic diagram symbols for this type 
of printed circuit modules are inverters, test points, flip-flops, and twisted 
pair line drivers. 

INVERTERS 

An inverter is a logic element which provides an output that is an inversion of 
its input. When an inverter receives more than one input, "a's" take pre
cedence over" I' s" and drive the output of the inverter to "1". Because all of 
the several inputs have to be "1" to drive the output of the inverter to a "0", 
the inverter may be considered an inverting AND (or NAND) gate when more 
than one input is present. Logic diagrams show the basic inverter as an arrow 
into either a circle or a square (see Figure O. Both symbols represent the 
same electronic circuit and have the same logical interpretation. In a logic 
sequence of inverters, circle and square symbols are usually alternated asan 
aid in tracing signals, e. g., a "1" output from a square symbol implies a "1" 
output from subsequent squares in the logic chain if each symbol in the chain has 
only one input. 

Acceptable conventions for showing multiple inputs and outputs are given in 
Figure 2. Note that the output of inverter A is "0" only if inputs X, Y, and Z 
are all "1". The multiple outputs are identical. 

Figure 3 shows an example of an inverter network. Because multiple outputs 
are identical, Figure 4 shows only one arrow in cases where an inverter (A) 
serves as the single input to several succeeding inverters. In more complex 
inverter networks, multiple arrows are used (B to C and 0 because B is not 
the only input to C or D). 

~ ~ * DENOTES SPECIAL 
TEXT REFERENCE 

Figure 1. Inverter Symbols 

X 

Y~ ~ 
Figure 2. Multiple Inputs/Outputs 

w 

x 

Figure 3. Inverter Networks 

TEST POINTS 

A test point performs no logic function. Logic diagrams show the test point 
as a triangle (see Figure 4). Test points are numbered from 1 to 6. 

1-1-
Figure 4. Test Point Symbols 

FLIP-FLOPS (FF) 

The flip-flop is composed of two inverters and functions as a storage device 
with two stable states designated as set and clear (see Figure 5). The flip
flop is set when the set outPrut (B) is a "1" and clear when it is a "0". Note 
that the io.put (A) must be ' 0" to set the flip-flop, and (C) must be "0" to 
clear it. 

A 

C 

Figure 5. Flip-Flop Symbol 

WIRE TAB DESIGNATIONS 

Wire tab deSignations written next to a 
pin indicate where in the drawings the 
pin is connected. 3,5,7 - C37 - 6 
indicates a connection with pin 6 of 
module C37, found on pages 3, 5, and 
7. See Figure 5.1. 

PAGE LOCAT'ON PIN 

\ I / 
3,5,7 C37 6 

(X IN PLACE OF PIN NUMBERS 

DENOTES GROUND) 

Figure 5.1. Wire Tab Desigm:tions 
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TWISTED PAIR DRIVERS 

A Line Driver circuit transmits logic signals from one module to another. Modules 
are .connected by twisted-pair lines. The standard square or circle represents the 
twisted-pair driver. However, the output of the square or circle connects to a pin 
of the module. The pin is then wired to a pin on another module (see Figure 6). 
The ground wire of the pair is wired to the connector ground bus of each module. 
The pins are represented by small circles and are numbered from 1 to 28. (Pins 29 
and 30 are ground and +6 volts, respectively, and generally are not shown in logic 
diagrams.) The module location is shown above the card, and the module type is 
denoted in the upper right- hand corner. 

.--___ r=C-=.2_-i4,-MODULE LOCATION 

-P IN NUMBERS 

TWISTED PAIR 

Figure 6. Twisted-Pair Line Driver 

RECEIVER/ TRANSMITTER CIRCUITS 

The Receiver and Transmitter circuits detect and transmit signals from and to I/O 
interface respectively. The Receiver and Transmitter circuits are modifications of 
the standard 3000 Series circuits of the same name. These circuits are contained 
on a printed circuit module along with the standard inverter circuits. 

Figures 7 and 8 shows that Receiver and Transmitter circuits are represented by the 
square symbol with an "R" or "T" respectively. The two inputs to the receiver 
are each connected to two pins on the module. 

In Figure 7, a "1" input to R is inverted, causing a "1" output from pin 6 and a "0" 
output from pin 13. Thus, with a "1" input, the Receiver circuit produces both True 
and Not outputs. 

The Transmitter circuit receives a "1" input signal from a standard inverter or FF 
and transmits a "1" output signal to the I/O interface. In Figure 7, a "1" input to 
pins 7 and 9 causes a "1" output from T and thus to the I/O line. 

INPUT 
FROM I/O 
INTERFACE 

OUTPUT 

OUTPUT 

FROM 
STANOARD
C IRCU IT 

Figu ~e 7. Receiver /Transmitter Circuit Examples 

I TO I/O 
INTERFACE 

I 

I 

TRANSMITTER RECEIVER 

EACH STAGE OF 
FOUR EXTERNAL 

THE 
PINS 

~ 

ZS MODULES CONTA IN 
WITH I NTERNAL CONNECTIONS 

Figure 8. ZS Transmitter/Receiver Module 

SPECIAL CIRCUITS 

In addition to the standard symbols, the diagrams also use symbols representing 
special nonstandard circuits. The symbols for these circuits along with a brief 
description are given below. 

Special variations of the standard building block are indicated by the symbols shown 
on Figure 9. The symbol and schematic for the corresponding special circuit are 
shown on the applicable logic diagram and also on the module schematic in the 
Printed Circuits Manual. 

-@ -[!J ~ 0 
Figure 9. Special Circuits 

CAPACITIVE DELAY CIRCUITS 

Capacitive Delay circuits delay input" 1" signals a prescribed time before issuing 
an output "1" signal. The 1700 uses both fixed and variable delay circuits. Figure 10 
shows examples of both types. The delay time of the circuit and capacitor value are 
listed beside the capacitor symbol. The variable potentiometer enables adjustment of 
the delay time of the circuit within certain limits. 

1ELAY TIME 

leAP, VALUE 

FIXED DELAY 

+6V 

DELAY TIME 

rCAP, VALUE 

VARIABLE DELAY 

Figure 10. Capacitive Delay Circuits 
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BLOCK DIAGRAM 

The block diagram shows the main circuits in the 1704 Arithmetic and Control 
portion of the CONTROL DATA 1700 small industrial computer. The I/O 
and memory interfaces are indicated. 

As shown, the 1704 consists mainly of registers, the adder/shifter network, 
and control circuits. In general, the registers contain quantities for some 
period of time. When the quantities require an Arithmetic, Logical, or 
Transfer operation, they are transmitted through the adder/shifter network. 
The adder! shifter combines the quantities with one another in a Logical or 
Arithmetic operation, operates on them independently as in a shift, or simply 
serves as a path for the contents of one register to transfer to another register. 
Thus, the adder/shifter serves as the main path for all Arithmetic, Logical, 
or Inter-Register Transfer operations. 

MAIN REGISTERS 

The function of the main registers shown on the block diagram is briefly 
described in the following paragraphs. 

Z REGISTER 

The 18-bit Z register temporarily stores all data words being read from or 
written into storage. Bits 16 and 17 are not part of the data but are the program 
protect and parity bits respectively. Control operates on these bits independently 
from the data bits. 

In a Read Memory operation, the 16 data bits transfer to the X register. In 
a Write operation, the data bits to be written are transferred from X to Z 
register. 

X REGISTER 

The 16-bit X register holds the data bits transferring to or from the Z register. 
This register holds one of the parameters in most Arithmetic operations. When 
the X register contains an instruction, the high-order 8 bits transfer to the F 
register for translation. 

F REGISTER 

The 8-bit F register contains the instruction code and/or addressing mode 
bits. The translation of these bits direct the execution of the instructions. 

Y REGISTER 

The 16-bit Address register contains the storage address for transfer to the 
S register during a storage reference. The Y register in conjunction with the 
Y Decrementer also functions as a counter during the multiply and shift 
instructions. The Y register temporarily stores the incomplete addresses 
during address modification and the final effective address when modification 
is complete. 

S REGISTER 

The 15-bit Storage Address register contains the effective storage address 
transferred from the Y register or from the external storage access. All 
address selection for internal storage access is controlled by the contents 
of the Y register. 

P REGISTER 

The 15-bit P register contains the program address of the instruction currently 
being executed. In the later stages of instruction execution, except in certain 
Jump and Skip instrUctions, the P register is advanced by adding +1 in the 
adder/shifter network for referencing the next instruction. 

A REGISTER 

The 16-bit A register functions as the principal register in most Arithmetic 
and Logical operations. 

Q REGISTER 

The 16-bit Q register serves as the auxiliary register in most Arithmetic 
and Logical operations. 

MASK REGISTER 

The 16-bit Mask register contains the int.errupt mask bits. 'Each'bit in the Mask 
register corresponds to a particular interrupt line. In order for a particular 
type of interrupt to be recognized when it occurs, the corresponding bit in the 
Mask register must be a "1". 

ADDEND/AUGEND GATES 

The addend/augend gates serve as the input gate control for the adder/shifter. 
In most Arithmetic, Logical, or Register Transfer operations, one input is 
selected by the addend gates and one by the augend gates. Thus, four inputs 
are applied to addend and augend gates respectively. 

ADDER/SHIFTER 

The adder/shifter performs all Arithmetic and Logical operations on the 
register contents. The adder/shifter also serves as the transfer path for all 
Inter-Register Transfer operations. 

MAIN CONTROL 

The main control circuits are shown on the right side of the block diagram. 

v 
Rev. A 



MANUAL CONTROLS 

The manual controls consist of the start, stop, manual set, and indicator control 
circuits. Thus, the manual controls initiate all start, stop, and manual selection 
operations in the computer. 

CLOCK 

The clock circuit produces 4-phase, 25-nsec clock pulses which form the timing 
base for all control operations in the computer. 

TIMING CHAIN 

With an input from the clock and manual controls, the timing chain produces a series 
of eight controlled 25-nsec timing pulses at 50-nsec intervals. 

SEQUENCE CONTROL 

The sequence control circuit controls the mode of operation for the execution of a 
given instruction. There are five general modes of operation: 

1) Read Next Instruction (RNI) 
2) Address Mode (ADR) 
3) Read Operand (ROP) 
4) Store Operand (STO) 
5) Register Transfer Mode (REG) 

The execution of an instruction may pass through two or more modes of operation. 
All instructions begin in the RNI mode and then enter one or more of the other modes 
in sequence. 

CYCLE CONTROL 

Three main timing cycles control instruction operation: the A cycle, B cycle. and C 
cycle. The A cycle begins with an initial start or resume from storage. The A cycle 
enables such operations as addressing, initial register transfers, etc. 

The B cycle is initiated immediately after the A cycle except in multiply, divide, and 
shift operations. The B cycle initiates storage operations. 

The C cycle begins after. the A cycle and performs multiply, divide, or shift cycle 
iterations. 

REGISTER. TRANSFER CONTROLS 

This circuit controls the transfer of registers in the computer based on the cycle, 
sequence mode, and instruction being executed. 

ADDRESSING CONTROL 

This circuit controls the modification of the address in storage reference instruction. 
The addressinll control circuit receives inputs from cycle control, sequence control, 
and the address control bits in the instruction. 
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MASTER CLOCK - NORMAL SPEED 

Timing in the 1700 is controlled by a 4-phase master cloek. Four. 2S-nsec 

pulses are issued each minor cycle to control movement of data and instructions. 

The master clock oscillator consists of a TO module and a V50 module. To form 

the 25-nsec pulses, a pulse from the TO is ANDed with a similar pulse which has 

--I25jE-75 --t 
I I I 

too 

been delayed and inverted by the V50. The result is a series of pulses (primary 

clock) which are fanned out through V31 and TC modules to be used as timing 

control. 

t25 

150 

~~n n n r 
Inn n~~ 

4 - PHASE CLOCK 
(FROM FAN- OUT I 

t75 
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MASTER CLOCK - SLOW AND FAST 

The master 'clock pulse rate may be increased or decreased by substitution of 

a V51 or V52 in place of a V50 module. The V51 module has a longer oscillator 

loop than the normal V50 module. 

The V52 module has a shorter oscillator loop which increases the clock speed by 

shortening the wires between the TD and V52 module. 

The V51 and V52 modules are for maintenance only and can not be used for normal 

computer operation. 
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TIMING CHAIN AND CONTROL 

The timing chain for the 1700 Computer consists of two V69 modules. Each 

module contains four FFs connected together, forming a chain of eight FFs 

(HOO-H07). Each FF is gated by a clock pulse. As a "1" passes down the chain, 

each FF is set for 75 nsec. The FFs alternately set at tOO and t50 and clear at 

t25 and t75, thus overlapping each other by 25 nsec. Normally, the total cycle 

time for one pass of the timing chain is 400 nsec. The exception is explained 

below under Short Cycle 1. 

The timing chain enables the VOOO-V350 25-nsec pulses. The V pulses occur at 

tOO and t50, simultaneous to the setting of the timing chain FFs. 

T pulses, V pulses, and H--FFs control computer timing, with the exception of 

storage control. Storage control uses a separate timing chain consisting of K--FFs. 

Shown on the top of page 7 are a number of fan-outs for the timing chain. The fan

outs are shown as partial modules, because they are illcluded on modules of un-. 

related logic. 

SHORT CYCLE 1 

During Multiply and Shift instructions, time 250 occurs 100 nsec early. This 

sequence occurs only during the C cycle when the Short Cycle 1 (SC1) signal is 

present. FF H02 sets at time 100, but an SC1 signal blocks the setting of H03 at 

time 150. Instead, the H02 enable leaves module V69 through pin 5 and enters 

the second V69 module at pin 25. The SC1 signal at pin 23 enables the setting of 

H05 at time 250. FFs H03 and H04 are not set during the SC1 condition. 

START TIMING CHAIN 

Initially, the timing chain starts by enabling the RUN/STEP or TEST MODE 

switches. The Run/Step or Test Mode switch sets the Go 1 FF on module 

V49, p. 19. The Go 2 FF (module V55) sets and starts the timing chain if the 

Go 1 signal is present and the Display FF set. The Go 2 FF sets at time 25 and 

tlie timing chain starts 75 nsec later at time 00. 

REST ART TIMING CHAIN 

There are three main gates for restarting the timing chain without using the 

manual switches. These are the conditions for restarting the computer during 

program control. 

1) 

2) 

3) 

4) 

Stop 2 FF clear and Storage Resume signal present 

H07 (MC) [B cycle + (IM.OP.) (ROP)] 

or 

H05 and SC 2 

or 

Go 2 FF set 

The first condition restarts the timing chain after a storage reference. The 

second condition restarts the timing chain at the end of the B cycle if no storage 

reference is initiated or at the end of the A and C cycles. The third condition 

occurs during the C cycle of a Shift instruction. The SC 2 signal blocks H06 and 

H07 and restarts the timing chain early. 

SET F REGISTER 

Output pins 3 and 5 of module V55 enable the setting of the F register under the 

following conditions: 

1) Sweep + Enter (RNI) (Go 2) 

2) Sweep + Enter (RNI) (Resume) (Stop 2) 

The Run/Step or Test Mode switches enable the first condition and the storage resume 

enables the second condition. 
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SEQUENCE CONTROLS 

There are five modes of operation in the 1700 which enable a general series of 

commands for groups of instructions. 

1) RNI Read Next Instruction 

2) ADR Addressing 

3) REG Register Transfer 

4) ROP Read Operand from Storage 
5) STO Store Operand in Storage 

RNI 

The command timing for all instructions starts in the RNI mode. During RNI, 

the instruction code transfers from the Z register to the X register and from 

the X register to the F register. While in the F register, the instruction code 

is translated to determine whether it is addressable. If it is ~ddressable, the 

ADR mode is initiated. If it is not addressable, the REG mode is initiated. A 

block diagram on the lower portion of the diagram shows the possible sequence 

paths. 

The RNI Control FF is located on module V7t and has five main setting gates. 

If anyone of the gates is satisfied, the RNI mode is enabled. 

1) 

I 2) 

3) 

4) 

5) 

Master Clear - before starting a program. 

(B150)(ST02) - after storing an operand 

(B150) (ROP 2.) [RAO (Ropll- after reading an operand (except Replace 
Add One instruction) 

(B150) (ADR) [(JMP) (End ADR)] - after addressing (Jump instruc
tion only) 

(B150) [<REG) (SPB + CPB + EX! + INT)] - after REG mode (except 
Set/ Clear Program Protect, Exit Interrupt, and interrupt during REG) 

The RNI Control FF clears at time 150 of the B cycle (B150) if none of the 

setting gates are satisfied. 

ADR 

Instructions which are read from or written into storage use the ADR mode. The 

only exceptions are Set/Clear Program Protect, Exit Interrupt, and Interrupt 

DuringREG mode in which the address is already determined. During the ADR 

mode, storage is always requested. 

The ADR Control FF is located on module V70 and has one main setting gate 

which enables the ADR mode. 

(RN!) (A050) (F # 0) [(Protect Fault) (Sweep +. Enter) ) - after reading 
next instruction, if FlO, not addressing a protected instruction from an 
unprotected instruction and Sweep or Enter switch not enabled. 

Storage is referenced when the Sweep switch is on but not during an ADR mode. 

The ADR Control FF clears at time V300, providing the RNI, ROP, or STO 

Control FF is set. The setting of the two control FFs overlap but the mode remains 

ADR until the ADR FF clears. 

REG 

Instructions which do not reference storage for reading or writing operands are 

considered as being in the Register Transfer mode (REG). During REG, computer 

control enables control FFs, enables register transfers, updates the address for 

the next instruction, and requests storage. The exceptions are Set / Clear Program 

Protect,and Exit Interrupt, where the REG mode is followed by an ROP mode. 

During the REG mode of these instructions the address is modified and storage 

requested. The address for the next instruction is updated during theROP mode. 

If the computer is in REG mode when an >interrupt occurs, the STO FF sets and 

enables STO mode. 

The REG control FF is located on module V70 and has one main setting gate 

which enables the REG mode. 

(Protect Fault) + QRN!)(A050)( [Sweep + Enter] + F = 0>] 

A Protect Fault signal enables the REG mode and treats the instruction as a 

nonprotected "Pass" with REG mode updating the address of the next instruction. 

The Sweeper Enter signal enables the REG mode during RNI, and the next 

address is updated without using ADR mode. If the upper 4 bits of the instruction 

equal zero (F = 0) the REG FF sets during the RNI mode. 

Th.e REG Control FF clears at time B300 whenever the set input is not satisfied. 
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SEQUENCE CONTROLS (Cont'd) 

ROP 

The ROP mode applies to instructions which read operands from storage and 

the EXI, SPB, and CPB instructions. 

The ROP Control FF (ROP!) is located on module V64 and has two main setting 

gates. The ROP 2' FF on module V71 provides a delay which prevents the RNI 

FF from setting at the same time (B150) as ROP or STO. The setting gates for 

ROP I are as follows: 

1) 

2) 

(B150) (ADR) UEnd ADR + STQ + RTJ + STA + SPA) (End ADR) 
(JJVlP + End ADR)} - not a Store instruction, end of addressing, and not 
a Jump instruction. The End ADR condition is not considered in the 
setting of the FF. 

(B150) (00) [REG (SPB + CPB + EXIl] - an interrupt during REG 
mode enables STO. 

The ROP 1 FF clears at time B300 if the RNI or STO 1 FF is set. The normal 

sequence path is from ROP to RNI, as a Replace Add One instruction is 

necessary to set STO. 

STO 

The STO mode applies to instructions which write operands into storage and 

interrupts occurring during the ADR or REG modes. 

The STO Control FF (STO 1)is located on module V64 and has two main setting 

gates. The STO 2 FF on module V71 provides a delay which prevents the RNI 

FF from setting at the Same time (B150) as ROP or STO. The setting gates for 

STO lare as follows: 

1) 

2) 

(B150) (ADR + REG) [(End ADR) (STQ + RTJ + STA + SPA) + INT] -
interrupt enables STO 1 from ADR or REG mode, other instructions 
come from ADR mode only. 

(B150) (ROP 2 (RAO) - Replace Add One instruction came from ROP 
mode. It reads from and then writes into storage. 

The STO 1 FF clears at time B300 if the RNI FF is set. The computer always 

initiates an RNI mode after writing into storage. 
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One pass down the timing chain is considered a cycle. 

three unique cycles. 

1) A cycle (storage resume) 

2) B cycle (storage request) 

3) C cycle (iterative) 

The 1700 Computer has 

The normal cycle sequence is resume, request, resume, request, etc. or 

A - B - A - B, etc. 

The Multiply, Divide, and Shift instructions use a C oycle in addition·to the A and 

B cycles. The C cycle is iterative because the computer stays in the C cycle 

until shifting for that particular instruction is complete. The C cycle occurs 

between the resume and the next request. 

A-~-B 
A and B cycles are always 400 nsec long. C cycles are either 200, 3130 (short 

cycle) or 400 nsec long. Shift C cycles are 20(l .nsec long and multiply C cycles 

are' 300 ·nsec long until the last C cycle (YIl0-04 = 0), wh,ich is 400 nsec long. 

All C 'cycles fClr divide ;J;r.e 4013 nsec long. 

Cycle control, sequence control, and timing chain times are combined to 

enable specific conditions in command timing. For example, an instruction 

CYCLE CONTROL 

may have two or more B cycles and time 100s. The sequence mode combined 

with 13100 enables a unique condition such as ADR (B100), Rap (BIOO), or 

RNI (BlOO). 

The three modules below contain two Control FFs and the fan-out for each cycle. 

The Early Cycle FFs set at time 350 and clear at the following 350 time. The 

Normal Cycle FFs set at time 00 and clear at the following time 00 pl70viding 

the corresponding Early Cycle FF is set. 

A Master Clear pulse starts the computer in the A cycle. At time A350 the 

Early B or Early C Cycle FF sets, depending upon the condition (Rap) (MDI + 

DVI) + Shift Cycle. At the same time the Early A FF clears. The A Cycle FF 

clears and the B or C Cycle FF sets 50 nsec later. B cycles are followed by 

A cycles either upon a storage resume or (Rap) (IM. OP) condition. C cycles 

are followed by B cycles or another C cycle. The Multiply Step +Divide Step 

condition reinitiates the C cycle. The C Cycle FF does not peed a reinitiation 

pulse for Shift instructions. During the shift cycle the Early C Cycle FF does 

not clear because the H06 pulse is not available. Short Cycle 2 (SC 2 blocks 

the setting of H06 and H07 during a shift cycle (see Timing Chain, page 7). The 

(H05) (SC 2 pulse (page 7 module V55) restarts the timing chain after each 

shift, and the computer remains in the C cycle. On the last iteration of shift, 

the Be '2 pulse enables H06, and the Early C Cycle FF clears. 
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ADDRESSING CONTROLS 

The outputs of the :four modlAl&s belo.W are.addr&slling..c·cjnditions 

used in command timing. These addressing translations enable commands 

used in assembling the effective address. Module V63 contains three 

addressing control FFs. 

READ INDEX 

The setting of the Read Index FF indicates that the present storage 

reference is for the In<ilexregister (address OOFF). The Read Index FF 

sets at time A300 when the following condition is present: 

ind (i) (RNI + b. 1= 0) (IN'll) 

This condition does not mean that the Indirect and Relative signals are 

unused in forming the effective address. It means that these conditions 

are not available when indexing. Indexing is the last operation in forming 

the effective address. 

The output of the Read Index FF is used in forming other addressing 

conditions. When the set condition is disabled,. the Read Index FF clears at 

time A300. 

IMMEDIATE OPERAND (lM.OP.) 

The 1M. OP. FF sets at time A300 when the indicated condition is 

present. The 1M. OP. signal means that the effective address is the operand 

for R€:adOperandinstructions. The three addressing modes which use IM.OP. 

are marked by an 6 at the bottom of the chart on page 115. The IM.OP. FF 

clears at the first A300 time after addressing is complete. 

b. = 0 

The b. = 0 FF sets at time A050 of the RNI mode when b. = O. This FF 

enables the P + 1 portion of the effective address and is combined with other 

translations to form addressing conditions. This FF stays set until the next 

A050 time of RNI. 

12 
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iTiid)(i)(RNI +lIFO)(INT) 
13-057-22 

V300 
7-C58-22 

iINT) (RNI) iri (lI:O)(Trid)( i+q) 

STA+STQ +SPA +RAO + RTJ + JMP 
13-057-24 

ii5R 
9-C39-24 

MC 
19-E63- 5 

X05-07:0 
39-844- 5 

XOO-04=O 
39-845 -II 

REG SHIFT 
29-C51 -5 

FII 
23-C41-8 

839 

V63 

41-A41-21 

41 -A41-13 

" IV..!. (XOO- X04FO)(SHIFT) 
-t r------v TO SHIFT CYCLE 

13-062-16 

(ADR)(READ INDEX)+ 
(n CRm:+ lIFO)(ADR) 
39-840-14 

49-A59-18 

(RNI)(FII) 
49-859-25 

51 -059-8 } 
49-859-1 RNI (lI:O)(ADR) 

RNl 9-C38-19 

HOO 7 -A~9-11 

ISO 3-831-4 

.rcvcLE 
II-E52-22 

025 

TR 

37-A40-19 

(lI:O) RNI 
51 -CS9-28 

Fii 23-C47- 7 14 16 __ F4----- ----
F9 23-C47-25 12 

__ J 

/ 
/ 

/ 

'-..... -:::: 

/ 
/ 

/ 
/ 

/ 
/ 

/ 

~-

ADR 
9-C39- 26 

.I"N!B36_26 ~ 

iiNI 
9-C38-26 

23-C40-18} 
~ 41 - A45-11 READ INDEX 

~41-A46-15 

23_C40-24} 121 ---
41 -A41- 9 (INT)(ind)(q) 

51 -C59-11 (RNI+lIFO)(ADR) 

ILL 51-059-2 

lind)(q)(RNI +lIFO)(ADR)+ INT 
39-840-13 

(INTI (lI:O) 
49- 859- 8 

51 (ind)(ADR) 
69-040-26 

1M. OP. (RNI)( '~R"'E"'AD=--=I"'N-=-OE::::X) 
IOt-A34-6 
39-A34- 6 

1M. OP. (ANI) (READ INDEx) + } 
(1M. OP.)( ind)( i)( READ INDEX) ENO'AoR 

OISABLE ClR r ~ 
47-861-26 

STA + STQ + SPA+ 
RAO+RTJ+JMP 

27 -051-1 

FiT 23-C47-2 O-----J 

(INTI(OISABLE CLR d 
g-C37-25 

(ind)(i)(RNI + lIFO)(INTl 
13- 839-20 

(RNI) i,) (lI:O)( i+q)(Trid) iINT) 
STA+STQ +SPA+ RAO+RTJ+JMP 
13- 839-8 

1 'ti6 ~~;D 
m 23-C47-6 

V350 
7-837-21 

~(DISA8LE CLR ,) 
47-861-24 

SEE PAGE 19 
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MANUAL CONTROLS (REGISTER SELECTION AND CLEAR CONTROLS) 

A six-position Register Selector switch and associated logic selects 

one of the X, A, Q, P, y. amd .Mask registers for manual display and entry. 

The condition (Register Selector switch set) (Display) (T25) sets a 

FF in the V30 module that corresponds to the Register Selector switch 

position. (Since only one position of the Register Selector switch can be 

engaged at one time, two or more registers are not available simultaneously.) 

The output from the set FF goes to the V41 module enabling an in

verter if the condition (Display) (Clear) exists. Then the selected register 

is cleared. The f01lGwing.table shows the ~the.r li:onaitions which cause a, 

registercto clear. 

CONDITION 

SPA (STO)(A cycle)(V~50) 

ROP (A cycle) (V250)(MUI) 

(Protect Fault)(RNI)(A cycle)(Sweep+ 
EN'l'ER)(V 050) 

Interrupt STATE-Y 

CLEARS 

entire A register 

entire Q register 

upper 8 bits of X register 

upper 8 bits of Y register 

If the Master Clear switch is set, all six registers clear simul

taneously. 

14 
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REGISTER 
SELECTOR 
SWITCHES 

~ 

A r 

~ 

Q r 

~ 

X r 0--

V250 
7 -837- 20 

31 -C41-14} MANUAL SEL 
49- A58- 2 A (ABORTEDI)(SPAjSTOHA) 

39-840-8 

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

A 

33- 039-13} MANUAL SEL 

51- C58 - B Q 

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

(ROP)(MUI~~A-)~~r=~i~ ~ 

39-840-5} MANUAL 

51-C5e-16 ~EL 
(PROTECT FAULT)! RNI) • 

(A CYCLE)!SWEEP +ENTElf). (V050)0 >:I 
69 -A35 - 6 

C36 

V41 

31- C45-13} 
CLEAR A 

31-C46-13 

33-049 - 13} CLEAR Q 

33-048-13 

CLEAR X 

"----<)--------- ------------~ 

5 I UPPER 8 BITS 
39-84S-13} 

39 - 847-13 

NOTES: 

~ 

Y r 0--

~ 

P r 0-,-

MASK 
~ 

r 

GATE 
iiANUii:SEL 114 
7-B35-11 

125 
3-C61-4 

I. CAPACITOR VALUES ON v30 MOOULE MAY BE 0.1 ,.,.F ON 
SOME MACHINES, SEE CHANGE ORDER NO, 14~92. 

41- A42-1 } MANUAL SEL 

49- B58- 2 Y 

37 -A40-8 } MANUAL SEL 

51- 058-8 P 

A 

~ 619 ~ 41-A42-18 

18 

23 

UPPER 8 BITS 
41- A47-131.. 

41-A48-13J 

CLEAR Y 

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

221. 37- A44-13} 

CLEAR P 

19-A63- 27 

MANUAL SEl. M 
).---!'6 71- 039-23 

(DISPLAY)(CLEAR) 
17- E64-8 

MC 19 - E63-19 

24 

26 

25 

27 

67- 041- 28} 
67- 042-28 
67- 043-28 CLEAR MASK 

71- 044-28 

I CONTROL DATA TOT" 
• CORPORATION MANUAL CONTROLS 

(REGISTER SELECTION AND 
COMPUTER DIVISION CLEAR CONTROLS) 

'IZIl 
C 



MANUAL CONTROLS (SWITCH AND INDICATOR DRIVERS) 

The Selective Skip, Program Protect, and Enter/Sweep switches 

connect to the V66 module. The Selective Skip switch is a 3-posi

tion lever switch that is OFF in the center position; ON in the up 

and down position. The up position is fixed and the down position 

is mQmentary. The Selective Skip switch in the ON position con

ditions the Selective Skip instruction shown on page 43. Placing 

the Program Protect switch in the up position, conditions the 

Program Protect logic shown on page 69. 

The Enter/Sweep switch is a 3-position lever switch which is 

fixed in all positions with the center position OFF. In the 

I ENTER position, each step operation of the Run/Step switch 

stores the contents of the X register at the location specified by 

the P register and advances the P register by one. In the SWEEP 

I position, each step operation of the Run/Step switch transfers the 

contents of the storage location whose address is in the P register 

into the X register and advances the P register by one, with the 

exception of the first step operation following a MC or Clear P 

function. 

1. Program Protect Fault - This indicator will be lit when 

a violation of the program protect system has been 

detected. 

2. Storage Parity - This indicator will light anytime a parity 

error has been detected in data read from storage. 

3. Overflow - This indicator will light when arithmetic 

overflow has occurred. 

4. Program Protect - This indicator lights when the program 

protect bit of the last word read from storage is set. 

5. Instruction - The instruction indicator will be illuminated 

anytime RNI is set. 

6. Operand - The operand indicator will be turned on when 

the following translation exists: 

STOt-ROP+IM OP 

7. Indirect Address - This indicator will be on when the 

following translation exists: 

(Im Op) (Read Index).(ADR). 

8. Storage Index - The index indicator will light anytime 

OOFF is referenced. 

The 16 pushbuttons connected to the V66 and V67 modules control 

manual entry into a selected register. A set pushbutton ANDed 

with the Display condition sends a "0" to the Adder/Shifter. This 

puts a "1" into the corresponding bit position of the selected register. 

The indicators on the two V68 modules (locations A64 and B64) dis

play the contents of the selected register (Display condition present). 

An enabled indicator represents" 1" in that location. 

When set, the Clear pushbutton attached to the V66 module clears 

the contents of the selected register. When a bit is manually set, 

it remains in that state until the Clear pushbutton is enabled. 

A V68 module (location C64) controls the eight indicators (excluding 

TEMP) located on the left side of the 1700 console. Note that a "0" 

input enables the corresponding indicator. 

16 
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C64 

1 +6V ~66 ~V68 
(FIXED) i 68011 PROTECT FAULT 28 27 PROGRAM 

SELECTIVE ""-,II 14 69-A35-22 PROTECT 
SKIP ~ _____ '!l. 43-03S- 12 .,'" FAULT 

~ 4/ 
(MOMENTARY) 

r-O.. PARITY ERROR ,.,. 
PROGRAM " 101-A34-16 )....~ _11 j', _=--v STORAGE 
PROTECT ~ 69-A35-12 ~ PARITY 

~ 4 +6V XO.0047/1-F 
TEST MODE ~ A 

"iiVERF"LoW 
CLEAR -'- 8 (OISPLAY)(CLEAR) 57-036-11 o--! I--( }-.Ixr I OVERFLOW 

PUSH8UTTON r <> - 15-C36-21 

81TS PROTECT BIT ~ PROGRAM 
o r -'- 57-E55-9 105-A28-12~ PROTECT 

-'- 10 9-C38-2 o--! 1-0{ }-.IXL T INSTRUCTION 

r 59-CS5-26 

A Sfo + ROP + IM OP. 
41-A41-5 0::--1 I--( }-.IXL" T OPERAND 

r-" 59-C55-20 
~ +6V 

(IM OP)(READ INDEX)(ADR) 1" r'o A ~ 
26 28 41-A41-15 ~ !~g~~~~T 

ENTER 39,IOI-A34-12 

~ :~ 23-040- "} READ INDEX '" 
~ Lo. 9-C39-9 ==::--:--== 41-A41-26 ~ STORAGE 

...... 24 18 SWEEP + ENTER INDEX 
SWEEP 7- 835- 8 14 

J:0.0047J.LF 16 69-A35-7 16 A 15 
DISPLAY 5 ~ C64 - X NU 

17 -064-13 A 

~EE PAGE 19 

________________ ~D~6~4 A64 B64 

+6V V67 81TS I ~ ~ 81TS I ~ 
'27 15 57-D55-28¢'3 & ::~ "1 63-A56-27 ¢13 & :: 

~ 61-855-26 

- "i4 65-056-211" & I~~ I "6 61 -A55- 21 1" & 10 

4 r-" 26 25 61-855-20 7 

":' ---L- 24 23 13 65 -056-27 5 & 8 5 61 -A55-27 5 &. 
r-" 61 -A55-26 

~ --L..- 22 & 21 61 -A55-Z0 _ r 12 65-C56-21 4 61 -855-21 

r-" 20 19 63 -A56- 26 

':' -L- 18 18 20 
r-" & 63-A56-20 IT 65-C56-27 & "3 61 -855-27 18 & 17 

':' ----L- 16 
r-" & 63-856-26 21 
~ 22 '" - 22 

10 r 12 II 63-856- 20 10 63-856-21 llU 2 59 - C55-21 & I. 

" .--0 10 l' 65 -C56-26 _ _ 26 
~ ---'- L.!...l 963-856-27 24 &. I 59-C55-27 24 

12 r 0-- &. 65-C56-20 27 

13 ~ 6 LSI. 65 -056-26 "8 63-A56-21 25 0 57 -055-25 

- -'- 4 
14 ~ 65-056-20 15 GATE LIGHTS ON DISPLAY 

- DISPLAY 17-864-15 17-064-14 1-835-12 17-A64-16 
15 r 57 -E55-21 

DISPLAY 17-A64-15 6 '4 • ( 

A 

8 

~17-E64-S 
NOTES: 

I. CAPACITO~ VALUES ON V66 AND V67 MODULES MAY 
8E 0.1 /l-F ON SOME MACHINES. SEE CHANGE ORDER 
NO. 14392. 
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MANUAL CONTROLS.{TEST MODE AND RUN/STEP) 

The Test Mode switch connects to module V85. Modules V85 and 

V88 contain the Test Mode logic. The computer executes the following 

sequence of events when the Test Mode switch is placed in the down 

position: 

1) 100 usec delay before Test Mode is operational. 

2) 20 usec Master Clear. This clears the P register and all 

other operational registers. 

3) 100 usec program run starting from P = 0000. 

4) Return to step 2 and repeat. 

The accompanying timing chart shows the setting and clearing of 

the three Test Mode FFs. The Test Mode Go FF enables a 100 usec Go 

pulse to the Go1 FF on module V49. The Go1 FF sets the G02 FF 75 nsec 

later. The G02 pulse starts the timing chain which runs for 100 usec or 

until a Program Stop is enabled. At the end of 100 usec the Test Mode 

Clear FF enables the Master Clear and the timing chain stops. 

ENAILI CLIAR ITOP J: CLEAR 'TOP ! r ~~~:C:OD! r AND Me . t' AND Me 

I zo .ulle 10 "IIC 
TEST MOOI ...... I 100 illIG n 100 .IEC n!-___ _ 

I I 
I I,.... In GO :It Ir SIT 00 a 

! ~ n 
l n J n 

TIlT MO •• 10 '-..7 

MASTER CLEAR (MC) 

~-rlhr- 171 

---1~. 

The Master Clear switch connects to module V85. A Master Clear 

is executed when the switch is momentarily placed in the up or down posi

tion·. The Master Clear disables the timing chain, clears all registers,and 

clears most Control FFs. Modules V85 and V06 contain Master Clear 

fan-outs. 

Module V88 contains a delayed Master Clear for storage control. 

This allows the completion of the present storage reference and prevents 

unnecessary fault conditions from occurring. 

LOGIC VOLTAGE SENSOR 

Module WOO is used to determine power failures by sensing the 

+6-volt logic bus. When the voltage drops below a preset value, the 

special circuit de-el'lergtzes relay K4-arid protects memory. Another 

output of module WOO is used to generate interrupt 00 on power failure. 

Approximately 8 milliseconds of program execution time is available 

between relay coil de-energization and contact closure. 

The logic voltage sensor can be disabled for voltage margin checking 

by turning the MARGlN MODE switch on (this switch is located on the 

memory power supply). 

18 
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,-
I 
I 

lL 
I 
I 

-" 
-" 

STOP I 
20 /LSEC DELAY 

l 0.1 /LF 

SEE LOWER RIGHT AND P. 75 

I 

_.J 

.../ " " 
" 

" " " 

/ 
,-

/ 
/ 

RUN.,.. ,., 

r 
/ 

/ 
/ 

I"'NEUTRAL 
.r-<>7--<>- - - 4 

~ 4- - - ..! 
STEP I 

-, 
E64 

V66 

, , 

S LS (RE G liB CYCLE) 
~1-C59-10 6"-"------, 

(FIXED) 

STOP r' '- X)"' • ( 

r-t----
(MOMENTARY) 

, 
;/ ........................ , 

A63 

V49 

21-835-7 
7- 835-7 

21- 935-24 
7- 835-24 

PROGRAM 
PROTECT 

• MARG. IN {HI~-28 .1.21 
MODE IOI-A34-2B 

r' 
~~--

e· TEST MODE 

19-E64-1~ o-----.l 

~'~ 
~ Lo.-'-

MASTER CLEAR 

175 
3- 831 -22 

23-C40-B 

13-939-5 

~9-C37-~ 
27 

9-C39-23 

26 9-C38-IB 

7-B35-13 

I~ 7~-D34-9 
69-A3~-18 

69-040-10 

73- 062-20 

73-A61- 8 

21.15-C36-1 

47-861-7 

11- E53-22 

H07-30 
NU 

+6V 
2~ 

~ MASTER CLEAR 
(MC) 

I I 
~ 39,101-A34-8 

23 NU 

21 105- 013-9 

J CD 
Oo\.C 9-BI2-2 

75-013-10 

SEE P. 7,69 

81-C27 -2B 

I. DENOTES PAGE NUMBER FROM LOW SPEED COMPUTER DIAGRAMS. 

2.CAPACITOR VALUES ON Y49.V66 ANO vas MODULES MAY BE 0.1 I'F ON 
SOME MACHINES. SEE CHANGE ORDER NO. 14392, 

BI-C28-2B 

r-----, 
I I - -h +6V I I 121 

~ ( Hi 
I +6v I I I 

19- E63-8 

I MEMORY I 
I ~~mCTION l...'-L _______ ...l 

SEE P 17 

I SEE p. 133 I 
l ____ ~ 

--- ----

'7~ 
3-831 -21 

'~O 
3-C61-21 

CLEAR P 
15-C36-20 

28 6 CLEAR P 
1------< 37-A43-13 

BIB INTER~:~ B~~J_EiIT ~ 1-----2::..:,6049-959-15 

VBB BLOCK + I BLK + t 
+6V 

CLEAR BLOCK + 1125 I 

23-C40-12 ~ 

l 0.00B2 /LF 

II I Me DELAYED 
I05-A28-3 

1-____ 2-<50 BI-C27-IB 

1-___ .:.:17"'081_ C2B-IB 

SEE ABOVE AND P. 75 

I- CONTROL DATA 
CORPORATION 

COMPUTER D(VISION 

59- 957- 21 

59 - 857- 24 
1--------'-'6 63-AS6-16 

SEE P. 13 

MANUAL CONTROLS .11:. 
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TYPICAL REGISTER DISPLA Y 

The diagram below shows a typical register display sequence using the A register. 

For a starting reference, assume the following conditions: 

1) 

2) 

3) 

4) 

Power on 

A register selector button pressed 

Timing chain stopped 

Display FF set (enabling pushbuttons and display) 

When the Run/Step switch is momentarily placed in the up position (RUN), 

the timing chain starts and the switches and display are disabled. The following 

timing chart shows the setting and clearing of Control FFs for starting the 

computer. 
00 00 00 00 00 00 

COMPUTER STOPPED- ~-L-J_J-~t~L-~~_t--L-J __ J-~ __ L-~~ __ t-~~~~-i 
ENABLE RUN SWITCH 

STOP I 

STOP II 

NEUTRAL 

RUN 

GO I 

GO n 

DISPLAY 

REG SEL 

A_ADDER 

ADDER_A 

SET 
CLEAR ~~--------------

I 

L CLEARS AND 
ENABLES RESTART 

,..-_.!. 
L.. __________________ --t'r.] RESETS WHEN SWITCH 

JI" RETURNS TO NEUTRAL 

_---JI-,--lL.---------
____ --'1 -- 11L ______ _ 

,.... __ .:Iy;.., START TIMING CHAIN 

I L...I _____ _ 

BLOCKS DISPLAY AND SWITCHES 

BLOCKS MANUAL SETTING 
OF A REGISTER 

The timing chain is dis.abled and the display enabled when the Stop FFs set. The 

timing chain can not be restarted until the Run/Step switch is activated. The 

individual bits of the A registers are manually set by the bit pushbuttons while the 

Display FF is set. Pressing a bit pushbutton enables the Adder / Shifter to set the 

corresponding bit in the A register and light the corresponding bit indicator. 

The raw clock pulses enable the setting of the A register, although the timing 

chain is stopped. The following timing chart shows the setting of Control FFs 

for stopping the computer. 

COMPUTER RUNNING- or or or 00 00 00 
ENABLE STOP I • I I I 

STOP I 

_S~!_ r-f"} ~ _. . 
TIME 

STOP II ----I;~} 
NEUTRAL -----iff . " REMAIMS SETS 

•• JJ 

RUN l' rr REMAINS CLEAR 

• JJ 

1: " 
REMAINS CLEAR 

•• GO I 

1: :J REMAINS CLEAR 
GO n 

RESUME 

DISPLAY 
___ -I" ,- ~ 

Ji J.f-----J ; 
I 

REG SEL ----~:: :JF-'------....J 

A _ADDER :: :.F-'------------' 

ADDER _A:: :J~'------------....J 

SETS AT too AFTER ADDER _ A SETS 
A REGISTER----------------------------------------------------

WHEN 81T PUSHBUTTON IS ENABLED 

PreSSing the Clear pushbutton clears the A register if tha Display FF is set. 

Other registers may be selected while the Display FF is set by pressing the 

corresponding register selector switch. For example, if the X register is 

selected, the Adder/Shifter samples the X register and the corresponding bit 

indicators light. 

20. 1 
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TYPICAL REGISTER DISPLAY (Cont'd) 

The computer is stopped momentarily by placing the Run/Step switch in the 

down position. If the switch is repeatedly placed in the down position, 

the computer steps through the program, stopping after each storage ref

erence. The significance of the storage reference just made is indicated by 

the instruction sequence indica tors. 

This diagram shows a typical register display sequence (A register). The register 

selector switch must be set for the A register. With the Run-Step switch (page 19) 

in the center position, the Neutral FF is set. When the switch is placed in the 

STEP position, the timing chain stops at the end of the current storage refer

ence and the display is enabled. During the step sequence, the Go 2 FF remains 

cleared and the Stop 2 FF sets, thus disabling the timing chain at the end of 

the B cycle. The Display FF sets when Stop 2 is set and a Resume and 75 time 

are present. Each step pulse sets Go 1, Go 2, and moves the timing chain one 

storage reference. The chain is stopped by the 125 pulse clearing Go 2 before 

the next storage reference. 
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B35 
REGISTER SELECTION 

~;,S-"::4_17631-:::------...., 

MC 
19- E63-6 

STOP I 
19-A63 -20 

HOS 
7-045-1 

~7:B31_25 6>::'5+1----....J 

GO I 
19-AS3-9 

125 
3- C25-17 

V55 

RNI START 
CHAIN 

14 

~:...-
~~~=- -.:;. ---L ~ 
G~1 63:,4 r-<> 0-

17-BS4-~ - -,~ D A ~EGISTER 

49-A58-11 

51-058-17 

45-C60-11 

SELECTOR 
PUSHBUTTON 

125 
3-CSI-4 

"- , , , , 
" , , 

" , 

9-C38-24 I 

RNI i 6 IswEEP+OOER : 

5.1. F REG 

17-E64-IB A 

SC 2 
51-059-22 

23- 848-16 
23- C47-16 

START TIMING 
CHAIN 

HOS 1- 838 _ 26 28 7-A38-20 

H07 
7- B38- 14 

(IM.OP)(ROP) 
41-A4/-8 

B CYCLE 
11- E51-21 

SEE P.7 

SEE P.7 

.... ' 
-BIT SWITCH 

---L@ r-<> 0-~ , 
TYPICAL BIT 
PUSHBUTTON DISPLAY 

" 
;" 

.-/ 
-1-

SEE P. 15 

, , , 

;" 

" 
" " 

A FANOUT 
r ADDER GATES ADDER I SHIFTER 

C42 

I 

" 

OS3 

V30 

, , 

100 

" ;" 
;" 

LOGICAL PRODUCT BIT 
cso Si7 

L 
L-Q~~ ____ ~ 

V3S r -

: SEE P.35 

, 
------

I 

I 
L_ 

SEE P.51 SEE P. 59 

CLEAR 
PUSHBUTTON -, 

I 
I 

---L r 0- -0-------< 

I 
I 
l 

DISPLAY 

SEE P. 49 

" ,," 

" ,," 
" " 

-, 
I 
I 

I 

) 

IV6S1 E64 

-. ADDER-+ A 

I 
L _ 

125 

/ TYPICAL BIT 
B IT LIGHT INDICATOR / 

+i&~ 
I 

J 

ADDER FANOUT 
C54,054 

Ivosl 

SEE P. 59 

I 

I 

L 

I 

/ 
/ 

I 
/ 

/ 
/ 

/ 

A FAN-IN 

/ 
/ 

SEE P.31 

TITU 

/ 
I 

I 
/ 

/ 

C4B,C50 

--ryj'5't 

.... CONTROL DATA 

.. CORPORATION MANUAL CONTROLS 

- 1 

A REGISTER 
C45,C46 

VOl 

L_ 

SEE P.31 
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C 
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F REGISTER 

The 8-stage F register is divided into two 4-stage groups contained on two 
V57 modules. The low-order four stages (F8-Fll) contain the fl instruction 
designator bits. The high-order four stages (F12-F15) contain the f instruction 
designator bits. The stages of the F register are numbered 8-15 to coincide with 
the instruction bit positions that they contain. The outputs of the F register 
translate into the various function codes. 

In storage reference instructions, the low-order stages of the F register contain 
the relative (r), indirect (ind), Q register index (q), and storage index (i) 
designators as shown on the diagram. In this type of instruction, the designators 
control the addressing mode of instruction execution. 

X -F CONTROL 

At t25 time of each RNI sequence, inverter A forces a "0" input to B on the V57 
modules. The outputs of A and B transfer the high-order eight bits in X to F. 
Thus, the f and fl designator portions of the instruction are transferred at this 
time. 

F REGISTER CLEAR CONTROL 

The diagram shows the conditions under which both the f and fl positions are 
cleared. The enabling of one of these conditions, e. g." Protect Fault, produces 
"0" outputs from inverters E and F on the V56 module. The resulting "I" 
outputs from the output inverters on this module clear the F register. 

During the ADR mode of storage reference instructions, the r, ind, q, and i 
designators in the fl portion are cleared individually. The following table 

I 

lists the conditions for clearing each of the designators. 

Designator 

r (Fll) 
ind (FlO) 
q (F9) 
i (F8) 

Conditions 

(ADR) (B cycle) IDisable Clr r) 
(ADR) (~cle) (X15) (RNI) (Fll) 
(ADR) (INT) (ind) (q) (irnI + t:. 1 0) (B cycle) 
(Read Index) (B cycle) 

Time 

V300 
VlOO 
VlOO 
V300 

Timing pulse V300 clearf th~ r deSignator during the B cycle of the ADR mode 
if condition (Disable CIt·- r) is present. At this time, all relative addressing is 
complete. If r was not initially set, the operation becomes irrelevant. 

The above table shows that the clearing of ind duringJb.e A cycle of ADR 
following the reading of the indirect address (RNI) (FIll depends on the state of 
bit 15 contained in the X register. If this bit is a "I" indicating that the address 
corresponds to another indirect address, VlOO does not clear indo If this bit is 
a "0", indirect addressing is complete and ind is cleared. 

The VlOO pulse clears q during the ADR mode on a INT condition. If indirect 
or relative or both Addressing modes were initially specified, these operations 
are completed first. The condition for clearing q specifies that q must be _ 
initially set. 

The V300 pulse clears i during the B cycle on a Read Index operation. The 
condition for clearing i need not specify the ADR mode since a Read Index can 
occur only during this mode. The adding of the i index always takes place last 
if any other addressing mode deSignators were initiallyset. 
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V350 
7-837-15 

INT. 
69-040-20 

SWEEP + ENTER 
17 - E64-22 

PROTECT FAULT 
69- A35-19 

MC 
19-E63-3 

SENSE PARITY ERROR 
43- 035-6 

V200 
7 -A58-20 

REG ISKIPI 
69- 836-1 

"'i'"CY'CCE 
I 1- E51- 17 

ADo'iiESS 
9-A40-6 

OISABLE CLR r ~ 
47-861 -28 

V300 
7 -C58 -20 

REAO INOEX 
13- 057-4 

A CYCLE 
II - E52 -17 

,RN'i+FTi125- A50- 20 

XI5 39- B42 - 18 

VIOO 
7 -058-20 

IAORI IINTllindllqllRNI + I!."OI 
13-057-23 

CLEAR BLOCK + I 
19-A63-25 

~ CLEAR PARITY ERROR 
107-A25- 4 

-, 

I 

XI5 
39-842-16 

XI4 
39-842-7 

XI3 
39- 942-21 

XI2 
39- 842-17 

L ____ _ 

, 

125 
3-841- 17 

RNI START CHAIN 
7-835-5 

- ....... - ~-, 

- - - --

NU 

NU 

27-050-24 

27-051-2 

29-A57-21 

29-A57-22 

27-050-5 

27-051-15 

NU 

~ 29-A57-18 
21-050-27 

23 21 _ 051 - 19 
25 

NU 

NU 

27-050-22 

27-051-17 

29-A57-16 

NU 

XII 
39-843-16 

- - - --

, 
- ~-...... -
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XIO 
39 -843-7 

X9 
39 -843-21 

X8 
39-843-17 

125 
3-841-18 

RNI START CHAI N 
7-835-3 

F REGISTER 

C47 

13-839-24 FII 

13 -025_14} 
25 -A50-23 _ 

FII 
13 -057-18 

25-851-6 

25 -851-8 

25 -450-9 

13 -057-9 
4_ N U 

25 -851-7 

25 -ASO-8 

13 -057-21 

13-0~5-12 

25 -A51-16 

25 -A50-15 

13 -057-25 

25 - 851- 27 

NU 

IIZI 
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FUNCTION TRANSLATORS 

The Function Translators translate the contents of the F register 

to obtain the current instruction. The 1700 repertoire of instructions 

may be grouped into Storage Reference instructions (F portion) and Reg

ister Reference instructions (F1 portion). In the table of instructions on 

page 26, the Storage Reference instructions are in column one (beginning 

with JMP) and the Register Reference instructions are in column three 

(beginning with SLS). 

Register Reference instructions are identified when the upper 4 

bits (15-12) of the instruction are all "O's". The format of Register 

Reference is diagrammed below: 

15---12 
4 

I 0 0 0 01. 

11---8 
4 

7 0 
8 

INSTRUCTION MODIFIER (6) 

Storage Reference instructions have their instruction code in bits 

15-12,and bits 11-08 become the address mode. Storage Reference 

instruction format is diagrammed below: 

15---12 11--- 8 7 0 

4 4 8 

I F I I I I I -] 
"---y----J 

INSTRUCTION 

y 

DELTA (6) 

The static logic of the Function Transl~tor translates the 16-bit 

input to the selected instruction. The logic searches through the input 

until it recognizes a unique instruction. The Function Translator 

dispenses the signals that enable the selected instruction and its associated 

logic. 
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FlO 
23-C47-5 

FiT 
23-C47-3 T6 

ENO+ INO 
25-A50-1 

SHIFT + EXI 
25-ASO-7 

XI 
39-B45-24 

IR 
25-A50-IB 

X4 
39-B45-7 

(REG) (~~~:5(if-Bl 0-:----

REG 
9-C39-20 

IR+ INA 
25-A50-22 

Fs JJ ~r-::LJ:\ 
23-C47-19Y~ 

Fa 
23-C47-22 

REG (OUT) 
75-034-10 

31 REG (INP+OUTI 
75-034-26 FlO 
43-034-26 23-C47-10 
REG (INP) 
75-034-6 Fi 

;143-034-6 23-C41-24 
9 REG (SKIP+INP+OUT) 
II 51-059-6 l'8 

REG (SKIP) 23-C47-26 , 
69-&36-2 

iiNI 
9-C38-11 

10J REG (SLS) 
51-C59-17 

FIT 
23-C47-1 

JREG (~KIP+INP+OUT+INO+ENO) r---' 
16 REG (SKIP+EXI) 

49-B59-23 

F N 

~REG [INO+IR(XII+ENq) 
33-039-4 

~REG [INQ+SPB+CPB+IR(X40 
51-C59-5 

REG (INA +INQ) 
57-036-22 

REG (EXII 
25-A51-2t 

REG 
9-C39-16 

SEE P. 75 

A50 

V76 

IR 
25-851-20 

161 99-829-1. 

201 RNI + FII 
23-C40-20 

INA+IR 
25-951-23 

-------

" ENQ+INO 
25-851-14 

~::o-o--2 

E 

--
.J' 41 (REGHSPB + CPB) 
}----{)25-B51-24 

~'OHi34-25 

9-C37-23 

REG (SPB + CPB + EXl) 
29-C51-10 

Xi! ~O 
39-845-16 

X5 
39-844-13 

A' 

(A)-.; 
Fa 
23-C47-27 

A51,. 

V77 

REG (IR) 
51-059-3 

)L-----!t) REG (IR I 

21. 

45-C63-6 

REG [ENAfINA+IR (X2)] 
31-C41-23 

REG [INA + J:R (X51] 
49-A59-12 

REG (ENA +SHIFT+EXI+J:NA) 
51-C59 -26 

(F8HREGIISHIFT + EXII 
.9-COI-4 

5-A50-24} 

~
9 REG (EXl) 

_ 2 39-B43-9 

EXI 
27-051-6 

17 REG [EIN + UN + SPB + CPB + EXI + J:R (xol] 
69-A35-16 

3\0_B45_17~ 

25 

REG 112 
9-C39-18 

c 
o 

B 

REG IIRIIXOI 
71-039-22 

REG IEJ:N+EXII 
69-040-3 

REG IUN) 
69-040-15 
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FUNCTION TRANSLATIONS 

ADDRESSABlE REGISTER REFERENCE INTER-REGISTER SKIPS SKIFtS 

F I F I I I I Fl I I FI I I 1 76543210 F21 I I 'I I I 7O' 
1 0001 .IMP JUIIIp 0 0000 SIS Selective Stop 100 001.00011 ~. o 0000 SAZ A - +0 loooi!l' •• '1111 I 
2 0010 fIJI ~tiply 1 0001 SKIPS 1 0001 SAN A f +0 

~"~ 
3 0011 DVI Divide 2 0010 INP Input to A LOGICAL PROD L. '} U 2 0010 SAP A=+ 
4 0100 STQ Store Q 3 0011 OUT Output from A EXCWSIVE OR •• 3 0011 SAN A--
S 0101 Kl'J Ret. Jump 4 0100 EIN Enable Int. ORIGIN REGISTERS 4 0100 SQ2 II - +0 
6 0110 STA Store A S 0101 liN Inhibit Int. DESTINATION REGISTERS S 0101 SQN Q'" -0 SKIFt Q 
7 0111 SPA STA, Parity A 6 0110 SPB Set Prgm. Pro. 6 0110 SQP Q=+ SKIFt COUNT 
8 1000 ADD Add to A 7 0111 CPB Clr. Prgm. Pro. 7 0111 SQII Q - -
9 1001 SUB Sub. from A 8 1000 IRTS ORIGIN REGISTERS 8 1000 SWS S~:. A 1010 AND AND with A 9 1001 INA Increase A If A(B+S)-Il; OPI = FFFF 9 1001 SWN S P • 
B 1011 !OR Exc. OR/A A 1010 ENA Enter A If Bits 3+4 = 0; OP2 - FFFF A 1010 SOV Overflow 
C 11110 UlA Load A B 1011 NO-OP If Bits 3+4 = 1; OP2 = (Q)+(M) B 1011 SNO Overflow 
D 1101 RAQ Replace Add 1 C 1100 ENQ Enter Q C 1100 SPE Pari t'l. Error 
E 1110 LDQ Load Q D 1101 INQ Increase Q LP+XR D 1101 SNP Parity Error 
F 1111 ADQ Add to Q E 1110 EXI Exit Int. Both - 0; Sua of OPI + on E 1110 SPP ~. Pro. Fault 

F 1111 Shifts Both = 1; Coooplement of 1:1' F 1111 SNP 8111. Pro. FiiiiIt 
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FI4 
23-B4B-10 

ffi 
23-B48- I 

m 
23-848-24 

i'il 
23-B48-26 

iiOPi 
9-C49-6 

SI-CS9-20 
MUI+OVI 

(SUB + MUI+ OVII ROP 
39-B40-16 

SUB 
29-AS7-S 

SI -OS9-25 
4S-C63-28 

-( 266 (AOO + SUB +RAO+ AOQI ROP 
57-036-3 

73-062-6 } Fi4 
31-C41-26 23-B48-6 0':_ .( 
33 -039-1 ROP (MUI +OVII 

41-A41-27 

29-A57-1 

9, MUI + OVI+STA+SPA 
49-A59-1 

9-C37-21} 
37-A40-17 JMP 

49-A59-9 

OVI 
73-A62-2 

47-B61-21} 
73-A61-13 (ROPIDVI 

S7-D36- 9 

NU 

MUI 
73-A62-4 

41-A41-25} 
47-861-1 (ROPIMUI 

57 -ESS-24 

i.iUIiROPl 
73-A61-IS 

ANi 
9-C38-28 

ffi 
23-B48-23 

rn 
23-848-28 

RoPi 
9-C49-3 

2E:: AS 1-28 0 Q • ( 

m 
23-B48-2 

24 

27 

25 

9. 

(ACD+ SUB +ANO fEORI ROP 
29-A57-9 

(AOO+SUB+ANO+EOR+ MUI+OVII ROP 
49-A59-2 

(AOO+ SUB + AND + EOR + LOAIt ROPItRNII 
31-C41-28 

RAOiiiliPI 
39,IOI-A34-14 

RIIO. 
29-CSI-25 

49-B59-IO} 
, 13 I (AOQI ROP 
~ 51-C59-9 

I 

MUI + DVI + ADQ (ROPII 
51-CS9-24 

LDQ+ AOQ 
33-039-2 

49-BS9-20} (MUt+ OVI+EXII ROP 
51-059-14 

JMP +STQ + RTJ + STA+SPA+ RAQ 
13-057-26 
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STORAGE WRIT;3 ~~~~~~~ 6>""'----~ 

FI4 
23-848-5 

A57 
V80 

39-B40-12} 
SPA (A80RTEO I) 

49-859- 3 

rn 
23-848-3 

/--___ -.::""<u 6 ~~ACW!: ~:sTO+SPA 

m .-
23-848-19~ 

M7U3L!A6f!i~ 00----..... 

(ROPJ(~~:;5~~~ <:5:----.{ 

XIS 
39-842-22 

~~~ 051-236.=.'--------' 

RTJ 
49-859-'4 

STO 
51-C59-3 

81 31-C41-21 } DVI STEP + MUI (ROP) 
49-A59-S 

51-C59- 13} 
MULT. STEP + DIY. STEP 

11- E53-20 

[MUI lMuLT.STEP) t DV:U ROP 
33-039-9 

71 MUI (X NEG)+ DVI (X POSl+ SUB 
45-C63-5 

(ROPIIAOO + 
SUB+ANDt EOR) 

27-051-24 
~

7 (ROP) AND 
45-C63-2!5 

15 IROP) EOR 
73-A62-27 

Fi2 
23-B48-22 

REG 
9-C39-8 

IF8J(REGJ(SHIFT +EXI) 14 
25-A51-20 

13- 839-11 } 
31-C41-24 

SHIFT (REG) 
33-039-7 

41-A41-IB 

~~~~~~'-22 

INT 
69-836-24 

REG(SPB+CPBfEXI) 
25-A50-28 

RAO 
27-051-25 

ROPT 
9-C37-26 

I 

~~~A5I-27~ 

J 

L CONTROL DATA 
.... CORPORATION 

COMPUTER DIVISION 

TITLI 

9 -C38-22} (SP8+CPBt EXI+INTJ(REG) 
41-A41-4 

91 (SPB +CPB+ EXIHREG) 
37-A40-14 

7.lISPB+CP8+EXItSHIFTlIREG) 
41-A41-17 

37-A40-21} 

49-A59-15 INT+ RTJ 

51-059-9 

NU 

9-C37-1 } 
RAO (ROP) 

49-859-2 

9-C3B-12} 
37-A40-16 RAO (ROP) 

41-A41- 6 

EXI (ROP) 
57-036-19 

211 EXI(ROP) 
41-A60-25 
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The 16-stage A register functions as the Main Arithmetic register. The main 
functions of the A register are: 

A REGISTER 

1) To contain one operand during many Arithmetic and Logical operations, 
such as ADD, SUB, AND, etc. 

2) To provide a means of loading operands into the arithmetic section (LDA) 
and of storing the results of Arithmetic or Logical operations in storage 
(STA, SPA). 

3) during multiplication operations, to initially contain the multiplier. At 
the completion of the multiply, the A register contains the low-order 
16 bits of the 32-bit product. 

4) during divide operations, to initially contain the low-order 16 bits of the 
dividend, and at the completion of the divide, to contain the quotient. 

5) in input or output operations, to contain the input or output data respectively. 

The A regjster is divided into two 8-stage portions contained on two VOl modules. 
The outputs of the A register transfer to the Adder/Shifter through the A fan-out 
modules. The A register receives inputs from theAdder/Shifter fan-out, the 
input receiver modules in the A/Q interface, or the receiver modules in the 
low-speed interface through the A register fan-in modules. The input selection 
is controlled by the Adder-A and Input -A FFs on the V40 module. 

ADDER -A 

The Adder - A FF selects the Adder/Shifter input to the A register. The 
diagram shows that this FF is set at one of three V-50 timing periods by the 
enabling of the corresponding conditions. The setting of the Adder - A FF 
forces a "0" input to inverters A and B on the V15 and to inverter A on the V16 
fan-in modules. The "1" outputs of these inverters enable the Adder! Shifter 
outputs to the corresponding inverters on the V15 and V16 modules. The 
following tOO pulse gates the outputs of the fan-in modules into the A register. 
Thus, the Adder - A FF is set on the t50 time preceeding the tOO pulse that 
loads the A register, allowing 50 nsec for the inputs to stabilize. The t25 
pulse always clears the Adder - A FF. The A - Adder pulse also sets the 
Adder - A FF on a manual selection of the A register. 

The A register receives an input from the Adder/Shifter in four main types 
of instruction operations. Each of the four types is given below with a brief 
description of the conditions for each type. 

Shift 

In (A) Shift instructions, the Adder - A FF is set at two unique times. The 
V050 pulse sets Adder - A in each C cycle with the A - Adder enable through 
inverter F. The V250 pulse also sets Adder - A in the C cycle under the 
same conditions. Thus, Adder - A is set twice (A shifted twice) during each 
C cycle if Y (shift count) is not found to be "0" before each shift. 

During short cycle (SCI) operations in Multiply and Shift instructions, the 
V250 pulse occurs 100 nsec earlier, corresponding to the short cycle of 
the operand transmission through the adder/shifter. 

In (AQ) shifts, Adder - A is set only at V250 time since the A - Adder 
signal is not present at the V050 time. 

Multiply Divide 

In Multiply or Divide operations, Adder - A is set during the Band C cycles 
in the ROP mode. The setting of Adder - A on the B cycle at 250 time 
transfers the complemented A (A initially negative) or the uncomplimented 
A (A initi~lly positive) back to the A register. In Multiply operations, the 
V150 pulse sets Adder - A which transfers the low-order bits of the final 
product to the A register. In Divide Step operations, the setting of Adder - A 
at this time transfers the shifted partial dividend back to the A register. 

IR+ ENA + INA 

The Adder - A FF is set on V250 time of the A cycle in the REG mode in 
the Enter A (ENA) and Increase A (INA) instructions. In either of these 
instructions, the new quantity is transferred to A at this time. In m 
instructions, the setting of X2 selects the A register as the destination register. 
In this case, the V250 pulse sets the Adder - A FF in the A cycle. 

LDA + ADD + AND + EOR + SUB 

In these instructions, the V250 pulse sets Adder - A during the B cycle which 
enables the transfer of the arithmetic or logical result to the A register. 

SPA 

The V250 pulse sets Adder - A in the SPA instruction during the A cycle of 
the STO mode if the parity bit of the word being written in storage is a "1" 
(parity even). The setting of Adder - A at this time enables the transfer of a 
+ 1 to the A register. 

INPUT -A 

The Input - A FF enables the transfer of the output of the input receivers in the 
A/Q or low-speed interface to the A register through the fan-in modules. The 
setting of Input - A in Character mode forces "1" outputs from the output 
inverters C and D on the·V15 modules and inverter B on the V16 modules. The 
outputs of these inverters enable the selected input receivers to the fan-in 
modules. The toO pulse transfers the 16-bit data word to the A register. 

In the Character mode, the "0" input to the * inverter disables the input transfer 
to the high-order eight stages of the A register. The 8-bit character transfers 
to the low-order eight stages of the A register at tOO. 

The V250 pulse sets the Input - A FF during the A cycle of the INP instruction 
if the selected input device sends no Reject signal. 
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A CYCLE II-E52 -27 

BCYci:E 11- E51- 25 

CCYcLE II-E53-25 

~ 49-A58~6 
125 3 - B41-22 

V050 
7- B37- 6 

REG (SHIFT) 
29- C51-3 

REG U:R (X2) +ENA +IN,g 
25-A51-9 

i20 

39-B40-10 O·~ ., 
("0") 1.2V 
39-B44-25 

(ROPHMUI +OVI) 
27- 050-17 

(ROP){RNI)(LOA +AOD +AN 0 +EOR +SUB) 
21-051-20 

VI50 
7- B37-11 

(ROP) MUl + OIV. STEP 
29-A57 - 10 

MANUAL SEL A 
15- 063-18 

V250 
7- 837-16 

(REG) lNP (REJECT) 
43- 034-25 

75- 034-28 

025 

C41 

V40 

II 

r f : 

" I I 
'I 

" 
'I 
'I 

" II 
J I 

I 
'h 

k 

-I "' 

NU 

I----ONU 

~
TR 

31-C46-6 I CD 
33-A08-2 

5 
X 

NOTES: 

A REGISTER (UPPER a aITS) 

. BI/~~;~_S;51:~TR BIT ~ C45 

A'Ci /0 INPUT FANOUT ~ECEIVER 15 2 3 BIT 15 
, BIT 15 77-015-9 - - - - - - - 35-C42-25 

NU 4 

{ 65- 054-4 } 
91T 14 

77-015-11 .& II 

NU 3 _14 BITI4 

{ 
65- 054-25 7} & 35-C44-6 

BIT 13 77- 015-19 8 .&. 14 13 BIT 13 

NU 10 12 &. 9 35-C42-2 

BIT 12 { 65- C54-28 22} 12 BIT 12 
77- 016-9 21 &. 15 - - - - - - II & 10 35-C42-27 

NlJ 19 BITII 

BIT II { 65- C54- 1 23} __ 11_ 27 26 35-C42-21 

77-016-11 28 &.. 18 BIT 10 

CD 9-BI2-19 26 10 18 & 19 35- C42-6 

BIT 10 { 63- B54-4 24} 09 BIT 9 = =: = = = =. = : ~ ........ , 77-016-19 27 &. 17 r 17 & 20 35-C43-8 

C49 .......... : ......... CD 9-BI2-25 25 08 BIT 8 

, 

{
63-B54-25 

BIT 9 
77-017- 9 

CD 7-BI3-7 

{ 
63-A54-28 

BIT 8 
77-017-11 

CD 7-B08-14 

{ 
63-A54-1 

BIT 7 
77- 011-19 

CD 7-B09-19 

~ , { 61- A54-4 
....... ..... BIT 6 

...... 77- 018- 9 

, , , ,0;( 7-B09-IB , 
, 
, 
, 

, , 

~3}B 
18 

17 

27} 28 

26 

25} 21 

22 

!;(A 
16 

&. 19 

& 24 

&, 20 

..... ...... 20~ r - - 28 &. 25 35-C43-4 

too 
3-B41- 9 

r - - -

I I 
:::: _J 

r-------------------~ 

..!
I 
I-

I 
I 
18~T{ 61- A54-25 

I 77-018-11 

~ , , , , , , , 

CLEAR A 
IS-C36-11 

A REGISTER 
BIT 

,06 , 

(LOWER a BITS) 

~C46 
3 BIT 7 

35- C43-25 

LOW CD , ~,,- SEE P.9 I (i) 7-B09-9 

j {61- B54-28 

SPEED 
4 

, 31-025-3 -, , 

---- ..... 

, , , , 
, , 
, , 

, , , , 
" .---, 

..... ..... 
~ ..... 

~, , 
" , , , , , 

'- , 
'- "-

, , 

..... , ----, 

, , 

_ -BIT 4 
.--- 17-018-19 

CD 7-B09-14 

{ 
61 -854-1 

BIT 3 
77- 019-9 

(i) 7-BI0-19 

{ 
59- C54-4 

BIT 2 
·77-019-11 

(i) 7- B10-18 

BIT I { 59-C54-25 

...... 77-019-19 

"----, '-, ..... , , , 

" (i) 7-BI0-9 

, { 59- 054-28 
" BITO 

" 77- 020-9 

..... ',(i) 7-BI0-14 

, , 
..... , 

" , 
" , , , 

, 

, 

& 
BIT 6 

4 35-C43-21 

£ 
BIT 5 

9 35-C42-4 

&. 10 
BIT 4 
35-C44-21 

, ,05 

, 12 
....... ~4 

II 

6 } £11 

~} &, 14 

BIT 3 
26 35- C44-27 

&. 19 
BIT 2 
35- C44-2 

&20 
BIT 1 
35- C44- 4 

- --~ 
27 

02 

IB 

01 
17 

22} 21 &. 15 

19 

23} 28 &IB 

26 

& 25 
BIT 0 
35-C44-25 

00 - - --- 28 

too 

24} 27 &17 

25 

3-B41-10 

,---_. 
CLEAR A 
15-C36-10 
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,-

_ •• CONTROL DATA 
.. CORPORATION 

COMPUTER DIVISION 

A REGISTER .IZ~ 

C 
... .-



QREGISTER 

The 16 -bit Q register (auxiliary arithmetic) assists the A register in performing 
arithmetic and logical operations. The Q register is also used as an Index register 
for storage reference instructions and as an Output Address register .for non
buffered 1/ O. 

The Q register is divided into two VOl modules and receives its inputs from four 
VOS Adder/Shifter fan-out modules. The ou~puts of the Q register return to the 
Adder/Shifter via the A, Q fan-out modules and addend gates. 

.The Adder -Q FF controls the input to Q register selection. 

ADDER - Q CONTROL 

The Adder - Q FF 'has three main setting gates. The first is satisfied if the manual 
Q regist.,r selector on the console is activated and the Q - Adder FF is set. 
At time V050 of the C cycle, . the second gate is enabled if one of the indicated 

conditions is satisfied. At time V250, the third gate is enabled if one 
of the indicated conditions is satisfied. The t25 pulse clears the Adder -
Q FF in all cases. 

The setting of the Adder -Q FF enables a pulse to the A and C inverters of 
the VOl modules at tOO. Therefore, the transfer from the Adder/Shifter to .the 
Q register occurs 50 nanoseconds after the Adder - Q FF is set. 

If the condition HOI (Div. Step)(EAB) is not satisfied, inverter* has a "1" 
output and the transfer of data to the Q register is blocked, even though the 
Adder - Q FF is set. This condition may occur during a divide step when 
subtracting (X) from (Q). An EAB occurs when X> Q. 

The Q register clears when either the manual clear or Master Clear is selected. 
The inverters on V41 send a pulse to inverters E and F on the two VOl modules, 
clearing all Q register FFs. 
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WRITE DATA ABORTED 
107-A25-11 0 _ -I 

V300 
7 - C5B-27 

V2S0 I" 7- B37-IB 

RO P [c'~M=U~L t~:-S=T=E=P) M UI + DV:ij 9 
29-AS7-12 

REG [!:NQ + IR (X I ) +IN§] 
25- 951-17 

LDQ + ADQ 
27-D51-11 

MA~~~LD:~~~ ~ 
VOSO 
7- B37-8 

STORAGE 
WRITE 
ABORTED 

HOI (DIV, :i=~~~E~~i 0""'---------' 

(REG) SHIFT 
29- CSI- 6 

(ROP)(MUI +OVI) 
27-D50-19 

i'CY'C['E 11- E52-2O 

8""'CYCIT 11- E51-28 

'C"CYcIE 11- E53-28 

RNI 9- C38-4 

Q .... AD'iiiR SI-C58-6 

125 3- 841-23 

SEE P. 71 

039 , 
II 

Q REGISTER (UPPER 8 BITS) 
D48 

BIT 151 BIT IS 
ADDER SH IFTER FANOUT 2 

59-054-3 
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14 
65-054-6 

VOl 

&,4 -------

B(T 

IS 

14 

13 

8 

---04 

13 &~ 65- 054-23 12 ~ - - - - - - - - - - - -02S 

12 &. 10 
12 

6S- CS4-26 II 

D45 

~ 

-------------r l 
II - - - -

II 26 
_____________ 6 046~ 

27 6S- C54-3 QII'O 29-AS7-11 23 
75-A50-12 

-.., 

10 18 .& 19 
10 

63- BS4-6 - -<)21 

09 
&20 

09 
63- BS4-23 17 --027 

08 
28 E &2S 

08 
63-A54-26 ------- - - -02 

100 
3-£46-1 

- - - --

CLEARQ ~~ A/Q 
15-C36-6 _ FANOUT 
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Q REGISTER (LOWER 8 BITS) 

BIT 
07 
63- A54-3 

06 
61 - A54-06 

05 
61- A54-23 

04 
61- B54-26 

03 
61- 854-3 

02 
59-C54-6 

01 
59 - C54-23 

BITO 
ADDER SHIFTER FANOUT 

59 - 054-26 

100 
3 - E46-2 

CLEAR Q 
15-C36-12 

D49 

VOl 
BIT 
07 

--------04 

06 

- - - -05- - --1~5 - -041 § 
----- 6 

04 
- - - - -021 

...!?3 ____ .()27 

02 - - - --

01 
--------04 

_ _ _ _____ -.?O ____ 0 25 
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TITU 
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The A, Q FANOUT provides three additional outputs for the A and 

Q register. 

The Adder/Shifter Fan-In, AQ I/O, and Skip FF receive the contents 

of the A, Q FANOUT. The * inverters in each Module send several bits in 

A, Q FAN-OUT 

a group to the Skip FF. If the group of bits in "0", the output of the 

* inverter is a "0", which is inverted and sent to the Skip FF. The 

Skip FF searches for Zero contents of the A or Q registers. 
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r------------------------ A FANOUT------------------------, 

81T 09 
3/-C45-20 

08 
31-C45-25 

07 
31-C46-3 

06 
31-C46-4 

53-853-5 

17-017-7 

13-CI6-13 CD 

53-AS3-7 

77-017-11 

13-CI6-12 CD 

53-A53-1 

11-011-24 

25.0-c09-23CD 

53-A53-3 

77-018-1 

9-BII-28 CD 

SA A06-09=Q 
43-035- 24 
NU 

BIT 15 
31-C45-3 

13 
31-C45-9 

12 
31-C45-10 

II 
31-C45-26 

10 
31-C45-19 

91T 14 
'31-C45-4 

04 
31-C46-10 

03 
31-C46-26 

00 
3i-C46-2' 

16 

13 

9 

II 

16 

22 

20 

18 

53-053-1 {i 
77-015-7 

NU 

43-035-28 

25.I-CI7-19 CD 

53-A53-5 

77-018-17 

25.I-CI7-5 CD 

53-053-5 

77- 015 -24 

25.I-CI7- 2 CD 

53-C53-7 

77-016-7 

25.I-CI7-10 CD 

53-C53-1 

77-016-17 

25.I-CI7-24CD 

77-016-24 

25.I-CI7- 27 CD 

AD5,IO- 13 115= 0 
43-035-22 

53- 053-3 

77- 015- 17 

5-BI5- 27 (j) 

53-B53-7 

77-018-24 

9-BII-25 CD 

53- 853-1 

77-019-7 

9- BII- 26 (j) 

53-C53-3 

77- 019-11 

9-BII-3 (j) 

53-C53-' 

77-019-24 

9-811-6 (j) 
73-A61-19 

53-053-7 

77-020-7 

3-BI6-3 CD 

73-A61-21 

AOO- 04, 14= 0 
43- 035- 26 

Q FANOUT 

BIT II ~55-C52-J 
33-048-26 A 77- E /9-9 ,. 

NU 

55-852-3 

10 ~ 33-048-19 B 71-EI9-12 
,~ 

3-817-24 CD 

55-852-5 

09 ~ 33-049-20 C •• 77-EI9-27 
3- BI7.-22 (j) 

5!5-A52-7 

08 ~ 33-048-25 0 , 77- E19-16 

3- B17-13 (j) 

5!5-A!52-1 
07 
33-049-3 77-E20-9 

II 
3- 817- 10 CD 

NU 

16 
55-A52-3 

06 
33- 049-4 77-E20-12 

5-B14 - 21 CD 

NU 

Q06-1I-0 
43-035-16 

NOTES: 

(j) DENOTES PAGE NUMBER FROM 

LOW SPEED COMPUTER DIAGRAMS. 

..9_ CONTROL DATA 

... CORPORATION 

BIT 15 ~ 43-035-23 
33- 048-3 B I 55 -052-1 ,. 

77-EIB-9 

55- 052-3 

14 ~ 33-048-4 0 9 77- E 18-12 

N U 

55-052-5 

13 ~ 33-048-9 C 77- E18-27 
NU 

55-C52-7 

12 ~ 33-048-10 A 77- EI8-IS 
'0 

BIT 05 
33-049-9 

NU 
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43- 035- 14 
75-A50-10 

55-1452-5 

77- E20-27 

5-BI4-19 CD 

55- 852-7 
04 
33- 049-10 77 -E20-16 

5-814-20 (j) 

55-852-1 
03 
33- 049-26 77-E21-9 

NU 

55- C52-3 
02 
33- 049-19 77-£21-12 

NU 

55-C52-5 
01 
33- 049-20 77-E21-27 

9 
NU 

II 
NU 

16 
55- 052-7 

00 
33- 049-25 

22 
77-E21-16 

20 
3-817-11 (j) 

18 
NU 

A,Q FANOUT c 
COMPUTER DIVISION 



P REGISTER 

The P register contains the address of the current instruction. In most cases, 
the P register advances by one near the completion of each instruction. The 
outputs of the P register enter the addend gates of the Adder / Shifter. The 
Adder /Shifter forms the next instruction address, returning it to the P register. 

The P register consists of 15 stages divided into two Val modules. The P 
register receives inputs from four V06 Adder/Shifterfan-out modules. The 
V06 modules provide the input gates which select the Adder/Shifter inputs. 

The Adder - P FF controls the input to P register selection. 

ADDER - P CONTROL 

The Adder - P FF has three main setting gates. The first gate is satisfied 
if the manual P register selector on the console is activated and the P - Adder 

FF is set. At time VG50 of the B cycle, the second gate is enabled if 
one of the indicated conditions is satisfied. At time V250, the third gate 
is enabled if one of the indicated conditions is satisfied. The t25 pulse 
clears the Adder - P FF in all cases. 

The setting of the Adder - P FF enables a pulse to the A and C inverters 
of the Val modules .. at to(I(H'Therefore, the transfer from the Adder/ Shifter 
to the P register occurs 50 nanoseconds after the Adder - P FF is set. 

The P register clears when either the manual clear or Master Clear is 
selected. The inverters on V41 send a pulse to inverters E and F on the 
two Val modules, clearing all P register FFs. 
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V250 
7-B40-26 TE 

INT+ RTJ 
29-C51-\6 

(REG)lINP+OUT)REJECT +SKIP FF 
43-034-23 

RNI (A=O )lAOR) 
13- 839-25 

JMP 
27-050-25 

11050 
7- 837-10 

(ROP) RAO 
29-C51-26 

(REGHSPB + CPBHEil) 
29-C5I-9 

MANUAL SELECT pb8 
15-063-10 

p~ ADDER 5 
51-058-6 

125 
3-841-24 

A CYCLE II-E52-11 

B CYCLE II-E51-27 

RNI 9-C38-1 

STO 9-C59-8 

A40 
V461 

-, 
I 

SEE P. 9 

p 

ADDER S:II;T~~ FANOUT.1I 
65-054-8 

13 ~ 65-054-21 12 

~~ -C54-24 " 

~-~-T ~~-9!s4-8 18 

~;_ 854-21 17 

08 
63 - A54-24 28 

100 
3-841-1 

- - - --
CLEAR P 
19- A63-28 

7 BITS) 

4.l 5~- ~2.:1~ _ 

~ 9055-052-21 

.& 10055-C52-15 

26055- C52-20 

.& 19055 - 852-13 

&. 20055-852-21 

&. 25055-A52-15 
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(P.55) 

P REGISTER (LOWER 8 BITS) 
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~~_ A54-8 0 I 

~~ _ A54-21 0 12 

~~ _ 854-240 " 
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g~_ C54-8 018 
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SH I FTER FANOUT 

59-C54-21 

00 
59- 054-24 

too 
3-841-2 

CLEAR P 
15-C36-22 

A44 

3055- A52- 20 

L!.'J. 4055-A52-13 

/z:;. 9055-A52-21 

ffi 10055-852-15 

26055-852- 20 

15:>. 190 55-C52-13 

55-C52-21 

55 - 052-15 ---------------

.!II!.. CONTROL DATA Tim 
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X REGISTER 

The X register consists of 16 stages divided into two VOl modules. The X register 
receives inputs from the Z register and the Adder/Shifter through the two V19 fan-in 
modules. The VIS modules provide the input gates which select the Z register or 
Adder / Shifter inputs. 

The Resume and Adder ~ X FFs control the input to X register selection. The Resume 
and Adder ~ X control FFs are described below. 

Z ~ X CONTROL (RESUME) 

The Storage Resume signal sets the ResumeFFattimet50 and clears the Req. Mem. FF. 
This time is relative to 50 nsec before the Resume transfer actually takes place. A 
Storage Write operation causes F to block the Resume output of V82. Thus the Resume 
transfer occurs only on Storage Read operations. 

The outputs pass through inverters G and H and apply "I" inputs to A and C in the 
VOl modules. Additional Resume outputs enter C and D in the fan-in (V1S)modules. 
As a result, the Z register "I" bits enter the X register at time toO. The X 
register stages corresponding to "O's" are cleared. 

The t25 pulse clears the Resume FF. Thus, this FF remains enabled for 75 nsec 
after it is set. 

ADDER - X CONTROL 

The Adder ~ X FF has four main setting gates. The first of these sets the 
Adder - X FF during a B cycle at time V050 if one of the indicated conditions is 
satisfied. The remaining three main gates set the Adder -X FF at time V250 
if the necessary conditions are satisfied. The X - Adder enable also sets the FF 
in a manual selection. The t25 pulse clears the Adder -X FF in all cases. 

The setting of the Adder - X FF enables the Adder/Shifter input to the X regiBter 
through inverters A and B on each V19 module. Thus, the too pulse transfers 
the Adder/Shifter .output to the X register. 

X REGISTER FAN-OUT 

The X register output passes through four fan-out modules to obtain additional 
outputs and for control functions such as the extending of the t::. sign bit. 

The low-order five stages of the X register pass through the V26 module. 
Each of the low- order four of these stages has four outputs that go to destinations 
indicated. (Stage 04 has one additional output to the translator.) The t::. = 0 
translation is also sensed on this module for the low-order five stages. 

Stages 5, 6. and 7 pass through the V27 module. These stages each have six 
outputs as indicated. 

The high-order eight stages of the X register pass through two V28 modules. 
These stages have four outputs as shown except the sign bit (stage 15) and stage 
11. The extra outputs of stage 11 are not used. The V28 modules also sense 
for the F f 0 condition of the corresponding bits. 

SKIP TRANSFERS 

In the execution of a Skip instruction. the low- order four bits of the instruction, 
and thus the X register, contain the skip count. The outputs from stages 
04-07 at this time are "O's". Thus a REG operation during a Skip instruction for
ces "O"outputs of stages 04-07 to the Addend gates and the Augend gates. 

EXTEND SIGN 

In the type of operations indicated, the sign bit of l:::.. (stage 07) is extended in 
the high- order eight outputs. If one of the indicated conditions is enabled and 
bit 07 is a "I" (negative sign), the output of the sign extension inverters on the 
V27 module enter inverters A and B on the two V28 modules. The outputs of 
A and B force "0" inputs to the fan-out inverters that feed the Addend and Augend 
gates. Thus, the high- order eight outputs to these gates are all "1' 8". 

If, in a sign extension operation stage 07 contains a "0" (positive) ,inverter A 
on the V27 module forces "0" outputs from the sign extension inverters. The 
resulting outputs of A and B on the V28 modules gate the outputs of the high
order eight stages of the X register, which are cleared, at V050 time of each 
RNI sequence to the augend and addend gates. 
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P~g~~~T218~~; I ~ 

P~~~~YA:~~;i ~ 

(ABORTED I) SPA 
29 - A57- 26 

IAoR)(REAo INoEX)+ 
I rHRNI +" .. 0 HAoR) 

13- 839-17 
840 - X 

IROPHSU8+MUI + oVI) 
27- 051-28 
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IRNI+" .. O 1+13-057-19 
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17 
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I X REG. (LOWER 8 BITS) 

I 
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.1 
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L 
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25 

REG (SKI P) .1.2 
69- 836-11 

" 

" 

81T 
X04 

X03 

!02 

..... XOI 

" 

'~O 

" 

.!It. CONTROL DATA 

.. CORPORATION 

.PUTER DIVISION 

47-861-8 

43-035-18 

45-C63-26 

89-824-16 

55-A52-16 

53-A53- 16 

73- 062-12 

43-035-20 

45-C63-3 

55-A52-11 

89-824-5 

53-A53-1 t 

73- 062- 10 

43-035 -15 

25-ASI-5 

87- 823-16 

55-A52-9 

53-AS3-9 

" -, 
" " 51 X05-07=O " "-

, , 

XI4 
39-846-4 

XI3 
39-B46- 9 

X 12 
39-846-10 

1.2V 
39- 844-27 

---
13-839-14 " 

" 

87-823-5 Z 

" " " 

55- 852-6 AoN BIT 

53- B53-6 AUG X" 

91 43-034-21} 39-846-26 
XLTR 
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Y REGISTER 

The 16-bit Y register is contained on two VOl modules. The Y register contains 
storage addresses for subsequent transfer during a storage reference. The Y 
register is also used as a counter during Multiply, Divide, and Shift instructions. 

The first VOl module contains bits 00-06 and bit 08. The second VOl module 
contains bit 07 and bits 09-15. Bits 00- 05 and bit 08 receive inputs from a 
V22 m0dule, and bit 06 receives its input from a V42 module. The second VOl 
module receives its inputs from the V06 Adder/Shifterfan-out modules. 

The contrGl. FFs for the Y register are contained on the V42 module and receive 
set inputs from the V43 module. The Y register outputs feed V13 and V14 fan
out modules and are gated to the S register, Adder/Shifter or Y decrementer. 
All control FFs set at t50 and clear at t25. The Y register gating occurs at 
toO. Therefore, the actual transfer to the Y register occurs 50 nsec after the 
control FFs are set. 

The Y regi!?ter clears when either the manual clear or Master Clear is selected. 
The clear pulse enters inverters E and F on the two VOl modules, clearing all 
Y register FFs. 

ADDER ~ Y CONTROL 

The Adder ~ Y FF has three main setting gates. The first gate is satisfied if 
the manual Y register selector on the console is activated and Y - Adder FF is 
set. At time V050 (V42) of the B cycle (V43), the second gate is set if one of the 
indicated conditions is satisfied. The third gate is set at time V250 (V42) of the 
A cycle (V43) if one of the indicated conditions is satisfied. The setting of the 
Adder ~ Y FF enables inverters A and B on the V22 module and A and C on the 
second VOl module. The V22 module provides the Adder/Shifter input gates for 
selecting bits 00-05 and bit 08 of the Y register. Module V42 provides the input 
selection for bit 06. The second VOl module receives its inputs from the V06 
Adder/.shifter fan-out modules. 

For Shift instructions, the Adder ~ Y FF enables the lower 8 bits of the shift 
instruction format into the Y register. Bits 00- 04 contain the shift count. 

For other instructions, the Adder - Y FF enables the effective address or 
partially modified address into the Y register. The effective address is held 
in the Y register until transfer to the S register during a storage reference. 
Bit 15 does not transfer to the S register. Bit 15 is a sign bit when the 
effective address is an operand for Read Operand instructions. 

DECREMENT Y CONTROL 

The Decrement Y FF has three main setting gates. If anyone of the follOWing 
gates are satisfied, the Decrement Y FF sets and the value in the lower 5 bits 
of the Y register decreases by one. 

Time (V42) Cycle (V43) Condition 

1) V050 C (YOO-04 f 0) (REGHSHIFT)(QA SHIFT) 
2) V250 C (YOO-04 f 0) 

or 
V250 A (YOO-04 " 0) (ROP) (MUI) 

3) V350 A (YOO-04 i 0) (REG)(SHIFT) 

The Decrement Y FF enables the C inverter on the· V22 module, and the A 
and C inverters on the first VOl module. This gates the decremented value 
of Y back into the lower 5 bits of the Y register to toO. Five bits are used 
to express the maximum shift count of 31 10 = 378 = 1E . Five bits are also 
needed for the multiply and divide when tlie Y register lJecrements from 
1016 (208 = 1610) to O. 

In short cycle (SCI) operations which occur only in shift or MUI instructions. 
the V250 pulse occurs 100 nsec earlier. This case effects only condition 2 
listed previously. In this condition, theDecrementY FF is set 100 nsec earlier 
since the short cycle requires 100 ns~c to transmit the operand ·through the 
Adder/Shifter. 

1016 ~ Y CONTROL 

The 10'6 ~ Y FF establishes the starting Y register count (1016) for Multiply 
and Di'IYi(!e instructions. As each shift and compare sequence is done, the 
Y register decrements by one until YOO-04 = O. 

The 10 16 - Y FF sets at time V050 (V42) of the A cycle (V43) when ROP and 
MUI + DVI signals are present. The 1016 ~Y FF enables bit 04 of the Y 
register to set at time 00, thus forming a binary 10000 (1016), 

STA TE - Y CONTROL 

The State ~ Y FF enables the forming of an address to locate the return 
addresses for each of the 16 possible interrupt states. The table on page 

I 70 shows the interrupt states and location of return addresses. The location 
of the return addresses may be formed by changing bits 02, 03, 04, and 05 
and setting bit 08 to a "1". 

15 08 07 06 05 04 03 02 01 00 

Y REGISTER I 0 0 0 0 I 0 0 0 I I 0 0 - - I - - 0 0 I 
t ~ ~ t 
0 0 O,4,8,C 
0 O,4,8,C 
0 2 O,4,8,C 
0 3 O,4,8,C 

The State - Y FF sets at time V050 (V42) of the B cycle (V43) when an 
Interrupt signal is present. The State ~ Y FF enables inverter D on the 
V22 module and inverters A and C on the first VOl module. Four interrupt 
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Y REGISTER (Cont'd) 

state inputs are gated into the V22 module from the Vll and V12 module on 
page 71. At tOO, the state inputs are gated into bits 02, 03, 04, and 05 of 
the Y register and bit 08 is set to a "1". The address to locate the return 
address transfers through the V13 and V14 modules to the S register. 

CONSOLE INDICA TOR CONTROL 

Module V43 contains the control for three console indicators. The three 
indicator outputs are enabled by a display pulse on module V55, page 21. 
The display pulse enables the indicators only if the following conditions 
are present: 

1) 

2) 

Indirect Address = (IM. OP.) (READ INDEX) ADR 

Storage Index = READ INDEX 

3) Operand = STO + ROP + 1M. OP .. 

(IM.OP. (ROP) CONTROL 

An inverter whose output is (IM. OP. ) (ROP) is located on the bottom of module 
V43. This pulse feeds module V55, page 7, and is one of the conditions which 
stops the timing chain. 
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(AoR)(~NT)(ind) 

(q)lRNr+ll"O))..S 
13 - 057-12 

(REG) USHIFT + 
EXI+(SPB+CPBB 

29-C5t-7 

QASHi'FT 
73-062-8 

(REG) SHIFT 
29-C51-2 

(ROP) MUI 
27- 050·14 

(ROP)(MUI+oVI) 
27- 050-21 

INT 
69 - 040-21 

iCYC'i:E 
It - E52-1 

B CYCLE 
11- E51-11 

CCYcIT 
11- E53-24 

AoR 
9- A40-2 

R'Q"iiI 
9-C49-tO 

STO I 
9 - C59-12 

IM.OP. 
13- 839-6 

125 
3-841-26 
YOo-04=O 
43-A39-S 

81 (1M. OP.)(ROP) 
7-8315-23 

151 STO+ ROP+IM. OP. 
17-C64-5 

BIT6 FROM SHIFTER 
61-A54-IO 

IIM.OP.)lREAo INOEX)(AoR) 
17-C64-11 

20 

6 

/ 

I 
/ 

I 

I 

I 

/ 

STATE ~y 
15-C36-19 

I 

I 

INTERRUPT STATE 
71- 037-17 

ADDER ISH IFTER 
59-C54- 11 

ADDER/SHIFTER 
59-054-20 

Y REGISTER (UPPER 8 BITS) 
A47 READ I.NDEX 

, I I 13-057-1 

BIT 
15 
59-054-9 

14 
65-054-10 

13 
65-054-17 012 

12 
65- C54-20 

" 65- C54-9 

01 

00 

100 
3-B62-17 

CLEAR Y 
1!5-C36-13 

" 
27 

18 

17 

1,0 t 

... _ CONTROL DATA IT'T" 

... CORPORATION 

53-053-20 
/' 

BIT ,/ 
/' 

"",/14 
/' 

/' 
/' 

& 4 
/' 

~ 13 

.&. S 
12 

.& 10 

" 26 

10 

" ,09 

VOl 

---"1' 
READ INDEX 

13-057-2 

& r -"''''-
&. S 05 

&10 ............ 
, ,04 

26 "-, 
"-

" ,,03 
& 1st "-,,-

, ' &. 20 , "- "-, 
, , 

2si 
, , , , 

, 
, 

\ 

, 
\ 

, 02 , 
" 

\,01 

\ 

, 
'00 

, 
" 

\ 

, , 

Y REGISTER 
COMPUTER DIVISION 

81-026-1-8 

53-053-13 

81- C24-IB 

53- 053-21 

8J-C23-IS 

53-C53-IS 

BI- 027-25 

53-C53-20 

81- 026-25 

53-B53-13 

BI- 027-4 

53- B53- 21 

81-021-8 

53- A53-15 

81- 026-4 

53-A53-20 

A46 

81- 026-8 

53 -A53-13 

81- C24-25 

53-A53-21 

81- C23-25 

53 - 853-15 

43-A39 -12 

81-C24-4 

53- 853- 20 

43- A39 -14 

BI-C24-8 

53-C53-13 

43- A39- 26 

BI-C23-4 

53-C53-21 

43- A39- 27 

81- C23-B 

53-053-15 

43-A39-25 
='----J 

~ItODUGT 
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Y-DECREMENTER 

The Y -Decrementer operates as a counter during Multiply, Divide, and Shift 

instructions. The lower 5 bits of the Y register hold the shift count which • 

decreases by one on each pass through the decrementer. The decrementing is 

performed logically by inspecting each bit in order, starting with YOO. Each bit 

is complemented until the decrementer reaches a "1". The "1" is complemented 

and the remaining higher bits (if any) are transferred through the decrementer 

without being changed. For example, if YOO is a "1" it is complemented, but 

Y01-04 remain unchanged during this particular pass. 

When the count is reduced to zero (YOO-04=0), the gate in the lower-right corner 

of the V08 module is enabled, the Y-Decrementer is disabled, and the shifting in 

the current instruction is completed. 

SKIP FF 

A zero is the instruction field and a one in the sub-instruction field 

identifies a Skip instruction. Diagrammed below is the Skip instruction format. 

15---12 11--- 8 7 4 3 0 
4 4 4 4 

r~- 0 0 0 I 0 0 0 !I-I [ '-J -- -- J 
~~~~ 
INSTRUCTION 

I 
SK IP 

INSTRUCTION 
( F 2) 

SUB- INSTRUCTION 
( F I ) 

, 

SKIP 
COUNT 

When the skip condition is met, the contents of the skip count +1 is 

added to P to obtain the address of the next instruction (e. g., when the 

skip cOlmt is zero, go to P + 1). When the skip condition is not met, the 

address of the next instruction is P + 1 (skip count ignored). The skip 

count does not have a sign bit. 

The Z81 and V53 modules examine X04-07 to determine which skip 

instruction is to be executed. The table following illustrates the possible skip 

instruction translations and their conditions. 

The Skip instruction conditions (contents of A and Q registers, 

Selective Skip switch, Overflow, Storage Parity Error, and Program Protect 

Fault) enter the Z81 module. The contents of the A and Q registers are 

sensed for sign and for zero or not zero. 

Skip Instruction Bits Skip If 
(Hex. ) 71 6 15 14 

0 0000 A = +0 

1 0001 A # +0 

2 0010 A=+ 

3 0011 A=-

4 0100 Q = +0 

5 0101 Q # +0 

6 0110 Q=+ 

7 0111 Q = -

8 1000 Switch set 

9 1001 Switch not set 

A 1010 Overflow 

B 1011 No overflow 

C 1100 Storage Parity Error 

D 1101 No Storage Parity Error 

E 1110 Program Protect Fault 

F 1111 No Program Protect Fault 

The logic in the Z81 and V53 modules recognizes the selected Skip 

instruction and determines if its conditions are satisfied. The conditions 

(V150) (REG) (SKIP) and the Skip instruction satisfied enable the Skip FF. 

The setting of the Skip FF sends a "1" through two inverters to the Adder ~ 

P FF shown on page 37. 

The condition (REG) (INP + OUT) (Reject) sends a "1" through two 

inverters to the same Adder ~ P FF as the Skip FF. 

The condition (INP) (REG) (Reject) sets the I/O~A FF shown on page 31. 
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YOO 
41-A46 -I B 

YOI 
41-446 - 23 

Y02 
41-A46- 2B 

Y03 
41-A46-8 

Y04 
41-A46-13 

M 

M 

G 

Y OECREMENTER 

A 

C 

E 

A39 

V08 

41-A49-22 

41-A49-4 :is 1-1" :2. 

41-A49-25 ~ /1" :3 

41-A49-11 i3 J.; 

73-062-9 } 
7:r A62-6 

73-A61-17 YOO-04=0 

41-A42-24 

47-861-22 I 

A05,IO-13,15=0 35 -C42 -23 

A06-09=0 35- C43 - 6 

AOO- 04,14' 0 35 - C44- 23 '(~~ 

QI2 -15 =0 35 - 045-6 

Q06-11 =0 35 - 046-23 

QOO-05=0 35- 047-23 

AI5 
35 - C42-IB 

QI5 
35 -045-15 

SEL SKIP 
SWITCH SET 112 

17 - E64-14 

OVERFLOW 
57- 036-1 

STORAGE PARITY ERROR): 
101 -A34-21 

PROGRAM PROTECT FAULT 2 
69-A35-27 

X5 
39- 844-11 

X6 
39-844-10 

X7 
39-844-3 

I 

035 
ZBI 

OVERFLOW- -
57- 036-4 

23-C40-2 
PROTECT FAULT 
69- A35-26 

73- A62-7 A15= I 

57- 036-21 ANEG 

57- E55-6 A15= I 

73-A62-!5 Q15:1111 

NU 

INP (REG) 
25-851-5 

REJECT 
75-834-5 

(REG) (INP+OUT) 
25-851-3 

(REG) SKI P 
69- 836-3 

X4 
39-845-9 

VI50 
7-837-9 

... CONTROL DATA 
,. CORPORATION Y DECREMENTER AND 

COMPUTER DIVISION 
SKIP FF 

(REG) INP (REJECT) 
31-C41-9 

(REG)(INP + OUT) 
(REJECT) + SKIP FF) 
37-A40-23 

IIZI: 
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ADDER CONTROLS (XR AND LP) 

The Exclusive OR (XR) and Logical Product (LP) control FFs enable the 

corresponding logical operations on the Adder/Shifter modules. The XR and LP 

FFs are contained on the V38 module. The inputs to the corresponding inverters 

I on 'the Z93 module specify the conditions for setting and clearing XR and LP. 

EXCLUSIVE OR (XR) CONTROL 

When set, the XR FF enables the Exclusive OR(A"o"B) function in the Adder/ 

Shifter. The Exclusive OR can take place between two operands, as in an IR 

instruction, or between an operand and all "l'S", as in complementing a negative 

operand in the Multiply instruction. Examples of both cases are shown below: 

15 14 13 12 11 10 - 0 Bit Positions 

0 1 1 0 1 - 1 Operand A 

0 1 0 1 1 - 0 Operand B 

1 ,1 0 0 - 1 Result 

15 14 13 12 11 10 - 0 Bit Positions 

1 0 1 1 0 - - 1 Operand A 

1 1 1 1 - 1 All "l's" for Operand B 

0 0 0 1 0 - 0 Result 

In both examples, a "1" appears in the result only when a "1" is in a certain bit 

position of one operand and a "0" in the same bit position of the other operand. 

Thus, a "1" results when a "1" exists in operand A or B but not in both. In the· 

second example, all "l's" are used as a .:nask to complement operand A. In this 

way, a number can be converted to the ones-complement equivalent. The second 

example shows a negative number (operand A) converted to its positive equivalent 

through the XR function. 

I The XR FF has two Set/Clear gates (A, Band C, D) and one set gate (E). The 

A, B gate sets XR at V100 time While the C, D input sets the FF at V300 time if 

one of the corresponding inverter inputs is satisfied on the Z93 module. Inverter 

I E .~tll XR at V200 time if the input to the corresponding inverter on the Z93 

module is satisfied: (MU!) (SRl) (C CYCLE) + (DV!) (YOO-04 = 0) (SR 2) (C CYCLE). 

A typical XR operation for the first example is had by assuming an IR instruction 

in the REG mode, A cycle enabled and bit Xs of the instruction code set. The 

setting of Xs specifies an XR operation between the operands in the origin registers 

(X3, X4, and X5). In this case, XR is set at V100 time (A, B) and the Exclusive 

OR function is enabled in the Adder/Shiftermodules. When the selected operands 

are gated into the Adder/Shifter, the Exclusive OR operation takes place, 

An XR operation for the second example takes place during the A cycle of the 

ROP mode for a DVI instruction with SR 2 set. In this case, the initial dividend 

is negative (SR 2 set) and (Q) is complemented prior to the first divide step. Thus, 

XR is set at V300 time (C, D). Since (Q) is now gated to the addend gates While 

all "l's" are enabled into the augend gates, the XR enable complements the (Q) in 

the Adder/Shifter. 

LOGICAL PRODUCT (LP) 

The setting of the LP FF enables the Logical Product (AND) function on the 

Adder/Shifter modules. The LP function takes place between two operands, as 

in IR or AND instructions, or between an operand and all "l's" to enable a 

straight-through transfer of an operand through the Adder/Shifter', as in a 

Multiply instruction. Examples of both cases are shown below: 

15 14 13 12 11 10 - - 0 Bit Positions 

0 1 1 0 1 - 1 Operand A 

0 0 - 0 Operand B 

1 0 1 0 0 - 0 Result 

15 14 13 12 11 10 - - - - 0 Bit Positions 

0 1 1 0 1 - - - - 1 Operand A 

1 1 1 1 1 - 1 All "l's" for Operand B 

0 1 0 - - - - 1 Result 

In both examples, a "1" appears in the result only when a "1" exists in 

corresponding bit positions of the two operands. Thus, a "1" results when a 

"1" exists in operand A and B, 

The LP function is often used to mask out certain portions of an operand, as in 

the first example. In this case the low-order 12 bits of operand B are all "O's", 

and the high-order 4 bits are all "l's". Thus, all but the high-order 4 bits of 

operand A are masked out. 
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ADDER CONTROLS (XR AND LP) (Cont'd) 

For example, assume an AND instruction in the ROP mode, B cycle, and V100 

time (H01) (tOO). In this case, the operand read from storage (X) and the operand 

in A transfer to the Adder/Shifter simultaneously with the setting of LP. As a 

result, LP enables a Logical Product operation in the Adder / Shifte,r between the 

two operands. 

The LP function also enables a straight-through transfer of an operand through the 

Adder/Bhift;er. In this case, all the bits of one operand are "l's". Thus, operand 

A transfers through theAdder/ShHter either unchanged or shifted right or left. 

An example of this type of LP operation is had by assuming a Multiply instruction, 

C cycle, and V100 time (H01 and tOO). These conditions set LP simultaneously 

with the transfer of (A) - Adder. Since the Shift-Right control was previously set, 

LP enables the (A) to be shifted one place to the right. 

The LP FF has two Set gates and two Clear gates. The Stopped mode sets LP 

through inverter h. The setting of LP at this time enables the transfer of the 

manually selected register output through the Adder/Shifter. 

The other Set gate is enabled at toO time if the input conditions to one of the 

I corresponding inverters on the Z93 module are satisfied. Three of the inverter 

gates are enabled at V100 time (H01 and toO) while the remaining gate is enabled 

at V300 time (H05 and toO). 

The output of inverter E clears LP at V200 time (H03 and tOO) Simultaneously 

with setting XR. Inverter E is enabled at the termination of the C cycle of a 

Multiply or Divide instruction. The other Clear gate to LP is enabled 'at V300 

time (H05 and toO) if the input conditions to one of the corresponding inverters 

I on the Z93 module are enabled. For example. LP is cleared during the B 

cycle of each ROP mode at V300 time. 
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INT ~4 69-836-28 

OYI (SR 21 15 A 
75-A62-1 

E 

MUI (SRIl+OYI (YOO-04=0)(SR 21 ~ 
75-A62-5 

(MUI+ OYI)(AORl(SR 21+ G 
(ROP)(EORI +(MUX +OVX)(ROP)(SRII 

MUI (X NEGI+OYX( :3p~~~~S2U68 5 E 
29-A57-7 

X6 
59-844-8 

---

(REG)(IRI (X6)(X71 
57-036-20 

X7 
59- 844-2 

HOI 
7-C45-7 

(ROPI AND 
29- A57-17 
HOI 
7 -C45-5 

MUI+ OYJ: 
27- 050-15 

(ual SH~~~o~:~~i ~ 

H05 
7- 045- 5 

A"CYci:E I 1- E52-10 

ii'CYCLE 11- E51-6 

C CYCLE II-E55-8 

REG (IRI 25- A51-8 

iiiiPi 9 - C49-8 

AOR 9 - C59-28 

NOTE: 
C63 MAY 8E A V39 MODULE IN 
SOME MACH I NES. IF SO, SEE 
LOGIC SCHEMATICS. 

--- ---
100 
3-862-12 

FROM 
DISPLAY 
7-835-19 

HOI 7-C43-5 

100 3 - 862-15 

H05 7-045-2 

LOGICAL PRODUCT (LPI 

6&-056-9 

65.:~6=-9 _____ _ 

6~8~:.9_ 
63- A56-9 

61 - A55-9 ------
61-855-9 ,------
59-C55-9 
,- - --
57- 055-17 ------

65-056-17 - - - --
5.l6~-~6:.17_ 

6~B~6:.17_ 

63-A56 -17 

6I'6~~5~'~ 
~I.=B~5:.1!... __ 
5~- CJl5= I!... __ 
57-055-22 -------
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• CONTROL DATA 
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ADDER CONTROLS (SHIFT) 

The Shift Adder Controls enable the left or right Shift operations on the Adder/ 

Shifter modules. These controls consist mainly of the Right Shift (RS) and Left 

Shift (LS) FFs, the Set/Clear input conditions, and the fan-outs for these FFs. 

The RS and LS FFs and the input Set/Clear enables are contained on the V37 

module. The RS, LS, and shift fan-outs to the Adder/Shifter modules are con

tained on the V23 module. 

The RS and LS FFs are set and cleared under similar conditions. In Shift cycle 

operations, RS or LS is set by inverter F at V325 time (t25 and H06) in the A 

cycle. If bit 7 (X7) of the instruction code is a "I" at this time indicating a Left 

Shift, inverter 1 enables the setting of LS. If X 7 = "0", RS is set. 

The RS or LS FFs are cleared by inverter F in the C cycle. Since H06 is not 

set in the C cycle until V300 time of the last shift cycle, the clearing of LS or RS 

at this time indicates the completion of the shifting operation. 

In Multiply operations inverter F sets RS in the A cycle of the ROP mode. Since 

H04 is not set until V200 time of the C cycle for the last multiply iteration, 

inverter E clears RS at V225 of the last multiply iteration. 

In Divide operations, inverter E sets LS at V100 time (H02 and t25) of the C cycle 

for each divide iteration. Inverter F clears LS at V325 time of each iteration. 

When YOO-04 = 0 indicating the divide is complete, inverter E clears LS at V225 

time of the last iteration. 

The V23 module provides eight outputs for the RS and LS enables. One output 

from each connects to each of the Adder! Shifter modules. The V23 module also 

provides the shift enable to the Adder/Shifter module. If either the RS or LS 

is set, inverter E or F on the V23 module enters a "0" in the shift enable 

fan-out. As a result, the shift enable becomes a "0". 
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(ROP) MUI 
27-D5O-16 

H04 
7-B3B -16 

H02 
7-A38 -3 
(ROP) OVI 
27-D50-6 

YOO-04.0~ 
43-A39-3 

126 
3-C61-2 

HO& 
7 - 63B-5 

X7 
39-844-1 

(A+Q)SH~~D~~~ ~ 

ACYci:i ,,- E62 - 5 

C"""C'YCi:i 11- E53-IO 

REG 9 - C39-5 

MC 19- E63- 21 

DISABLE CLR r 
13-A63-15 

861 

5 

20 

~NU } 28 23- C40-2B 

27 N U DISABLE CLR r 
25 N U 

26 13-D57-B 

~ 
!!. 
IB 

12 

" 9 

!! 
17 

65-D66-25 

!.5-.E5!.-~ _ 
!.3-!5!.-!.S __ 
63-1066-25 -------
61-A55-25 R.S. - - - --
!!-..!I5!-~ __ 

!9:.C5~-!5 _ 
57- E55-10 ------
!7~E5.!-~ _A,!. _____ _ 

65- D56-22 ------
65- CS6-22 - - - --
~:..8~-~2_ 
!.3:...A~-12_L~ _ 

61-A5e-22 - - - --
61-855-22 - - - --!9:.C5!-.!2 _______ _ 

~.7:..D~-.!4_L,!. _____ _ 

57- E55 -17 U. ------

!.5:.C5.!-!3 ___ _ 

65- D56-23 ---------
!.3:. 8~-.!3 ____ _ 

!..1-Jl5~-~3 _S't!F! 

61- A55-23 ------
~7-_05~-.! __ 
59- C55-23 ------
63- A56-23 ---------------
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ADDER GATE CONTROLS 

The Adder Gate Control FFs enable the input to the augend and addend gates 
according to the translaged conditions of the instruction being executed. Only 
one input is enabled to the augend and/or addend gates at a time. If no input 
is enabled to the augend or addend gates. the corresponding adder inputs 
receives -0. This input enables the adder to add -0 to the other input, such 
as in a simple register transfer. to perform an exclusive OR. or logical 
product function. 

AUGEND GATES 

Four FFs control the inputs to the augend gates: A -Adder, +1 -Adder, 
Y - Adder, and X - Augend. The block diagram (p.l ) shows that these four 
quantities enter the augend gates. Since the X register enters both the 
augend and addend gates, a separate FF controls the entry of the X register 
to the augend and addend gates. 

The Augend Control FFs are contained on two V04 modules. The FFs are set 
at VIOO (HOI and toO) or V300 time (HOD and toO). The manual selection of 
A or Y for display enables the setting of the corresponding control FF at 
time toO. For example, if A is manually selected, the manual input becomes 
a "1". The Stopped condition of the computer partially enables inverter 1. 
The toO pulse produces a "I" output of I which sets the A - Adder FF. As 
a result, the contents of A are displayed on the indicators connected to the 
Adder outputs. 

On Multiply (MUI) or Divide (DVI) operations, the A-..Adder FF is cleared 
on every V200 time of the C cycle by inverter O. 

A .... ADDER 

The A - Adder FF gates the outputs of the A register to the augend gates of 
the Adder/S¥fterwhen set. The conditions determining the setting of this 
FF are enabled at the inputs to the two groups of inverters on the V35 module. 

For example, during each shift cycle of a Shift A instruction, the V300 
pulse sets the A ..... Adder FF on both the A cycle and C cycle. This function 
gates the contents of the A register into the Adder/Shifter for the Shift 
operation, 

For another example, assume that the X5 bit of the IR instruction is set, 
designating A as the origin register for the inter-register transfer. Thus, 
in the A cycle portion of the REG mode, the VlOO pulse sets the A+ Adder FF, 
enabling the transfer of the contents of the A register to the Adder/Shifter. 

The Command Timing Sequences list the specific conditions and times for the 
setting of the A - Adder FF for the applicable instruction. 

+1 -ADDER 

The setting of the + 1 - Adder FF gates a +1 input to the augend gates of the 
Adder/Shifter. This input is used mainly to add one to the address of the 
present instruction (P) to get the address of the next instruction. For example, 
during the A cycle of the ROP mode of all instructions except EXI, MUI, or 
DVI, the V300 pulse sets the +1 - Adder FF which initiates the advancing of P 
for the next instruction. The Block +1 function inhibits. through inverter D. the 
setting of the +1 - Adder FF which initiates the advancing of P for the next 
instruction. The Block +1 function inhibits the advancing of P under certain 
instruction conditions, such as after Clear P or an internal reject. 

In the B cycle of the ADR mode in the RTJ instruction, the +l - Adder FF is 
set at V100 time. This function performs the P + 1 function which is stored 
at the effective address. The P + I value represents the return instruction 
address following the completion of the subroutine. 

Y-ADDER 

The Y - Adder is used mainly in address modification functions. In this case, 
the quantity in the Y register which represents base address or partially 
formed effective address is gated to the adder. The adder adds the quantity 
to another value in order to form the final effective address. 

I For example, assume the following conditions: (ADR) (INT) ({;;d) (q) (A + 0) 
(A cycle). Thus, in an indirect address function, the contents of the Q register 
(q index) is added to the base address (t:. in the Y register) to form the 
effective address. In this case, the V300 pulse sets the Y - Adder FF which 
gates the contents of the Y register to the augend gates. Simultaneously, the 
contents of the Q register transfer to the addend gates. 

X -AUGEND 

The setting of the X - Augend FF gates the contents of the X register to the 
augend gates. The inputs to the corresponding inverters on the V34 module 
specify the conditions for setting the X - Augend FF. 

For example, in the C cycle of the Mult. Step operation with MB = 1, the 
X - Augend FF is set at V300 time. This function transfers X to the augend gates 
while the simultaneous setting of the Q - Adder FF gates Q to the addend gates. 
Thus, Q (partial product) is added to X (multiplicand) which produces the next 
partial product or final product in the case of the last Mult. Step. 
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SHIFT CYCLE (A)ia) 
73-062- 25 

OVJ:+MUI +SPA +STA 
27-0S0-9 

REG [rR (X5)+ INA] 
2!5- A51- 2 

SHIFT CYCLE (A) 
73 -062-23 

(ROP) MUJ: +OIV. STEP 
29- A57- 8 

(ROP)(AOO+ANOHOR+SUB+MUI +OVJ:) 
27-051-22 

(AOR)[(REAO J:NOEX)+(r)(RNI +6,00)] 
13-839-19 

JUMP 
27- 050- 28 

INT. + RT" 
29-CSI-14 

rcvcrr 11- E52-4 

8'CYci:'E 
'C"CYcLE 

AOR 

STOI 

II-ESI-2 

II-ES3-3 

9- A40-26 

9 - C59-1 

(ROPHEXIHMUI)(OVI) 
27-051-5 
INT 
69-04.0-28 

(SH 1FT CYCLE)("M ... U"L-;T.,......S:;:'TE"'P .. )(OIV. STEP) 
73-062- 3 

(SHIFT CYCLE) 
73-062-21 

REG I~:!~t,':!',~) ~ 

(RNI)(FII) 
13-839-16 

IROP) RAO 
29- CSI-22 

RTJ 
29-A57-25 

RNI (6=O)(AOR). 
13- 839-23 

(S PA)(AiiiiiTEi)U 
29- A57-28 

OIV. STEP+IMULT. STEPHM8=1) 
73-A61-10 

[MUI IMB= I) +EX!] I ROP) 
73-A61- 9 

(ENQ+ SKIP+INQ + INP +OUT)(REG) 
2S- 8S1-13 

(INT) (6=0) 
13- 051-28 

ACYci:E 

B CYCLE 

C CYCLE 

8LK + I 

REG 
m 
ffiil 

(ROP) AOQ 
27-051-9 

11- ES2-3 

11- E51-1 

11- E53-4 

19-A63-26 

9- C39-10 

9-A4Q-2S 

9- C59-4 

'\ , , , , , 
'\ , ,/ 

)..--

-- , , 
-- '\ 

--

EXTENO SIGN REG 

(SKIP + EXI) +RNIIFI1)IAOR) 
39-844-4 

, , , 

I 

.J 

, 

,/ 

I 

/ 

.-
,/ .-

I 
I 

,/ 

,/ 

MANUAL SELECT A 
15-063-16 

,/ 

1.2V 
43-A39-8 

--,/ 
,/ 

,/ ---- --,/ 
,/ 

,/ 

'" H05 7-045-24 

100 3-862-1 

HOI 7-C43-28 

I FROM OISPLAY 7- 835-9 

I 100 3-862-2 

I (MUI+OVI)(H03)(C-CYCLE) 
51-059-26 

I 

AlA CYCLElIAORlIINTHind)(q)(RNI + 6.0) 
I , 51-059- I 

'------------

---

MANUAL SELECT Y 
IS-063-1 

NU 

HOS 7- 045-26 

100 3- 862-6 

HOI 7- C43-26 

FROM OISPLAY 7- 835-18 

100 3- 862-7 

1.2V 43-A39-4 

53- 053- 2 

53- B53-2 

53 -A53-2 

53-C53-2 

~~ 
31-C41-IS 

} TO 

53-053-28 } 
53- 853-28 

TO 
53 - A53-28 

53 C53 28 

57-036-26 

53-053-22} 
53- 853-22 

TO 
53- AS3-22 

53- C53-22 

i-------=-<) Y - AOOER 
41-A42-2 

53- OS3-14} 
53-853-14 

TO 
53-A53-14 

53-C53-14 

NU 

AUGENO GATES 

AUGENO GATES 

AUGEND GATES 

AUGENO GATES 

• 
CONTROL DATA TIT .. 

CORPORATION ADDER GATE CONTROLS 
(AUGEND) 

COMPUTER DIVISION 
1_ IVv.v~.vv IA-

1 •••• Ti ...... 



ADDER GATE CONTROLS (Cont'd) 

~, 

ADDEND GATES 

Four FFs control the inputs to the addend gates: Q ~ Adder, X - Addend, 
P - Adder, and Mask - Adder. Thus, the setting of one of these FFs 
transfers the output of the corresponding register to the addend gates of the 
Adder/Shifter. Only one of the Addend Control FFs is set at a time. If 
none of these FFs are set, the addend gates receive an input of all "1' s". 

The Addend Control FFs are contained on two V04 modules. The FFs are 
set at VI00 (HOI and toO) or V300 (H05 and tOO). The manual selection of 
Q, X, P, or Mask for display enables the setting of the corresponding 
control FF at time tOO. The FFs are set in the misplay condition in the 
same manner as the Augend Control FFs. 

The Command Timing Sequences list the times and specific conditions for 
setting the Addend Control FFs. 

Q-ADDER 

Whim set, the Q - Adder FF gates the output of the Q register into the 
addend gates of the Adder/Shifter. The inputs of two groups of inverters 
on the V33 module establish the conditions for setting the Q - Adder FF, 

An example of the setting of the Q ::.,bdder FF is made by assuming the 
following conditions: (ADR) (INT) (ind) (q) (RNI + t, ~ 0). Thus, the 
contents of Q (q index) are added to the base address to form the effective 
address. At V300 time of the A cycle (H005 and tOO), the output of 
inverter J on the V04 module sets the Q - Adder FF. 

During MDI or DVI operations, the Q - Adder is set at the V300 time of 
the A cycle during the Rap mode. In a Multiplication operation, this action 
initiates the initial adding of Q to the multiplicand in X if ME is set. On 
each following Mult. Step" the Q - Adder FF is reset at V300 of the C cycle. 

X -ADDEND 

The inputs to the four corresponding inverters on the V33 card specify 
the conditions for setting the X ~ Addend. For example, the VlOO pulse 
sets the X - Addend FF on every A cycle of the ROP mode. 

In addressing operations RNI ( t, - 0) (ADR), VlOO of the A cycle sets the 
X - Addend FF. This operation transfers the base address in X to the 
adder for possible address modification. 

P -ADDER 

The setting of the P - Adder FF transfers the current program address 
in P to the adder for modification. In most cases, a +1 is added to P to 
obtain the address of the n'ixt sequential instruction, Thus, at V300 of 
the A cycle in the ROP moae of all instructions except EXI, MDI, or DVI. 
the P - Adder FF is set simultaneously with the +1 - Adder (augend gates) 
which adds + 1 to P. 

The V300 pulse sets the P - Adder FF in the A cycle of the STO mode of 
every applicable instruction. The P - Adder FF is also set at the V300 
time of the A cycle in the REG mode of every applicable instruction 
except during Shift Cycle operations. 

MASK -ADDER 

The Mask - Adder FF is set at VI00 time of the A cycle only on IR 
instructions when bit 3 of the X register is set (Mask is origin register). 
In this case, the contents of the Mask register transfers to the addend 
gates of the adder for subsequent transfer to the selected destination 
register. 
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MUZ+ oVI 
27-D50 -II 

H03 
7-A38-6 

INT + RTJ 
29-C51-12 

RNII6=0I(ADR) 
13- 839-21 

IREG)(SKIP +:tNP+OUT) 
25-851-9 

SH I FT +MULT. STEP 
73-A61-26 

IROP)( EXI) IMUI)(oVI) 
27-051-3 

ISHIFT CYCLE). 
IMULT STEP) 101V. STEP) 

73-062 -I 

SHIFT CYCLE 
73-062-26 

Iq)(AoR) IZNTlIind)(iiiii +6"0) 
13- 057-11 

IIRIIREG) 25- A51-7 

X3 39- B45-14 

A CYCLE 11- E52-8 

B CYCLE II-E51-3 

C"CYcLi II-E153-2 

ill 9-C39-7 

AoR 9- A4o-27 

STOi 9 - C!59-6 

V32 

IREG) SLS 
25-851-10 

ISHIFT CYCLE) Q 
73-062-24 

Iql( AoRHINTHindHiiiiii +6_ 0) 
13-057-14 

IIULT. STEP+oIV. STEP 
29-A57-2 

IIUI+ oVI 
27- 050-7 

REG~R, IX4)+ INQ+SP8 +CP81 
25- 851- 2T 

SHIFT CYCLE (A) 
73-062-19 
I ROP) AoQ, 
27- 051-13 

STQ 
29- A57-23 

RNII6-0) 
13- 839-28 

IREG)(BHIFT + ENA+INA +EXI) 
25-A51-15 

IIIUI + oVlf+TADQIIROP II 
27-051 -7 

A CYCLE 11- E52-6 

i""""CYcLE 
':1_+:S~1~11'f311C CYCLEI CCYci:E 

m 

11- E51-4 

11- E51-1 

9- A40-28 

iiOPi 9-C49-12 

7- 8311-23 BC I 

~ 7-A311-7 iC1 

7- 835- 27 SC 2 

L _ 236 7-838-10 SCi 

TO Y .... ADDER 
49-858-10 

SEE P. 9 

,-------
" 

19-A63-23 " 
IIANUAL SELECT Q 

15-063-24 

." 

." 

" 
" 

" " " 

" 

C58 -X 

-" 

" " 

MANUAL SELECT X 
15-063-27 

HOI 7-C43-24 

too 3- 862-8 

FROII DISPLAY 7- 835 -17 

-", 

H05 7- 045- 28 

too 3-862-9 

IIANUAL SELECT P 
15-D63-8 

NU 

MANUAL SELECt MASK 
71-039-21 

HO I 7- C43- 22 

toe 3 - 862- 10 
FROM DISPLAY 7- 835-20 

H05 7-045-7 

tOO. 3- 862-11 

1.2V 43-A39-6 

TITLI 

!. 
I 

55- 052-2} 
55- 852-2 

TO 
55-A52-2 

55- C52-2 

i 61 Q- ADDER 
t-----Q 33 - 039-6 

ADDEND GATES 

55-D52-14} 
55- 852-14 

TO ADDEND GATES 
55- AU-14 

55-C52-14 

""'ADDER 
39- 840-3' 

55- 052-22} 
55- 852-22 
55- A52-22 TO 

55- C52- 22 

f-----"O 37-A40-5 

55- De2- 28} 
55-852-28 TO 
55- A52-'28 

55-C52-28 

M .... ADDER 
11-039-24 

ADDEND GATES 

ADDEND GATES 

I CONTROL DATA 
• CORPORATION ADDER GATE CONTROLS jiZ. 

COMPUTER DIVISION 
(ADDEND) C ~r 



ADDER/SHIFTER FAN-IN GATES (AUG) 

The augend (AUG) gates of the Adder/Shifter receives enables from the augend 

adder gate controls which enable the inputs from the corresponding register. 

Thus if the X - Augend FF on the augend gate control module is set, the X -

Augend input to each of the AUG gates becomes a "0". The resulting "1" output 

I from inverter B enables the inputs from the X register into the corresponding 

inverters on the AUG ,ate modules. 

The AUG gates are contained on fom: Vos modules. The bit positions on each 

module are divided in pairs, according to the chassis locations of the V03 module 

and the adder/shifter module to which they connect. For example, bit positions 

1 and 2 are on the V03 module at location C53. Bit positions 1 and 2 for the 

Mder/.BlUftel'are on the VOO module at location C55. This system is used to 

reduce the lengths of the connecting wires between the two modules to a minimum. 

Each bit position on the V03 modules consists of four input inverters and a True 

and Not output inverter. When one of the enables from the augend gate controls 

in a: "0", the corresponding inverter (A, B, C, or D) enables the corresponding 

bit position inputs. The "1" inputs from the selected register produce "1" outputs 

on the AUG-lines and II 0" 'outputs 011 the AUG-lines. If none of the enables is a 

"0" indicating that no input is selected for the augend gates, inverter E produces 

a "0" output. All the AUG- outputs now become "l's" whenever no input is 

selected for the AUG gates. 

In the case of a +1 - Adder selection, inverter D enables a GND.("l") input to 

bit position 0 and 1. 2v ("0") inputs to the remaining bit positions. Thus, the 

AddeI,"lShifterreceives a +1 input from the AUG gates. 
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A'5 :5~EC~2-'6 cr--l) A05 35-C44-28 ~) 

X REG 
X05 59- B45 - 8 XIS 59- 842 - 6 

51- D55-8} AUG 
Y REG 51-055-'5 .5 Y05 41- 446-10 Y.5 4'- A41- 5 

1.2V 1.2V 
59-857-4 59- C57-3 

A REG 
A.O 35- C42-15 A.4 55 - C44-'5 

X REG X'O 59- 845-15 Xl4 39- 842-13 

e-D56-6}AUG 
Y REG 65- 056-2 .4 YIO 41- 445-25 Y'441-A45-1 

1.2V 1.2Y 
59- B51-6 5'- 851-3 

A REG 
409 35 - C45-'5 A.3 55- C.42-5 

X REG 
X09 39-843-11 X.3 39- 842-19 

65-D51-e}AUG 
Y REG 65- 058-11 15 Y09 41- A45-28 Y'3 41- A45-4 

1.2V 1.2V 
59 - 857-8 59- 857-' 

A REG 
40455 - C44-'4 ADO 35 - C44-16 

X REG 
X04 39 - 845-1 XOO 59 - 845-13 

57 - 055-5 }AUG 
Y REG 57- 055-15 00 Y04 41- A46-11 YOO 41- A46-20 

D55-X 1.2Y 
59-C57-5 

i .. ADDER ~ 2 
49- A58-7 4'-A58-5 

X ";"iij'iffi 
x:::;;AuG 

49- 858-14 4'- 858-12 Ii\ 

~ =-tf' 49- 858-7 4'- 858 -5 22 C 

+ 1_ ADDER ~ 
49 - 458-14 4'-A58-12 __ 0 

A01 55-C43-'6 0--'{ All 55-C42- 14 

X01 59-.844-16 XII 59- 845- 6 

11-855- 5 }AUG 6:?A56-5 } AUG 
6'- 855-11 03 Y01 41- 445-14 13-A56-11 01 YII 4'-A45-'2 

1.2V 1.2V 
58-C51- 6 59- 851-5 

A0655-C43-14 A02 35- C44-5 

X06 Ie - 844-22 X02 59 - 845-22 

65- 856 - 6 }AUG 
63-856-2 .0 YOI 41- A46-1 

61-A55-6 }AUG 
6I-A55-2 06 Y02 4'- A46-25 

1.2V 1.2V 
89-C57- 8 59-C57-1 

ADS 35-C42-1 AO. 35-C44-'3 

X05 39- 844-21 XO' 39-845-21 

n-858-5} AUG 
65-158-11 09 Y05 41- 446-4 

61- A55-5 }AUG 
61-A55-11 05 YO' 41- A41-21 

'.2Y 1.2Y 
59- C57-10 5I-A59-'0 

408 55-C45-13 A'2 55- C42- 28 

XOI 59-845-2 X.2 59-842-4 

61- 855- 6 }AUG 
61- 855- 2 04 YOI 41- M5 - 20 

63-A56-6 }AUG 
83-A56-2 08 Y.2 41- A45-1 

1.2V 1.2Y 
59-C57-4 59- 857-'0 

~ ~ 
49-458-3 49- A58-1 

X--"AUG ~ 
49- 858-2, 49- 858-25 

=-~ 
~ 

49-858-3 C 49- 858-' 
22 

+1'" ADDER ~ 
49-A58-2' __ D 49- A58-25 

I _ CONTROL DATA TIT" 

CORPORATION ADDER SHIFTER FAN-IN 

COMPUTER DIVISION 
AUGEND (AUG) GATES 

C55 

Y051 

65-C56-5} AUG II 
65-C56-11 

59-C55-6 } AUG 02 
59-C55-4 

59-C55- 5} 
59-C55-11 AUG 01 

65-C56-6 } 
65-C56-2 AUG 12 

lin 
C so 



ADDER/SHIFTER FAN-IN GATES (ADN) 

The addend (ADN) Adder/Shifter fan-in gates receive enables from the addend 

adder gate controls which enable inputs from the corresponding register. If a 

particular Addend Adder Control FF is set, the enable to the ADN gates becomes 

a "0". The output of the corresponding inverter (A, B, C, or D) enables the 

input from the selected register into the ADN gates. The True and Not outputs 

of the ADN gates connect to the Adder/Shifter modules. 

The ADN gates function in the same manner as the AUG gates as described 

on page 53. 
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QI5 g5_RO~G5_17 0:-;..{ Q03 35 -047 -28 0'-{ 

X REG 
iiiN'i5 X03 39- 845- 10 XI5 39- 842- 8 AON 03 
57- 055-4 61-855-7 

OVERFLOW AON 15 P03 37 - A44-26 AON 03 
57- 036- 28 57- 055-11 61- 855-15 

MASK REG 100371- 044-24 
MI567-041-24 

014 g5!~:5-13 ():!..( ) QIO 35-046-140=-< 

X REG 
AON- 14 XIO 39-843-3 AoNTo XI4 39-842-3 
65- 056-10 63-856-10 

P REG AON 14 PIO 37- A43-19 AON 10 PI4 37- A43-4 65- 056-4 63- 856-4 

MASK REG 1010 67 - 042-20 MI4 67- 041-20 

Q!3 ~5_ROE4~_16 0=-< ) 0D9 35- 046-28 ~ 

X REG 
iiiii"I3 X09 39- 843-12 XI3 39-842-12 AON 09 
65- 056-7 63- 856-7 

P REG ADN 13 P09 37- A43-20 AON 09 PI3 37- A43-9 65 - 056 - 15 63- 856-15 

MASK REG 100967-042-10 MI367-041-10 

000 g5- ~':.~-16 O!-( ) Q04 35 - 047 - 14 0'-{ 

X REG 
AiiNOO X04 39-845-3 AON 04 xeo 39-845-15 
57-055-10 61- 855-10 

P REG 
POO 37- A44-25 AON 00 P04 37- A44-10 AON 04 

57- 055- 12 61- 855-4 

MASK REG 1004 67-043-12 MOO 71- 044-12 

o:;ADofi ~ 
0I-C58-7 51-C58-5 

X_ADOEND )(~ADOENO 

51- C58-14 51- C58-11 

~ ~ 
51-058-7 51- 058-5 

MASK .... ADDER 
IIIASK .... ADDER 

51- 058-14 51- 058-12 

007 35-046-13 cr-{ 

X0739-844-14 

P07 37- A44-3 

1007 67- 043- 24 

008 35-046-16 0::--< ) 

X06 39- 844-18 

P08 37- A44- 4 

M06 67- 043-20 

Q05 35- 047-15 o-:-t ) 

X0539-844-26 

P05 37- A44-9 

M05 67- 043-10 

Q08 35 - 046 -5 0'-{ J 

X06 39- 843-4 

poe 37 - A43-25 

100867-042-12 

0"'" ADDER 
51-C58-3 

~ 
51-C5e-21 

~ 
51- 058-3 

MASK .... ADDER 
51 - 058-21 

QII 35-046-15 

iiiii07 XII 39- 843-8 ~ AiiNiT 
63- A56-7 65-C56-7 

20 
ADN 07 PII 37 - A43-26 12 AON II 
63- 11&6-15 o • 65-C56-15 

Mil 67- 042- 24 

Q02 35- 047-5 

AoiiOi X02 39- 845-20 ~ ADN"'02 
61-A55-10 C 59-C55-10 

13 
AON 06 P0237-A44-19 AON 02 
61- 11&5-4 o • 26 59-C55-2 

M02 71 - 044- 20 

QOI 35- 047-13 

AiiNO& XOI 39-845-28.~ ___ 
C 8 AON 01 

61- A55-7 59- C55-7 
21 

AON Q5 POI 37-A44-20 AON 01 
61-A55-15 o r 10 59- CSS-IS 

MOl 71- 044- 10 

012 35 - 045-14 

iiiNOi XI2 39- 842-2 ~ AON 12 
63-A56 -10 C 65- C56-10 

15 
AON 08 PI2 37-A43-10 19 AON 12 
63- A56- 4 n po 65- C56-4 

1012 67- 041- 12 

Q-.ADDER 
51- C58-1 

~NO 
51- C5e-25 

~ 
51- 058-1 

MASK .... AODER 
51- 058-25 

..9_ CONTROL DATA 

... CORPORATION ADDER SHIFTER FAN-IN .,n 
ADDEND (ADN) GATES C 

COMPUTER DIVISION 

... 
" 



GROUP 0 OF ADDER 

ADDER LOGIC 

The adder portion of group 0 is contained on the V60 module. The 

adder logic functions on this module in an identical manner to the equivalent 

logic on the other groups of the adder (page 59'). However, in place of the 

group borrow input, the V60 module receives the Section 1 Borrow + (Section 

o Borrow) (Section 1 Enable) conditions. Thus, group 0 of the adder receives 

a group borrow input from a Section 1 Borrow or from a Section 0 Borrow and 

a Section 1 Enable. 

End Around Borrow (EAB) 

A stage 15 borrow (H) or a stage 15 enable (E15) and a group borrow 

input corresponds to an EAB condition. In the V60 module, the EAB functions 

the same as a stage borrow in the other modules since stage 0 is contained on 

the same module. 

OVERFLOW 

The V60 module detects the Adder Overflow condition. The Adder 

Overflow occurs when the result of an arithmetic operation exceeds the mod

ulus of the adder in the ones complement system. An overflow can occur in 

the positive or negative direction. The overflow condition can also be 

expressed logically as follows: 

Overflow = (S15B) (Bit 15="1") + (Bit 15="0") (S15S) 

S15B - Stage 15 borrow 

S15S - Stage 15 satisfy 

The first two terms correspond to a positive overflow and the second two 

to a negative overflow. Simplified examples of both types are as follows. 

3210 

0111 

0111 

Bit Positions 

Augend (+7 8) 

Addend (+7 8) 

~
111 Stage Difference 

1110 Borrow Corrected Difference (-1) 

EAB 

Positive Overflow 

3210 Bit Position 

1000 Augend (-78 ) 

1000 Addend (-7 8) 

1111 Stage Diffe rence 

0<-0<-0<-1 Borrow Corrected Difference (+1) 

Negative Overflow 

In the first .example, the sum of the two positive numbers exceeds 

the modulus of the simplified adder. This condition corresponds to the first 

two terms in the lOgical equation above. Thus, the detection of an EAB and 

a "1" in stage 15 of the sum denotes a positive overflow. 

The second example shows a negative overflow. In this example, the 

sum of two negative numbers exceeds the modulus of the simplified adders. 

A negative overflow is detected when bit 15 is a "0" (positive result) and bit 

15 of the augend and addend produce a satisfied condition. 

The detection of an overflow on the V60 module produces a "0" output 

on pin 27. The enabling of either the two main input gates sets the Overflow 

FF (H) on the V58 module. For example, V275 (H005 and t75) sets H on the 

B cycle during the ROP mode on an ADD instruction if an overflow is detected. 

In an Inter Register instruction, the setting of bits 6 or 7 (X6 or X7) of 

the instruction code denoting an Exclusive Or or Logical Product disables the 

setting of H. Thus, the setting of H is disabled unless the overflow resulted 

from an arithmetic Add or Subtract operation. 
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GROUP 0 OF ADDER (Cont'd) 

An overflow can also result from a divide instruction. In this case, 

an overflow results when the quotient in the A-register becomes negative 

at the completion of the Divide operation (Divide Step). An overflow during 

a Divide instruction occurs when the answer exceeds the modulus of the 

16-bit register. 

The Overflow FF is also set at V275 time of the A cycle during an 

Exit Interrupt (EXI) instruction if bit 15 of the word read from storage 

(containing the return address) is a "1". A "1" in this position denotes the 

Overflow FF was initially set at the time the interrupt occurred. If X 15 is 

a "0" at this time, H is cleared. 

In an Interrupt operation (INT), the state of the Overflow FF trans

fers to bit 15 of the addend gates. The P ~ Adder command is also enabled 

at this time. Since the P register now contains the return address for the 

EXI instruction, the state of the Overflow FF is combined with the return 

address. 

The Sense Overflow command during a Skip instruction clears H at 

V275 of the A- cycle .. The setting of the Overflow FF also lights the 

Overflow Fault indicator during the Display mode. 

SHIFTING OPERATIONS 

Shifting operations for group 0 a! the adder take place on the V61 

module. Left or right short shifts take place in the same manner as in the 

other groups of the adder. In the case of left shifts, which are always end

around, bit 15 transfers from pin 21 to the V60 module to pin 14 of the V61 

module. The LS enable shifts bit 15 to the bit 0 output. Bit 0 transfers 

from pin 16 of the V60 module to the group 1 VOO module (page 59). The 

LS enable shifts bit 0 to the bit 1 output. 

All right shifts (RS) are end-off. Thus, bit 1 shifts to the bit 0 

output of the V61 module. The bit 0 output is not used in as operations. Bit 

15 transfers from pin 23 of the V60 module to the group 7 VOO module (page 

65). The RS enable shifts bit 15 to the bit 14 output. Since it is assumed 

that the LRS2 and MUI controls are not enabled in this case, bit 15 transfers 

to the bit 15 output of the V61 module, extending the sign. 

Long Shift 

A long shift takes place when both bits 5 and 6 of the Shift instruction 

are "1", indicating that both A and Q are to be shifted. A long shift also 

takes place for each iteration of a Multiply or Divide instruction. In any of 

these instructions, V125 (t25 and H02) sets the Long Shift FF. The setting 

of the Long Shift FF enables a LLS2 or LRS2 operation depending on whether 

a left or right shift is selected. 

Long Left Shift (LLS): The LLS operation takes place in two steps: LLSI 

and LLS2. The LLS1 operation is enabled by the following conditions: 

LLS1 = (MUI + DVI . + Shift QA) (Long Shift) ( LS) 

Thus, LLS1 takes place before the setting of the Long Shift FF, which 

enables LLS2. 

In a typical LLS operation (fig. 1, page 56.2), .Q is shifted first f0110wed 

by the shift of A. In the shift of Q, LLSI enables the shift of bit 15 of A 

directly to the output of bit 0 of Q:on the V61 mod~le. At V100 time (tOo 

and HOI), Q15 transfers from the V60 module to set the Bit Bucket FF. The 

Bit Bucket FF rEltainsthe state of Q15 until the shift of A. At V125 time, 

the Long Shift FF is set which disables LLSI and enables LLS2. The LLS2 

enables the shift of the bit bucket to bit 0 of the shifted A output. 

During Divide Step operations, the detection of the EAB condition 

which indicates that (Q) ? (X) sets the bit bucket at VI00 time. The 

contents of the bit queket is shifted to bit 0 of the shifted A output. 

Long Right Shift (LRS): The setting of the Long Shift FF enables LRS2. The 

LRS2 output enables the shift of the state of the bit bucket to the bit 15 output 

of A. 

During (QA) or MUI operations, bit 0 of Q.transfers to the bit bueket 

on the shift of Q. Bit 0 subsequently shifts from the bit bucket to bit 15 of 

the A output. Fig. 2, page 56.2, shows a simplified illustration of a LRS 

operation. 
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Fig. 1 -- Simplified Example Of LLS. 
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Fig. 2 -- Simplified Example Of LRS. 
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I The block diagram in Figure 3 to the right shows that the Adder/Shifter circuit is 

divided into three main divisions: 

1) Adder/Shifter modules (VOO) - perform stage borrow and enable, 
shifting, Exclusive OR, and Logical Product functions. 

2) Borrow Look - Ahead modules (V10) sense stage borrow and 
enable conditions. The V10 modules produce group borrow and 
section borrow and enable conditions. 

3) Fan-out modules (V06) provide the required number of outputs from 
the Adder/Shifter to the registers indicated. 

ADDER PYRAMID 

One of the main functions of the Adder / Shifter is the adding operation. The 

adder is divided into eight groups. Each group is contained on a VOO module. 

All groups except group 0 are logically identical. Thus, the following descrip

tion is based on the operation of a typical group of the adder (group 1). The 

basic logical operation of group 0 is similar to the other groups. However, 

this group contains some additional features and is described separately on 

page 56.1. 

STAGE BORROWS AND ENABLES 

Figure 3 shows that each group operates on two adjacent bits of the addend 

and augend. (Bits 0 and 15 are considered adjacent bits in the adder pyramid.) 

Thus, group 1 compares bits 1 and 2 of the augend and addend. 

The adder pyramid uses a subtractive pyramid circuit to perform the Add 

function: AUG - (-ADN) = AUG + ADN = SUM. The principles of a subtractive 

pyramid are shown in Figure 4. 

A stage borrow results whenever a "1" is subtracted from u "0". Thus, in 

Figure 4, the borrow generated in stage 0 propagates to stage 1 where it is 

satisfied. Enables result when a "1" is subtracted from a "1" or a "0" from 

a "0". Enables propagate borrows but are toggled as a borrow passes through 

as shown in Figure 5. 
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Figure 4. Principles of a Subtractive Pyramid 
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Figure 5. Example of Borrow Propagation 

Figure 5 shows that the borrow generated in stage 0 propagates to stage 1 which 

it toggles. Stage 1 also generates a borrow which propagates through enables. 

at stages 2 and 3 which are toggled." The end-around borrow toggles the stage 0 

difference which produces the final difference. 

Since the output of the subtractive pyramid is a sum, the ADN inputs are 

complimented in the stage comparisons according to the principles shown in 

Figure 6. 
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~ 
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BORROW PROPAGATION 

BORROW CORRECTED DIFFERENCE 

(+68) -(-58) = + 138 SUM 

Figure 6. Principles of the Adder Pyramid 

Because the addend bits are complimented in the bit comparisons, Figure 6 

shows that a "1" subtracted from a "0" or a "0" from a "I" produces an enable. 

The subtraction of a "i" from a "I" results in a satisfy while the subtraction of 

a "0" from a "0" produces a borrow. All other logical conditions for'a subtractive 

pyramid apply to the adder. The example in Figure e shows the final sum of 

+138 tor the quantities used. 

The stage borrow and enable conditions are sensed at the input inverters on the 

VOO modules. The enable for stage 1 (SIE) is defined by the following logical 

equation: SIE ~ «AUG 1) (.Ai5Ni) + (ADN 1) (AUGl)] ( LP) 

If the LP term is disregarded in this case, the SIE condition is sensed when the 

corresponding bits in the augend and addend are unlike. This logical arrangement 

corresponds to the example in Figure 4l.. 

The stage 1 borrow (SIB) is defined by the following equation: 

SI B ~ (AUGl) (Ai5N1) (LP) 
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Disregarding the LP term, a stage borrow results when corresponding bits in 

the augend and addend are both "O's", which also corresponds to Figure 6. 

The stage borrow and enable conditions are sensed in the Same manner on all 

VOO modules. 

Borrow Propagation 

The propagation of borrows in the VOO modules takes place in the following 

three ways: 

1) 

2) 

3) 

Borrows generated by the low-order adjacent stage within a group. 

Borrows generated by the high-order stage within a group 
(group borrow). 

Borrows generated by the adjacent lower-order group. 

A case 1 borrow propagates directly to the adjacent stage in the group, regard

less of the group borrow input to the generating stage. For example, assume 

a borrow input to stage 1 of group 1 exists. Inverter * produces a "0" output 

which propagates the borrow directly to stage 2 through the interconnecting 

inverter, regardless of the group 0 borrow input. 

Case 2 borrows are transmitted to the group borrow logic on the corresponding 

V10 module through pin 8 on the VOO module. For example, assume a borrow 

input to stage 2 of group 1. The S2B output on pin 8 becomes a "0", indicating 

a stage 2 borrow. The S2B condition corresponds to a group 1 borrow which is 

described in more detail in a subsequent paragraph. 

The case 3 borrows probe the enable condition of the low-order stage in a 

group. If an enable exists in that stage, the output of that stage becomes a 

"1" (toggled) and the borrow is propagated to the adjacent stage in the group. 

For example, assume a group 0 borrow input to group 1. The group 0 borrow 

input probes the output of inverter E1 through the interconnecting inverters. 

If an enable exists in stage 1, E1 produces a "1" output and the group 0 borrow 

propagates to stage 2 where it probes the E2 output. If the group borrow 

probe detects an enable in a stage, it forces the output of that stage to a "1" 

corresponding to the toggling of the "0" output in the partial sum. 

GROUP BORROWS 

Each group produces three (}utputs to the corresponding section (V10) module. 

These outputs determine whether a borrow is generated by the corresponding 

group. For example, group 1 produces the S2B, (Sl B) (S2E) and (Sl E) (S2E) 

conditions from pins 8, 1, and 3 respectively. 

The corresponding V10 module generates group borrow, section borrow, and 

section enable outputs according to the enable and borrow condition of the 

groups in that section. The section 0 module, for example, generates group 

borrows for groups 0, 1, 2 and 3. The group 3 borrow corresponds to the 

section 0 borrow. The following logical equations represent the group borrow 

function for a typical group (group 1) in section O. 

Group 1 Borrow = ~2B + (SlB) (S2E)] + US1E) (S2E) (SOB) + (SlE) 
(S2E) (SOE) (S15BB + llS15E) (SOE) (SlE) (S2E) (J)] 

J (Section 0 Borrow Input) = Section 1 Borrow + (Section 1 Enable) 
(Section 0 Borrow) 

The equations above show that in general a group borrow results when any of 

the following conditions are present: 

1) The higher-order stage in the group generates a borrow. 

2) The higher-order stage in the group produces an enable and the 
lower order stage in the group generates a borrow. 

3) A stage in a lower-order group generates a borrow and all higher
order stages in all groups up to and including the generating group 
produce enables. This condition is represented by the third term 
in the group 1 borrow equation. 

The group borrow outputs go to the next higher-order group. 

SECTION BORROWS 

The section borrows are generated on a V10 module when a borrow propagates 

through all the groups in a section. For example, the borrow can either originate 

in section 0 or originate in section 1 and propagate through section O. 
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Section borrows are generated under the same conditions as a group borrow. Thus, 

the section borrow can also be termed the group 3 borrow because group 3 is the 

highest order group in section O. Figure 7 shows a simplified example of a section 

borrow. 

In Figure 7, the borrow originates in group 3 and propagates to section 1 as the 

section 0 borrow. Since all the groups in section 1 generate enables, the borrow 

propagates through section 1. The combination of a section 1 enable and section 0 

borrow enters a borrow input to section O. 

SECTION ENABLES 

Each section generates a section enable when all the groups in the section produce 

enables. In Figure 7, section 1 generates an enable because groups 4-7 aU 

produce enables. 

GROUP 
7 

'14,13) 

BORROW "0" 

ENABLE" I" 

SECTION I 

GROUP 

• 112,11) 

NOTES; 

GROUP 
:I 

(10,9) 

E 

GROUP 
4 

,e,7) 

8 * REPRESENTS GROUP BORROW 

E - REPRESENTS GROUP ENAILE 

" I" 
BORROW 

"0'1 
ENAILE 

Figure 7. Simplified Section Borrow 

ADDER OUTPUTS 

The output of the B-inverters on the VOO modules represents the output of the 

corresponding stage of the Adder. For example, B1 on the group 1 module 

represents the output of stage 1 of the Adder. The Adder· outputs connect to the 

Shifter circuit, to the corresponding indicator light and to the fan-out module. 

The logical equation below represents the conditions for a typical Adder output. 

B1 = (E1) (Group 0 Borrow) (LP) + (E1) (XR) + (XR) (LP) (AUG 1) 

(ADN 1) + (XR) (Group 0 Borrow) (L:P) (AUal) (ADN 1) 

By assuming (LP) (XR) conltitiens, the above equation becomes: 

B1 = (E1) (Group 0 Borrow) + (Group 0 Borrow) (AUG 1) (ADNl) 

Thus, stage 1 of the A,dder produces a "1" output with a stage 1 enable and a 

group 0 borrow or a stage 1 borrow and no group 0 borrow. In all other borrow 

and enable conditions, B1 produces a "0" output. With the exception of Shift 

operations, B1 represents the output of stage 1 of the Adder/.Shifter. 

LOGICAL PRODUCT 

The Adder/Shifter modules also perform Logical Product (LP) operations. The 

LP function produces a "1" output from a stage of the Adder that corresponds 

to "l's" in the same bit position of the addend and augend as shown by the 

simplified example below. 

15 3 2 0 Bit Positions 

0-- 0 0 Augend 

0 o 0 Addend 

o - 000 Result 

Setting the LP Control FF enables the input to each VOO module. Assuming an 

(LP) (XR) condition, the output of inverter A blocks all inputs to B1 except the 

input corresponding to the third term in the equation for B1 above. Thus, B1 

produces a "1" output on an LP operation when stage 1 of the augend and addend 

both contain "l's". 

EXCLUSIVE OR 

The Adder/Shifter modules perform Exclusive OR (XR) functions. The XR 

function produces a "1" output from a stage of the Adder that corresponds to 
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a "1" in the same stage of the addend or augend but not both as shown 

below: 

15----3210 

0----1010 

o - - - - 1 100 

0----0110 

Bit Positions 

Augend 

Addend 

Result 

The setting of the· XR Control FF enables the XR input to all VOO modules. 

Assuming the (XR) (LP) condition, the "0" output of inverter B blocks all 

inputs to Bl except the (E1) (XR) term. Since the E1 output represents an 

enable condition (the bits in stage 1 of the addend and augend are different), 

Bl produces a "1" output. 

SHIFT CIRCUIT 

In a Shift operation, the operand in the A or Q register is shifted a speCified 

number of positions left or right. The bits in the deSignated register are 

shifted one position each time the operand is transmitted through the Adder/ 

Shifter. In (QA) Long Shift operations, the operands in the A and Q register 

are shifted separately in the Shift circuit for each shift cycle. 

The shifting operation takes place on the VOO modules at the output of the 

Adder. Thus, the outputs of the B-inverters are shifted left or right one 

position. 

The setting of the LS or RS Control FFs transmits a "0" to the Shift input to each 

Adder/Shifter module. This input disables the normal output of the B-inverters. 

Thus, the LS or RS paths determine the output of each stage of the Adder/ Shifter 

modules. 

In a shifting operation, the LP FF is set coincident with the Shift and LS 

or RS enables. As a result, the LP input enables an LP operation in the 

Adder at the same time as the shift. The operand is gated into the augend 

or addend gates, and the gates not selected receive an input of all "1' s". 

The output of the B inverters represents the operand. 

LEFT SHIFT 

The Left Shift takes place on the Adder/Shifter modules when the LS Control FF 

is set. The LS enable enters each Adder/Shifter module. Since the Shift enable 

blocks the bormal output of the B-inverters, the outputs of these inverters are 

enabled by the LS input. Thus, the B outputs, which represent the bits of th~ 

operand, appear as outputs shifted one position to the left. 

All Left Shifts are end-around. Thus, on a Long Left Shift (LLS), the bit in stage 

15 of Q shifts to stage 0 of A. The LLS function is described in more detail in 

the Adder Group 0 section (page 57). In the Short Left Shifts, bit 15 shifts to 

bit O. The simplified illustration in Figure 8 shows an example of a Left Shift 

operation of (A). 

A REGISTER 

SHIFTER OUTPUT 

ADDER 

ALL "I'S" 

A REGISTER 

15 14 13 12 II 

Figure 8. Example of an (A) Left Shift 
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Figure 8 shows the bit positions of the Adder outputs relative to their positions 

in the groups. For example, the stage 0 output is shown adjacent to the stage 

15 output in group O. The shift of the low-order stage of a group to the high

order stage take's place on the corresponding VOO module. The output of the 

high-order stage on a group transfers to the output of the low-order stage on 

the adjacent high-order group. 

RIGHT SHIFT 

The setting of the RS Control FF enables the RS input to each Adder/Shifter 

module. The ShiCt input disables the normal Adder output. Thus, the RS 

enable shifts the output of the 1:l&C-<i.nvert-ers one-position to tha right. All right 

shifts are end~off. Thus, the bit in stage 0 is lost. The sign bit (stage 15) 

is extended. Ifthe sign bit is initially negative ("1 "), the stage 15 output 

remains a "1" for each shift as the other bits shift to the right. 

MANUAL SET AND DISPLAY 

The Adder/Shifter modules serve as the means of manually setting .and 

displaying the output bits of the selected register. Each manual set switch on 

the console connects to the corresponding output stage of the A1icier/Shi.~r 

modules. Pressing the manual set switch during the Display mode enters a 

"0" into the output inverter on the VOO module. The output becomes a "1". 

The output of the selected register enters the Adder/ShiiteI' modules through 

the addend or augend gates. The gates not selected receive an input of all 

"1 's". In the Display mode, the LP FF is also set. Thus, a Logical Product 

operation takes place between the selected register and all "l's". The 

contents of the selected register are displayed on the indicator lights connected 

to the output of each stage of the Adder/Shifter. The Manual Controls (see dis~ 

lay,eiamlple"page 21) describes the manual set and display operation in more 

detail. 

FAN-OUT MODULES 

The output stages of the Adder/Shifter connect to the output registers (A, Y, 

X, etc.) through fan-outs on the VOn modules. Each fan-out produces six 

outputs, required by the number of registers that connect to the Adliler/Sbifter. 

ADDER/SHIFTER TIMING 

The AddeT/Shifteroperates in a static mode. Thus, the input is gated into the 

Adde.r at a timed period and the output is gated at a timed period. In all operations 

except short cycles (Se) the output of the Adder is gated into the enabled register 

200 nsec after the input was enabled. This delay allows sufficient time for the 

Adder circuit to stabilize. 

In most cases, the enabled input is gated to the Adder at the same time as the 

output of the Adder is gated to the enabled register. The input data does not 

interfere with the output since the minimum path through the Adder of eight 

inversions (including fan-out) is a sufficient delay. 

Figure 9 shows the Adder timing sequence for an Add to A (ADD) instruction. In 

this instruction, an operand is read from storage and is transferred to the X 

register from where it is added to the contents of the A register. The example 

shows only those commands that apply to the Adder. 

In the first Adder cycle (A cycle), the operand in the X register is gated to the 

addend gates at 100 time. However, the output is not used. At 300 time, (P) 

and +1 are combined iii the Adder to give the address of the next instruction. At 

50 time of the B cycle, storage is requested which initiates the reading of the 

next instruction. At 100 time (P+1) transfers from the Adder to Yand P at the 

same time (X) and (A) are transferred to the addend and augend gates respectively. 

The output sum (A + X) transfers to the A register at 300 time. 

SHORT CYCLE (SC) OPERATIONS 

During SC operations, as in Shift and Multiply instructions, the output of the 

Shifter is gated 100 nsec after the gating of the selected input. A delay of 100 

nsec is sufficient for these operations since the full Adder circuit is not used. 

Figure l-Oshows the Adder timing sequence in a Shift (A) instruction for a portion 

of one C cycle. 
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(P+ I) 

Figure 9. Example of Adder Timing Sequence in a Normal Cycle 

ADDER/SHIFTER (Cont'd) 

TIME 
(NSEC) 

C CYCLE 
( REG MODE) 

A r ---- ----------------, 
o 100 200 300 0 

I I I I I 
A_AODER 
ADOER_A 
(RESULT OF 

FI RST SHIFT) 

A_ ADDER 
ADDER_A 

(RESULT OF 
SECOND SHIFT) 

Figure 10. Example of Adder Timing Sequence in a Short Cycle 
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GROUP 

AUG 8 AON 
FAN -IN 

GATES 

P. 53 855 

Ali'G2 
'53--C53 - IB 

AON .z 
PS=-C52-IB 

... _AIl§:"! 
53-C53-26 

AON 2 
SS=-C52-26 

AUG I 
5':-C53-e 

AoN1 
5,=-C52-a 
• _All» .1 
!53-C53-10 

AON I 
L-___ --1<fss=-C52 -10 

LP 45 - C60-1 

XR 

LS 47 - B60- 28 

RS 47- B60-4 

SiiiFT 47- 860-13 

I 

TO BIT 3 (BIT 21 
OF SHIFTER. MANUAL 

----------------------, 
61- 855-24 17-E64-7 

14 ~ C55 
2°fr,25 FROM BIT 3 

OF SHIFTER 
REG 

~"-'~-" . 61- 855-12 

6 33- 049- 18 Q 

_ !,!T_2_ 

B 37- A44-18 P 
L~HT iiii'21 

'\, 13 ~ l4 39- B50- 27 X 

17- 864-22 \ 

41- A49-: 6 Y
ASK 

71-044-17 M 

~LIGHT (BIT II 

~31-C50-23 
17-B64-24 28 

23 33- 049 - 17 

....... ..... BIT I .... ..... 
37- A44- 17 

39-B50-18 

41- A49 -18 

71- 044-16 

12 /24 

I :,'1 

r-

.J 

-, 
V491 A63 L __ 

5 

,. ,. ~ ,. ,. 

,.. -

- - ..... - - -, 
- - - -., I 

1 I 

I 
)- 1 

- , 
I 

I I 

=-=-;=\-=-------------~ J ..J 

\ \ 

\ \ 
\ 

-::: ~:~\----------------,-~ 
\ L ________________ _ 

__ 1_ L 
iiANUAi. 
17-E64-12 (BIT Il ,. /' ,SECTION 0 C57 

GROUP 0 

~ ~U~O_ 
~'i..Q.. 

~U~ Q... 
~0'i.. Q.. r GROUP 

ADDER 
AUG 8 AON ~ 055 

FAN- IN P. 57 
GATES AUG 15 

P,53855 ~'i.. !l! ~4 

~U~ ~ 13 

~DPL. lli II 

I I 
I I 

/ 
1 

II 
/ 

/ 

/ 

/ I 
I 

I 

L 

B.,!T_O __ 

B.!T _15 __ 

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

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

"'"\ 

AUG 15 
, 

BIT 0 

,BIT 15 , , , , 
\ 

\ 
.... .... .... ............ 

'-
'-

.... '-.... .... .... 
.... 

.... .... .... 
'-

'- ........ ............ 
.... .... .... .... .... 

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

...... ..... ..... ..... ..... 
...... ....... ..... ........ '--

" ....... " ..... ............ '-- --
.... 

.... '-.... .... 
....... ""------.... 

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

31- C50- 24 

33- 049- 28 

37- A44- 28 

71-044-8 

41- A49 - 24 

39-850-17 

31- C48- 5 

33-048-2 

..., 

/' 

16 I A5S 8 

GzR<Jl'Pf 3 

-~ P.61 8 
B55 

3 

/' 

!S!E!!,S~I:"'~ _~ 
.(S!8!.. __ ' 28 K 

,(S!E)lS~)_ 

!S!.E!.!.S~I_ 

S481 

(S~E!.!.S~)_ 

ffi 

_____ (S!.!'llS~EI_ 

_______ (S.!..EI...!S~E!.... 

SOB r-----------
(SI5BI (SOE) -------

I _(S.!..5~(!OE.!. 

_J 

I 
__ J 

SIB - , 
I 
I 
I 

iso-;;,' I 
, .. nd-SIEII 

~ I 

I II r 
1... 11 1 

11-1- _ L _ 1 I 1 ___ .1 

67- 041-26 

41- A80-22 
39-849-28 __ 

--

I 

I 

I I I 

" J I 

/' " ---- ---- ---- ---- --_./ --
--

" " - .../ -- --

,/ 

---
_ .... - --

• CONTROL DATA TIT" 

CORPORATION ADDER I SHI f"TER 
GROUPS 0 a I 

COMPUTER DIVISION 

liE. 

e 

I I-I 

..J.J I 
..! J 

I 

"in 
, I) 





TO BIT 7 
OF SHIFTER 
63-A56-24 

(BIT61 
lIiRUA[ 
17-064- 21 

GROUP 3 
rl- 914 20?-Tvool ASS 

ADDER I SHIFTER FANOUT 
A54 

AUG a AON 
FAN -IN 

GATES 

P. 53 a55 

~
AiiG6 

53-A53- iii 
iliN6 

5~=A52-ii 

AON 6 
5s4.52-2s 

" .!-U! .§ 
53-A53-26 

AiiG5 
5~A53-8 

55~~f-~ 
~3:-:~i-Th 

l'h AON 5 
L-___ --'J55::-A52-To 

r ------
LP 45-C60-6 

XR 45 -C60- 23 

LS 47- B60-24 

RS 47-B60- 6 

'iHiFi' 47- B60-11 

I 

1-_ 

GROUP 2 

AUG a AON 
FAN- IN 

GATES 

P. 53 a55 

53::-~~t21 
55~::~-zl 
55:-:~-TI. 
.. _AU..!! ~ 
53-B53-19 

AUG3 
5H53-"4 

" ~b1! 1 
55-B52-4 

.. ~U..!! 1. 
53-B53-12 
... _AD,!! .! 

1.... ____ -'1 55-B52-12 

r--
LP 45 - C60-4 

XR 45-C60-250' .( 

LS 47-860-27 

RS 47-860-3 

SH 1FT 
47-B60-12 

L ______________ _ 

FROM BIT 7 
OF SHIFTER 
63-A56 -12 

~ 81T6 
~ L~H~(~T:I ~, 

17- 864-11 

± 27? LIGHT iBiITl 
28 17-864-5 

12 124 

MiNiiAi (81T 51 
" 17-064-23 

-{- - - -1 _ 
1-,--

1 \ 

1 ' 

.... ..!IT 5, 

.... 

iiAiiUAL (BIT 41 

r - -
r -

17- 864-25 

~ 81T4 11 

~ L~G; (;IT-:;I- :-: 
17- 864- 3 

TO BIT 2 
OF SHIFTER 
59- C55-19 

~+ __ ~276 ~~~~T6~8~T831 

........... BIT 3 

I 
I 

J. J 

" J 

REG 
31-C49-25 A 

33- 049-1 Q 

37- A44-1 

39- 850-14 

41-A42-4 Y 

67- 043-17 MASK 

31- C50-5 

33-049-12 

37- A44-12 

67- 04'3-16 

41- A49-3 

39- 850- 13 

.... 
....... 
~ ..... -':... ... -... -------.... 

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

" 
31-C50-6 

33- 049-11 

37- A44-11 

67- 043- 8 

41- A49-14 

39- B50-4 

31- CSO-7 

33- 049- 27 

37-A44-27 

71- 044-26 

41- A49- 27 

39- B50-3 

.... 

" 

.,. 

r- - --
- - -l - - , 

- - -1_1- -1 
1 

(Si4ETIii3a1 
S~8- - -

(S:;:4~(~3~ "¢'. r;h I 

:=::-== 

, 
, , 
- ,-

\ 

@--

('!!.2~(~1~1 

.... '-
SECTION 0 

9 

, n '~¢- I 
.1 

-1 

I 

I I 

=-=-~=\-:-=-=-=-:-=-:-~ ~ ..J 

, \ 

, ' , ' -,-'- -

..... ,-S~ ___ ~ ~ 
........... .......... (56E)(958) 9~ 

........... ""-..:----
'- ...... ....... ..... _(S!Eli S~E)_ 

...... '-s~ __ _ 

_(S!EI..!.S~I_ 

.... ~~E~S3EI 

~---"1 ill 

I 
L 

(S..!.BUS~EI_ 

(S..!.EIJS~I_ 

SOB 

(SI5EHSOEI 
i - - - - -

(Si5ETiSQEI r----

L----o9 
L.---_ A6 

..!I!.. CONTROL DATA t.m 

GROUP 0 
ADDERI 

SHIFTER 
055 

P. 57 

23 

---, 

I 

1- _, 1 

(15081 1 I I 
'\ " <~ifl!.SIEI I I I 

I 1 I I I 

-I-I-I-IJ 
1_1- -1-

209- - - - - - - - - - - ~ I I I 
I I I 

18Q- - - - - - - - - - - _ ..J 

_ I 

___ J 

,.. CORPORATION ADDER I SHI FTE R liZ. 

COMPUTER DIVISION 
GROUPS 2 a 3 C 

. .. 
T 





r----
r------ -------------------, I r-- ~1 

I I 
I
I 

TO BIT II 
OF SHIFTER 
65-C56-24 

liIiNIIAL (BIT 101 
17- 064-11 B56 AOOER I SHIFTER FANOUT 

GROUP 5 

AUG a ADN 
FAN -IN 

GATES 

P. 53855 

AUG 10 
53=B5~=IB 
· @N_liL . 
55-B52-18 

AON 10 
55-B52=-26 

AUG 10 
55-B5~=-26 

AiiGi 
5~aS3.:e 

nlif9 
55-=B52-8 

· ~.! 
53-B53-10 

l'l- AON 9 
'-___ --'J 53=B52:j0 

LP 45-C60-10 

XR 45- C60-21 

LS 47- B60- 21 

RS 47-. B60-10 

iiiiF'f 47 - B60- 18 

14 

12 

FROM BIT II 
OF SHIFTER 
65-C56-12 
~ ___ !.!T-l0 

" ~'<:> LIGHT iBiTiOi 
17-A64-22 

, 
" 

~LIGHT(BIT91 
26 17- A64- 24 

24 

BIT 9 , 

I \ , iiiNiiii. (BIT 91 

BII4 

L _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _\ {_ 1~-~6~1':.::- ____ _ 

, \- - ---,-
-- -;;..,..- ,'-

.r------

GROUP 4 

AUG a ADM 
flUj- IN 

GATES 

P. 53 a55 

AiJG8 
53=A53-24 

~
_ADJ:! .J! 

55-A52-24 
AON .! 

55=A52-19 
AUG 8 

i5:5=A53-19 

iiiG7 
53-=-A53-=-4 
__ A!l.NJ 
55-A52-4 

:>S3-=-~i-~ 

I , 
I 

I I 

I I 

I 

iiANUii. (BITSI I 
17- 064-17 I 

BIT 8 I I 

--ffi"";' 
, J: ·'0 ~i~:~~~81 I 

I I 
I I ____ J 

/ «0 I':,'~~!~~:~ 71 

............ BIT 7 

,I 

AM 
V06 

16" l6'fiO!SI~E~SI!BL . E _ 

D564eO-S1.!8 ___ "Y;; ~ 
REG 

~ I-C46-24 A 

~3·D48-IB Q 

37- A43-18 P 

39 - B49-27 
41-A47-18 Y 

\RCjIl~S~ __ 
ADDERI ~SI2BI SHIFTER - - - -

(Si2EiiiiiB1 
P.65 1----::~ .~ttl''l''l 

(S~ElJS!3q 

67- 042-17 MASK l_ iiOi 

31- C49-11 

33- 048-17 

37- A43-17 

67-042-16 

41-A47-17 

_(S.!.O~(~9Bl 
/ ----/ (SIOEHS9EI 

/ /- - - - - -
/ /,- -~ - - -

/ / / / / / __ (S.!B!!.S!.E 1_ 

/ ;' ;' / 
/ / / / iSiEiiS7f1 

/;' ;' //~-----

39-B49-18 / / / / / A63 
/ / / / / I IV49i 

- , 
I 

, .. _~ I 
- Q- r 1 

I I 
/ / / / / 

___ J/ / // 

_J /// 

""// / 
~ / 

I I J 
:::::::::~:~:::::::J_~ 

I I I 

./ 

-7 
I 

1 
1 

1 

1- - r
/ , 

/ / 
// / 

SiEffi5si 

\ I 
- --\-1- - - - - - - -" 

- - - - - - --------~\~\_-------------, ~ 
SECTION 0 • .M.. I~~: I I I 

I 
25 

A55 8 16 I' Si8= = =:te" -~ 
31- C49-23 

33-048-28 

37- A43-28 

67- 042- 8 

41- A49-7 

39- B49-17 

31- C49- 27 

33- 049- 2 

37-A44-2 

GR'';S 3 

~~{ P.SI 
855 8 

3 

GROUP I 8 
ADDERI 
SHJ~~ER I 

\6 3 

I S!EIiS!!!I_ 

S!EI.!.S~I_ 

S~B __ _ 

S4EHS3EI 

S2ii 

S.!.BI~2.!1_ 

!!.'.E!!S~I_ 

23, 

I 

I 
I 

_ J 

I 

.i_-, 
I I 

''''0.- L, I 

1 

., 
I 
I 

I 

" IJ 

"I -' 
_____ .J' • _AI2!\J 

L-____ .JI 55-A52-12 

r 

I 
L_ 

LP 45-C60-3 

XR 45-C60-269" .( .. 
LS 47- B60- 23 

RS 47- B60-8 

iiITi'T 
47-B60-17 

12 

TO BIT 6 
OF SHIFTER 
61-AII5-IS 

FROM iiiiiiiit (BIT 71 
BIT 6 OF 17-084-19 
SHIFTER 
61-A55-14 ---------' 

.; 

67- 043-26 

41- A47-28 

39- B50-28 ...J 

L~9 GROUP 0 
20 

I '- - 6 SAWWR 
055 L _ _ 7 P. 57 18 

___________ ....J 

I I 
L!S~B.! (~E2.(S~El(S~~ _ _ _ __________ _ 

COMPUTER DIVISION 

• 
CONTROL DATA T'T" 

CORPORATION ADDER ISHIFTER 
GROUPS 4 a 5 

Sill 

C ~T 





" I 

L 

/ 

/ 

r 
TO BIT 15 
OF SHIFTER 
57-E55 -12 

MANUAL (BIT 141 
17-D64-3 

r--------.-------- , -.... 

---------, , 
r - ------- - - --, 
r-- - -, 

SECTION 1 

/ 

GROUP 7 
riA 9r'4---:2-='O?-Tvool D56 

ADDER I SH IFTER FANOUT 
D54 

II I,,~I 

, , " , " 

~ AUG 14 
53-053- is 
Ie ~O!! !.4 
55-052-18 

AON 14 

AUG a AON fs=D5Z- is 
FAN -IN AUG 14 

GATES 53:053-Z6 

F! 53 a 55 
AUG 13 

53=-053-8 

~5~~~_~3 
AUG 13 

53=-053 -To 
AON 13 

55=-052 -10 

LP 45-C60-B 

XR 

LS 47-860-15 

RS 47-860-7 

SHIFT 

GROUP 6 

AUG a ADN 
FAN- IN 

GATES 

p, 53 a55 

3U~ 1.2 
53-C53- 24 

AON 12 

~5:-C52-24 
~D1! .12 

55-C52-19 
,... ..,PoU.i .12 
53--C53-19 

AuGTi 
'53=-C53-4 

• ...JIOJj .!! 
55-C52- 4 

.. ....t\UJl .1' 
53-C53 -12 

AON " 
'--___ --'I5S:'"CS2-12 

LP 45-C60-5 

XR 45 - C60 - 24 0 - • ( 
LS 47-880-19 

FROM BIT 15 
57-055-23 

__ ~'T_'~ I __ I 

'I -'0 ~~~~~~~Iii 141 )' ~ 

± 279 LIGHT (BIT 131 
I 28 17-A64- 5 

.... .,!l'T 13 

" 

I I 

I 

" I 
I 

I 

'L-___ ---' 
) 

12 

MANUAL (BIT 13) 

\/ 17-064-5 

, \--,-, 
I 

MANUAL (BIT 12l 
17- 064-7 

C" 

I 

BIT 12 I I - - =-=--1-, 
, ;l:: -'0 ~.,'~~~!~I; 121 I I 

I 
I I 

__ J I 

I 

/ ., 0 I~~G~:~~:~ III 

............ BIT II 

.!.. 
___ .....J 

"MAN'i1AI (B I T 11) 
17-064-9 

C54 

RS 47- B60-14 ~.. ~r--------' 

Sii"i'Ff 
47- B60-20 

TO BIT 10 
OF SHIFTER 
63- .56 -19 

FROM 
BIT 10 
OF SHIFTER 
63-856-14 ------

IIEG 

31-C48-6 A 

33- D4B-1 Q 

37- A43-1 

" 

r 

SI48 2B 
...... - --

.................. --(~ -q":) ~ , 
" _(S.!.4~(S.!.3~ 7 

_S!!!B __ _ 

39-B49-14 X 

41-A47-1 Y 

67-D41-17 

_(~2~(~1~1 r-
I r;-- - - _(S.!.2El (~I~ 

MASK 

31-C48-7 

33- 048 -12 

37- A43 -12 

67-041 -16 

41- A41-12 

39-849-13 I 

31- C48-22 

33- 048-11 

37-A43-11 

61-041-8 

41 - A47-11 

39- B49-4 

31- C48-23 

33- 048-27 

37- A43- 27 

67- 042- 26 

41- A47- 27 

39- B49-3 

I 

I 
J I I 

-_..J J 

r
I 
I 

.J 

.-:!A $.!.08_ 

(S.!.0~(!9,!! 

(~O~ (.!9~) 

(S..!B!!.S~) 

SSe 

21 
") 

-'0- 1-.' I I ,-------- 1 I 
A63 L_ '2_____ I I I I 

- -. I --~~-\-=-=-=-= = = = =~; ~ 
- - C \ 

/ 
.,,-

(SI5B)(SOE I - - - --
(SI5E)(SOEI 

r - - --

I 

L 
I L __ 

L_ 

-'_ CONTROL DATA TOm 

... CORPORATION ADDER ISHIFTER 

COMPUTER DIVISION 
GROUPS 6 a 7 

_\-\ -
\ \ ------, 
-\- \- - - - - - -, 
- \- \- C57 I 

Q.. I .. ,nl 

SiB 

I
I 

'\ " <~o- L, I I I 

I I I I I 
1- -, ~ 

'-'-1- ...., 
I 

I 

-' 

(SOB)(SIE) 

(IIf1OOUCf 

1704 
trlf 
C 





J29- A 

JOS- F5 

J29- 8 

JOB- F6 

J2S-A 

JOS- F3 

J28- 8 

JOS-F4 

J27-A 

J08-F I 

J27-8 

J08-F2 

J26-A 

JOB-E9 

J26-B 

J08-E10 

J25-A 

JOS-E7 

J25-8 

JOS-ES 

J 19-A 

J06 - FI 

J 19 - 8 

JOS -F2 

JIS- A 

J06-E9 

JIB -8 

JOS-EIO 

J17- A 

J06-E7 

J 17-B, 

JOe-E8 

J 16-A 

J06-E5 

J 16-B 

JOS-ES 

J 15-A 

J06-E3 

J 15-8 

J06-E4 

EI7 

ViS] 

J24-A 

JOB -E5 

J24-8 

JOB - ES 

J23-A 

JOB-E3 

J23-8 

JOB -E4 

J22-A 

J06-F7 

J22- B 

J06-FS 

J21-A 

J06-F5 

J21- 8 

J06-F6 ., , 
J20-A 

.. J06-F! 

J20-8 

J06-F4 

---

BIT 3 
71- 044-23 

81T 2 
71-044-21 

81T I 
75 - B34-26 

- - - - --

--

BIT 15 

ADDER I SHIFTER 
59-054-11 

BIT 14 

65- 054-12 

BIT ~_ 

65- 054-19 

MASK 
REGISTER 

23 

26 

21& 
17 

7& 
IS 

BIT 12 

6~-~5~- ~B ~: 
3- E46-4 gS 

ADDER ..... MASIC 71- D39-2& 2 

-- .... -

-, 
I 

---

ENA8LE INT 69 - 040 - 4 25 

81T II 

3-E46-17 
CLEAR MASK 
15- C36-24 

- - -BIT 10-

... 

- 81T- 9 
. 

- BIT 

_B!! ! ..... __ _ 
S3- A54- II 

81T 6 

81- A54-12 

JIlL ~ __ 

61- A54-19 

- -81"1- "4 - -
FROM 
ADDER I SH I FTER 

61 - 854-18 

100 
3 - E4S-7 

ADDER _ MASK 
71- 039-27 

ENABLE INTERRUPT 
69-040-1 

150 
3- E46-19 
CLEAR MASK 
15 - C3&- 25 

27 

28 

MASK 
REGISTER 

23 

21 

21 &. 
17 

7& 
16 

3 

D41 

~ 
INTERRUPT 

REGISTER 

!(,,~&:22 
l.,...t..... 24 

71- 038-lr;,;~ 
55- 052 -2t,j 

, J ", 

tI 

,&.'B 
20 

71- 018- 4(i;. 
" 55 - 052 - 25 "--, " 

" .. ,&. 14 
, 10 

f' 
71-038-2 e/ 
55- 052- 23 

~ 

I ~ NOT USED ' 
,& 4 71- 03&-1 r;;) 

12 55- C52-17 042 

043 

V09 

/ 

- -' 

/ 

/ 
/ 

/ 

MASK 
REGISTER 

- BiTTI - - -023 
65-C54-11028 

BIT 10 
63-B54 -12 

BIT9 
65- 854-11 

21 0&-
17 

7&. 
16 

~ 
INTERRUPT 

R£GISTER 

&. 22 
H /- 24 

I 1)'& 18 
... 20 

.1. 14 

l-f f.... 10 

71- 038 -23 111/' 

55-C52-27 

71- 03B -26,' 110 

55- 852 - 25 '" 

71- 038 - 2$ 109 
55- 852 - 2i "" ,,' 

NOT USED 

(J ,""&' 4Q 71- 038- 28 108 

~ 12655-A52-17 

- - - - - BiTe - - -U 3 
63- A54-18 ( 

ADDER";' MASK 71- 059- 28 2 '-'"-1 ENABLE INT 89- 040-12 25 

3-E41-11 27 

CLEAR MASK 15- C36-2S 28 

71- 037-11 ',107 i 
55-A52-27" 

71- 037-10 106 

55-A52-25 \,/ 

71-037-7105 
" 55-A52-23 

NOTE: 

NOT USED 
L SEE PAGE 71 FOR BASIC INTERRUPTS, 

2, J = JACK, 

71- 037-IB 104 

55-B52-17 M04 

• CONTROL DATA TOm 
CORPORATION OPTIONAL MASK, 

INTERRUPT REGISTERS, 
.'11 
C 

COMPUTER DIVISION AND RECEIVERS 

... 
t.. 



PROGRAM PROTECT 

Module V54 contains three FFs which control program protect and protect 
violations. The Instruction Protected FF retains the state of the previous 
instruction. If the FF is set, the previous instruction was protected. If 
the FF is clear, the previous instruction was not protected. An interrupt 
occurring during the B cycle also sets the Instruction Preteetea FF. This 
simulates a protected operation while writing a return address. 

Whenever a violation of the program protect system is detected, the Protect 
Fault FF sets and an internal interrupt is enabled. A 00 interrupt occurs if 
mask bit 00 is set and the interrupt system is active. A violation indicates that 
the nonprotected program has attempted an operation which could harm the pro
tected program. The four program protect violations and their setting inputs to 
the Protect Fault FF are: 

Violation 

1. A nonprotected instruction attempts to write into a storage 
location containing a protected instruction/ operand. The 
contents of the storage location are not changed. 

2. An attempt is made to write into a protected storage location 
via the external storage access when a nonprotected instruc
tion was the ultimate source of the attempt. The contents of 
the storage location are not changed. 

3. An attempt is made to execute a protected instruction fol
lowing execution of a nonprotected instruction. The 
protected instruction is executed as a nonprotected Selec
tive Stop instruction. It is not a violation, however, if an 
interrupt caused this sequence of instructions. 

4. An attempt is made to execute the following instructions 
when they are not protected: Interregister with bit 0 = 1, 
EIN, lIN, EXI, SPB, or CPB. These instructions become 
nonprotected Selective Stop instruction under these circum
stances. 

Input 

from 
pin 20 

from 
pin 20 

from 
inverter J 

from 
inverter* 

The FF at the bottom of module V54 sets when violation number 3 is present. 
The output of this FF blocks the setting of the ADR FF and sets the REG FF in 
the Sequence controls. Therefore, if either violation 3 or 4 is present and REG 
mode selected, the F register clears. The computer recognizes the 00 code in 
the F register as a Selective Stop instruction. If the Selective Stop switch is in 
the stop position, the computer stops. If the switch is in the neutral position 
the instruction is executed as a nonprotected pass instruction. A "0" output at 
pin 6 clears the upper portion of the X register. 

INTERRUPT 

All three FFs on module V59 must be set for the computer to process an interrupt. 
The order of events for enabling the interrupt system is as follows: 

1) Set first Enable Interrupt FF 
2) Set second Enable Interrupt FF (interrupt system active) 
3) Set Interrupt registers 
4) Interrupt priority is checked 
5) Interrupt FF is set (there is an interrupt) 

The first Enable Interrupt FF is set at time 250 of the B cycle during REG of an 
Enable Interrupt or Exit Interrupt instruction. The second Enable Interrupt FF 
sets at time 200 of the B cycle when the ADR (ind) condition is present and the 
first Enable Interrupt FF is set. For the Enable Interrupt instruction., this 
delay allows one more .instI'uotion to he executed be.fore enabiling the interrupt 
system. There is ne delay when using tbeEKit Interrupt instruoti(m. 

At time 50 of the A cycle, the second Enable Interrupt FF sets the Interrupt 
register, providing the Interrupt FF is cleared. The Interrupt FF must be 
cleared to insure that an interrupt is not in process at the same time the Interrupt 
register is being set. 

At time 250 of the A cycle, the Interrupt FF sets if all of the following conditions 
are present: 

1) The second Enable Interrupt FF set 

2) Interrupt signal present from interrupt priority 

3) ADR (ind) + RNI 

The interrupt occurs reading an instruction from storage or readihg an 
indirect address. 

Two main gates clear all three FFs and disable the interrupt system. The 
first gate clears all three FFs when an interrupt state is entered and the 
following conditions exist: 

1) A cycle 
2) time 300 

3) 
4) 

ADR lind) 
RNI 

This gate disables interrupt while the computer stores the registers and sets 
the new mask. The second gate clears the FFs and disables interrupt when 
the following conditions exist: 

1) A cycle 3) REG (ITN) 
2) time 200 

This gate disables interrupt while the computer restores the registers in 
preparation of exiting from an interrupt state. 
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MASK REGISTER AND INTERRUPT PRIORITY 

The basic 1700 Computer has two interrupts. They are as follows: 

1) Interrupt state 00 = (internal) Storage Parity Error. 
Program Protect Fault. or Power Failure 

2) Interrupt state 01 = (external) Low-Speed I/O 

An option may be added which gives an additional 14 external interrupt lines. 
Thus, the computer may have 16 different interrupts. The discussions that 
follow assume the computer has 16 interrupts. 

{~ I 

BASIC 

INTERRUPT 0 I 

=-mmmmtt 

MASK REGISTER 

y 

1705 OPTION ADDS 
15 ADDITIONAL EX
TERNAL INTERRUPT 
LINES (ADDS 14 INTER
RUPTS) 

The 16-bit Mask register is the enable for each interrupt state or line. Bit 00 
of the Mask register corresponds to interrupt line 0, bit 01 to line 1. etc. To 
enable an interrupt line, its corresponding bit in the Mask register must be 
set. The Mask register is set by the Inter-Register instruction. 

Module V09 shows the first 4 bits of the Mask register and Interrupt register. 
Three additional V09 modules are added if 16 interrupts are used. The Mask 
register is set by the Adder - Mask Control FF on module V44. The output of 
the Mask register returns to the Adder / Shifter. 

ADDER - MASK CONTROL 

The Adder - Mask FF has two main setting gates. The first gate is satisfied 
if the manual Mask register selector on the console is activated and the Q -
Adder FF is set. At time V250 of the A cycle, the second gate is enabled if 
(REG) (IR) (X ) = 1. X (X register, bit 0) indicates that the Mask register 
is the destina&on regisPer during an Inter-Register instruction. The Mask 
register sets at time 300 according to its selected Adder/Shifter inputs if the 
Adder - Mask FF is set. 

INTERRUPT REGISTER 

The 16-bit Interrupt register is a holding register for the 16 interrupt lines 
and sets if all of the following conditions are present: 

1) The corresponding bit in the Mask register must be set. 

2) The corresponding interrupt line Signal present. 

3) The Enable Interrupt FF set (by an EXI + EIN instruction), t50 
(A cycle), and INT FF clear. 

INTERRUPT PRIORITY 

The interrupt priority consists of modules VII and V12. When one of the 
Interrupt register bits sets, the priority network recognizes which interrupt 
line is present and forms a 4- bit code. The code specifies /:; for the Exit 

instruction from that particular interrupt state. For example, if the priority 
input comes from Interrupt register bit 07. then the output code is a binary 0111. 
The first three columns in Table 1 show the relationship between interrupt 
states, '" portion of EXI instruction, and location of the return address. When 
an interrupt state is recognized, the, ~ portion of the EXI instruction is formed. 
Delta defines the interrupt state frem which the exit is taken. The EXI instruc
tion automatically reads the addr<i'ss containing"the return address and jumps to 
the return address. 

PRIORITY 
BIT CODE BIT 
07 ,---A---.. 00 
10101011111110101 
'----v----''----v----' 

I C 

/:; PORTION OF EXI INSTRUCTION 

If two or more interrupts have equal priority and occur at the same time, the 
computer recogriizes the lowest interrupt line. For example, if interrupt 
states 05 and 12 occur at the same time. the priority network recognizes 
interrupt 05 and forms a binary output code of 0101. 

The interrupt state priority eode output transfers to the Y register via the 
V22 module on page 41. 

TABLE 1. INTERRUPT STATE DEFINITIONS 

Value of 
Interrupt /:; to Location of 
State10 Exit State16 Return Address 

':' {~~ 00 0100 

04 0104 

02 08 0108 

03 DC OIOC 

04 10 0110 

05 14 0114 

06 18 0118 

07 Ie OllC 

,~" < 08 20 0120 

09 24 0124 

10 28 0128 

11 2C 012C 

12 30 0130 

13 34 0134 

14 38 0138 

15 3C 013C 

Interrupts in basic computer 

':":'Interrupts added by 1705 Interrupt/ Data 
Channel option 

Location of 
First Instruction 

After Interrupt Occurs 16 

0101 

0105 

0109 
010D 

0111 

0115 

0119 

011D 

0121 

0125 

0129 

012D 

0131 

0135 

0139 

013D 
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SHIFT, MUl, AND DVI CONTROLS 

I The Z94 module contains the logic that controls the shift instruc-

tions. Shift instructions are identified by a zero instruction field (F) and 

a hexidecimal F in the sub-instruction field (F1) Bit positions X05-07 

identify the type of shift instruction. Below is the format for the shift 

instructions. 

15 12 II --- 8 7 6 5 4 0 
F FI 

o 0 ooTI-I-I--1TI I I 
,-.. ,,' "'" t r ) O~SHIFT RIGHT ~ 
I_ SHIFT A SHIFT COUNT 

I~SHIFT Q 

The Shift Cycle FF controls the shifting required by the shift 

instructions. The first shift occurs during the A cycle and the remaining 

shifts occur during the C cycle. At time 250 of the A cycle, the shift 

count (currently in bit positions XOO-04) is sensed for a count of zero. If 

the shift count is zero, the Shift Cycle FF is not enabled and the logic 

proceeds to B cycle RNI. If the shift count is not zero, the Shift Cycle 

FF is set and a shift occurs. The shift count then replaces the lower 5 

bits of the Y register and is decremented by one. The Y register now 

contains the shift count. 

At time 250 of each pass of the C cycle, a shift occurs and the shift 

count decrements by one. The logic proceeds to B cycle RNI when the shift 

count decrements to zero and at time 250 of the C cycle. 

The SR1 and SR2 FFs on the V65 modules sense the sign of the 

operands used in Multiply and Divide operations and determine the sign of 

the result. Any negative operand must be complemented because the 

associated logic recognizes only positive numbers. The two SR FFs 

record the complemented operands. 

The SR2 FF senses the signs of the operand in the Multiply or 

Divide operations and becomes enabled if it is negative and the correspond

ing conditions are met. The SR1 FF senses the sign of the operand in the 

X register and becomes enabled if it is negative and the corresponding 

conditions are met. The output from pin 26 goes to the Adder controls 

and enables the complementing of the negative operand. 

Note that the SRI FF senses the sign during Multiply operations 

and the SRI and SR2 FFs sense the sign during Divide operations. The 

SR1 FF senses the sign of the quotient and the SR2 FF senses the sign of 

the remainder. The remainder maintains the sign of the dividend. 

I The output of pins 1 and 3 of the V65 module control the comple

menting of the product, quotient, and remainder. The condition YOO-04=0 

Signifies that shifting is completed (MUl or DVI instruction is finished) and 

the result is ready to be complemented if it is negative. 

A Multiply instruction multiplies the contents of the storage location 

specified by the effective address by the contents of the A register. The 

32-bit product replaces the contents of Q and A with the most significant 

bits in the Q register. Bit Q15 is the sign bit. 

The lower 5 bits of the Y register hold the shift count that is set to 

1016 at the start of each Multiply instruction. The shift count is decre

mented by one before each shift operation. 

The Adder/Shifter can shift a maximum of 1610 bits (one register 

at a time). It is therefore necessary to have a bit bucket to hold the lowest 

order hit of the Q register during a shift that impliments both the A and Q 

registers (32 bits). During a Multiply instruction, the contents of QA are 

shifted right, end off, one place. The lowest order bit of the Q register is 

placed in the hit bucket and the contents of the Q register are right shifted 

one place. The contents of the A register are then right shifted one place 

72.0 
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SHIFT. MUl AND DVI CONTROLS (Cont'd) 

with the contents of the bit bucket replacing bit position A15• A more 

detaile" description of the bit bucket logic is on page 56.1. 

The Multiply bit (MB) is in bit position AOO during the first shift 

operation (A cycle) and is in bit position A01 during the remaining 1510 
shift operations (C cycle). If MB=O, the contents of QA are right shifted 

in as previously described. If MB=l, the contents of the X register (stor

age location specified by the effective address) are added to the contents 

of the Q register and the sum replaces the contents of the Q register. The 

contents of QA are then right shifted as previously described. 

Below is an example of how the Multiply instruction operates. 

Example: (A) " IFllli2Jl6 

(X) " '16 
(A)(X) = 9E2A16 

Q A MB 
0 

0000000000000000 00011111101000~ 
t-1 

000 00001111110100Q! 
t-0 

010 10000111111010QQ 
t-O 

001 0100001111110100 0 
000 1010000111111010 1 
000 0101000011111101 

0 
010 1010100001111110 1 
001 0101010000111111 1 
011 0010101000011111 

1 
100 0000010100001111 1 
100 1000101010000111 1 
100 1100010101000011 1 
100 1110001010100001 0 
100 1111000101010000 0 
010 0111100010101000 0 
001 0011110001010100 0 
000 1001111000101010 

100111100010101~= 9E2A16 

Bit 
Y B\. -. 
F 

E 

D 

C 

B 

A 

9 

8 

7 

6 

5 

4 

3 

2 

1 

0 

0 

0- E 

1 

0 

1 

0 

1 

0- e 
0 

0 

1 

1 

1 

1 

0 

0 

1 

x: MB=l 
(Q)=OOO 
(X)=101 

(Q)....-JJi\it 
Bucket 

'x: MB"l 
(Q)=OOl 
(X)=101 

(Q~Bit 
Bucket 

During a Divide instruction the contents of the effective address (X 

register) is compared with the contents of the Q register. If (X) > (Q) a 

"1" enters EAB (End Around Borrow) and a "0" enters the bit bucket. A 

Long Left Shift shifts QA one place with the "0" in the bit bucket replacing 

bit position AOO. Note that the bit bucket always contains the complement 

of the state of the EAB. 

If (X) ~ (Q) a "0" enters EAB and a "1" enters the bit bucket. The 

contents of the X register is subtracted from the contents of the Q register 

and the difference enters the Q register. A Long L~ft Shift shifts QA one 

place with the "1" in the bit bucket replacing bit position AOO. In a QA 

shift, the Q and A registers are shifted separately since a maximum of 16 

bits can be shifted at one time. Bit A15 replaces bit QOO through the 

associated logic of the Adder/Shifter. A more detailed discussion of 

the logic of this process is on page 58.4. I 
This comparing and shifting process continues until the shift count 

reduces to zero. The shift count in the Y register operates the same as 

in the previously described Multiply instruction. 
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SHIFT, MUl AND DVI CONTROLS (Cont'd) 

The Divide instruction divides the contents of Q and A registers with 

the contents of the effective address. The Q register contains the most 

significant bits before execution. The quotient is in the A register and the 

remainder in the Q register at the end of the Divide operation. 

Below is an example of a Divide instruction. 

(A) Divide: (X) r<QAf Q = 0 
A = 272E J 6 = 00100111001011102 
X =2 16 

Q A Y EAB Bit Bucket 

0000000000000000 0010011100101110 
000 

0100111001011100 
000 

1001110010111000 
001 

0011100101110000 
010 
000 0111001011100001 
000 

1110010111000010 
001 

1100101110000100 
011 
001 1001011100001001 
011 
001 0010111000010011 
010 
000 0101110000100111 
000 

1011100001001110 
001 

0111000010011100 
010 
000 1110000100111001 
001 

1100001001110010 
011 
001 1000010011100101 
011 
001 0000100111001011 
010 
000 0001001110010111 

" . , 
Remainder Answ:er 

F 
1 

E 
1 

D 
1 

C 
0 

B 
1 

A 
1 

9 
0 

8 
0 

7 
0 

6 
1 

5 
1 

4 
0 

3 
1 

2 
0 

1 
0 

0 
0 

/ 
0 

0 

0 

1 
-I 

0 

0 

1 

1 

1 

0 

0 

1 

0 

1 

1 

1 

ex: Q ~ X 
EAB = 0 

Bit Bucket = 1 

(Q) = 010 
(X) = -010 

000 
Replaces (Q) 

The V73 module contains the Multiply Step, Multiply Bit, and Divide 

Step FFs. These three FFs enable the logic that controls the Multiply and 

Divide instructions. 

The Multiply Bit FF senses bit location AOO during the A cycle 

and bit location A01 during the C cycle. If the sensed bit is a "1" and the 

corresponding conditions are present, the Multiply Bit FF sets and enables 

the logic that performs the adding of (Q) and (X) as previously described 

in the description of the multiply procedure. 

The Multiply Step FF sets on the condition (MUl) (ROP) (050) 

(YOO-04FO) (C cycle). The Multiply Step FF enables the shifting and 

associated logic that performs a Multiply instruction. The Divide Step 

FF enables the shifting and associated logic that performs a Divide instruc

tion. 
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The AQ I/O Channel operates in such a way that the Q register of 

the computer contains the address of the peripheral device and the data 

transfer occurs to/from the A register of the computer. 

INPUT ON AQ CHANNEL 

A single word transfers to the A register whenever the computer 

executes the Input to A instruction (QOO=O). The request for data by the 

computer is signified by a "1" signal on the Read line. The peripheral 

device whose address is in the Q register responds with a Reply when data 

is available to the A register. 

If no data is available the peripheral device responds with a Reject. 

In either case the peripheral device must respond with a Reject or Reply 

within 4 microseconds. If no response is obtained in 6 microseconds the 

computer generates an internal Reject. Reply causes the computer to go 

to address P + 1. (P is the address of the input instruction). InteTnal 

Reject causes tine computer to go to addl!'ess P + 1:>, where I:> is the lowest 

!l bits of the input instruction, the highest of which is a sign bit. Edernal 

Reject callses the computer to go to address P + 1 + 1:>. 

OUTPUT ON AQ CHANNEL 

The output on AQ operates similar to Input on AQ. The presence 

of the output data is signified by the presence of a "1" on the Write line. 

The responses are identical for input and output. 

LOGIC FOR AQ I/O 

Module V53 contains the Read FF for Input instructions and Write 

FF for output instructions. The "0" signal at pin 27 disables the computer 

timing chain when an Input or Output instruction is recognized. 

AQ I/O 

The Read or Wrile signals enable transmitter circuits on the ZT 

module, a 7 usee delay on the V88 module, and a signal at pin 24 of the 

V74 module. The "0" output at pin 24 enables the computer timing chain 

when the following condition is present: 

(Read + Write)(Reply + Reject) 

The Reply or Reject signals enter receiver circuits on a ZS module 

(location D20). These signals then set the appropriate FFs on module V74. 

If neither a Reject or Reply signal is received within 7 usec, an internal 

Reject is generated and the Reject FF sets. 

The Character Input signal is received on a ZS module (location 

D12). This is a "1" signal sent to the computer during Input operations. 

If this signal is present during an Input to A the lower 8-bit character is 

loaded into the lower 8 bits of A without disturbing the upper 8 bits of A. 

EXTERNAL INTERRUPT 

Pins 26 and 28 of module V74 are external interrupt lines. These 

interrupts are OR' ed together in forming interrupt 01. The following 

figure shows the interrupt system including the 1705 option. 

BASIC 
INTERRUPT { :~ I 

,?11 11 11 nr ff11! 
v I 

15 ADDITIONAL EXTERNAL 
INTERRUPT LINES (ADDS 14 INTERRUPTS I 
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QI2-15=0 35-045-23 

REG (INP) 
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o 34-X 
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--
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AND BELOW 

1.2V 
834-2 
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~I 
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DI4-X 
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) 

MC 
19-836-15 

DI4-X 
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..... 

..... 
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034 
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I 
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I 
l.. 

RE.iffi 

-.0 3-BI6-28 REPi:Y 
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1.2V 
834-6 

Bit IS 
97-828-27 
FROM ~ REG 

95 -011- 20 

NU 

97-828-18 

81T IS TO i! REG 

NU 

14 

NOTES: 

SEE P. 43 
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J04- 010 
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.103- 06 

J04 - D6 

J07 - EI 

JOB - E I 

J07 - E2 

J08 - E2 
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J = JACK 

(READ + WRITE) t 
(REPLY + REJECT) 
7- 838-22 

\ "9 I , \ N U 

REJECT 
43-034-24 

:<>' " 121g INTERNALRE,j"ECT 
. . 19-A63-22 
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ilZI 
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Module Module 
Location Pin Destination Location 

D12 3 J06-D2 D15 
5 J05-D2 
6 J05-D1 
8 J06-D1 
13 J02-D8 
14 J02-D7 
15 J01-DB 
16 J01-D7 
21 
23 
25 
27 

Module 
Location Pin Destination 

O1B 3 J02-B4 
5 J01-B4 
6 J01-B3 
8 J02-B3 
13 J02-B2 
14 J02-Bl 
15 JOI-B2 
16 J01-B1 
21 J02-A9 
23 J01-A9 
25 J02-A10 
27 J01-A10 

-------- --- - --------

TABLE 2. ZS MODULE CABLING 

MG)dule 
Pin Destination Location Pin Destination 

3 J02-D2 D16 3 J02-C6 
5 J01-D2 5 JOI-C6 
6 J01-D1 6 J01-C5 
8 J02-D1 8 J02-C5 
13 J02-ClO 13 J02-C4 
14 J02-C9 14 J02-C3 
15 J01-ClO 15 J01-C4 
16 JOI-C9 16 J01-C3 
21 J02-C7 21 J02-C1 
23 J01-C7 23 J01-C1 
25 J02-CB 25 J02-C2 
27 J01-C8 27 J01-C2 

Module Module 
Location Pin Destination Location Pin 

D19 3 J02-AB D20 3 
5 J01-AB 5 
6 J01-A 7 6 
8 J02-A 7 B 
13 J02-A6 13 
14 J02-A5 14 
15 J01-A6 15 
16 J01-A5 16 
21 J02-A3 21 
23 J01-A3 23 
25 J02-A4 25 
27 J01-A4 27 

--- --

Module 
Location 

D17 

Destination 

J02-A2 
J01-A2 
J01-Al 
J02-A1 
J02-D6 
J02-D5 
JOI-D6 
J01-D5 
J02-D3 
J01-D3 
J02-D4 
J01-D4 

I 

Pin 

3 
5 
6 
8 
13 
14 
15 
16 
21 
23 
25 
27 

Destination 

J02-B10 
J01-B10 
J01-B9 
J02-B9 
J02-BB 
J02-B7 
J01-BB 
J01-B7 
J02-B5 
J01-B5 
J02-B6 
J01-B6 
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Q REGISTER r-________ ~ ______________________________________ __lA~ ________________________________________________ --~ 

EI9 E20 E21 

1 
ZT ZT 
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& 
£18-X .., 2 ~ J03-02 EI9-X 7 !>- J03 - C4 E20-X J03 - B6 £21-X 2 !>- J03 - A8 

J04- B6 4 !>- J04- A8 

14 10 06 02 6 !>- J03 - AS 
35- 045- II 35- 046-12 35- 046-22 35- 047-3 
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016 

ZS 
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09 
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&12 
08 

17& NU 35- C43-11 

II 31- C48-28 
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20 ( I 
I 
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017 

ZS 

BIT 

~IO 
06 
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1700 STORAGE 

GENERAL INFORMATION 

The 1700 storage consists of up to eight banks of magnetic core storage. Each 
bank contains 4096 locations for 18-bit words. The format of the storage words 
is shown below. 

17 16 15 o 

I U::' v 
DATA 

PARITY BIT 
PROGRAM PROTECT BIT 

The circuits for the .eight banks are identical. The storage timing and control 
circuits select the storage bank from the translation of the three high-order stages 
of the address (S register). 

The description of the storage circuits is based on bank 0 which is provided with 
the basic system. Unless otherwise stated, the description of the bank 0 storage 
circuits applies to the banks contained in any of the 1700 storage options. 

Each storage bank consists of the storage stack, inhibit decks, and drive decks. 
The storage stack contains 18 planes of magnetic cores assembled in the conven
tional matrix arrangement. 

Current-carrying wires pass through the cores and magnetize them in one direction 
or the other. The direction of current flow determines the direction of magnetization. 
Approximately 400 ma-1:urns of magnetizing force are needed to switch a core into 
one of its two stable states ("1" or "0"). 

Five wires pass through each core. They are: 

• A horizontal drive (x wi!"!.) 
• A vertical drive (y wire) 
• A horizontal inhibit (Ix wire) 
• A vertical inhibit Uy wire) 
• A diagonal sense (S wire) 

Coincident currents (one x and one y) switch the cores. A core is addressed by 
simultaneously transmitting half-amplitude (200-ma) current pulses through a 
selected x wire and a seleeted y wire. 

Only the core at the intersection of the selected x and y wires receives sufficient 
magnetizing current to switch its state. All other cores in the same row or column 
as the selected core receive half-amplitude current pulses which are not sufficient 
to switch the core. In Figure ll,if the left-most y wire and the top x wire carry 
current pulses, core A switches; cores Band C receive half-amplitude currents; 
and core D receives no current pulses. 

The polarity of the residual magnetization determines the binary information in a 
core. The read current pulse on the selected x or·y wire stor.es a"O". The write 
pulse without a coincident current on the I wires stores a "1" in the core. 

X WIRE 

IX WIRE 

X WIRE 

IXWIRE 

1 

1&1 
0: 

i 
>-

1&1 
0: 

i 
>... 

1&1 
0: 

i 
>-

1&1 
0: 
i 
~ 

Figure 11. Portion of Magnetic Core Matrix 

Applying a read pulse to the selected x and y wires reads information from the 
selected core. If the core previously stored a "1", the pulse switches the core to 
a "0". This chan¥e induces a pulse on the Swire. The pulse on the S wire is in
terpreted as a "1' bit from the core. If the core previously stored a "0", the read 
pulse does not affect it. Thus, no pulse is induced on the Swire. 

One memory plane contains 4096 cores in a 64-by-64 array. Each bit of a word is 
stored in a separate plane. Thus, the stack contains 18 planes. 

MAGNETIC CORES 

The magnetic cores used in the 1700 storage planes have two stable magnetic states 
("1" and "0") because of the square hysteresis loop properties of the ferrite material. 
A current sufficient to cause enough flux density switches the core to positive or 
negative saturation when applied to the selected x and y wires. When the current is 
removed, the flux density drops to the residual positive or negative state. The 
positive residual state corresponds to a "0" and the negative to a "1". 

If a core receives only a half-amplitude current, the core does not switch but re
mains in the residual state caused by the last coincident half-amplitude pulses. 
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1700 STORAGE (Cont'd) 

Any change in tl)e magnetic state of a core causes a change in the total flux linking 
the core and any winding passing through it. Such a change produces a voltage on 
the sense winding. During the time read current is applied, the output voltage is 
sampled to determine if the core switches. If a large voltage is sensed, the core 
was in the "1" state. If a small voltage is detected, the core was in the "0" state 
and merely shifted from the positive residual state to the positive saturation state 
and back. 

A common sense line threads through all 4096 cores in a storage plane. When 
reading, 64 x and 64 y .,ores contribute to the sense voltage. The total voltage 
induced by the 126 partially selected cores is less than the voltage induced on the 
line by the one selected core switching from a "1". The sense line passes diagG
nally through the cores in such a way that voltages from unselected cores tend to 
cancel. 

STORAGE PLANES 

A storage plane is a 4-by-4-inch printed circuit board which holds 4096 cores in a 
64-by-64 matrix. Five wires pass through each core. Figure 12shows a simplified 
storage plane containing a 24-by-24 matrix; however, all the principles of this 
matrix apply to the larger matrix. 

The wires that suspend the cores terminate on the inside edges of the board, and 
printed wiring carries the connections to the outside edges (top and bottom) for 
easier access. The 64 horizontal x drive lines are brought to connections on each 
of the two opposite edges of the board. In plane 0, which is used as an example in 
Figure 12. the even-numbered drive lines ·enter the plane from the DC edge and the 
odd-numbered lines from the AB edge. The letters at the corners of the plane in 
Figure l.l!fix the reference points of the plane in respect to the two views of the 
stack on the block diagram. The 64 vertical y drive lines enter the plane on the 
other edges in a !3imilar manner. The sense line is a single line threading all the 
cores as shown in Figure 12. The two ends of the sense line terminate at one 
corner of the plane. Inhibit line connections enter the stack on the other three 
corners. 

The inhibit lines are arranged in four vertical and four horizontal stripes or 
quadrants. Thus, the vertical inhibit lines run parallel to the y drive lines and the 
horizontal parallel to the x drive lines. The inhibit drive line for each stripe runs 
through 16 rows or columns of cores. During the write cycle of storage, one 
horizontal and one vertical inhibit stripe is energized coincident with the write 
drive. Thus, one.lS-by-16 area of cores receives full inhibit drive in each plane 
that corresponds to a "0" in the Z register. The cores that receive full inhibit 
drive are prevented from switching to a "1". Since the read drive pulse preceded 
the write and switched the reference core to a "0", the full inhibit drive maintains 
the referenced core at the "0" state if the corresponding bit position of the word to 
be restored is a "0". 

The direction of inhibit current in the energized stripes is opposite to the x or y 
drive current of the write pulse, thus preventing the magnetization of the referenced 
core to the "1" state. For exam/?le, if write drive current enters the plane on 
lines yO and xO (Figure 12)and a 0" is to be stored in the plane, the 0 vertical and 
horizontal inhibit stripes are energized with current in the opposite direction. The 
contents of the Z register select the planes that are to be inhibited. The address 
contained in the S register sele.cts the horizontal and vertical stripes to be ener
gized. 
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Figure 12. Simplified Storage Plane 
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The 18 storage planes are assembled into a stack as shown on the block diagram. 
A thin metal plate between each plane and on the top and bottom of the stack pro
vides shielding and acts as a cold plate for cooling. 
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1700 STORAGE (Cont'd) 

The x and y drive lines thread through the 18 planes as shown in Figure 13. The 
drive lines connect back to the drive deck. Each drive deck connects to 32 drive 
lines on the two sides of the stack as shown on the block diagram. The x and y 
drive decks are identical. The y drive deck mounts on the top of the stack and the 
x drive on the bottom. 

32/ 
7fORMERS 

x- DRIVE 
TRANSFORMERS 

32 _ 
- TRANSFORMERS 

Figure 13. X and Y Drive Lines 

32/ 
7FORMERS 

Consecutively numbered planes in the top half (nine planes) of the stack are rotated 
900 in respect to each other. For example, plane 1 is rotated 900 counterclockwise 
in respect to plane 0" et~. The bottom nine planes are also rotated 900 in respect 
to each other. In this half, plane 16 is rotated 900 in respect to plane 17. The ro
tation of planes gives a balance of connections at the corners of the stack. 

One inhibit deck is mounted on each siGle of the stack and connects to the corners of 
the planes according to the horizontal and vertical stripe connection terminals at 
the corners (caused by the rotation of the planes). For example, vertical inhibit 
stripes 0 and 1 connect at corner B for planes 0, 1, 4, 5, 8, etc. Vertical inhibit 
stripes 2 and 3 connect to corner A for the same planes. Thus, inhibit-deck V21-2 
connects to corners A and B for those planes as shown on the block diagram. The 
two types of inhibit decks (V21 and V20) differ only in the order of the inhibit 
stripes in the planes to which they connect. 

DRIVE DECKS 

One drive deck supplies current to the x drive lines, and the other deck supplies 
current to the y drive lines. The two decks are identical. 

A deck has two printed circuit boards with printed wiring on both surfaces of the 
board. Components are mounted on and between the boards. 

A deck contains a read and write current source and circuits to select each of the 
64 drive lines. 

INHIBIT DECK 

The four inhibit decks supply current to the horizontal and vertical inhibit lines. 
The inhibit decks are two types (V21 and V22), and differ only in printed wiring 
layout. 

Inhibit lines on a plane are arranged in four 16-line groups in horizontal and 
vertical directions. Each deck has six current sources and circuits to select one 
of four groups on nine planes. 

ADDRESS SELECTION 

The address at which a storage reference takes place is determined by the 15 bits 
in the S register. The address is transmitted to the S register from the¥ register 
at the beginning of the storage reference. The address in the S register remains 
effective throughout the storage reference. 

Bits 12, 13, and 14 of the addr4!ss,. select the one of eight (maximum storage option) 
banks. If an attempt is made to reference a storage bank that is not pluggea in, the 
same address is referenced in another bank that is plugged in. This wrap-around 
storage feature of the 1700 is described in detail in the S register description (page 81). 

The low-order 12 bits of the address select one of 64 x drive lines and one of 64 y 
drive lines during the read and write phases of the storage reference. Bits 0-5 select 
the y drive line, and bits 6-11 select the x drive line. 
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1700 STORAGE (Cont'd) 

In the y drive line selection, bits 1, 2, and 3 of the address select one of eight 
current source transformers on the y drive deck. Bits 0, 4, and 5 select one of 
eight current diverter circuits. The combination of these two selections selects 
one of 64 drive transformers on the y drive deck which transmits the read and 
write current pulses through the corresponding y drive line. The selection of the 
x drive line functions in an identical manner in the x drive deck with bits 7, 8, and 
9 and bits 6, 10, and 11 respectively. 

Bits 4 and 5 of the address also select one of four inhibit stripes on inhibit decks 
V20-2 and V21-2. Thus, these inhibit decks select one of four vertical inhibit 
stripes on the corresponding planes. Bits 10 and 11 perform an identical function 
in inhibit decks V20-1 and V21-1, selecting one of four horizontal inhibit stripes. 

Z REGISTER 

The sense line from each plane connects to a corresponding sense amplifier 
circuit. The sense amplifier circuit detects the switching of a core from the "I" 
to the "0" state. During the read phase of each storage reference, the output of 
the sense amplifiers transfers to the Z register. Thus, in the read phase, the 
Z register contains the word read from the stack. 

In storage Read operations, the word in the Z register is later transferred to the 
X register. The word in the Z register is then restored in the storage stack at 
the selected address during the write phase. 

In storage Write operations, the word in the Z register is replaced by the word 
transferred from the X register. The new word in the Z register is then stored 
at the selected address during the write phase. 

TIMING AND CONTROL 

The timing and control circuit receives input Request Storage and Write signals 
from the external storage and computer accesses. The timing and control circuit, 
in conjunction with the timing chain, then synchronizes and controls the entire 
storage reference operations, such as read, write, and inhibit timing. The timing 
and control circuit also performs such operations as bank selection, priority 
control between the external and computer storage requests, and transmitting the 
Resume signal which releases the computer or external accesses. 

STORAGE BANK CONNECTORS 

Each storage bank connects to the input, output, and control logic through four 
30-pin connectors. Thus, a storage stack simply plugs into the corresponding 
connectors on the chassis. The connectors are identified. according to the same 
chassis coordinate system as the logic connectors. Inputs and outputs from the 
stack are shown on the logic diagrams in this manner. For example, the output of I pin 14 on the V17 module at C23 (page 81) lists the destination as H08-9. Thus, 
this output connects to connector H8, pin 9. 

The storage module connector format is listed in Table 3.. The table shows the 
format for bank O. The format for the other banks is the same. 

TABLE 3. 18-BIT STORAGE MOUULE CONNECTOR FORMAT 

JI 

PIN H8 

1 ZI 

2 *Sense 12 

3 Z5 

4 *Sense 12 

5 Z10 

6 *Sense 16 

7 Z14 

8 *Sense 16 

9 S4 

10 Master Reset 

11 S5 

12 Master Reset 

13 S6 

14 
+6 v !nfib1t V21 13 

15 S7 

, 
I 

H7 

*Sense 3 

J2-4 

*Sense 3 

J2-2 

*Sense 7 

J2-8 

*Sense 7 

J2-6 

S4 I 

J2-12 

S5 I 

J2-10 

Ground 

J2-16 
Mass Inhibit 
Adjustment 

*Indicates twisted pair 

~'*Storage module tester input 

)3 "}.q. TI T} J) :J-! 
H2 HI PIN H8 H7 H2 H1 

J3-3 *Sense 11 16 Ground J2-14 S10 I S8 

*Sense 0 Z2 17 Read 'l\'~¥JlsHWJgtt J3-19 

J3-1 *Sense 11 18 ~'*Adapter +4. 5v J2-20 SI1 I S9 

*Sense 0 Z6 19 Write *Sense 9 J3-17 Ground 

J3-7 *Sense 15 20 *"'Adapter +4. 5v J2-18 S10 SO 

*Sense 4 Z9 21 Z15 *Sense 9 J3-23 +16v Drive 

J3-5 *Sense 15 22 +6v (Drive) +6v Inhibit SI1 SI 

*Sense 4 Z13 V21B '#1 

J3-11 23 Zll *Sense 6 J3-21 "'Sense 14 

24 *Sense 17 +8v Inhibit *Sense 5 Z16 

*Sense 8 Z17 25 Z8 '"Sense 6 *Sense 14 

J3-9 

*Sensc 8 S2 26 *Sense 17 +8v Inhibit *Sense 5 Z12 

J3-15 Core Protect 27 Z4 *Sense 2 ¥ares Drive "Sense 10 
~ver:l~au Z7 

Ground S3 28 *Sense 13 disable *Sense 1 
lVfsS UrlVe 

J3-13 Core Protect 29 ZO *Sense 2 ldiustment *Sense 10 

30 *Sense 13 9Jvgt,1~d *Sense 1 Z3 
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STORAGE 
PLANES 

A 

o STRIPES 0 AND I 

o STRIPES 2 AND 3 

A 

TO I FROM 
Z REGISTER 

! 
r-~-l 

lANK 
1-7 

CIRCUITS 

I SAME AS 
BANK 0) 

FROM 
Z REGISTER 9 

(BITS 0,3, ... 
4,7,8,11,12, I 
15,16) 

SID, 511 

SIO,SII 

FROM 

V20-1 

:tNHIBIT 
DECKS 

V21-1 

Z REGISTE 
(BITS 1,2.5,6. 
9,10,13,14,17 ) 

TO Z REGISTER 

READ 

WRITE 

DRIVE DECK 
IMX) 

STORAGE 
STACK 

I SEE DETAILED 
VIEWS IELOW) 

I OF I CURRENT TRANSFORMERS 

I OF 8 DIVERTERS 

FROM 
Z REGISTER 9 

I (BITS 2,3. 
I ',7,9,12.13. 

16,17) 

V20-2 

:tNHIIIT 
DECKS 

V21-2 

X DRIVE DECK 
IMX) 

54,55 

84,85 

FROM 
Z REGISTER 
(BITS 0,1, 
4,5,8,10,11 
14,15) 

l ': I I j ~'~E=TERS 

STORAGE 

STORAGE 

WRITE 

I OF 8 
CURRENT 

.XFORMERS 

TO I FROM { REQUEST 
EXTERNAL 

ACCESS RESUME ~L-r--r--~-'--'-~ 

CLOCK PULSES 
I to - u) 

PARITY FAULT 

TO I FROM 
EXTERNAL 
STORAGE 
ACCESS 

STORAGE 
TIMING 
CHAIN 

TO :tNHIIIT DECKS 

JP_ CONTROL DATA 

REQUEST STORAGE 

"--y---J 

TIT"I 

TO I FROM 
COMPUTER 

ACCESS 

... CORPORATION BLOCK DIAGRAM 

COMPUTER DIVISION 
1700 STORAGE 

I,n 
C 



S REGISTER 

The IS-bit S register contains the address of the current storage reference. The 
bit format of the S register is shown below. 

BANK SELE' 

CURRENT SO 
TRANSFORM 
II OF B) 

HORIZONTA 
INHIBIT ST 
(I OF 4) 

CURRENT 
OIVERTER 
(I OF 8) 

BANK X DRIVE Y DRIVE 
SELECTION LINE LINE 

r~4-~12\111 10 9 II B 7 6 "Ii 4 :5 II 2 0 \ 

rIll LLI J.........J-...L......L..~ 

10NJ-' ~ 
ICE 

'E 

CURRENT 
SOURCE 
TRANSFORMER 
(I OF 8) 

CURRENT 
OIVERTER 
(I OF 8) 

VERTICAL 
INHIBIT 
STRIPE 
(IOF 4) 

The high-order three bits select the storage bank; bits 6-11 select the x drive line; 
and bits 0-5 select the y drive line. In addition, bits 4 and 5 select the vertical 
inhibit stripe, and bits 10 and 11 select the horizontal inhibit stripe. 

The S register is contained on four VI 7 modules. The bit positions are arranged 
on the V17 modules for the convenience of the format shown above. Thus, each 
module contains two of the low-order drive-line bits, one of the inhibit-stripe bits, 
and one of the bank-selection bits. The high-order bit positions on the V17 module 
at D27~¢nlltc0nnected .since there are only three bank-selection bits. The outputs 
of the low-order three bits on each module and the corresponding fan-out modules 
go to the drive and inhibit decks where the address and inhibit stripe selection is 
made. The output of the bank-selection bits connects to the inputs of bank-selection 

The S register receives inputs from the 1705 external channel through the Address 
Receiver modules or from the computer Y register. The address is transferred to 
the S register approximately 75 nsec after the initiation of storage. The external 
channel active enable or the computer channel active enable from storage timing 
and control gates the respective input into the S register stages through the inverters 
on the V17 modules. 

BANK SELECTION 

Bits 12, 13, and 14 determine the storage bank selection. The ZSO modules perform 
the bank selection. The selection of a given bank by the corresponding ZSO module 
enables the Read and Write (R and W) drive signals to only that storage bank. 

The bank selection circuit performs a wrap-around function in bank selection. For 
example, if the bank-designator bits attempt to select a storage bank not included in 
a particular system, the bank selection circuit selects an existing bank according to 
a fixed order of selection. The table below lists' each PQ!!"Sible storage op •• P; 
size; . the corresponding module and pin connections., and the starage bank se11l!cjoed 
for a given bank designation. . . ' 

If a particular module size does not exist in a system, pins 5, 6,. 22 and 1 receive 
+1. 2v ("0") inputs. If the banks exist, the pins receive a IfI'd' ("1 ") input. The input 
pins are grounded on the storage module connectors. For any storage bank option 
less than 20K, ZSO module 2 is removed. 

As an example of storage bank selection, assume a bank de·signator of 6 and a 
storage size of 20K. In this case, pins 5, 6, 22 and 1 irt module 1 are grounded 

I ("1" inputs). In module 2, pin22is grounded and pins 5, .6 and 1 receive "0" 
inputs (banks 5, 6, and 7 are not plugged in). Since the bank deSignator is 6, pins 
14, 13, and 12 on module 1 receive 110 inputs respectively. As a result all bank 
selection outputs of module 1 are disabled. In bank selection, a "1" output of the 
ZSO module disables the selection of the corresponding bank. The ACE AND input 
in module 2 enables the following Rand W signals to pass through the output inver-

I ters for pins 10 and 12-; These outputs provide Read and Write drive currents for 
bank 4, according to the table below. 

module 1 eZSO). ~ 
BANK SELECTION T ABLB 

STORAGE REMOVE IN MOD 1 
SIZE MODULE GND PIN 

4K 2 

SK 2 1 

12K 2 1,6 

16K 2 1,5,6 

20K 1,5622 

24K 1,5,6,22 

28K 1,5,6,22 

32K 1,5,6,22 
.. ~ 

IN MOD 2 
GND PIN 

22 

1,22 

1,6,22 

1,5,6,22 
------- --------

ORDER OF 
BANK ACCESS 
BANK DESIG 
01234567 

00000000 

o 1 0 1 0 101 

01220122 

01230123 

01234444 

01234545 

01234566 

01234567 80 
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J07-AI 

J08 - AI 

J07- A2 

J08 - A2 

J07- A3 

Joe -A3 

J07 - A4 

J08- A4 

J07- A9 

Joe- A9 

J07-A10 

J08- AIO 

J07- C5 

J08 - C5 

J07-C6 

JOS-C6 

J07- AS 

JOS-A5 

J07-AS 

JOe-A6 

J07-A7 

J08 -A7 

J07- A8 

J08-A8 

J07- BI 

J08-BI 

.J07- B2 

J08 - B2 

J07- C7 

J08- C7 

J07- C8 

J08-C8 

J:= JACK 

ADDRESS 

BIT 04 

Y04 
41-A46-7 

BIT 12 ---
YI2 
41-A45-3 

'EXT. CHAN. 
I ACTIVE 
I 105-024-22 

L-____ ----II I 

I caMP. CHAN. 

11~~~~-7 
I 
I 
L81T 02 

Y02 -0 II 
41-A46-26 ( 

BIT 03 --- -07 
Y03 
41-A46-12 4 

BIT 05 

;05 - - Q22 
41-A46-6 625 

81T 13 ---
YI3 
41-A45-6 

23 

18 

EXT. CHAN. ACTIVE 
105-024-24X 13 

COMP. CHAN. ACflVE 
105-024 -5 16 

S REGISTER 
FANOUT 
REMOVE FOR 
SYSTEMS < 12K E28 

MEMORY 
8ANK 

H09-20 I 

HOI-20 0 

I 
VOSI 

MEMORY 
BANK 

H17-20 2 

MODULE I 

SELECT 
BANK 

H08-17 0 

H08 - 19 

f------!<). !.IT 00 
H25-20 

H33-20 4 

Lt 

& 

&. 

&. 

20 

,.!lIT O' 
.... .... 

.... 

o 
I 

" 
I 
o 

o 
!!.IT 04 

,BIT 12 , , , 

7 

, 

H57-20 7 

H49-20 6 

H41-20 S 

H 17- 22 

H25-22 

H33-22 4 

H41- 22 

H49-22 6 

H57-22 7 

H24-9 

H23-9 

H32-9 

H16-17 

HI6 -19 

H24-17 

H24-19 

H32-17 3 

H32- 19 

;g~To~8_9 <:(v • .n 19-BI8-27 

iiEiD 
IOS-028-10v---... 

H15-14 
H15-16 

~NU 

i-----=-O" - , 

..! H31-9 r- R 

"- H48-9 4 

13 
H39-9 .4 

8_ H40-9 5 
!!!.o H47-9 

12.1. H55-9 6 
14 

H56-9 6 I 

H31-14 
H31-16 

H23 -14 
H23 - 16 

.---
~ 
~, 

r
I 

'-' _________ ...J 

19-BI8-25 

H39-14 
H39-16 

CM 

~ 
15 

10 

9 

5 

3 

~ 
H09 -12 II 

H~-=-,~I 
BIT 02 

HOI-14 

H09-14 

BIT-Oj" 

120H16-11 

146H08-11 

24 

28 

26 

19 

21 

20 

H64-11 

H07-11 
ftJT_OS 

HIS-II' 

H63-11 I 
__ I.J 

BIT 13 I 
L 

16 

27 

E28 

~ 
&, 25 

23 

21 

19 

& 17 
15 

H17-12 

H25-12 

H33-12 

H57-12 

H49-12 

H41-12 

.&. 2B H17-14 

26 H25-14 

24 H33-14 

22 H41-14 

20 H40-14 

& 18 H57-14 

'--------' 

23 

E30 
HC 

16iH24-11 
18 H23-11 

.&. 20 H32-11 

22 H31-11 

17 H40-11 

2l H48-11 

I . I 
I 1_' ...... 

- -1-' I 

r -------:-=-:-_-0..-_-_ -----~-:; --~-~ELECT 
r -- ._, ~ .... '''-h-'> 
I I 10 H40-17 4 J08-B9 ~ 

WiiiTE 
~028_1I?26 &. 
Iti~g2H2925 & 

H47 -14 
L __ H,!!:!6 
BIT 12 H63- 14 

H63 -16 

H55 -14 
I l __ _ H~-.!.6 

I BIT 13 H39-18 
L ___ H39-20 

BIT 14 

5 

6 
4 

22 

20 18 

19-BI8-17 

&, 12 H4O-19 J07-BI0~ 
& 

& 

&. 

90H48-17 

216H4S-19 

160H56-17 6 

86H56-19 

19 H64-17 7 

23gH64-'9 

2S 19- B 18-19 

27 NU 
NU 

70NU 

240NU 

...!It.. CONTROL DATA 
ITITLI 

ADDRESS 
RECEIVERS 

005 

FANOUT REMOVE FOR 
SYSTEMS < 12K 

119 

006 

S REGISTER 
026 

BIT 06 

Y06 
41-A46-3 

BIT 07 

Y07 
41-A45-16 

..!l'T 10 

YIO 
41-A45-23 

BIT 14 

YI4 
41-A45-9 
EXT. CHAN. 
ACTIVE 

VI7 

"&9 BIT-OS 
15~HI6-13 

S 10 H08-13 

I 

7 bJ.3 
4 5 

12 
14 

24 

28 
2~19 
25 21 

26 
23 
8&20 

13& 

H08-15 

B.!T ~7 

HI6 -15 

HIO-20 

H02-20 
H58-20 

H02- 16 

H10-16 

H58-16 
BIT 10 - -

BIT 14 

'~~~~~~:: 9'6& 
I 

_J 
CHAN. ACTIVE 

__ IOl-.Q.2~-3 __ 

BIT 08 

Y08 
41-A45-22 

41-A45-26 
_Y02! __ 
BIT 09 

BIT II 
YII 
41-A45-10 

027- X 

1.2V 75-B34-20 

EXT. CHAN. ACTIVE 
105 -024 -26 

COMPUTER CHAN. ACTIVE 
105- 024- I 

027 

VI7 

II 15f.09-16 Lt 9 BiT.QB 
8 

10 HOI-16 

4 I 

7&3 
5 

HOI-18 
. BiT 29 

H09-18 

121H10-22 14 H02-22 

24 H58-22 

28 H02"18 
2~26 B..!.TJI 

25 21 H58-18 

19 HIO-II 

23 
& 200107-002-

18 I 25 

13& 

16& 

VO' 

H24-13 

5 H40-13 

7 H48-13 

9 H56-13 

3i H23-13 

& II H64-13 

&4 
6 

H24- 15 

H32- 15 

H40 - 15 13 8 

12~H48 -15 
10 H56-15 

14 H64-15 

E31 

HC 

2 

4 

Lt6 

H 18-20 

HIS- 16 

H26- 20 

H26-16 

IIOH34-20 

8 H42-20 
131H34-16 

&,10 H42-16 

12 H50- 20 

14 H50-16 

E29 

V06I 
&,190 H33-16 

176H17-16 

16 
150H41-16 

216H49-16 

'23~H25-16 
&,25 H57-16 

£18 H33-18 

20 H49 -18 

27 

!l! 

H 17-18 

H25-18 

H41-18 

H57-18 

~~~ H 18-22 

18 H 18-18 

&20 H26-22 

22 H26- 18 

17 H34-22 
23 

19jH34- 18 
21 H42-22 

&24 H42-18 

26 H50-22 

28 H50-18 

& 
&, 

19i H39-11 

&. 24 H47-11 

26 HM-II 

28 H55-1~ 

... CORPORATION - S REGISTER .,r. 
e ., 

COMPUTER DIVISION 



Z REGISTER 

The Z register serves as an intermediate storage for data being read from storage 
or being written into storage. The 18-bit Z register is contained on nine V47 
modules. The Z register and associated input and control logic is shown on pages 
83 through 99~· Except where specifically noted in the text, the following descrip
tion of the Z register is based on stages 0 and 1. 

READ OPERATION 

The Z register receives inputs from the sense amplifiers on the read phase at 
approximately 475 nsec of the storage cycle. At this time, the output of inverter B 
gates the output of the sense amplifiers from the selected bank into Z. If a particu
lar storage bank option (2-7) is present, the corresponding input to the Z register 
or V84 fan-in module is grounded. For example, if bank 4 is plugged in, pin 14 is 
grounded ("1 ") causing C to enable the output of the bank 4 sense amplifiers. If a 
bank is not present, the corresponding input pins receive "0" inputs since the sense 
amplifier modules for that bank are not included with the system. 

Sense Amplifiers 

The sense amplifiers for each bank are contained on three V02 modules. Each 
V02 module contains six sense amplifier stages. If a storage bank option is not 
included, the corresponding V02 modules are not plugged into the chassis. 

The detection of a core switching from a "1" to a "0" in a storage plane lUduces a 
voltage on the sense line. This voltage appears as a "1" to the two inputll of the 
corresponding sense amplifier stage. Assuming the "1" was detected in plane 0 
and bank 0, stage 0 of the V02 module at E06 produces a "1" output at pin 3. At 
475 time of the storage cycle, the Read Strobe gates the "1" output of pin 3 into 
stage 0 of the Z register. 

ThI!:Z register diagrams show only the sense amplifier stages for banks 0 and 7. 
The table opposite page BS'lists the locations, testpoint,and output pin informa
tion for sense amplifier modules for all storage bank options. 

WRITE OPERATION 

In a Write operation, the Z register receives inputs from the 1705 direct storage 
access receivers or the computer X register. If a 1705 option is included in the 
system, the receiver modules are plugged into the chassis. Thus, if an external 
storage write request is accepted by storage control, the Receivers ... Z signal and 
the write strobe enable the transfer of the receiver outputs to the Z register at 600 
nsec of the storage cycle. If the computer write request is accer.ted, the X-Z trans
fer takes place at the same time. Later in the write phase, the '0" bits in the Z regis
ter turn on inhibit drive currents for the corresponding planes of the selected bank. 

INlITBIT FAN-OUTS 

Two inhibit fan-out modules connect to each stage of the Z register. The V87 
modules provide inhibit inputs for banks 0 and I, and the V86 module functions for 

banks 2 through 7. The Inhibit enable which occurs at 675 nsec of the storage cycle 
gates the "0" state of the Z register stages to the inhibit decks on all existing banks. 

PARITY GENERATOR 

The parity generator circuit consists of two V18 modules. Each V18 module 
generates parity for nine Z register stages. Both modules operate identically. Thus, 
the following description is based on the V18 module that generates parity for the low
order nine stages. 

The V18 module generates parity based on three 3-stage group~ The inverter 
inputs to each of the three groups examine the contents of the three stages for an 
odd combination of "1" bits. For example, if sta~es 0, 1, and 2 of the Z register 
are all "l's", AND inputs A, C, and E produce a '1" output of S indicating these 
stages contain 'an odd number of "1" bits. The output inverters examine the four 
possible odd combinations of the three groups. Thus, if the nine stages contain an 
odd number of bits, the corresponding output is a "0'. If the nine stages contain an 
even number of "1" bits, all the outputs are "l's". 

STAGES 16 AND 17 

Stages 16 and 17 (page 119) function cUfferently:from.the otb.er stages. The sense 
amplifier inputs and control for these stages are the same as for the other stages. 
However, these stages do not receive inputs from the X register or the external 
receivers during a Write operation. The parity bit (stage 16) receives no inputs 
except from the sense amplifiers. However, the program protect bit (stage 17) is 
set by the following two other conditions: 

1. (Write Protect) (tOO) (Write Strobe) (Z17 = "1 ") 

2. (Write Protect) (tOO) (Write Strobe) (F8) 

In condition 2,. the Write Prote~t funetion = (Parity' Error.) (Storage 'Protec;:t~Faul~) 
(Write Protect .Bill = "1 ") (CbmputerCharinel Active). The Write Protect Bit FF 'is 
set during the computer REG mode in the SPB or CPB instructions with the Interrupt 
condition. 

Thus, in condition I, the Write Protect function enables the transfer of the previous 
state of Z17 back to stage 17 at 600 nsec of the storage cycle. In condition 2, the 
Write Protect function enables the setting of stage 17 at 600 nsec on a SPB instruc
tion (Fii). 

82 
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FROM BANK 
o SENSE 
(PLANE 0 ) 

H02-2 

FROM 8ANK 
7 SENSE 
(PLANE 0 ) 

HS8-Z 

_-4 

FROM BANk 
o SENSE 
I PLANE I ) 

H02-28 

SENSE 

P. eS,S7 

IS 
SEE P. eS,87 

- - - --

" BANK 2-7 

" FAN- IN 

" 

E22-3 

E25- 3 

E34-3 

E43-3 

E50-3 

H26-1 
+6V 

H26-3 

H34-1 
+6V 

H34-3 

H42-1 
+6V 

H42-3 

H50-1 
+6V 

H50-3 

+6V 

HOZ-30Ug SEE P. eS,S7 

FROM 84Nk 
7 SENSE 
I PLANE I ) 

H58-28 

_-30 

NOTES: 

I. L!l 

SEE P. 85 

REPRESENTS LINE DRIVER WITH 
NO OUTPUT DIODE. 

2. SEE OPPOSITE PAGE 87 FOR ZS 
MODULE CA8LI NG. 

C29 

V84 
BANK I SENSE 

E12-3 
GRo IF BANK I __ 
PRESENT HIO -I ~ +6V 0 I ~xoo 

RECEI:~~ -3 _ J 3 X REGISTER 
"- 39- B50-19 

XOO 
B3 - 007-10 

X REGISTER 
' 39-B45-19 ~-----
'- - - _ _ 20 00 I g::Aoo~~r 

GRo IF BANK 2 
PRESENT H 18-1 

H 18-3 

1+6v1 

EI2-4~ 
~ 

12 

r ~EC~I:R- E 
83- 007-12 

XOI 16 
X REGISTER 
39-845- 26 

I 
...J READ STROBE 

107-A23-2 

175 
3- C26-26 

X_Z 
107- A26-17 

WRITE STROBE 
107-A23-16 

100 
3-C25-4 

REC~~V7E_R:2:::0r.;J II 

C 

.4\ A 

XOI 
X REGISTER 
39- B50-20 

DATA XMTR 
83 - 007-17 

83-9I,I07-A24 -25 

r - - ;3-91,107-A24--21 i - - -B;NK- O-=I-I;HIBIT 

E09 
I I I 

BANK 0 
H08- 29 

" ~:r" H16-29 
.J 1,/ 7 , 

_...J " I 
" 19 A I 

-105-028-13 
B I 

I 

r------- J 

BANk 2-7 INHIBIT 

H24 - 29 

H32- 29 

H40-29 

H48- 29 

H56- 29 

H64- 29 

105-028-26 ~ 

r - - --

I 85 - B22-4 

I 
I 85 - B22-28 

I 85 - B22-26 

I 
87 - B23 - 2 

I 
I 87 - B23-4 

87- B23-28 

87- 823-26 

I 
I B9- B24-2 

I 89- B24-4 

I 89-B24-28 
I 

I 89- B24-26 

91-B25-2 

91- B25-4 

__ 8!.-!!,~7:.A~-~3-.J 
__ 8~!!..~7:.A~:..22 __ 

105-028-13 

BANK 0-1 INHIBIT 

BANt< 0 
HOB-I 

BANK I 
H 16-1 

..., BIT 00 
1107,83-B21-1 

I 

I. 

r-------....J 

105 -028-26 

BANK 2-7 INHIBIT 01 
107,83-B21-27 

H24- I 

H32- I 

H40-1 02 

H4B-1 

H56-1 

H64-1 

85 -822 - I 

I _ CONTROL DATA 
CORPORATION Z REGISTER 

(STAGES 0 a I) 
COMPUTER DIVISION 

PAR lTV GENERATOR A24 

A 
C 

B E 
B 
o 
E 
B 
C 
F 
A 

20 F ~ 

G G 
I 

4 H K 
H 
J 
K 
H 

J I 
L 

K G 
J 

L L 

17 M 
- M I/) 

II Q 
- N N 
IS 

P 
.... I/) Q 

10 = - P R 

12 M 
- Q P 

13 
R 

R 

'VIS 

W 

X 

107- A25-19 

107- A25-13 

107-A25-15 

107- A25- 17 

107, 
B3 - B21-8 

NU 

107, 
83 - B21-18 

NU 

85- B22- 8 

NU 

f--------..:2""0687-008-.8 

"Z. 
C 



TABLE 4. SENSE AMPLIFIER AND DATA RECEIVER-TRANSMITTER LOCATIONS AND TEST POINTS 

DATA Bank 0 Bank 1 Bank 2 Bank 3 Bank 4 Bank 5 
Receivers Transmitters 

Out- Out- Out- Out- Out- Out-Input Output put put put put put put 
Bit Loc. T.P. Pin T.P. Pin Loc. T.P. Pin Loc. T.P. Pin Loc. Pin T.P. Loc. T.P. Pin Loc. T.P. Pin Loc. T.P. Pin 

0 1D07 1 7 2 lO 1E06 1 3 1E12 1 3 1E22 1 3 1E25 1 3 1E34 1 3 lE43 1 3 

1 I 4 17 3 12 2 4 2 4 2 4 2 4 2 4 2 4 

2 t 5 24 6 22 3 5 3 5 3 5 3 5 3 5 3 5 

3 1D08 1 7 2 lO 4 2 4 2 4 2 4 2 4 2 4 2 

4 I 4 17 3 12 5 25 5 25 5 25 5 25 5 25 5 25 

5 " 5 24 6 22 6 24 6 24 6 24 6 24 6 24 6 24 

6 1D09 1 7 2 lO 1E07 1 3 1E13 1 3 1E23 1 3 1E26 1 3 1E35 1 3 lE44 1 3 

7 I 4 17 3 12 2 4 2 4 2 4 2 4 2 4 2 4 

8 " 5 24 6 22 3 5 3 5 3 5 3 5 3 5 3 5 

9 1DlO 1 7 2 10 4 2 4 2 4 2 4 2 4 2 4 2 

10 I 4 17 3 12 5 25 5 25 5 25 5 25 5 25 5 25 

11 ~ 5 24 6 22 6 24 6 24 6 24 6 24 6 24 6 24 

12 1D11 1 7 2 10 lE08 1 3 lE14 1 3 lE24 1 3 1E27 1 3 1E36 1 3 lE45 1 3 

13 I 4 17 3 12 2 4 2 4 2 4 2 4 2 4 2 4 

14 " 5 24 6 22 3 5 3 5 3 5 3 5 3 5 3 5 

15 1D12 1 7 2 10 4 2 4 2 4 2 4 2 4 2 4 2 

16 5 25 5 25 5 25 5 25 5 25 5 25 

17 6 24 6 24 6 24 6 24 6 24 6 24 
-

Bank 6 Bank 7 

Out-
put 

Loc. T.P. Pin Loc. T.P. 

1E50 1 3 1E57 1 

2 4 2 

3 5 3 

4 2 4 

5 25 5 

6 24 6 

1E54 1 3 1E58 1 

2 4 2 

3 5 3 

4 2 4 

5 25 5 

6 24 6 

lE56 1 3 1E59 1 

2 4 2 

3 5 3 

4 2 4 

5 25 5 

6 24 6 

Out-
put 
Pin 

3 

4 

5 

2 

25 

24 

3 

4 

5 

2 

25 

24 

3 

4 

5 

2 

25 

24 

Bit 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 
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PARITY GENERATOR a CHECKER 

SENSE AMPL VI8 A24 
FROM BANK E06 ______ 83-B21- 2 A 83-9I,107-A24-27 

C ,,- fL4 ' r - =Bi-~,!97~A!4;22 = = = = - ~ 83-B21-4 (PLANE 2 ) ", BANK 2-7 E 
10 ", FAN-IN C29 : i BANK 0-1 INHIBIT 1 I B 

H07-27 5 ", 83-B21-28 0 
V84 I E 

H07-21 • BANK I SENSE I I I 83-B21- 26 B E12-5 
BANK 0 C 

E22- 5 GRO IF BANK I 
X02 HOI- 2 IL--- F / ( }--'G 107-A25-19 PRESENT HIO - 7 
X REGISTER A 

E25- 5 H10-5 
39- 850-23 I BANK I L 0 

RECEIVER H09-2 F 
83 -007-22 ------1 I W 

E34-5 X02 ", 
G X REGISTER -------1 ", r I 

E43-5 
, 39 - 845-18 

DATA XMTR 
", 

4 H ~ FROM BANK ..... _-- 83- 007-24 ..-105-028-13 r----
7 SENSE ESO-5 - 7 J 
(PLANE 2 ) GRO IF BANK 2 1 87 -B23-2 I K 

H63-27 PRESENT H 18- 5 I H - -:.. - H18-7 
__ J 6 

187-B23-4 I 
H83G BANK 2-7 INHIBIT L / ( >-'-"0 107- A25-/3 SEE P. 83 I 87- B23-28 SEE P. 83,87 E37 K G 

-- J 
87-B23-26 9 L L 

H17-2 
187-B24-2 

H25- 2 I 
H33- 2 187-824-4 

H41- 2 187-824-28 

H49-2 I 

H57- 2 
I B7-824-260"" P ii"""-/ / ~ l--=<> 107- A25-15 

191-B25-2 

105-D28-26~ I k R---- ~EVEN 13 U 107- A25-17 

I I 
191-825-4 D 

I 
FROM BANK 
o SENSE 22 
(PLANE 3 ) E12-2 _ !3:..91.L10.!-!2~-! _I 

H07-1 23 ~X03 _ .!3:..91~O.!-~2~- ~ _ --' ---_ ..... _---- - - - -- 8 X REGISTER 
H07-3 14 

25 39- B50-7 __ 
BANK 0-1 INH IBIT 

SEE P. 83,87 BANK 2-7 12 
FAN - IN C30 r----

Ve4t I RECEIVER 18 r- ooe - Io ~BANKO XO . DATA XMTR B • 24 HOI-30 
I REGISTER 16 87 - 008-7 

E22-2 ~ I 39-845-12 27 • 26 IIANK I 
_ _ _ __ H09-30 

6 "'"' E25-2 

[34-2 
.... READ STROBE I .ft 

9 105-028-13 

FROM BANK E43-2 107-423-4 

7 SENSE 175 
(PLANE 3) E50-2 3-C26- 24 I' r--- _____ ...J 

H63-1 
X -- Z 15 .& I BANK 2-7 
107- A26-15 

H63-3 14 WRITE STROBE SEE P. 83.87 107-A23-18 
H26-5 
H26-7 

100 ~ H17- 30 

H34-5 
H25- 30 3-C25-9 17 C 0 

H34-7 RECEIVERS _ Z ~ H33-30 
107-A26-22 

H42-5 H41- 30 H42-7 
H49-30 

H50-5 H57-30 
H50-7 

H58-5 ~.: 
H58-7 

105-028- 28 

NOTE: 

[!] REPRESENTS LINE DRIVER WITH 

'. CONTROL DATA 
NO OUTPUT DIODE. TtTU 

CORPORATION Z REGISTER 

I'C' l'soi5'2'700 11v (STAGES 2 a 3) 
COMPUTER DIVISION 



TABLE 5. ZS MODULE CABLING 

Module Module 
Location Pin Destination Location Pin Destination 

D07 3 J06-A2 D08 3 J06-A8 
5 J05-A2 5 J05-A8 
6 J05-A1 6 J05-A7 
8 J06-A1 8 J06-A7 
13 J06-A4 13 J06-A10 
14 J06-A3 14 J06-AS 
15 J05-A4 15 J05-A10 
16 J05-A3 16 J05-AS 
21 J06-A5 21 J06-B1 
23 J05-A5 23 J05-B1 
25 J06-A6 .25 J06-B2 
27 J05-A6 27 J05-B2 

-- --- ---------- ---

Module Module 
Location Pin Destination Location Pin Destination 

010 3 J06-B10 Dll 3 J06-C6 
5 J05-B10 5 J05-C6 
6 J05-B9 6 J05-C5 
8 J06-BS 8 J06-C5 
13 J06-C2 13 J06-C8 
14 J06-C1 14 J06-C7 
15 J05-C2 15 J05-C8 
16 J05-C1 16 J05-C7 
21 J06-C3 21 J06-C9 
23 J05-C3 23 J05-C9 
25 J06-C4 25 J06-C10 
27 J05-C4 27 J05-ClO 

- ------_ .. _-------- --- -- -

Module 
Location 

DOS 

----- --

Pin Destination 

3 J06-B4 
5 J05-B4 
6 J05-B3 
8 J06-B3 
13 J06-B6 
14 J06-B5 
15 J05-B6 
16 J05-B5 
21 J06-B7 
23 J05-B7 
25 J06-B8 
27 J05-B8 

---------- -------- --

86 
Rev. A 



SENSE AMPL 
E06 

FROM 8ANK~0 / 8ANK 2-7 
o SENSE ) /' / FAN- IN C30 
(PLANE4 22 IV841 

H02- 25 ;' 

H02-8 20 

E22-25 

E25 - 25 

FROM BANK 
7 SENSE 
(PLANE 4 ) 

H58-6 

H58-8'-'20 

FROM BANK 
o SENSE 

(P~ANE5)~ 
H02-24 23 24 

H02-26 21 

E34 -25 

E43- 25 

E50 -25 

E22-24~ ) 

~'~.~ '~_MW (PLANE 5 ) E50- 24 24 

H58-24 23 24 _ _ _ _ 4F 

H58-26 ~. 

NOTES: 

I.[!] 

SEE P. 85 

REPRESENTS LINE DRIVER WITH 
NO OUTPUT OIOOE. 

2. SEE OPPOSITE PAGE 87 FOR ZS 
MODULE CA8LING. 

BANK IEn~~~ ~ 
GRO IF BANK I 

PRESENT ~ 18:TI 

~~~Wi~12 
XO\ REGISTER ~ 

, 39- 84~- 5 

'----
GRO IF BANK 2 
PRESENT H 18-9 

H18-11 

+6V 

E12-24f 
23 

i ;EC~I:R- 18 r; 87- 008-22 

IXO~ REGISTER 16 
I 39-844-24 

I 

READ STR08E 
107- A23-6 

175 
3 -C26-22 

X_Z 
107-A26-13 

WR I TE ST R08E 
107-A23-20 

100 
3- C25-11 

REC~J~=:~6:'2~ \,J II 

3 I ~O~EGISTER 
39-B50-8 

83-9I,I07-A24-7 
83-821-2 

--------------, r .!3=9La..IO-?-~2.i-!. _ _ _ _ _ _ 183-821-4 

I BANK 0-1 I~~~8IT 1 I 83- B21- 28 

r-

I 1 

1 

.1 ;' 

= I 
183-B21-26 

BANK 0 
H08-27 

8ANK I 
H 16- 27 

I 85 -822- 2 
I 
I 85 - 822- 4 

______ .1 ;' 
DATA XMTR ;' 
87- 008-17 _ /105-028-13< 

X05 
X REGISTER 
39- 850-11 

DATA XMTR 
87 - 008-24 

,--
8ANK 2-7 

105-028-28 

H24- 27 

H32-27 

H40-27 

H48-27 

H56-27 

H64- 27 

I 
l ____ _ 

r-----
r----
I 89- B24-2 
I 
I 89- B24- 4 

189- 824-28 

I 
I 89- 824-26 

191-B25-2 
I 
191- 825-4 

I 
I 

_ 8~-!!.,1~7~2~-!J 
_8~!!..1~7:...A2~-! ~ 

8ANK 0-1 INHI81T 

105-028-13 

BANK 2-7 

105-028-28 

BANK 0 
H08-3 

8ANK I 
H16- 3 

BIT 03 

__ .J 

85-822 -27 

04 
87-B23-1 

H24-3 

H32-3 

H40-3 05 

H48-3 

H56-3 

H64-3 

87- 823-27 

... CONTROL DATA mu 

.,.- CORPORATION Z REGISTER 

(STAGES 4 a 5 ) 
COMPUTER DIVISION 

PARITY GENERATOR A24 

'VIS 
A 
C 

8 E 
B 
0 
E 
8 
C 
F 
A 
0 
F 

G 
I 

H K 
H 

7 J 
I K 

H 
J I 

L 
K G 

J 
L L 

17 M 
- M 1& 

LI N ~ 
P 

~ e Q 
N 

10 f) 
- P R 

12 M 
- Q P 

13 
R 

R 

107-A25-19 

107-A25-13 

107- A25-15 

EVEN 
107-A25-17 

85-822- 18 

NU 

87- B23-8 

NU 

87- B23-18 

NU 

I--_____ =-"<W¢ 89-009~8 

I.ZI 

C 





SENSE 

FROM 8ANK 
o SENSE 
(PLANE I I 

H07-25 

H07-25u I5 
SEE P.85,87 

FROM lANK 
7 SENSE 
(PLANE I I 

H.3-23 

H13-25 

FROM lANK 
o SENS! 
( Pl.AfCE 7 I 

H07-5 

H07-7 

15 
SEE P. 85,87 

9 
SEE I! 15,87 

FROM BANK, t~V , 
7 SENSE 
(PLANE 7 I 

NOTES: 

'" '" 
'" '" 

E23 -3 

E21-3 

E35-3 

E44-3 

E54-3 

H28-9 
H28-11 

H34-9 
H34-11 

H42-1 
H·42-11 

H50-9 
HSO-II 

H58-9 
H58-11 

E23-4 

E28-4 

E35-4 

E44-4 

E54-4 

- - - --
SANK 2-7 
FAN-IN 

+IV 

+IV 

+8V 

+IV 

+IV 

I. [!] REPRESENTS LINE DRIVER WITH 
NO OUTPUT DIODE. 

2. SEE OppaS ITE PAGE 87 FOR ZS 
MODULE CA8LING. 

C31 

IV841 
BANK I SENSE 

E13-3 
GRD IF BANK I 
PRESENT Hlo-l5 

HIO-15 
RECEIVER 

XOI89-DD9-IO 
X REGISTER 
39- 844-20 

"""---
GAD IF BANK 2 
PRESENT HIe-13 

HI.,5 

"'_.#. _____ 23 

12 r----
I RECEIVER 18 

,9-DOS-12 
IXOX REGISTER 18 
I 11-844-12 

I AI. A' 
I 

C 
-' READ STROlE 

107-A23-9 

175 
3-C21-50 
X_~ 

107-A2I-1 

WRITE STR08E 
107-Al3-22 

100 
3-C25-13 

RECEIVERS .. Z 
107-A26-21 

PAR lTV GENERATOR A24 

25 VI8 
83-821-2 A A 83-91,I07-A24-17 

r - - 83-9I,107-A24:1I- - - -, 
C 

83-821-4 E i - - -8;NK- O-=,-I;H,-;,T - - 1 8 
D 
E 

I I 8 
8ANK 0 C 

XOS HOI-4 85- 822-2 F / ( ~107-A25-1t 
X REGISTER A 
18-850-12 I 8ANK I D 

H09-4 85-822-4 F W _____ .J 
'" ______ .J", G 

I 
DATA XMTR 

'" '(05-D28-22 H K 
88- DD9-7 H 

~ 
87- 823-2 I K 

,.--- 87- 823-4 
H 

~ I 
BANK 2-7 L / ( l-=O 107-A25-1 

87- 825-28 K 8 
~ 

L L X 

HI7-·4 

H25-4 

H33-4 '-------
H41-4 ,-
H49-4 

H57-4 
, ___ -.(F P ,,-P'o.J/ ~ )--=<) 107 - A25 -15 

X07 
X REGISTER 
39- 8SO-24 

DATA XMTR 
89- !I09-17 

91- 825-2 
R-~ 

105-D28-21 k 91- 825-4 R 
U~EVEN 

107- A25-17 

105-D28-22 

L 

83-91, I07-A24-15 J 
:: :!3~9~0:!-!2~-~ _~ 

BANK 0-1 INHI81T 

8ANK 0 
HOI-28 

·8ANK I 
H09-28 

81T 08 
89-824-1 

______ ..J 

8ANK 2- 7 07 
89-824-27 

H 17- 28 

H25- 28 

H33- 28 08 

H41-28 

H4'-28 

H57-28 

11- 825-1 

• 
CONTROL DATA TOTLI 

CORPORATION Z REG ISTER 

(STAGES 6 a 7) 
COMPUTER DIVISION 

89-824-1 

NU 

8'-824-18 

NU 

91-825-8 

NU 

1------_-.~uO.30-Dlo_I8 

.... 
C 





SENSE AMPL 
E07 

FROM BANK ~O ..-o SENSE ..-
(PLANE 8) ..-

H02-10 10 5 ..-

H02-12 8 

E23-

E58 

FROM BANK ~02 7 SENSE 
(PLANE 8) 10 

H58-10 5 

H!!8-12 8 

E07 

o SENSE 
(PLANE 9 ) 16 

'E26 - 5 

E35- 5 

E44- 5 

E54-5 

FROM BANK ~2 

H07-21 2 __ _ 

H07-19 14 

E23-2 

£26-2 

E35-2 

E58 
E44- 2 

7 SENSE E54- 2 
(PLANE 9) 16 
FROM BANK ~02 

H6S-21 2 __ _ 

HlS-19 14 

NOTE: 

H26-13 
H26-15 

H34-13 
H34-15 

BANK 2-7 
FAN-IN C31 

SEE P. 89 

BANK 2-7 
FAN - IN 

+6V 

+6V 

+6V 

+6V 

+6V 

IV84 

D29 

VB4 

SEE P. 93 

[!J REPRESENTS LINE DRIVER WITH 
NO OUTPUT DIODE. 

BANK I SENSE 

GRO IF .;~~-~ ~ 
PRESENT H10-17 

HIO-19 
RECEIVER 

X08 89 - 009-22 
X REGISTER A" I :7 

',- 39-843-1 u-----r-... 

GRO IF BANK 2 
PRESENT HIB-17 

H18-19 

+6V 

22 
EI3-2~ 

23 

12 
r 

Ix033- 0 10 - 10 
I RECEIVER ~8 

I X REGISTER 16 
39-B43-14 

-' READ STROBE 
107- A23-11 

175 
3 - C26-18 

X-Z 
107- A26-3 

WRITE STR08E 
107-A23-17 

100 
3- C25-1 

RECEIVERS "'Z 
107-A26-28 

83-821- 2 
B25 83-91,I07-A24-12 r----------

.!3~9!.t I!F~2.! -13 _ _ _ _ _ _ I i BANK 0-1 INHIBIT 

83-B21-4 

83-B21-28 

I I 

3 I ~O~EGISTER 
39-B49-19 I 
_____ -.1 I /' 

______ .J .-

DATA XMTR .-
89 - D09- 24 __ ......... 105-028-221 

X09 
X REGISTER 
39-B49-20 

DATA XMTR 
93- 0 10-7 

.l!2 

BANK 2-7 

BANK 0 
HOB-25 

BANK I 
H16- 25 

H24- 25 

H32- 25 

H40-25 

H48-25 

H56-25 

H64-25 

_ !!-.!9!..!O!.-~7.:2! 
_ !.!-.!9J.0!.-~7.:2!.. 

BANK 0-1 INHIBIT 

8ANK 0 
HOI-6 

'BANK I 
H09-6 

__ oJ 

H17-6 

H25-6 

H33-6 

H41- 6 

H49-6 

H57- 6 

85- 822-2 

85-B22-4 

85- B22- 28 

85-B22- 26 

87-823-2 

87-823-4 

87 -823-28 

87 - 823-26 

89 - B24- 2 

89- B24-4 

89 - B24- 28 

I 89- 824-26 

L ____ 

93- B26-2 

93-826-4 

93- 826-28 

93 -826-26 

95 - 827-2 

95 - 827- 4 

95-827-28 

95- 827-26 

97-B28-2 

97-B28-4 

97- B28-28 

97- B28-26 

99- 829- 2 

99-829-4 

99-B29 -28 

PAR lTV GENERATOR A24 

I IVI81 

20 F 

• G G 
I 

4 H ~ 
7 J 

I K 

6 H 
I 

3 L 
K G 

J 
9 L L 

PARITY GENERATOR A27 
1-- IVI8 

A 
C 
E 
8 
o 

22 E 
)- 0 B 
27 C 

__ E = 
20 0 
-F F 
5 
-G ~ 
4 K 
-H H 
7 J 
-I K 

6 H 

3 
J I 

L 

-K G 
9 J 
-L L 

17 M 
-M f) 

II 0 
-N ; 
15 Q 
~. N 
10 0 

P R 

12 M 
>-0 P 
13 R 

99- 829- 26 <j>-L_R _____ ..!!~_.....J 

• CONTROL DATA 
CORPORATION 

COMPUTER DIVISION 

Z REGISTER 
(STAGES 8 a 91 

ji-n 

C 

107-Al5-19 

107- A25-15 

107- A25-17 

107- Al5-14 

107-A25-16 

107-A25-18 

107- A25-12 

... 
E 





SENSE AMPL E07 

FROM BANK ~O /' BANK 2-7 
o SENSE /' FAN-IN 029 
(PLANE 10) 22 /' /' IV841 

HOI-27 2e 

HOI-29 20 

E23 - 2e 

FROM BANK 
7 SENSE 
(PLANE 10 ) 

HeM7 

H57-28 vzo 

FROM BANK 
o SENSE 
(PLANE II ) 

HOI-3 

HOHY21 

FROM 8ANK 
7 SENSE 
(PLANE II) 

H57-3 

H57-, 

NOTES: 

21 

E26-25 

Ese-25 

E44- 25 

E54 - 25 

I~ REPRESENTS LINE DRIVER WITH 
NO OUTPUT DIODE. 

2. SEE OPPOS ITE PAGE 87 FOR ZS 
MODULE CABLING. 

- - - - -

SEE P.91 

BANK I SENSE 
E13-25 

GRD IF BANK I 
PRESENT H 10-21 

H10-23 
RECEIVER 
93- 010- 12 

XIO 

, \9~E:~~~~R ~ 
~ 

GRO IF 8ANK 2 
PRESENT H18-21 

H18-23 

E13-24 

r 
I RECEIVER 

93 - 010- 22 
IXIIX REG I STER 
I 39- 843-28 

READ STROBE 
107- A23-13 

17e 
3- C26-28 

X-Z 
107-A26-5 

WRITE STROBE 
107-A23-19 

100 
3-C2e-8 

+6 

22 

23 

12 

18 

IS 

RECEI16i~~~-~8 V II 

, 
F 

A\A 

XIO 

91-99,101-427-23 

r - -91-=99,107 =-A27-22 -i - - -8;NK- O-:::I-I;HIBIT 

EIO 
I I I 

- -, 
-, I 

I 

L_ 

91-B25-28 

91-825-26 

3 I X REG ISTER 
39 - 849 - 23 I 
_____ .J I 

/' 
______ .J 

~~:\I~~I~R _ /1;;-028-22 

XII 
X REGISTER 
39-849-7 

DATA XMTR 
93 - 010-24 

105-028-23 

105 -028-22 

BANK 2-7 

_ ~-!9J.0~-A17:...27j 

~-!.9 t!.0!:~7:.20_ 

BANK 0-1 

BANK 0 
H08 -23 

BANK I 
HI6 - 23 

BIT 09 
91-825 -21 

r- ______ -1 

105 -028 -23 

10 
93- B26-1 BANK 2-7 INHIBIT 

H24- 23 

H32 - 23 

H40- 23 II 

H48 - 23 

H56 - 23 

H64- 23 

93-B26-27 

.!It. CONTROL DATA 

.. CORPORATION Z REGISTER 

(STAGES 10 8 II) 
COMPUTER DIVISION 

PAR I TV GENERATOR A27 

25 
- A A 
21 C 

B E 
B 
o 
E 
B 
C 
F 
A 

20 0 
F F 

G 
I 

4 K 
H 
J 

I K 
H 

J I 
L 

K G 
J 

L L 

17 M 
- M 0 
II Q 
- N N 
15 P 
~ f) ~ 
10 0 
- P R 

12 M 
- Q P 

13 R 
R 

i 
VI8 

w 

x 

107-A25 -14 

107-A25- 16 

I07-A25-18 

107- A25-12 

91-825-18 

NU 

93-826-8 

NU 

93-B26-18 

NU 

!---------"""v0ge-011-l8 

'i7'o4 
•• z. 
C e-V 





SENSE 

'--.~ , O~~E , 
(PLANE 12) 17 ' 

H08-4 3 ' 

HOB-2 IS 

E24-3 

E27-3 

E36-3 

E45-3 ES9 

~~M"~ ES6-3 7 SENSE I 
(PLANE 12) 17 

H64-4 3 

H64-2 15 

20",.... +6V 
H58-17 -" 
H58-19 

E08 

FROM 8ANK ~02 o SENSE 
(PLANE 13) II 

HOB-!O 4 

HOI-28 9 

E24- 4 

E27-4 

E36- 4 

ES9 

FROM 8ANK ~02 7 SENSE 
(PLANE 13) II 

"14-30 4 

Hl4-28 9 

E4S- 4 

ES6-4 

SEE P. 97 

NOTES: 

I.[!J REPRESENTS LINE DRIVER WITH 
NO OUTPUT DIODE. 

2. SEE OPPOSITE PAGE 87 FOR ZS 
MODULE CABLI NG. 

BANK I ~:!~ 

GRO IF BANK I 
PRESENT m:~ 

RECEIVER 
95-011-10 

XI2 X REG ISTER 
..... 39-842-1 

----
GRO IF 8ANK 2 
PRESENT H23-2 

H23-4 

1+6V 

EI4-4~ 
23 

12 
r 
I RECEIVER Ej8 
1x13 95- 011- 12 
I X REGISTER 16 

39- 842- 14 

..J READ STROBE 
107- A23- 8 

17S 
3-C26-21 

X-Z 
107- A26-7 

WRITE STR08E 
107-A23-21 

100 
3 - C25 - 10 

RECEIVERS_ Z 
107- A26-16 

A 

91-99,I07-A27-5 
91-B2S-28 

r----------
91-99 107-A27-4 i - - -B~NK- 0-=,-1;";;,;- - -

93-B26-2 
Ell 

I I 93-B26-4 
I BANK 0 

XI2 I HOI- 26 93-B2&-28 
X REGISTER I 
39- B49- 8 I BANK I I I 93-B26-26 "09-28 

------' I , I L_ 
OAlA- X;TR - - .J, , 

I 

9S- 011- 7 _ 1oe-028-24 L_ 

X 13 
X REGISTER 
39- B49-11 

DATA XMTR 
9S-01l-17 

r-

~-------~ I r -
BANK 2-7 INHIBIT 

97- B28-2 

97- B28-4 

"'7-26 
97- B28-28 

H2S-26 

"33-26 97 -B28-26 

"41-26 99 - 829-2 

H49-26 

"57- 26 
99 - 829-4 

99- 829-28 

IOS-028-2S 0::::":"1-"-1 
99- B29-26 

_9!:92·1~7::A~:? _J 
9!:9.!,1~7:.A~:.6 _ ~ 

BANK 0-1 INHIBIT 

BANK 0 
HOI-8 

BANK I 
H09-8 

BIT 

,..- _______ ...J 

BANK 2- 7 

H17- 8 

H2S- e 

13 
95-B27-27 

H33- 8 14 

105-028-25 

H41- 8 

H49-8 

H57- 8 

97- 828-1 

93-010-20 

..lI! CONTROL DATA TOm 

..", CORPORATION Z REG ISTER 

(STAGES 12 a 131 
COMPUTER DIVISION 

PAR lTV GENERATOR A27 

VI8 
A 
C 
E 
B 
0 
E 
B 
C 
F 
A 107-A2S-14 

20 0 
F F W 

G G 
I 

4 " ~ 
7 J 

K 
H 

J I 
L 

K G 
J 

L L X 

17 M 
M II 

II N ~ 
P 

15 II Q 
N 

10 " P R 107-A25 -18 

12 M 
Q P 

13 
R 107- A25- 12 

R 

95- B27-8 

NU 

9S-B27-18 

NU 

97-828- 8 

NU 

!---------'<""v677-DI2-18 

IIZI 

C 
~¥ 





SENSE AMPL 
E08 

FROMBANK~02 '" o SENSE '" 
(PLANE 14) 10 '" 

HOI-2 5 / 

1101-211 8 

E24-5 

E27-5 

E36-5 

E59 

FROM BANK ~02 7 SENSE 
(PLANE 14) 10 

He7-25 5 

H57-211 8 

E45-5 

E56-5 

EOB 
FROM BANK 
o SENSE 
(PLANE 15) 

HOI-7 16 2 __ _ ~
2 

HOI-5 

FROM 8ANK 
7 SENSE 
(PLANE 15) 

H57-7 

H57-5 

NOTE: 

14 

~
E59 

V02 

16 
2 

14 

E24-2 

E27-2 

E36-2 

E4' - 2 

E56 -2 

H26- 21 
H26-23 

BANK 2-7 
FAN-IN 

SEE P. 91 

BANK 2-7 
FAN - IN 

+6V 

+6V 

+6V 

+6V 

+6V 

~ REPRESENTS LINE DRIVER WITH 
NO OUTPUT 0 lODE. 

030 
V84 

031 

V84 

BANK I SENSE IV I I 
EI4-5~ 

GRO IF BANK I _. 
PRESENT HI5-6' 

H15-8 
RECEIVER 
95- 011-22 

XI4 X REGISTER ~ 
, 39- B42- 5 
'--- __ 20 

1+6V' 

EI4-2~ 
23 

12 
r 

18 RECEIVER 
IXIS7S- 012-10 
I X REGISTER 116 • 

39 - B42-28Q------\ 

-' READ STROBE 
107-A23-10 

175 
3- C26-19 

X_Z 
107-A26-9 

WRITE STROBE 
107-A23-24 

100 
3-C25-12 

RECEIVERS _ Z 

.,!I :.9~ 1'r7-~2!..-!. ____ _ r
r 
I 

..!"~9!!'~-~2!:!. - - - - - _, I 
BANK 0-1 INHIBIT 

I I 

3 I ~'4REGISTER I 
39- 849-12 

.J '" 
.J '" -. ----" ~OA;A - XMTR -105-028-24 

95-DII-~4 _-' 

Ell 

BANK 0 
HOB-7 

BANK I 
H16-7 

I 

91-B25-28 

91-B25-26 

93-B26-2 

93-B26-4 

93-B26-28 

25 
... A A 

21 C >- B E 

~C 
2_20 

:7 E 

93- B26-26 cJ.0 F 

95- B27- 2 G 

95- B27-4 
4 
"" H 

95- B27-28 ! 
6 

.,8 

107- A25-14 

BANK 2-7 INHIBIT 
E41 

I I 95- B27-26 
I 
I L - --

~ · L::r EV::cr+ ! K ~ . 28 107-A25-1. 

XIS 
X REGISTER 
39-849-24 

DATA XMTR 
75-012-7 

H24-7 

H32-7 

H40-7 

H48-7 

H56-7 

H64-7 

L 

r 
I 

__ 9'.:9~'~-~2!:'!. -' 

__ 91..:9!J1~-~2!.:"1! 

BANK 0-1 INHIBIT 
Ell 

BANK 0 
HOB-21 

BANK I 
HO'6 -21 

.J 

BANK 2-7 INHIBIT 
E42 

r - --

I 99-B29-2 
I 

99-B29-4 

9 L 

107-A25-18 

107- A25-12 

107- A26-14 TI..-" ___________ -' 

H24-21 

H32-21 

H40-21 

H48-21 

HS6 - 21 

H64-21 

.... CONTROL DATA 

... CORPORATION 

COMPUTER DIVISION 

Z REGISTER 
(STAGES 14 a 15) "" .'V 

C E 





SENSE AMPL 
E08 

O~N~ / 
BANK 2-7 (PLANE 16) / 

HOB-6 22 25 / 

FROM BANK ~O / 

FAN- IN 031 

H08-B 20 

FROM BANK 
7 SENSE 
(PLANE 16) 

H64-6 

H64-8 

E08 

FROM BANK ~02" o SENSE 
(PLANE 17) 23 

H08-24 24 __ _ 

H08-26 21 

FROM BANK ---
7 SENSE 1..--

(PLANE 17) 

H84-28 

NOTE: 

[!J 

SEE P. 97 

REPRESENTS LINE DRIYER WITH 
NO OUTPUT DIODE. 

'Y84 
BANK I SENSE 

GRD IF ~:~2~ ~ 
PRESENT H15-10 

H15-12 
1.2Y 
43- 439-20 
1.2Y 

... 43-A39-22 
...... _--
~ 

SENSE AMPL 
E14-24 

- - - --

r----
105 -A28-9 

ra 
25 -A50-18 

..J READ STROBE 
107- A23-12 

175 
3 - C26-17 

107-A26-11 

WRITE STROBE 
107-A23-26 

100 
3 - 841- 13 

+6V 

22 

23 

12 

18 

II 

NU 

NU 

1 <:> 107-A25-28 

69- 435-1~ 

108-A28-20 

.... 
.... .... , 
.... .... '''I, 

..... ~/ .... '~'O ,Ii. ,~, 

'0(10) ·'.4~> 

" ·~,.'f~»' ~.,. 

105-D2B-27 

"I. .... 
,0 .... 

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

.... .... , .... 
.... .... 

.... , 
.... .... .... ~ 

\01:J'Z.J. ... ~ -
g\""~' ... a1 '\'!) 

... ~\ .. g,~O,!:~- - ---
BANK 0-1 

BANK 0 
HOI-IO 

"BANK I 
HO'-IO 

______ ..J 

BANK 2-7 INHIBIT 
E42 

H 17-10 

H25-10 

H33-10 

H41-10 

H49-10 

H57- 10 

TITLI 

.... 
'--

SI-B25-28~ A 

21 

93-B26-2 

93- B26-4 

I~E 
93- B26-26 

20 F 

95-B27-2 5 G i 
95- B27-4 

4 K 
H 
J 

95-B27-28 K 
H 

95- B27-26 J I 
L 

97-B28-2 

97- B28-4 
9 

97- B28 -28 

• CONTROL DATA 
CORPORATION Z REGISTER 

(STAGES 16 a 17) 
COMPUTER DIVISION 

.18 

I - 107- A25 - 14 

W 

107-A25-18 

107- A25-12 

III' 
e 



STORAGE INTERFACE 

The storage interface module (V82) provides communication between computer 
control and storage timing and control. The V82 module contains the request 
storage, write, protect and parity fault outputs to internal interrupt, Z - X, 
(Resume) and write protect bit controls. 

REQUEST STORAGE 

The setting of the Request Storage FF by clllmputer control initiates a complete 
storage cycle. The Request Storage FF remains set until the computer Resum<, 
is issued by storage control at 425 nsec of the storage cycle. A subsequent 
computer request could then be made. However, a storage cycle is not initiated 
until the Storage Busy condition is disabled at the end of the complete storage cycle. 

The Request Storage FF is set at V050 time of the B cycle if under the following 
conditions: 

(Immediate Operand + R~1 + Read Index) 

WRITE 

The Request Storage enable (I) sets the Write FF if a word ii3 to be written in 
storage. Each Request .storage enable clears Write (H) before probing the set 

conditions. The Write FF is set on the following conditions: 

(Request Storage) [(ADR+REG) [( End Addressing) (STA+STQ+SPA+RTJ) +INT] 
+ (RAD) (ROP) + Enter) 

Z-X 

The Computer Resume signal sets the Z - X FF at 450 nsec of a storage reference. 
The actual Z to X register transfer does not take place until 500 nsec. The setting 
of the Write FF blocks the Z to X transfer through inverter F. 

WRITE PROTECT BIT 

The Computer Resume signal sets the Write Protect Bit FF in the REG mode of 
an SPB or CPB instruction if there is no interrupt. The setting of this FF enables 
the setting of the Protect bit(Z17) on the SPB instruction and the clearing of the 
Protect bit on the CPB instruction. 
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NOTE: 

RAO (ROP) 
Z7-051 -Z7 

ENTER 
17- E64-Z8 

(SWITCH) 

(IM. OP. ) (RNI) (READIN-OEX) 
13-057-13 

A34 
V8Z 

WRITE 

f------'OO 105- AZ8 -ZZ 

HOO 11 ~..L.. 71 
7- A59-27 Q'-----o!lH~ F----'-OI05-024-6 

W'Crn:r 
II-E51-8 

150 
3 - B3 I -II 

39- B40-23} 
COMPUTER RESUME k' JI _r"'\ _1"/;1'_,",20)..39_ B49-15 iiESuiiE 
103-023-2~ 

39- 850-15 

!f= B41- 28 b!!---< 

ZI 43-035-4 
(PARITY ERROR) 

PARITY FAULT 16 TO LIGHT 
107- A25-6 17- C64-Z4 

PROTECT FAULT II INTERNAL INTERRUPT 
69 - A35-21 71-044-3 

POWER FAILURE 
,9-C62-24 

REG (SPB +CPB) "---"n-l 00. 23 13 107- AZ6-4 
69- 040-7 

X 

H 
0 

(INT) (B CYCLE) 
69- A35 -13 

MC ~ 
19-B36-Z5 
~ 7-B35-ZI} A ZZ RESUME 

69- A35-4 

SEE Z_X Ii REO. STORAGE (P.39). 

• CONTROL DATA TIT" 

CORPORATION STORAGE INTERFACE 

COMPUTER DIVISION 

.... 
C 

. .. 
F" 



STORAGE TIMING CHAIN 

The storage timing chain circuits control the timing sequence of all storage cycle 
operations. The timing chain is contained on the V69 module with the input and 
output control circuits on the V89 and V93 modules. 

set and clear which produces the basic storage timing sequence. The timing 
chain goes through three complete sequences for each storage cycle. 

The storage control circuit initiates the operation of the timing chain with the 
Start Timing Chain signal which sets KOO. Flip-flops KOO through K05 sequentially 

101 - A34 6 

!o1-A34~ 

NANOSECONOS 

REQUEST STORAGE 

RESUME 

400 500 600 700 eoo 
I 1 I 1 1 I I 1 I I I 
I 

00 

I 1 

100 

1 I 1 ITI 
'00 

I I 1 

~ 

__________________ ~r--lL----------~ 

900 1000 1100 1200 

I I 1 1 I 1 1 I I I 

I 
105 - 024 In. COMPUTER CHANNEL ACTIVE --.-J ~ 

105-024 &. BUSY 

105 - 02.4 - E 

105 -024-12 START TIMING CHAIN U 1 U 
I 

105 -024 &. y -'> 5 ___ ...In I 

I 
103 - 023 & KDD ____ ~r-l r-l r--l r--lL __ ~ __ 

1 1 

103- 023 &. KOI ______ --...Jr! r--l !II ~ 
I 

I03_D22~ K02 __________ r-l r! r--l~ ____________ ~_ 
103-022-26 K03 __________ ~r__l r--l r--lL ________ ~~ 

1 

103-022 ~ K04 

103 -022-6 K05 

____________ ~r! r! r-IL ______ ~--
I _____________ ~~ r--l r--l~ ______ ~_ 

103-C22- V ________________ ~n n ~~~_ 

103-C22 &:. 

103-C22 .&. . 1'--__ --:-_ 

103-C22 & w r 

103- C22 &. ______________ ~. I l~~ ____________ __ 
103-C22. & ________________ -+ ____________ -.Jf _n -: - ~~ __ ~_ 

103 -C22 .& : r----lL __ ~---
103-023- I EARLY X 

105 - O,B ~ REAO 

105-02B &. INHIBIT 

105 _028 &. WRITE 

99 - B29'&' SENSE AMPS _ Z _______________ ~~nL------------+----------------_,--
99 - 829,&:, X _ Z (WRITE ONLY) ______________ ~ _____ ~n~ _____ ~ ________________ ~ 
39 - 646-8 Z _ X (READ ONLY) _______________ ~ ___ ~n~ _________ ~ __________ ~ __ 

NOTES: 
I. THE UP PORTION OF' ALL WAVEFORMS INDICATES THE "I"STATE OF THE CORRESPONDING SIGNAL OR ENABLE. 
2.THE STORAGE SEQUENCE SHOWN ASSUMES A COMPUTER REfERENCE THROUGHOUT. THE EXTERNAL 

REFERENCE SIGNALS ARE I.N THE SAME TIME RELATIONSHIP. 
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r-

I 

L 

E:iiRi:YX 
103-C22-12 

CMP;OR5:'t2~!fT'¢_'--;I------' 

r 

L 

175 
3 - 831 - 26 

105- 024-12 

125 
3 - C25 - 24 

START 
TIMING CHAIN 
105-024-15 

150 
3 - C26-7 

:$ 

13 

x 

....., 
"... 

18 

!! 
!1 
14 

COMPUTER RESUME 
101-A34-5 
39 -.A34- 5 
105-DI3-16 

TO 
MEMORY PROTECT 
105- A28-16 
105-024- 19 

NU 
TO INHIBIT TIMING 
105-028-14 

!.. 
I 

TO } I REAO/WRITE TIM ING I 
107-A23-5 
105-024-18 KOO 

TO INHIBIT TIMING I 
105-028-4 I 

I 
_J 

P-r:"i~) 

S f;'-<r.J$ !;- .:t 

f~' ~,. 
v 

-< 
0 

-< 
0 

-.., 
0,. ... ", 

~=t 
.. -< 
':' .. 

, 
~ .!. 

----
.. .. .. 

, 
ii 

, .. ... 

- ------------QL 

d 

u; 

-< o 
H 
Z 
Z 

~~ 
,-< 

" z :~ 
co ,I: 
~ .. z .---------,0., 

10 

" ~ , ~ .. , 
)( 

c 

.... CONTROL DATA 

.. CORPORATION 

COMPUTER DIVISION 

<: 

C22 

NU 

NU 

1-----":.::.," Q ft3R_lti2~_ 3 

100 
3-C25-15 

Me 
105-C21-26 

STORAGE TIM I NG CHAIN liZ': 

C 

103-023-27 
TO WR ITE 
105-028- 16 
105-024-16 

107- A23-7 

107-A23-25 

~o TO INHIBIT 
22 105-028-IS 

105- A2e -14 
24 

107- A25-9 

READ 
105- 028-2 

IOS-A60-IO 



STORAGE TIMING AND CONTROL 

The storage timing and control circuit controls such functions as Storage Access, 
Storage Protect Fault, Read, Write, Inhibit, Parity Bit, and Parity Fault. The 
timing chain sequences the control functions. The following paragraphs describe 
each of the main functions listed above with reference to the Storage Timing Chain 
(page 102). 

STORAGE ACCESS CONTROL 

Storage access control functions take place on the V90 module. The request storage 
enable from the computer or external interface sets the corresponding Channel 
Active FF. The External Channel Active FF is set at t50 time. The Computer 
Channel Active FF is set at t75 time if the Priority FF (page 103) is not set. The 
setting of either of the Channel Active FFs starts the timing chain and sets the 
Busy FF. The Busy FF blocks the Start Timing Chain output and the setting of the 
Channel Active FFs until Busy is cleared at the end of the present storage reference. 
The setting of the Channel Active FF enables the gating of the corresponding address 
and data (Write only) into the Sand Z registers respectively. 

STORAGE PROTECT FAULT CONTROL 

The storage protect fault control is contained on the V94 module. The computer 
and external write and protect inputs enter this module. The state of the protect 
bit (Z17) is gated into inverter G at 525 nsec if the computer or external channels 
are active and the corresponding protect and write inputs are enabled. 

If Zl 7 equals "1", the output of G sets the storage protect fault according to the 
following conditions; 

EXTERNAL 

STORAGE PROTECT FAULT = (Z17 = "1") (525 nsec) (EXTERNAL 
CHANNEL ACTIVE) (EXTERNAL WRITE) (EXTERNAL PROTECT) 

COMPUTER 

STORAGE PROTECT FAULT = (Z17 = "1 ") (525 nsec) (COMPUTER 
CHANNEL ACTIVE) (WRITE) [(INSTRUCTION PROTECTED) 
(PROTECT SWITCH ACTIVE)'] 

The above equations show that the storage protect fault is detected if either the 
external or computer accesses attempt to write in a protected address. The setting 
of the Storage Protect Fault FF blocks the X to Z or Receivers to Z transfer and 
transmits the storage protect fault enable to the computer. 

READ, WRITE. AND INHIBIT CONTROL 

The Read, Write, and Inhibit Control FFs enable the corresponding storage phase 
when set. These FFs are contained on the V91 module. These FFs are set at the 
proper times in the storage cycle according to the storage timing sequence 
paoge 1a1l). 

PARITY BIT AND PARITY FAULT CONTROL 

I The parity bit and fault control is contained on the Z78 med1:lle (page i671. 

Parity Bit Control 

The writing of the parity bit in storage depends on the gate new parity enable from 
the V92 module. A new parity bit is written into storage under the following condi
tions; 

GATE NEW PARITY; [EXTERNAL PROTECT + (PARITY FAULT) 
(STORAGE PROTECT FAULT)] [(EXTERNAL CHANNEL ACTIVE) 
(EXTERNAL WRITE)] + [(PARITY FAULT) (STORAGE PROTECT 
FAi.IT7f) (WRITE PROTECT BIT) (COMPUTER CHANNEL ACTIVE)] + 

[(PARITY FAULT) (STORAGE PROTECT FAULT + (COMPUTER PRO
TECT) (WRITE) (COMPUTER CHANNEL ACTIVE)] 

• If any of the conditions in the above equation are satisfied, pin 5 of the Z78 module 
receives a "0" input. The outputs of the parity ~enerator modules (V18) are sampled. I If the total number of bits is odd, the Gate New arlty FF is not set and the inhibit fan
outs receive a "1" input which stores a "0" in bit 16. If the total number of bits is 
even, the inverse operation takes place. 

Parity Fault Detection 

I A parity fault is detected at the input inverters to the Parity Fault FF on the Z78 
module. The inputs to these inverters compare the parity generator outputs for the 
two halves of the word. If the two halves of the word (including parity bit) both 
contain an odd number of "l's", a parity fault is detected, and the Parity Fault FF 
is set. Likewise, if both halves contain an even number of bits, the Parity Fault FF 
is set. Thus, one-half of the word must contain an even number of "l's" and the 
other half must contain an odd number of "l's" due to the "edd flaritY employed in'the 
data word. 

The Parity Fault condition is transmitted to the computer where it is used in the in
ternal interrupt and fault indicator circuits. A parity fault also blocks a write opera
tion if the location is not protected. 

104 
Rev. AT 



EXTERNAL 
REQUEST 

003 

{

J07-07 ~: 

J08- 07 ~: 

Ja7- 08~: 

Jae-08 ~ 

125 
3 -C25 - 22 

REQUEST STORAGE 
39,101- A34-7 

PRiORiTY 
103- 023-21 

t7~ 
3-831-28 

MC 
10~- A28-8 

loa 
3 - C25 - 2 

kOI 
103-023-18 

I~o 
I 3 - C26- 4 

.J Z 
103 - C22 - 2 

kOO 
103- 023-22 
125 
3 - C25 - 20 

103- 023-19 
EXT. PRIORITY 

WRITE 
101-A34-9 

INST. PROTECTED + 
PROTECT SWITCH 

69 - A35-IO 
ZI7 99-B29-27 

024 

V9 

START 
, 12 .l TIMING CHAIN 
~I03-D23-6 

81- C23-16 

81-026-i6 

81- C24- 16 

x 

x 

81 - 027 - 16 Xf I 1~(K02) 103- 022-24 27 

, la3-C22-28 10 

" W 

" , , 
" , , 

171 
, 

I05-A28-2 " " 
START " 

15.1. TIMING CHAIN 
, , 

103 - 023- 20 

" , 
22 

81-C23-13 
24 

81-C24-13 
26 

81- 026 -13 
28 

81-027-13 
20 

'-

~ -, ¢ 107- A26-10 

NU 

107- A26-2 

1-------'-.' 6 IItl_\TsO_T, ~PROT SWITCH 

ZI7 
99-829-18 

~::=C2~-IB ~ IO!5- 013- 21 

I 

Kal 
103-023-12 
X 
103- C22- 22 

,COMPUTER CHAN. ACTIVE 
105-C21-7 

I EXTERAL CHAN. ACTIVE 
105- C21-8 

P,!OLE£J .J'II. _ 

TO 
LIGHT 
17- CS4 -18 

L~ GATE DATA TX 
~83-007-IB 

1-___ -=2:.;,.7 0,07- A2S-25 

~69-D25-15 

TRANSM ITTER 
107- 002-27 

r 
I 
I 
I 

105- 024-170" _j ~ I07-A26-21 .-I 

Me DELAYED 
19-818-11 

:0105-024-11 

1-------''-<0 105 - 028 - 17 

TO CHAN ACTIVE MODULE 

TO INHIBIT 

A6 
AC 

W 
103-C22-26 

Koa 
103- 023-24 

OSA REPLY 
11.1.,07-002-,2 

NU 

175 
3- 831-18 

K02 
103-022-16 

K03 

028 

~81-C27-25 
~81-C28-25 

1-------'-:..,9'07- A23-23 

1-___ ""7 ONU 103-022-26 T3 

A I "ONU 

C21 

vas 

TO 
TIMER I 
103-023-4 

3A TO WRITE CONTROL 
I01-A26-s 
TO PAR I TV BIT 
107-025-20 

TO MEMORY 

7 ), ::\,~_T~~ _F:~LT 
TO PROTECT FAULT 
69- 025-17 
NU 

TO WR ITE CONTROL 
107-026-27 

TO MEMORY PROTECT 
FAULT 105-A28-25 

107- A25- 3 

103- C2 2- 25 

NU 

1 
JNU 

.75 
3-831-19 

K04 
103- 022-3 

Kas 
103- 022- 6 

100 
3- 025-7 

KOI 
103-023-14 

Z 
103- C22 - s 

-, 105-A28-5 
I MC 

I 103-C22-20 
Ix 
I 
I 

105- A28-7 
I 
L __ _ 

MC 
19- 836-21 

013 -x 

EARLY X 
103 - 023-1 

k03 
103- 022-28 

_9. CONTROL DATA 
,.. CORPORATION STORAGE 

COMPUTER DIVISION 
CONTROL 

\-------"::.,-Q la7-A25- 10 

TIMING AND 

89,91-E39-10 

91,93-E40-10 

95,97-E41-10 

97,99,107-E42-10 

83,85,87-E09- 19 

89- EIO- 19 

95,97,99-EII - 19 

83,85 - E'H-19 

85,87-E38-10 

~ 81-' C27-26 

)-----!.!o 81- C28- 26 

J03 - E3 

J04 - E3 

J03- E4 

J04-E4 

P"t-rU84 
C 

". 
" ) 



When mor/i than one ~iece of Equipment is connected to the Direct Storage Access (DSA) Bus, 

Cables must be correctly installed to insure proper operatio, of the Scanner. The attached 

Diagram shows three pieces of Equipment using direct storage access, and the correct Cable 

connections for proper Scanner operation in the "First". "Mid", and "Last" settings. If any 

of the Cables are connected other than as shown, the Scanner will not function properly. 

Any change in Scanner priority will require the Equipment to be re-cabled to correspond with 

one of the examples shown. When the Scanner switch is dialed to "Out" J that piece of Equipment 

is effectively removed from the DSA Bus. and the Scanner switches on all other Equipment must be 

changed to correspond with their new position on the DSA Bus. 

1705 

1705 

1705 

• NOTE 

FIRST 
1706 

FIRST 
1706 

MID 
1706 

"T" INDICATES TERMINATOR 

MID 
17Q6 

LAST 
1706 

LAST 
1706 

DIRECT STORAGE ACCESS 

FIRST 
1738 



COMPUTER 
CHAN, ACTIVE 

105-C21-3 

EXT, 1~~~NC2AI:T~VE~ 

EI~~'_ :2~1-~~ O::::--------!( 

WRITE 
PROTECT BIT 

IOI-A34-13 

WRITE 
105-A28-13 

EXTos!:ilr_EiIT <r-----r.l 
PARITY FAULT 

107- A2S- S 

[STOR PROTECT FAULT, 
IOS-A28-4 

70~2~~ 

X 
103 -C22-16 

KOO 
103- 023- 26 

K02 + K03 
105- 028-8 

X 
103-C22-18 

AU 

l 
RECEIVERS .... Z 
'83-821-=11- , 
85-B22-11 I 

I 

89-924-11 
79,83-£06- 3 

91-825-11 E 12-3 

GRO IF 8ANK I 
PRESENT 

99- B29-11 
83-007-10 

97- B28-11 
XOO, X REG 
39-B4S-19 

95-B27-11 83-C29-2 
93- 826-11 8S-C29-2 

GRO IF BANK 
2-7 PRESENT 

GATE 
NEW PARITY 
I07-A25-28 , 

REAO STR08E 
8ANK I SENSE 

E12-4 
X_Z 83-E06- 4 

XOO, X REGISTER 
39-BSO-19 

-----, 
----11 

83-007-7 I I 

1----..:.-083-E09-4 

X REGISTER I I 

PARITY FAULT SENSING 
A25 

Z78 

;~!B29-6 ~ .B~K_OJ.! 
INHIBIT 

BANK 2,7 INHIBIT 

)-___ -"c:.',., WRITE DATA ABORTEO -, 
V 33-039-8 

'83- 821-=IS' I 
8S- 822-IS I I 39- 850-20 I I v ..... 

PARITY BIT I 
39-B40-15 

83-C29-28 
87- B23-15 I I 

RECEIVERf 
89- 824-'IS I I 83-007 -12 

91-82S-IS II XOI, X REG 16 

93-826-IS II 
39- 845-2& 
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9S- 827-19 L IJ -
97- B28-19 
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CMPTR 

CLEAR 
2 

~A27 
19 

SEE 
PAGE 
91,93, 

28 95,97, 
99 

700 

I 
L 

EX T CHAN ACTIVE 
105-C21-14 

101-A34-24 

(TO 
~ WRITE CONTROL) 105-C21-12 
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Me ) '0 103- 022-21 
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87- B23-13 
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I _ CONTROL DATA 
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~ J05- E2 

~ J06- E2 
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X AND Y DRIVE DECKS (TYPE Z77) 

The two type MX drive decks control the selection of the x and y drive lines. The 
y drive deck mounts on the top of the stack and the x drive deck on the bottom. The 
two decks are physically and logically identical. 

The low -order 6 bits of the address select the y drive line, and the high-order 
6 bits select the x drive line, thus selecting one of 4096 cores in each plane. The 
following description applies specifically to the y drive deck. However, the descrip
tion also applies to the x drive deck with the interchange of bit positions. 

The drive circuits have separate primary read (RC) and write (WC) current sources, 
and both feed eight current transformers through a double primary winding circuit. 
These transformers provide eight current sources. Each source feeds one drive 
line transformer in each of eight groups. The drive transformer secondary winding 
connects to the ends of the drive line which threads all 18 planes. 

Each of eight diverter circuits feeds eight successive driver transformers. The 
selection of one of eight diverters diverts current to the proper drive line trans
former and its drive line. Thus, a single current source is diverted to one of the 
64 drive lines. Translations of S register bits 1, 2, and 3 select one of eight 
current source transformers. S register bits 0, 4, and 5 select one of eight 
diverters. 

Since both drive decks are turned on at the same time, a coincident current passes 
through one core in each plane. 

The 64 drive transformers on each deck are so arranged that the 32 odd line trans
formers are on one edg~ and the 32 even are on the opposite edge (page 79). Thus, 
opposite sides of the deck drive successive lines. This arrangement provides an 
opposing current relationship with the inhibit drive lines. 

CURRENT SOURCE 

The primary read or write current source consists of a large inductance connected 
between the +6v supply and the eight current transformers. Transistor Ql (and Q2) 
and its collector resistor (several in·parallel) shunt current of about 250 ma to 
ground during non-write-or-read times. The load network keeps the power supply 
load nearly constant at all times. After losses in the current transformer and 
drive line transformer, approximately 200 ma pass through the drive line during 
the storage cycle. 

Bits 1, 2, and 3 of the address select one of eight transformers from a 2-by-4 
transformer matrix. Bits 2 and 3 select one of four transformer groups, and bit 1 
selects one of two in that group. The Read or Write Drive signal is combined with 
the one of two selection. The simplified drive and diverter circuits shown in the 
lower left-hand corner of the diagram assumes a --100- binary code in the 3-bit 
drive position. The example also shows that transistors Q5 and Q6 turn off (shown 
as an AND) and Q7 turns on to select transformers T4 and T5 in the one of four 
group; transistors Q8 and Q9 turn off and Q3 turns on to select the read side of T4. 
Read load network transistor Ql turns off, and current flows from ground to the 
+6v source through transistors Q7 and Q3, transformer T4, diode CRl, and inductor Ll. 

A high impedance is presented to inductor Ll when read-load network transistor Ql 
turns off, and the voltage level at the junction of diode CR 1 and inductor Ll rise s 
rapidly. However, diode CR4 conducts to place stabistor CRI0 in the circuit, and 
the latter limits the peak voltage at the junction to 15v. Current loss in T4 is about 
25.mil, so 225 ma flow in the' seeondary and is dive'l'te'd t<il a dri;ve,tramsformer. 

The circuit operates in a similar manner in the write cycle except that the polarities 
in the current transformer are reversed. 

DIVERTER CIRCUITS 

The eight diverter circuits divert read and write current to the drive transformers. 
Each circuit feeds eight drive transformers, one for each current source transformer. 
Thus, the selected current source transformer drives eight lines and only one of the 
eight is diverted. 

The diagram shows one of eight diverter circuits and its selection from the 3 address 
bits used for divert. The collectors of QI0, Qll, and Q12 feed the base of NPN 
transistor Q14 directly and the base of PNP transistor Ql5 in(Hre<itly·~ia transisto'r ~l3 
which inverts the combined collector signal. The action establishes jJ0sitive and nega
tive turn-on signals for the bases of Q14 and Q15. Emitter bias on these two transistors 
is established by the divider network of ROl, COl, and diodes CR7, 8, and 9. The 
diode threshold is about O. 7v for a combined drop of about 2. 2v and proper emitter bias. 

The circuit operates in a similar manner in the write cycle except the polarities in the 
current transformers are reversed. 
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INHIBIT DRIVE DECKS (TYPES V20 AND V21) 

Four inhibit decks provide the inhibit current for the writing of a "0" in the 
corresponding plane. An inhibit deck is mounted on each of the four sides of the 
stack (page 79). 

The inhibit lines in each plane are divided into four vertical and four horizontal 
stripes or quadrants. Each quadrant threads through 16 rows (horizontal) or 
columns (vertical) of cores. If a particular stage of the Z register contains a "0" 
at the time of the inhibit phase of the storage cycle, one ·horizontal and one vertical 
inhibit quadrant is energized in the corresponding plane Simultaneously with the 

write current. Thus, one 16-by-16 core portion of the plane receives full inhibit 
current. The quadrant that receives full inhibit current corresponds to the portion 
of the plane containing the selected core. S register bits 4 and 5 select the vertical 
inhibit quadrant and bits 10 and 11 select the horizontal quadrant. 

Two types of inhibit decks are used, the V20 and V21. The two types differ only in 
the order of inhibit quadrant connections. There are two of each type mounted on 
the stack. The tables on the diagram list the inhibit decks and the Z register and 
S register connections. 
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ADDRESSING MODES 

The table below shows the register transfers necessary in forming 

the 32 possible effective address modes. The storage reference instruc

tions contain three fields: Instruction, Address Mode, and Delta. The 

format of the storage reference instruction is shown in the lower right hand 

corner. The effective address is formed by setting various combinations 

of the four address mode bits and delta. Delta is a signed 8-bit address 

modifier where the most significant bit (bit 7) is the sign bit. 

The computer assembles the effective address in the following 

order if the corresponding address flag is set. 

1) checks rand Il and forms ~Il, PH or Il • 

2) checks ind and completes indirect addressing. 

3) checks q and adds the contents of the Q register. 

4) checks i and adds the contents of storage location OOFF. 
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The following table shows the transfers and commands necessary 

for instructions using the Store Operand mode (STO). Storage is requested 

at time B050 for every STO instruction. 

STO TRANSFERS 

below: 

The sequence paths for entering and exiting STO mode are shown 

ROP 

REO 

R.1 
ADR 
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STORE OPERAND MODE (STO) 

EVERY STO STA SPA STQ RAO RTJ INT INSTRUCTION 

--00 f- f- 00 

50 ':LEAR A 

100 +l->ADDER Y--AODER Y --ADDER 100 

A 200 f- r- 200 

l.P -ADDER ADDER" A 
(PARITY EVEN) ADDER .p AOOER-·P 

300 f- - 300 

--00 - 00 

REQUEST 

50 s rof-<AGE 

100 ADDER'P, Y 100 

150 SET ~NI 

B 200 f- -r- - 200 

300 CLEAR 5TO - - 300 

-00 - - 0 

.. CONTROL DATA 
TITLI PItODUCT 

CORPORATION STO TRANSFERS 1704 

DEVELOPMENT 'Cl: r6o'i5~t7oo 17 
DIVISION I'MEIlT IPA.I 117 --_.- -



The following table shows the transfers and commands necessary 

for instructions using the Register Transfer mode (REG). The table is 

especially useful for showing the absence of certain conditions and trans

fers during the execution of the listed instructions. For example, at time 

B100 the Adder --+ Y, P transfer is not used for the EXI, SPB and CPB 

instructions. Also, note that a C cycle occurs during a Shift instruction 

when the shift count of O. 

REG TRANSFERS 

The sequence paths for entering and exiting the REG mode are 

shown below: 

EXI + spa + CPS 

RNI -1"'~ 1 INT 

,TO 

ROP 

RNI 
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REGISTER TRANSFER MODE (REG) 

SHIFTS 

SLS ENQ ENA INA INQ INP"'OUT EXI SKIPS SPB +CPB. EIN +IIN 
StiIFT cou~rsH.FT COUNT 

"0 .. 0 

- -00+ + + + + + + + + + + + + +00 

I-" -X"""DEND 100+ -¥ .. UGlNU +X..oDEND +~~~~~, +,_""" + + + __ nn ... n + +~ .. n., + + __ n"""n + '_n="n +100 

A 200+ + + + + + + + + + + c~ ~NAII~E + + +200 -

250 

300 

00 

50 

100 

B 200 
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00 
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-
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The follow.ing table shows the transfers and commands necessary 

for instructions using the Read Operand mode (RaP). At time AOOO the 

computer receives a Storage Resume signal and at time B050 storage is 

re"luested. Note that a C cycle occurs during the Rap mode for MUI and 

DVI instructions. 

Rap TRANSFERS 

The sequence paths for entering and exiting the-RaP mode are 

shown below: 

EXI + spa + cpa 

REO ~ RO' k= ITO 

R.I 

ADO 

RAO 
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READ OPERAND MODE (ROP) 

EVERY ROP LDA LDO ADD ADO AND EOR SUB RAO SPB +CPB EXI MUI DVI INSTRUCTION 

00 z·x I- 00 

/-- SET 10 16-'1 SET 1016..v 

IOIS·Y 10 16-'1 

100 X-.AODEND - "- SET XR 
f-sET xR (X NEG) I-SET '·XR (X P!S) 100 

A 200 CLR IM.OP. - - 200 

CL£ARQ 
SET MIl (AIIO=I) 

SET OVERFLOW 
ADOER.X ~DEROj( ADOER..x 

300 'I ,P~OER . I ,P.ADDER 'I,P",OOER " ,P..,wOER ·I.P~OER .... , ,P ... ODER +I,P-MOER +1,PeADDER +lt~R P....uGEND ECR Y 300 
QooU)DER QooU)OER 
X....uGEND (_I) SET XR (Q NEG) 
SET RIGHT SHIFT 

00 .- - CLEAR + SET - 1-00 
OVERFLOW 

REO. :"IO!~AJE 
C CYCLE 

ADDERtoP, Y ADOE~P.Y 

100 r:~~~OY 
ADDE~,Y - ADDER.,p, Y ADOERoP.Y ADDER.,p,y ADDER-.P, Y ADOER9P, Y ~riD~~R (SR1) 

A~ODER 

X~OEND A_ADDER QeoADDER X...,u)OENQ X~DDEND A-..ADOER X4lAOOENO ADOER.,p, Y AOOER-P, Y SET XR (SR1) 100 
AlJ,END x.AODEND X-.AUGEND AeoADOER SET lP A-.ADOER SET XR X4OADDENO +1" ADDER 

,ILL L '5" 

SET HNI SET RNI SET RNI SET RNI SET RN! SET RNI SET RNI SET STa SET RNI SET RNI SET RNI 
ENABLE INT. SET q'j' 

B 200 - - - 2001 
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300
1 

00- - - - - - - - - - - - - 00 
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THIS TABLE SHOWS THE TRANSFERS THAT MAY OCCUR DURING THE LAST TIME 
OF THE ADDRESSING SEOUENCE AND THE TRANSITION TO THE NEXT SEOUENCE. 

(B CYCLE OF ADDRESSING) 

JMP MUI + DvI STA + SPA STO RTJ INT. 

00 (AIlOR) (B) (AIlOR) (B) (AOOR) (B) (AIlOR) (B) (AIlOR) (B) (ADDR) (B) 00 

- REQUEST STORAGE REQUEST STORAGE REQUEST StORAGE REQuEST STORAGE REQUEST STORAGE REQUEST STORAGE 
I BLOCK REG.) 

.. 

100 Y·ADDER A'" ADDER SET XR A.AODER Q9A,ODER +I,P-ADDER P-ADDER 
100 X~DER 

(,.,1) (A NEG) ,(OVI) (Q NEG) (6~) 

SET RN] SET ROP SET 5TO SET STO . SET STO SET STO -
(END ADDR) (END ADOR) (END ADDR) (END ADOR) (END ADOR) 

200 200 

IRNI/ ,9) ROP) i8) i STDI (B) iS10) \B) (SID) (B) (STD) (BI 

300 ADOE~ ADDE~A ADDER-)' ADDE_ ADDE_ ADDE .... 300 CLEAR ADDR. CLEAR ADDR. CLEAR ACDR. CLEAR ACOR. CLEAR ACOR. CLE.AR ADDR. 

r-

400 f- - 400 

• CONTROL DATA 
T'''U _.T 

CORPORATION B CYCLE TRANSFERS 
1704 
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The following table shows the transfers and commands necessary 

during the C cycle of Shift, MUI,and DVI instructions. Time 150 occurs 

100 nsec early for Shift and MUI instructions when the short cycle through 

the Adder/Shifter is used. This effectively reduces the Adder/Shifter 

C CYCLE TRANSFERS 

time from 200 nsec to 100 nsec. A DVI instruction uses the complete 

Adder/Shifter and therefore does not use the short cycle. 

If YOO-04 i 0 at the end of the C cycle, the C cycle is repeated. If 

YOO-04 = 0 at the end of the C cycle, the B cycle is initiated. 
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~i 2 I 6490n 2K 

.---L.§ 

53 

I 
0...1. 6 

l 
T 

R7 ~4 
6.041< ~9 

ALL RESISTORS AND DIODES IN 
TH I S BOX ARE ON ASSEMBLY 
11991000. 

DISABLE L:l III II OvERLOAD 

rl 

TBO ,....., T8. 
R! 82n F"'"""f 

21R. 56n 

1 RS 39nl 3 

[ L...J R. 27n 

I~t 3 
RI loon 

® MASS 
DRIVE 
ADJUST 

55 I 

MARGINS 
MODE 

L-

~ I 1~3 
R2 son 

® ~~~~BIT 
AO,JUST 

3 A3 C T3 1 11II : t 4 

;, ·r~b' ;r~~ .fF' Or:~ 

r-T-, 
'f..~Y.J.J 'LiM; 'y 

T' 
LOGIC 
CONTROL 
-6V 

T3 

~, 

T4 

tP.\. 
T5 

~. 

=. 
~ 

01 

~ 

~ 
10 

10 

CI 

L...J IL-J 

W3 

BUSBAR 1 +8\1 INHIBI 

7000pF 
10 VDC 0 0-1 T87-1 

T~ 

~ 

T®-£ 

.7 
loon 
ow 

CB I 

~ 
T87-S 

•• loon 
ow 

A-O 
CK2-3 

A-O 
Ck2-4 II ·lfiJ 

C TI 

20 AMP -6VDC 
215 AMP 

I ~~::II ~llt: 
~CR31 I 7 

.. CRI 

E3 C I 7000,uFO 10 VDC 

L.:.J R I lOon 5 w <D 

II ~l'~ IT2 50 !.MP+6VDC~ II; .0 AMP 

rD, 
1 

T3 

~ 
12( __ \' 

1 

r 
71 S __ I ! I ~::: 
~~z=--j I ~::~ I 

LL...£!!.w.. 
; '" CRS: 

50 AMP +6VDC r-.;vv;;~~L 

W IIeA4 

r ~~ll~~i: l 
5 II CR6 

NOTES: 

E3 

.3 

I 
~O 0 

.-----+[.-<>.0 :2 :~c OGN: 

RZ IOOfl.IW(!) 

~ 1 +~~- t 
7000 )J. FO 

10 VDC 

o EARLY MODELS MAY OR MAT NOT INCORPORATE BLEEDER RESISTORS RII::R2. 

® MASS DRIVE AND MASS INHIBIT DISABLED TO PERMIT USE OF MEMORY STACK 
PIN IB419300 OR PIN !5361870X. 

[.at. CONTROL OATA 
!'Wi CORPORATION lOGIC AND MEMORY 

POWER SUPPLIES 

,.ItOOUCT 

1700-B 

·cE 160'i5~700 lAs 
COMPUTER DIVISION CENTRAL COMPUTER CABINET 

."UTI 147 



CABLE 

3(""\ I I ( , r. 
'} 120 Y 

2 60 HZ 
0 
3 
:) GND 

4 

} TO ALA.M 

~ I CIRCUIT 
:) 

VANE SWITCH 6 
(CLOSES WITH AIR FLOW) 0 

7 
0 
8 
0 

BLOWER ASSEMBLY 
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Te7 

r INPUT Itl r FROM POWER. 2 
CONTAClO", 

-'-', {-~ 120/208 V, 
a'.IO-OR EXT 

3'.50- POWER 

M-G ASSEMBLY 

INPUT 

OUTPUT 
,.AIN 

--, 
TI' 

·'8 " 2 .. . 
.. 4 

N '0 

III ·0 

112 70 

'3 80 

W7 

® 

w, 

20 40 6t 
I we .° 3° ,. 

'--v--'2 
@ 

Te. 

TO 
EMERGENCY 

OFF BOX 

r--"---'I 

'1'2 

W9120'066 
,° 30 5' 

'-.r--!J .. 
@ 

I 

I$S W5 we 1
26'0.' 

PER 

W2 

.° 3° 50 

~ 
CONTROL 

POWER 

CONTROL PANEL 
EMERGENCY 

OFF OFF ON TEMP HIGH 

fHJillJ .~ l 

l-' 

'f -, 02~ cal 2 

• II , .. '-". I 
ASSEMBLY 

L '_ .J •• Is' 

T881~ 

'0 

HIGH TEMP 
TEMP WARN. 
TOP ALARM 

CABINET 24 'lAC 

,-A---.,r---A-, 

<D 

2v-!l, 
I 

., 
• 

'--

Ta, 

1J4 

IrP. 
0 

41 ~"O~ ~ ':CEING S P .... 

K_*, I ilL!. 

Y-1 I tift 
• 0 

=1ltJ 
• 0 
7 
0 
e 
0 

L-
02 

20 ~ 60 80 100 

1Ci> ~p sO 70 90 

2o'oOol 
8.°.9 -

r;-
J~ 

.,IUMPER" FDA 
EXTERNAL 
CONTROL ., 

" 

T810 

~ 
·""'r~ II III ';~; (~III II111I ! I., 'ii" I ' 

CO'L { L '·0 I I I I I I I I I I 

110 VAC .0-
., [j' 1.,'-

@" II 
} "'.J--

} 
TO MEMORY 
AND LOGIC 

SUPPLY BLOWERS 

L--
outpUT III I I I I II I I ,® FRO,. 50-

TR=MER-.J TlOI,626,6,6 I 
N L N L 

~ 
Te. 

EXTERNAL 
400-
INPUT 

.~~ .. 
110 VAC 

POWER TO 
OPTIONS 

. , 
POWER TO J .~ 
OPTIONS 
400- '2 

eo 

NOTES: 

CD JUM"ER PINS I .2 OF .T8! 
IF TOP CABINET NOT USED 

@ WIRE EXISTS ONLY WITH ao-

(i) CONTACTS OF KI HAVE 0.5SEC 
DELAY ON DE-ENERGIZATION. 

@ ALL MACHINES .. AlL BE WIRED 
f'OR IO~:SO INTERNAL CONTROL. 

TO CONNECTOR PANEL 

,.dB1 
+ - + -

Ly-lLy-l 
OUTPUT IhiPUT 

~ 
40VDC TEftM. 

TO LOGIC 
CHASSIS 

TOO 

+6 'IDe ~ 
2 

GROUND 
5 ~ KS 

OR,VE { 
PROTECT 

, ., 

~ .-• '-'0 CR' • f;-, . 
~::.p.~;.@ MASrER r 

CLEAR 1 

@CONTACTS 0' K!I HAVI ! SEC DELAY ON ENEMIZATION. 
19-C62-2!! 

(i) CONNECTIONS fOR 1700 POWER DISTRIBUTION ARE AS FOLLOWS. 

208/I20Y, 10-, S' CONTROL 

INTERNAL 
CONTROL 

W7 ___ W4 

W8 ...... wa 
w, ....... we 

EXTERNAL 
CONTROL 

W1 ~ W4 

WI -+ WIS 

W2 --. W5 

SH/nov,aO""',SGI CONTROL 

INTERNAL 
CONTROL 

W4 ...... WI 

W5 -. WI 

WI -. WI 

E)!'TERNAL 
CONT..oL 

W4 --+- WI 

W5 --. "I 

W2 --.. w5 

I CONTROL DATA TIT" MAIN 
• CORPORATION 1700 POWER DISTRIBUTION 

BOX. SCHEMATIC. 
COMPUTER DIVISION ASSEMBLY - A7 

'.DUCt' 
1700-B 

r-'---r.:=r.:::;--..&:..:AE 





o 
'" 

"g: ~ g 

,... CD ~,.. 
N > ;~ 

~ ~ S 

of" ~ ~S 
N >:_ 
'" <> ... N:Z: 0 

!: 

!!! 

= 

'" o 

r
o 

.. 
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N 
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-

-

r-

r-

r-

r-

r-

r-

r-

r-

z 
o 
t; 
z 
~ « 

PARITY GENERATOR 
BITS 9-17 

WRITE CONTROL 

PARITY CONTROL 

PARITY GENERATOR 
BITS 0-8 

STORAGE TIMING 
FANOUT 

« 

r-

r-

-
-
-
-

-
-

m 
RAW CLOCK FANOUT 

150 a 175 

Z REGISTER 
BITS 16,17 

BITS 14, IS 

BITS 12,13 

BITS 10,1/ 

BITS 8,9 

BITS 6,7 

BITS 4,5 

BITS 2,3 

Z REGISTER 
BITS 0,1 

TEST MODE 
DELAYS 

m 

~@~ 

~@~ 
~@; 
> : 
g@; 
N 

~ ; 

r- _ 
:> m 

r- _ 
:> m 

I--

I--

I--

-

-
-
-

-

-

-

(.) o 
BITS 6-8 Z FA~-IN, BITS 15-17 

BITS 3-5 I BITS 12-14 

LLI 

S REG FANOUT BITS 10,11 j;) 

o 
BITS 4,5 rt) 

Z FA~-IN, BITS 0-2 ~ ~ Z FAt-IN, BITS 9-11 

~~ 

~~ 

gli);; C> 
BITS 6-9 N' 

RAW CLOCK FANOUT 
150 a 175 

RAW CLOCK FANOUT 
too a t25 

S REGISTER 
BITS 2,3,5,13 

S REGISTER 

BITS 0,1,4,12 

STORAGE TIMING CHAIN 

EXCURSION COUNTER 

CHANNEL ACTIVE FANOUT 

LOGICAL FUNCTION 
MISCELLANEOUS 

(.) 

'" ~ ~ 0 

e '" ~ N ... 

e '" ~ N ~ 

e '" ~ N ~ 

READ/WRITE INHIBIT FF 

5 REGISTER 
BITS 8,9,11 

S REGISTER 
BITS 6,7,10,14 

LOGIC FUNCTION- MISC. 

STORAGE CHANNEL ACTrv 

STORAGE TIMING CHAIN I 

STORAGE TIMING CHAIN 2 

TRANSMITTER /RECEIVER 
A/Q DATA BIT 0 

REJECT ,REPLY 

TRANSMITTER/ RECEIVER 
A/Q DATA BITS 1-3 

:g @l= 
> m 

N@ 
~ 
N@ 
~ 
N@ 
~ 
N@ 
~ 
N@ 
~ 
N@ 
~ 
.... €> 
N ~ 

S REG FANOUT (I) 

BITS 0- N 

BANK; SENSE B~~~~-17 ~ 

'" BITS 6-11 N 

BANt< 3 SENSE AMPS on 

BITS 0-5 N 

BANt< t SENSE B~~P~-17 ~ 

'" BITS 6-11 N 

BANK 2 SENSE AMPS N 

BITS 0-5 N 

TRANSMITTER; _ 
Q REGISTERS BITS 0~3 N 

BITS 4-7 2 

'" BITS 8-11 -

~ @) TRANSMITTER; co 
BITS 4-6 N ~ Q REGISTERS BITS 12-15 -

BITS 7-9 

BITS 10-12 

TRANSMITTER/RECEIVER 
A/Q DATA BITS 13-15 

TRANSMITTER; 
READ, WRITE, W = 0, 
PROGRAM PROTECT 

TRANSMITTER; MC AQ, 
MC EXT., ZI7 

TRANSMITTER/RECEIVER 
STORAGE DATA BIT 15 

LINES 6-10 !e 

INTERRUPT R~T:~~E~IS_15 ~ 

BANK It SENSE B~~;~2-17 :! 

'" BITS 6-11 -

BANK I SENSE AMPS N 

BITS 0-5 -

BITS 12-14 ~ !2 BANK t" INHIB~~TS 12-17 ::; 

~r&:: BITS 9-11 ~ i BITS 6-11 2 

~~~-4----~-------~-~~~~a~B-A-N-K~O~'-I-IN-H-'-BI-T----~c> 
N 10 BITS 6-8 > 13 BITS 0-5 0 

.,€> 
'" -> m 

.,e 
'" 8 > -

Bits 3-5 ~ i 
TRA~0~1:;i~:"~C~:~6_2 g 
ADDRESS, ~~~:I~~~~,ll,14 g 

BITS 3,5,13,6,7 

ADDRESS RECEIVERS 
BITS 0,',2,4,12 

CONTROL RECEIVERS 

CONTROL TRANSMITTERS 

o 

BANK 0" SENSE AMPS co 
_1 _ BITS 12-17 0 

r
BITS 6-11 0 

BANK 0 SENSE AMPS :g 
BITS 0-5 

LLI 

'" o 

~ 
;: 

I- W 
Z (,) 
w z 
~ w 
W II: 
(,) ~ 
ct w 
~ II: 

o rn 
II: rn 
ct ~ 
(,) (,) 

~ 
f
a. 
o 

'" z 
~ 
... 
~ 
a: 

~ 





> , 

~ '" III -
0 
!-0 

01'- EN .", 
"10 ~ !-

0: 0 
O~U) 
I'-F.-
- i;u 

w 
Q. 
>-
>-

~ ~ 
~ ;t <t m (.) c lLJ ~ 

lIJ 
",CD REGISTER DISPLAY, CO REGISTER DISPLAY, CD ... <0 I!! • I- u 

':: :1 z 
"'~ BITS 8-/5 ~ ':: ~ ':: STATUS DISPLAYS ID ':: PANEL SWITCH CONTROLS ~ ~·N PANEL SWITCH CONTROLS IIJ 

Z 
BITS 0-7 > lIJ 

~ a: 
rJ~ 

0 

'" 0 N '" TEST MODE a 
'" 

lIJ lIJ 

~:: STOP-GO CONTROLS t1> ~ XR a LP CONTROLS '" .,; REGISTER SELECTION CO ~ '" U LL 
N '" > > MASTER CLEAR « lIJ 
0 '" 

~ a: 
~~ 

RAW CLOCK FANOUT, LOGIC VOLTAGE ... Il. 
~ SIGN RECORD FF'S U 0 ~ ~ SHIFT CYCLE FF III CARD STORAGE '" en ~ I- ~ too :;: SENSOR ~ ~ '" > 0 en 

... RAW CLOCK FAN -OUT, a: 0 

CD~ ~ ~ SHIFT FF'S U in CARD STORAGE « a: 
~ MULTIPLY a DIVIDE STEP '" '" I- ~ iD 0 u > t25 a t50 > 

~ -
~ DSA REPLY ENABLE '" co ~ Ou 0 

S' ~ SHIFT SIGNAL FAN-OUTS '" · XR a LP FF'S g ;: 
'" .. :; LOGIC FUNCTION -Mise · > N z 

'" '" ~~.oS 
""z 2 0 ... STC I FAN -OUT a '" BANK 7 SENSE AMPS ~2 "'''' · AUGEND INPUT CONTROLS ~ 0 AUGEND INPUT CONTROLS '" ~ ADDEND INPUT CONTROLS '" ;; ADDEND INPUT CONTROLS + BITS 12-17 :1l '" "'> ,: · > ,,; > > "0 0 ... ~ ... ~ ra.,jr;: ..J"" 0 

~§ 0 AUGEND INPUT 0 AUGEND INPUT ... ~ ADDEND INPUT ... ;; ADDEND INPUT 
:ll 0'" · g '" 0 

TRANSFERS I Q,X) 
0 

TRANSFERS I P, MASK) BITS 6-11 ",0 
'" ,: TRANSFERS IA.+1l ,: TRANSFERS (Y, X) > i- > ,: > c;;; ...... 
'" ~ ~ 

N €) ...... ~ z'" ... 0 
0 0 · 0 · '" BANK 7 SENSE AMPS :;; 00 ::> ~~ F TRANSLATIONS ;; 

, 
SECTION' I, LOOK AHEAD ;; SECTION 0, LOOK AHEAD CD ~ ADDRESS CONTROL n g ~~ UU N " ~ > BITS 0-5 ... 

~ ~ 

tit :II 

:g~ ~ 0 0 0 f" BANK 6 SENSE AMPS 0 
~ ~ ::: U · ADDER, GROUP , g ~ ADDER, GROUP 5 0 · ADDER, GROUP 6 0 . ADDER, GROUP 7 

BITS 12-17 > > 

:ig 0 0 
" 

0 
~ iii ~ 

ADDER/SHIFTER OUTPUT, '" ;;; ADDER, GROUP 3 0 ;;; ADDER, GROUP 2 0 ADDER, GROUP I ID ADDER, GROUP 0 
> > ~ > ~ > ~ 

BITS 0 , 15 '" 

;!;~ 
~ ADDER/SHIFTER FAN-OUT, CD 

'" 
ADDER/SHIFTER FAN-OUT, 

~ ~~W1 ADDER/SHIFTER FAN-OUT, CD"; ADDER/SHIFTER FAN~lI1; g''' BANK 6 SENSE AMPS 
~ g 0"'- ;!; · BITS 5-8 · BITS 3,4,9,10 N. BITS 1,2,11,12 > N~ BITS 0,13-15 BITS 6-11 

",'" ~ '" ~ '" ~ ~ ~ '" CYCLE CONTROL a 
'" "'g AUGEND, BITS 5-8 g AUGEND, BITS 3,4,9,10 0 ~ AUGEND, BITS 1,2,11,12 AUGEND, BITS 0,13-15 N = ~ ~ > ~ > C CYCLE '" 

~g · '" ~ '" '" ~ ADDEND, BITS 5-8 g ADDEND, BITS 3,4,9,10 g · ADDEND, BITS 1,2,1/,12 0 ~ ADDEND, BITS 0,13- 15 = A CYCLE ~ ~ ~ 
~ > ~ > 

... 
F TRANSLATIONS '" ~ ~ 0 

en ... - B CYCLE in~ lJ ... F TRANSLATIONS F TRANSLATIONS ... ~ F TRANSLATIONS '" on > N > N > -

~~ 
~ 

~ 
X REGISTER FAN-IN, '" ~. A REGISTER FAN-IN, CD ~ ~<o BANK 6 SENSE AMPS ~ F TRANSLATIONS 0 > F TRANSLATIONS ~ ~ ~ 81TS 0-7 ;; N BIT 0-5 N > BITS 0-5 

'" Y REGISTER FAN-IN, 

~ 
X REGISTER FAN-lN, ID ~. ROP I FAN-OUT a 

0 Q REGISTER, - iii '" "'''' 0 ;; ~ 
A REGISTER FAN-IN, =: ~ CLOCK FAN-OUT v v> .. BITS 0-5 .. 81TS 8-1S BITS 6-9 > BITS 0-7 > 

"0 Y REGISTER, ... F REGISTER, '" A REGISTER FAN-IN, 0 Q REGISTER, ~ ~ 
CLOCK ADJUST; .. 

" ~ :;: ;; ~ ~ NORMAL (V5Q), v> BITS 0-6,8 BITS 12 -15 BITS 10 -15 > ~ BITS 8-15 .; SLOW CV51) FAST (V52/ . 
v 

~g 
Y REGISTER, 0 X REGISTER, ... 

~ F REGISTER, g :: 0 REllSTER FAN-OUT, " ~ - 0 '" 10 Me OSCILLATOR ~ · BITS 7,9-15 > ~ SITS 0-7 > N 
BITS S-I/ :f BITS 0-5 I- .; 

",,,, Y REGISTER FAN-OUT, 

~ 0 
X REGISTER, 0 A REGISTER, ... ~ u RAW CLOCK FAN-OUT, 

v;; ;: 0 "'- ~ '" SITS 0-6 ~ BITS 8-15 > N BITS 0-7 > ~ BITS 6-1/ I- too a t50 v 

'" :!!: 
0 Y REGISTER FAN -OUT, ID X REGISTER FAN-OUT, iii. A REGISTER, 8 ~ Q REGISTER FAN-OUT, ~<a BANK "SE~~;S A~~~7 ~ 

'" 0 ~ '" v> " BITS 7-14 > ~ BITS 0-' N BITS 8-15 > ~ BITS 12-15 > v 
ci z 

vo ~ 
P REGISTER, ... 0 ... 

:Il A RErSTE~~~-g~;. ~ MASK 8 INTERRUPT REG. N<!J v '" Q 

'" .. g ;: g " >-"'> ~ 
BITS 0-7 > BITS 5,7 > BITS 0-3 BITS 6-11 v :::> Q. 

d 0 

~ 
P REGISTER, CI) 

~ '" ~ 1 ~f":; ",<!J BANK 5 SENSE AMPS '" 
z 

'" "'0 '" g ~ g H Z .. > ~ BITS 8-14 > ~ BITS 8 -II ,: BITS 6-9 BITS 4-7 BITS 0-5 v 
>- ... 
0 '" 

~~ 
CD 0 X REGISTER FAN-OUT, ... A REGISTER FAN-OUT, ~ra~ :g ~~ INHIBIT 

'" 
z w 

" 
Y REGISTER CONTROLS '" ~ 0 ~ v '" '" > BITS 12 -15 > ~ BITS 10-15 > • BITS 8-11 > ~ BANKS 2-7 BITS 15-17 H '" er 

'" RAW CLOCK FAN-OUT, 
~ 2l ra~ MASK 8 INTERRUPT REG. ~ ~;. '" 0 

u '" A REGISTER CONTROL g t; ;~ ;;: Y REGISTER CONTROLS I- ~ 
too a t25 N > • BITS 12-15 > ~ BITS 12-14 

;;: 

'" '" 
~~ 

ADR FAN - OUT a '" " ID en ~ ~:;t 
z 

~ ~ 0 z 0 ... .. ADDER -.x ~ F REGISTER CONTROL '" :: INTERRUPT CONTROL w ,,; ADDER -.... P > ,: N > > ~ BITS 9-11 v :z: z 
0 

;0 g; 
",CO 

~ '" g 
FF'S 

... ~ Q a MASK REGISTER ~~~ ill w w 
"'g · Y DECREMENTER ID ~ ADDRESS CONTROL I 0 REG a ADR ~ ::f -' .n er > > CONTROLS > = BITS 6-8 :::> ° er,,; 

8 " ~ 0", 

~~ 
t1> ~ &)~-

0 U w 
TIMING CHAIN (HOO-H03) ~ ~ TIMING CHAIN (H04-H07) ;;: 0 ROP n, STO II a RNI FF'S 

INTERRUPT PRIORITY r:l 
,. 

:z: :z:-' .: > ;; ;: BITS 8-15 > ~ BITS 3-5 .. to >-er 

~~ '" ;0 iO o ... '" INTERRUPT PRIORITY INHIBIT > 
:;; " FF'S :;; >-'" I- ~ X50 TIME FAN,,(}UTS ID ~ ROP [ a 5TO I :;: ;: '" ~ > BITS 0-7 > :: BANKS 2-7 BITS 0-2 -'''' 1;; z z-

CD ! CO ~® 
0 o,!: 

~ ;;: N ~ BANK ; SE~~~s A~~~7 '" 0 GENERAL FAN-OUTS .,; REGISTER CLEAR CONTRCLS '" ~ OVERFLOW FAULT FF '" 0 " " > ~ > > > w w ww 
U " 0> ... ",€I :3 :::> ::0 

'" N TIMING CHAIN a CD -' "'ot> 0 PROGRAM PROTECT FAULT '" ~ SKI P TRANSLATIONS g ill Q. U U" 
"'> · > .: DISPLAY CONTROL N BITS 6-11 w z Zw 

er H Her 

v'" Q 

~ · '" . N<a BANK 4 SENSE AMPS 8i&€!@ 
"'~ i1f STORAGE INTERFACE REPLY 8 REJECT '" ~ SKIP a I/O CONTROL 0 ;i; ~ > 'i > BITS 0-5 

<t m (.) c lLJ 
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AA101&1704 

PREVENTIVE MAINTENANCE INDEX 

Levell -------------------------------------------- Weekly 

Level 2 - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - Monthly 

Leve13 -------------------------------------------- 6 Months 

LEVEL ITEM PREVENTIVE MAINTENANCE 
3 2 1 

0.1 Preliminary Information 

X'~ 2. 1 Clean Air Filters 
X 2.2 Check Logic Voltages 
X 2.3 Check Indicators 
X 2.4 Check Console Controls 
X 2.5 Run Diagnostics (Margins Applied) 
X 2.6 Check Logic Voltages 

X 3.1 Perform Shock Testing (Memory Stacks 
and Sense Amps) 

X 3.2 Check Indicators 
X 3.3 Check Emergency Off - On 
X 3.4 Run Diagnostics (Logic Voltage 

Margins Applied) 
X 3.5 Perform Shock Testing 

*Level 1 if necessary. 
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O. 1 PRELIMINARY INFORMATION 

MARGIN TABLE 

CONDITIONS LOGIC VOLTAGE DRIVE INHIBIT CLOCK 

1 
2 
3 
4 
5 

RevAH 

+6 -6 FREQUENCY 
Normal Normal Normal Normal Normal 

+100/0 +100/0 Normal Normal Normal 
-100/0 -100/0 Normal Normal Normal 

Normal Normal Normal Normal +100/0 
Normal Normal Normal Normal -100/0 

NOTES 

1. Where level 2 or level 3 PM procedures overlap 

level 1 or level 2 procedures, only the highest 

level procedures need be performed. 

2. Shock testing (Item 2.1) should be performed 

using the standard AMP insertion tool with the 

special nylon shock testing tip (PiN 12209308). 
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2. 1 

CHECK! Conditions 

1. System power on. 

CLEAN AIR FILTERS 

Action 

1. Remove each of the bottom air filters 

from both of the air filter compart

ments (base of the 1704). 

2. If the filter is not extremely dirty. it 

may be cleaned with a vacuum cleaner. 

If required. the filter should be washed 

gently in a detergent - water solution. 

Place the filter vertically while washing 

to avoid damaging it. 

3. Replace corroded filters with new 

filters. 

4. Replace the new or clean filter on top 

of the filters still in each filter com

partment. 
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2.2 

CHECK/ Conditions 

1. System power on. 

2. Depress the +6 volt 

button on the memory 

power supply. 

CHECK: Does the percent

age meter read O%? 

CHECK LOGIC VOLTAGE 

Action 

+6 VOLT LOGIC SUPPLY 

Yes No----------~) 1. Adjust the +6 volts. 

1 
3. Depress the -6 volt 

button on the memory 

power supply. 

CHECK: Does the percent

age meter read O%? 

2. Repeat CHECK. 

-6 VOLT LOGIC SUPPLY 

Yes 

1 
No ---------~) 1. Adjust the -6 volts. 

2. Repeat CHECK. 

Go to next item. 
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2.3 CHECK INDICATORS 

NOTE 

The 1700 Computer Reference Manual explains in 

detail the operation and indication. of all console 

switches and bit switches. This manual should be 

readily available for reference while completing 

these CHECKS. In the event that a given switch, 

indicator or display does not perform properly, 

isolate and correct the problem. 

CHECK/ Conditions 

1. System power on. 

2. While manually opera

t'ing all bit switches and 

display switches. com

plete the following: 

CHECK: Do all the bit 

switches set and clear all 

six (6) register displays 

correctly without sticking or 

binding? 

Action 

Yes No----------~) 1. Take appropriate action. 

1 
CHECK: Are all the Drive 

and Inhibit lights on the 

memory stacks lit? 

2. Correct discrepancy. 

3. Repeat CHECK. 

Yes No----------~)1. Correct discrepancy. 

1 2. Repeat CHECK. 

Go to next item. 
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2.4 CHECK CONSOLE CONTROLS 

CHECK/ Conditions 

1. 

2. 

System power on. 

While performing the 

operations listed in Item 

2.5 (Run Diagnostics; 

Condition 1 only). 

CHECK: Do the console toggle 

switches operate correctly? 

(Reference: 1700 Computer 

Reference Manual) (Reference: 

SMM Manual). 

Action 

Yes No ---------~) 1. Isolate and correct problem. 

1 2. Repeat CHECK. 

Go to next item. 
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2.5 RUN DIAGNOSTICS (MARGINS APPLIED) 

NOTE 

Use an accurate D. C. Voltmeter when setting 

margins. On a rotational basis, run all operational 

tests under all conditions as set forth below, such 

that all conditions are covered at least once a month. 

DO NOT PERFORM MARGIN TEST WHILE COMPUTER 

IS ACTIVELY MONITORING ANY PROCESS CONTROL 

FUNCTION. 

1. SMM17 

2. SMM17 

TABLE 1 

Command Test 

Memory Test 

3. Random Protect Test 

(3 Passes) 

(3 Passes) 

(1 Pass) 

CHECK/ Conditions Action 

1. System power on. 

2. With logic voltages at 

condition 1 (see margin 

table; item O. 1, Preliminary 

information). 

3. Set margins at condition 2 

(see margin table). 

1. Run all tests in Table 1 and -

2. Correct any errors. 

1. Run all tests in Table 1 (excluding the 

memory test) and -

4. Set margins at condition 3 

(see margin table). 

2. Correct any errors. 

1. Run all tests in Table 1 (excluding the 

memory test) and -

2.· Correct any errors. 
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2.5 (Continued) 

CHECK/ Conditions 

5. Determine the best operating 

point for each memory stack. 

as per the procedure in 

revision E of the 1700 

Maintenance Manual. 

NOTE 

Step 5 may be omitted if previously 

performed. and if the margins in 

Step 6 have not deteriorated from 

those found previously. 

CHECK: Does each stack have at 

least 1. 0 volt drive swing at the 

best operating point? 

Action 

Yes 

1 
No ------------7) 1. Correct by replacing defective module 

or stack. 

6. After the stacks have been 

adjusted to their best opera

ting point. determine the 

mass memory margins by 

varying the mass memory 

pots while running the worst 

pattern of the 1700 SMM 

memory test. Record these 

margins (from the meter on 

the power supply) for future 

reference. 
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2.6 

CHECK/ Conditions 

1. System power on. 

2. Ensure that the +16 volt 

memory bus bar - is at 

least +16 volts. 

3. Ensure that the +8 volt 

memory bus bar - is at 

least +8 volts. 

CHECK LOGIC VOLTAGES 

4. Use your most accurate D. C. 

Voltmeter.to check the +6 

volt logic voltage setting. 

Ensure that the percentage 

meter says 0% when the 

actual measured voltage is 

+6.0 volts. 

CHECK: Is the percentage meter 

zeroed with a +6 volt setting? 

Action 

Yes No ----------~) 1. To zero the percentage meter, remove 

the memory power supply access panel. 

Adjust the correct potentiometer on the 

printed circuit board (upper left hand 

corner of the power supply). 

5. Use your most accurate D. C. 

V oltmeter to check the -6 volt 

logic voltage setting: Ensure 

that the percentage meter says 

0% when the actual measured 

voltage is -6.0 volts. 

2. Replace access panel. 

3. Repeat CHECK 
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2.6 (Continued) 

CHECK/ Conditions 

CHECK: Is the percentage meter 

zeroed with a -6 volt setting? 

Action 

Yes No -----------4) 1. To zero the percentage meter: Remove 

the memory power supply access panel. 

Adjust the correct potentiometer on the 

printed circuit board (upper left hand 

corner of the power supply). 

2. Replace access panel. 

3. Repeat CHECK. 

Go to next item. 
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3. 1 PERFORM SHOCK TESTING 

NOTE 

DO NOT PERFORM SHOCK TEST WHILE COMPUTER 

IS ACTIVELY MONITORING ANY PROCESS CONTROL 

FUNCTION. 

CHECK/ Conditions 

1. System power on. 

2. Load and execute the SMM17 

Memory Test. Select para

meters to test one stack at a 

time. 

3. While monitoring test, shock 

test the selected memory sense 

amp module and memory stack 

(use shock test tip). 

CHECK: Is test still running? 

Action 

Yes 

1 
No -----------7) 1. Repair or replace shock sensitive 

module or stack. 

4. Go back to Step 2 and select 

the next stack. 

2. Repeat CHECK. 
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3.2 CHECK INDICATORS 

CHECK/Conditions Action 

1. System power on. 

OVERFLOW, PROGRAM PROTECT, PARITY ERROR 

2. All console switches to neutral. 

Set the ENTER switch. Enter 

0901(16) in the X register. 

3. Place computer in run. 

Do not step or clear the 

computer until Step 6 has 

been completed. 

4. Return ENTER switch to 

neutral. 

CHECK: Did the overflow light 

come on? 

Yes 

1 
No -----------4) 1. Isolate and correct problem. 

5. Set the ENTER switch again. 

Set the PROGRAM PROTECT 

switch. 

CHECK: Is the Program Protect 

Fault Light Lit? 

2. Repeat CHECK. 

Yes 

1 
No ---------~) 1. Isolate and correct problem. 

6. Return ENTER switch to 

neutral. 

Return the PROGRAM 

PROTECT switch to neutral. 

RevAH 

2. Repeat CHECK. 
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3. 2 (Continued) 

CHECK/Conditions 

Ground B21, test point 6. 

CHECK: Is the Parity Error 

Light Lit? 

Action 

Yes 

1 
No -----------») 1. Isolate and correct problem. 

2. Repeat CHECK. 

INSTRUCTION, INDIRECT ADDRESS, STORAGE INDEX, OPERAND 

1. Enter C501 (16) in 

memory at P = 0000. 

Enter 0000 (16) in 

memory at P = 0001. 

Enter 0000 (16) in 

memory at P = OOFF. 

2. Master clear. 

3. All toggle switches in 

neutral. 

CHECK: Are the Instruction and 

Program Protect Bit lights lit? 

Yes No -----------») 1. Isolate and correct problem. 

1 
4. Depress the STEP switch 

once. 

CHECK: Does the INDIRECT 

Address light come on? 

2. Repeat CHECK. 

Yes No -----------») 1. Isolate and correct problem. 

1 2. Repeat CHECK. 

5. Depress the STEP switch 

once. 
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3.2 (Continued) 

CHECK/ Conditions 

CHECK: Does the Storage Index 

light come on? 

Action 

Yes No ----------~) 1. Isolate and correct problem. 

1 
6. Depress the STEP switch 

once. 

CHECK: Does the Operand light 

come on? 

2. Repeat CHECK. 

T 
No ----------~) 1. Isolate and correct problem. 

2. Repeat CHECK. 

Go to next item. 
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3.3 CHECK EMERGENCY OFF-ON 

CHECK/ Conditions 

1. System power on. 

2. No program in operation. 

Action 

1. Verify that the EMERGENCY OFF 

switch works correctly. 

169 Rev AH 



3.4 RUN DIAGNOSTICS (LOGIC VOLTAGE MARGINS APPLIED) 

NOTE 

Use an accurate D. C. Voltmeter when setting margins. 

On a rotational basis, run the Command Test under 

the conditions listed, such that all conditions are 

covered at least once each six months. 

DO NOT PERFORM MARGIN TESTS WHILE COMPUTER 

IS ACTIVELY MONITORING ANY PROCESS CONTROL 

FUNCTION. 

CHECK/ Conditions 

1. System power on. 

2. Load and execute the SMM17 

Command Test (three passes for 

each of the conditions listed). 

a. Condition 2 

(Ref. Margin Table: 

Item 0.1. preliminary 

information) 

b. Condition 3 

(Ref. Margin Table) 

c. Condition 4 

(Ref. Margin Table) 

d. Condition 5 

(Ref. Margin Table) 

CHECK: Does the Command Test 

successfully run three passes 

under each of the four marginal 

conditions? 

Action 

Yes No---------~) 1. Isolate and correct 

1 2. Repeat CHECK. 

Go to next item. 
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3.5 PERFORM SHOCK TESTING 

NOTE 

Schedule shot!k testing on a rotational basis so that 

each module is completed once each six months. 

CHECK/ Conditions 

1. System power on. 

2. D. C. Chassis Voltages 

a. +6 volts 

b. -6 volts 

3. Storage Drive Margins 

a. Normal 

4. Clock frequenc'y 

a. Normal 

5. Load and execute the 

SMM17 Command Test 

with parameters selected 

for 100 operands. 

6. While monitoring test -

Shock test each module 

(use shock test tip). 

CHECK: Does the Command 

Test run successfully? 

Action 

Yes No ----------7') 1. Isolate and correct. 

2. Repeat CHECK. 
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3. 5 Continued 

CHECK/Conditions 

7. Load and execute SMM 

17 program protect test. 

8. While monitoring test, 

shock test each module. 

CHECK: Does Program Protect 

Test run successfully? 

Action 

Yes 

1 
No----------~) 1. Isolate and correct. 

2. Repeat CHECK. 

END 
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APPENDIX A 

INSTRUCTION FLOW CHARTS 

This appendix contains flow charts that show the steps in execution 

of the following instructions. 

-Shift Instructions 

ARS - A Right Shift 

ALS - A Left Shift 

QRS - Q Right Shift 

QLS - Q Left Shift 

LRS - Long Right Shift (QA Shift. Right) 

LLS - Long Left Shift (QA Shift, Left) 

-Multiply 

M UI - Multiply Integer 

-Divide 

DVI - Divide Integer 
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1700 MEMORY PROBLEMS 

Over 10% of all 1700 memory stacks in t he field have become defective 
in the past 6 months. QA, Arden HUls, has found, in several ca'ses, 
that memory stacks returned to CEM as defective could be repaired by 
merely tightening a few screws. Before any stack is returned to CEM 
as defective. would you please check the eight (8) screws holding the 
Drive and Inhibit Regulator boards to the stack frame for tightness. 
All eight (8) screws should be tight and the lockwasher for each 
screw should be between the printed circuit board and the spacer 
(see illustration below) for proper grounding. 

I 
$c.uw~~ 

if 

Also, there are four (4) screws holding each Drive Deck and each 
Inhibit Deck to the stack frame. These screws should alao be 
checked for tightness. 
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1700 VANE SWITCHES 

Any 1700 sites having problems with the vane switches in the 
blower ass~mblies may short the switch contacts eliminating the 

. switch from the circuit. New 1704's are being built without the 
vane switch. 
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1700 HEMORY STACK INHIBIT INDICATOR 

Frequently when 1700 systems are powered on, one or more 

of the memory stack inhibit voltage indicators does not 

light. This condition is normal since the indicator is 

tied into the inhibit overload circuit. The transients 

that occur during a power on sequence may cause a momentary 

overload on the inhibit c~rcuit and prevent the inhibit 

power from coming on. The IIno inhibit voltage ll condition 

may be corrected by master clearing the computer from the 

console if all circuits are operating normally. 
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1700 MEMORIES 

When installing FCO CA 19317 (modified 1700 memory stacks), 
it is mandatory that the operating points of the stack be 
determined as per the procedure on page 1-12 of the 1700 
Maintenance Manual, Pub. No. 60160400. 

When returning a defective memory stack to Customer Engineer
ing Materials, attach a defective part& tag to the handle on 
the stack. Describe the defect in detail, and include such 
information as intermittent, solid, etc. If the problem is 
intermittent, how often does it fail? 
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MEMORY CHECKING AND ADJUSTMENT PROCEDURE 

ADJUSTMENT OF MEMORY OPERATING POINT 

To adjust the lower 4K. run the SMM17 (Test-2) memory test normally using only the worst 

pattern test section. To adjust the remainder of memory. the test parameters may be set 

up to run the worst pattern section orily in the storage module being adjusted. Insert stack 

in system and allow. 5 hour for stack to stabilize at system temperature. Set drive to 12.0 

volts and inhibit to 4.6 volts. The stack should run at this point if the ambient temperature 

is between 700 to gOoF. If the ambient temperature is not between 700 to gOOF, check 

Figure 2 and adjust the drive voltage accordingly for the starting point of the schmoo. 

Adjust the inhibit voltage up in steps of 0.4 volt while varying the drive voltage through its 

entire operating range at each step. Plot the upper and lower operating limits at each 

inhibit point. Continue until the maximum operating limit on the inhibit voltage is reached. 

Return the inhibit voltage to its original setting and follow the same procedure taking the 

inhibit voltage down in steps of 0.4 volt until the minimum operating limit on the inhibit 

voltage is reached. Pick a point in the center of the resulting schmoo as the operating 

point and adjust the drive and inhibit voltages accordingly (Figure 1). If at this point the 

drive voltage swing is less than 1. 0 volt, the stack should be tried in another location and 

the above procedure repeated. If the drive margin is still less than one 1.0 volt, the stack 

should be rejected. 

TEMPERATURE CHARACTERISTICS OF MEMORY SCHMOO 

Ambient temperature changes drastically affect the memory operating point of the stack 

(Figure 2). For a constant inhibit voltage. the stack drive voltage must change with 

temperature. The stack does contain an internal temperature compensating circuit but 

may not track the center of the curve shown in Figure 2. Therefore. if a site experiences 

severe temperature extremes or changes. the .optimum operating point may have to be 

determined at the high temperature extreme experienced. 
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EST ABUSHING AND CHECKING MEMORY MARGINS 

After proper operating points have been set for each storage module present in the system 

tighten both lock nuts. Check memory margins by using the mass drive and inhibit adjust

ments. These adjustments vary the regulated drive and inhibit voltages on all storage 

modules simultaneously whenever the MARGIN MODE switch is ON. 

The percentage voltmeter on the memory power supply is used to monitor the change in 

regulated drive and inhibit voltages when the mass· drive and mass inhibit adjust potentiom

eters are varied. Percentages at which failures occur vary with the number of storage 

modules in the computer and the ambient temperature. Therefore, the percentage voltmeter 

does not measure true percentages in regulated drive and inhibit voltages. The percentage 

at which memory margin tests are to be made must be established separately at each 

installation. (Example: at 70oF, reasonable memory margins occur when both drive and 

inhibit voltages vary :1:0.4 volt from their optimum values. The percentage readings at 

which this occurs would be recorded and used for future margin testing.) Margin testing 

should be done with only one voltage at a time varied from its normal setting. This proce

dure was followed prior to final test and shipment. Once percentage voltmeter figures for 

mass drive and inhibit changes have been established for the system, a preventive mainte

nance check of memory margins requires only that the MARGIN MODE switch and mass 

adjust potentiometers be used. The establishing of new percentage voltmeter readings is 

necessary if additional storage modules are added to the computer, the ambient temperature 

has changed significantly, or if it is suspect that memory is causing errors. 
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1700 MEMORY s..IACK OSCILLATION PRORIFM 

1700 memory stacks should be checked for ripple greater than 

300 millivolts on the inhibit test point. If the ripple IS 

more than 300 mi I livolts. remove the stack and check the inhi

bit regulator board mounting screws for tightness. If the 

screws are tight. loosen and re-tighten them. Replace the stack 

and check the ripple ~gain. If it is still greater than 300 

millivolts. the stack should be rejected. 
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MUFFIN FANS 

Some equipments fail due to overheating caused by muffin fan 
failure. To prevent this, check al I muffin fans about every two 
months. Stop the fan and manually rotate the blades. They 
should spin freely without a trace of binding or high friction. 
If they do not rotate smoothly and freely, replace the muffin 
fan. 
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1704 CONSOLE GROUNDING 

At many sites it is possible to hang-up or deep-end 
the 1704 by touching different switches or buttons 
on the console. This is caused by a static discharge 
through the switches which are not grounded. 

The problem may be eliminated by grounding the switches 
as illustrated below. 

Jumper all switches together 
using 14 gauge stranded wire. 
Then run a 1~~ braided strap 
to the brass::J'rounding 
buss in the rear of the 
cabinet. 

Remove screw holding 
SWitch segments together 
and add a ground lug; then 
re-assemble. 
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ADJUSTMENT PROCEDURE 

Applies To: All Equipment Using 1700 Memory Stacks 

1700 Memory Stack Part Number 18419300 has been replaced by 53618700 (gold connectors) 

and 53618701 (silver connectors). The new stacks are directly interchangeable with the old. 

with one exception. The new stack will not function in the 1704 if the mass margin switch 

is turned on. FCO CA31812 has been written to permit the use of the new stack in the 1704. 

This FCO disables the mass margin mode and should be installed when the first new type 

stack is installed. A new stack can be installed without this FCO; however. mass margins 

cannot be used since it forces the regulators to their low end. resulting in parity errors. 

The FCO consists of adding the following wires: 

1H63-17 

1H58-29 

1H63-X 2" 

1H58-X 2" 

New stacks may be identified by the protective guide rails on the bottom and the drive deck 

air deflectors. 

The following procedure is to be used when adjusting the new stacks. It should be noted 

that the stacks are factory adjusted and need not be readjusted immediately upon installation. 

However. a schmoo should be made after an initial 8-hour warm-up period and used for 

future reference to determine stack degradation. 

MEMORY CHECKING AND ADJUSTMENT PROCEDURE 

NOTE 

This stack has been tested and set at 1200F and the adjust 

~~~e~~~~t:t~~:~;~!e:go~e:~ef200~~iS Ts~~t~~~l~ ~~~d bf~r 
broken to check operating point but should be returned to 
original values to maintain a setting which is good over 
the entire temperature range. If a change in the setting 
is made. it should be made when the system is at the 
highest temperature that it will encounter. No adjustment 
shall be made if the power has not been on for at least the 
previous 8 hours. 
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If there is a mixture of this stack (PN 53618700 or 
53618701) and the older stack (PN 18419300 or 24362700) 
in the system. the mass memory adjust capability cannot 
be used. Margin testing will then have to be done on an 
individual stack basis. Also. if the system has entirely 
stacks 53618700 and/or 53618701. the mass adjust cannot 
be used if the mass adjust capability is the type used to 
adjust stacks 18419300 and 24362700. 

ADJUSTMENT OF MEMORY OPERATING POINT 

This procedure refers to 1700 SMM17 diagnostic. If the stack is being installed in other 

equipment. an equivalent test must be used. 

To adjust the lower 4K. run the SMM17. Test-2 or Test-12. memory test normally using 

only the worst pattern test section. To adjust the remainder of memory. the test param

eters may be set up to run the worst pattern section only in the storage module being 

adjusted. Set drive to 8. 0 volts and inhibit to 4. 6 volts. The stack should run at this 

point if the ambient temperature is between 700 to 900 F. If the ambient temperature is 

not between 70 0 to 90 0 F. check Figure 2 and adjust the drive voltage accordingly for the 

starting point of the schmoo. Adjust the inhibit voltage up in steps of O. 4 volt while varying 

the drive voltage through its entire operating range at each step. Plot the upper and lower 

operating limits at each inhibit point. Continue until the maximum operating limit on the 

inhibit voltage is reached. Return the inhibit voltage to its original setting and follow the 

same procedure taking the inhibit voltage down in steps of 0.4 volt until the minimum 

operating limit on the inhibit voltage is reached. Pick a point in the center of the resulting 

schmoo as the operating point and adjust the drive and inhibit voltages accordingly 

(Figure 1). A drive voltage operating range of less than 1. 0 volt is unacceptable. If the 

range is unacceptable. the cause should be isolated to the stack assembly by moving the 

stack to at least one other position in the system and repeating the above procedure. If 

the problem disappears then the problem is likely to be in the memory interface circuitry 

for that position. 
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EFFECT OF TEMPERATURE ON MEMORY OPERATING POINT 

Ambient temperature changes drastically affect the memory operating point of the stack. 'I' 
The stack contains an internal temperature compensation circuit which causes the drive 

and inhibit voltages to change as temperature changes. Consequently. any adjustments 

made to the stack must be made at a constant temperature. 

As temperature increases the drive and inhibit operating ranges become smaller. Thus. 

making the settings on the stack at the highest temperature that will be experienced by 

the system will provide the best setting for the temperature tracking circuitry. This is 

the reason that the factory settings are made at 120oF. 

>I'Drive voltage change approximately 0.03 volt per F O change in temperature. 

Inhibit voltage change approximately 0.01 volt per F O change in temperature. 

Voltages increase as temperature decreases. 
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30. 60 Hz 
1704A COMPUTER SYSTEM 
INSTALLATION CHECKOUT 

NOTE 

Before beginning checkout. read this entire procedure 
thoroughly. 

Before applying 60 Hz or 400 Hz power to the equipment. check the power input terminal 

block TB7 in the power distribution box A7 and TB1 on the MG assembly A8. with an 

ohmmeter to ensure there are no shorts present. Turn on All circuit breakers before 

taking this reading. The resistance reading will be low due to the low dc resistance of 

the variac primaries in assemblies A5 and A6. 

To ensure that the 1704A Computer System will function properly. perform the following 

checkout for the 3-phase. 60 Hz configuration. 

A. Pre-Power Checks 60 or 400 Hz not applied to the 1704A Computer System. 

1. Check all power wiring for proper installation and tight connections into the input 

terminal blocks in the power distribution box and the MG assembly. 

2. Turn off CB1 in the memory power supply A6 and CB1 in the MG assembly A8. 

3. Turn T1. T2 variacs in the memory power supply counterclockwise to STOP. 

B. Power Distribution Power-On Procedure 

1. Ensure that the 60 Hz and the 400 Hz power is available from the breaker panel on 

the wall. 

2. With a voltmeter. check to see if 120 volts is present at TB8. terminals 1 and 2. 

and 24 volts is present at terminals 3 and 4. 

3. With a voltmeter. check to see if 208 volts is present at TB7. terminals 2 and 3. 

3 and 4 and that 120 volts is present at terminals 1 and 2. 1 and 3. and 1 and 4. 

4. Energize CB1 in MG assembly A8. 

5. Press the on switch; at this time the blowers in assemblies A5 and A6 should 

start up. Also. power should be present at memory power supply terminal block 

TBl. Power is also present at TB10 and TB4; also the power on light should 

illuminate. 
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C. Memory Power Supply Power-On Procedure 

1. Check TB 1, to see if power is present. 

2. Turn CB1 on; at this time +8 VDC should be present at W3 and +16 VDC should be 

present at WI. 

D. Logic Power Supply Power-On Procedure 

1. Variac T1 and T2 are in assembly A6, the memory power supply. 

2. While monitoring W3, turn variac T2 up ~ntil -6 VDC is present at this bus bar. 

3. While monitoring W1, turn variac T1 up until +6 VDC is present at this bus bar. 

To ensure that the 1704A Computer System warning and protection circuitry will function 

properly, perform the following checkout. 

NOTE 

To avoid unnecessary power interrupts, it is recom
mended that verification be accomplished on scheduled 
power shutdowns with a maximum of 6 months between 
verifications. 

A. Temperature Warning Indication 

1. With a heat generating device (preferably a calibrated heat gun) heat up the 

temperature warning thermostat S2 1150 • This will give a temperature warning 

indication by making the temperature warning light illuminate. 

2. With the blowers running in assemblies A5 and A6, depress the vane switch. This 

will cause the temperature warning light to illuminate. Release the vane switch; 

the light goes out. 

B. High Temperature Indicating Test 

1. With a heat generating device (preferably a calibrated heat gun) heat up the high 

temperature thermostat Sl 1250 • This will cause power to cease, and make the 

high temperature light illuminate. When thermostat cools down power should return 

to the system when the off switch is pressed and then the on switch is pressed. 

C. Emergency Off Test 

1. With the 1704A Computer System running, press the emergency off switch. Power 

should cease to the computer system. 

2. To restart the system, press the on switch. 

RevAV 

WARNING 

This test should not be made more than three times 
in a 1 hour period. 
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30. 50 Hz 
1704A COMPUTER SYSTEM 

INST ALLATION CHECKOUT 

NOTE 

Before beginning checkout. read this entire proce
dure thoroughly. 

Before applying 50 Hz or 400 Hz power to the equipment. check the power input terminal 

block TB7 in the power distribution box A7 and TB1·on the MG assembly AB. with an 

ohmmeter to ensure there are no shorts present.· Turn on A 11 circuit breakers before 

taking this reading. The resistance reading will be low due to the low dc resistance of the 

variac primaries in assemblies A5 and A6. 

To ensure that the 1704A Computer System will function properly perform the following 

checkout for the 3-phase. 50 Hz configuration. 

A. Pre-power Checks 50 or 400 Hz not applied to the 1704A Computer System. 

1. Check all power wiring for proper installation and tight connections into the input 

terminal blocks in the power distribution box and the MG assembly. 

2. Turn off CB1 in the memory power supply A6 and CB1 in the MG assembly AB. 

3. Turn T1. T2 variacs in the memory power supply counterclockwise to STOP. 

B. Power Distribution Power-On Procedure 

1. Ensure that the 50 Hz and the 400 Hz power is available .from the breaker panel 
on the wall. 

2. With a voltmeter. check to see if 230 volts is present at TB8. terminals 1 and 2. 

and 24 volts is present at terminals 3 and 4. 

3. \Yith a voltmeter. check to see if 398 V{)lts is present at TB7 terminals 2 and 3. 

3 and 4 and that 230 volts is present at terminals 1 and 2. 1 and 3. and 1 and 4. 

4. Energize CB1 in :.\IG assembly AB. 

5. Press the on switch; at this time the blowers in assemblies A5 and A6 should start 

. up. Also. power should be present at the memory power supply terminal block 

TBl. Power is also present at TB10 and TB4; also. the power-on light should 

illuminate. 
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C. Memory Power Supply Power-On Procedure 

1. Check TB1 to see if power is present. 

2. Turn CB1 on; at this time +8 VDC should be present at W3 and +16 VDC should be 

present at W1. 

D. Logic Power Supply Power-On Procedure 

1. Variac T1 and T2 are in assembly A6, the memory power supply. 

2. While monitoring W3, turn variac T2 up until -6 VDC is present at this bus bar. 

3. While monitoring W1, turn variac T1 up until +6 VDC is present at this bus bar. 

To ensure that the 1704A Computer System warning and protection circuitry will function 

properly, perform the following checkout. 

NOTE 

To avoid unnecessary power interrupts, it is 
recommended that verification be accomplished 
on scheduled power shutdowns with a maximum of 
6 months between verifications. 

A. Temperature Warning Indication 

1. With a heat generating device (preferably a calibrated heat gun) heat up the 

temperature warning thermostat S2 1150 • This will give a temperature warning 

indication by making the temperature warning light illuminate. 

2. With the blowers running in assemblies A5 and A6, depress the vane switch. This 

will cause the temperature warning light to illuminate. Release the vane switch, 

light goes out. 

B. High Temperature Indicating Test 

1. With a heat generating device (preferably a calibrated heat gun) heat up the high 

temperature thermostat Sl 1250 • This will cause power to cease and make the 

high temperature light to illuminate. When thermostat cools down, power should 

return to the system when the off switch is pressed and then the on switch is 

pressed. 
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C. Emergency Off Test 

1. With the 1704A Computer System running. press the emergency off switch. Power 

should cease to the complete system. 

2. To restart system. press the on switch. 

WARNING 

This test should not be made more than three times 
in a 1 hour period. 
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30. 60 Hz 
1704B COMPUTER SYSTEM 
INST ALLATION CHECKOUT 

NOTE 

Before beginning checkout. read this entire proce
dure thoroughly. 

Before applying 60 Hz or 400 Hz power to the equipment. check the power input terminal 

block TB7 in the power distribution box A7 and TB1· on the MG assembly A8. with an 

ohmmeter to ~nsure, there are no shorts present. Turn on all circuit breakers before 

taking this reading. The resistance reading will be low due to the low dc resistance of 

the variac primaries in assemblies A5 and A6. 

To ensure that the 1704B Computer System will function properly. perform the following 

checkout for the 3-phase. 60 Hz configuration. 

A. Pre-Power Checks 60 or 400 Hz not applied to the 1704B Computer System. 

1. Check all power wiring for proper installation and tight connections into the input 

terminal blocks in the power distribution box and the MG assembly. 

2. Turn off CB1 in the memory power supply and A6 and CB1 in the MG assembly A8. 

3. Turn T1. T2 variac in the memory power supply counterclockwise to STOP. 

B. Power Distribution Power-On Procedure 

1. Ensure that the 60 Hz and the 400 Hz power is available from the breaker panel on 

the wall. 

2. With a voltmeter. check to see if 120 volts is present at TB8 terminals 1 and 2. 

and 24 volts is present at terminals 3 and 4. 

3. With a voltmeter. check to see if 208 volts is present at TB7. terminals 2 and 3. 

3 and 4 and that 120 volts is present at terminals 1 and 2. 1 and 3. and 1 and 4. 

4. Energize CB1 in MG assembly A8. 

5. Press the on switch; at this time the blowers in assemblies A5 and A6 should start 

up. Also. power should be present at the memory power supply terminal block 

TB1. Power is also present at TB10 and TB4. also. the power-on light should 

illuminate. 
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C. Memory Power Supply Power-On Procedure 

1. Check TBI to see if power is present. 

2. Turn CBl oni at this time +8 VDC should be present at W3. and +16 VDC should be 

present at WI. 

D. Logic Power Supply Power-On Procedure 

1. Variac Tl and T2 are in assembly A6. the memory power supply. 

2. While monitoring W3. turn variac T2 up until -6 VDC is present at this bus bar. 

3. While monitoring WI. turn variac Tl up until+6 VDC is present at this bus bar. 

To ensure that the l704B computer system warning and protection circuitry will function 

properly. perform the following checkout. 

NOTE 

To avoid unnecessary power interrupts. it is recom
mended that verification be accomplished on scheduled 
power shutdowns with a maximum of 6 months between 
verifications. 

A. Temperature Warning Indication 

1. With a heat generating device (preferably a calibrated heat gun) heat up the 

temperature warning thermostat S2 1150 • This will give a temperature warning 

indication by making the temperature warning light illuminate. 

B. High Temperature Indicating Test 

1. With the blowers running in assembliesA5 and A6. depress the vane switch. This 

will cause all power to cease. and make the high temperature light illuminate. 

Release the vane switch. power should return when the off switch is pressed and 

then the on switch is pressed. 

2. With a heat generating device (preferably a calibrated heat gun) heat up the high 

temperature thermostat S1 1250 • This will also cause power to cease and make 

the high temperature light to illuminate. When the thermostat cools down. power 

should return to the system when the off switch is pressed and the on switch is 

pressed. 
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C. Emergency Off Test 

1. With the 1704B Computer System running. press the emergency off switch. Power 

should cease to the complete system. 

2. To restart the system. press the on switch. 

RevAV 

WARNING 

This test should not be made more than three times 
in a 1 hour period. 
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30. 50 Hz 
I704B COMPUTER SYSTEM 
INSTALLATION CHECKOUT 

NOTE 

Before beginning checkout. read this entire proce
dure thoroughly. 

Before applying 50 Hz or 400 Hz power to the equipment. check the power input terminal 

block TB7 in the power distribution box A7 and TBI .and the MG assembly A8. with an 

ohmmeter to ensure there are no shorts present. Turn on all circuit breakers before taking 

this reading. The resistance reading will be low due to the low dc resistance of the variac 

primaries in assemblies A5 and A6. 

To ensure that the 1704B computer system will function properly. perform the following 

checkout for the 3-phase, 50 Hz configuration: 

A. Pre-Power Checks 50 or 400 Hz not applied to the 1704B Computer System. 

1. Check all power wiring for proper installation and tight connections into the input 

terminal blocks in the power distribution box and the MG assembly. 

2. Turn off CBI in the memory power supply A6 and CBl in the MG assembly A8. 

3. Turn Tl. T2 variac in the memory power supply counterclockwise to STOP. 

B. Power Distribution Power-On Procedure 

1. Ensure that the 50 Hz and the 400 Hz power is available from the breaker panel 

on the wall. 

2. With a voltmeter. check to see if 230 volts is present at TB8 terminals 1 and 2. 

and 24 volts is present at terminals 3 and 4. 

3. With a voltmeter. check to see if 398 volts is present at TB7. terminals 2 and 3. 

3 and 4 and that 230 volts is present at terminals 1 and 2. 1 and 3. 1 and 4. 

4. Energize CBI in the MG assembly A8. 

5. Press the on switch; at this time the blowers in assemblies A5 and A6 should start 

up. Also. power should be present at the memory power supply terminal block 

TB 1. Power is also present at TB 1 0 and TB4. also. the power on light should 

illuminate. 
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C. Memory Power Supply Power-On Procedure 

1. Check TB 1 to see if power is present. 

2. Turn CB1 on; at this time +8 VDC should be present at W3, and +16 VDC should 

be present at W1. 

D. Logic Power Supply Power-On Procedure 

1. Variac T1 and T2 are in Assembly A6, the memory power supply. 

2. While monitoring W3, turn variac T2 up until -6 VDC is present at this bus bar. 

3. While monitoring W1, turn variac T1 up until +6 VDC is present at this bus bar. 

To ensure that the 1704B Computer System warning ~nd protection circuitry will function 

properly, perform the following checkout. 

NOTE 

To avoid unnecessary power interrupts, it is 
recommended that verification be accomplished on 
scheduled power shutdowns with a maximum of 6 
months between verifications. 

A. Temperature Warning Indication 

1. With a heat generating device (preferably a calibrated heat gun) heat up the 

temperature warning thermostat S2 1150 • This will give a temperature warning 

indication by making the temperature warning light illuminate. 

B. High Temperature Indicating Test 

1. With the blowers running in assemblies A5 and A6, depress the vane switch. This 

will cause all power to cease and make the high temperature light illuminate. 

Release the vane switch, power should return when the off switch is pressed and 

then the on switch is pressed. 

2. With a heat generating device (preferably a calibrated heat gun) heat up the high 

temperature thermostat Sl 1250 • This will also cause power to cease ·and make 

the high temperature light to illuminate. When the thermostat cools down, power 

should return to the system when the off switch is pressed and then the on switch 

is pressed. 
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C. Emergency Off Test 

1. With the 1704B Computer System running, press the emergency off switch. Power 

should cease to the complete system. 

2. To restart system, press the on switch. 

WARNING 

This test should not be made more than three 
times in a 1 hour period. 
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