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FOREWORD

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 Publication

Number 60164200,

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 on the diagrams and a brief description of their

meaning and use.

*Registered trademark of Control Data Corporation
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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, '0's'" take pre-
cedence over ''1'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 1). 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 as an
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 out?uts
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 D because B is not
the only input to C or D).

-0 * DENOTES SPECIAL

TEXT REFERENCE

Figure 1. Inverter Symbols

S B

Figure 2. Multiple Inputs/Outputs

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.

e

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 output (B) is a ""1" and clear when it is a ""0". Note
that the input (A) must be ''0" to set the flip-flop, and (C) must be "0" to
clear it,

A
A—=e |

c—>_|
Figure 5. Flip-Flop Symbol

WIRE TAB DESIGNATIONS

Wire tab designations written next to a PAGE LOCATION PIN

pin indicate where in the drawings the

pin is connected. 3,5,7 - C37 - 6

indicates a connection with pin 6 of 3,57 €37 6

module C37, found on pages 3, 5, and (X IN PLACE OF PIN NUMBERS
7. See Figure 5,1, DENOTES GROUND)

Figure 5,1, Wire Tab Designations
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TWISTED PAIR DRIVERS RECEIVER TRANSMITTER

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.

A2l C24 ——MODULE LOCATION EACH STAGE OF THE ZS MODULES CONTAIN
Ivm —-MODULE TYPE FOUR EXTERNAL PINS WITH |INTERNAL CONNECTIONS

——PIN NUMBERS
OF

Figure 8. Z5 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,

Figure 6. Twisted-Pair Line Driver

RECEIVER/TRANSMITTER CIRCUITS

The Receiver and Transmitter circuits detect and transmit signals from and to I/O _)@ _>E @ ®
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. Figure 9. Special Circuits

Figures 7 and 8 shows that Receiver and Transmitter circuits are represented by the
B " " " 1t ] : iy 2
square symbol with an "R" or °T respectively. The two inputs to the receiver CAPACITIVE DELAY CIRCUITS
are each connected to two pins on the module.
Capacitive Delay circuits delay input ""1" signals a prescribed time before issuing

In Figure 7, a "1" input to R is inverted, causing a ""1" output from pin 6 and a "'0" an output ""1'" signal, The 1700 uses both fixed and variable delay circuits. Figure 10
output from pin 13, Thus, with a "1" input, the Receiver circuit produces both True shows examples of both types. The delay time of the circuit and capacitor value are
and Not outputs. ‘ listed beside the capacitor symbol. The variable potentiometer enables adjustment of

the delay time of the circuit within certain limits.
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 +6V

pins 7 and 9 causes a ""1" output from T and thus to the I/O line.
| DELAY TIME DELAY TIME

RECEIVER

JTRANSMITTER

TRUE OUTPUT

FESPUT T0 1/0 ’_L‘cnp. VALUE ICAF’. VALUE
OM I/0 FROM INTERFACE )
INTERFACE STANDARD —
CIRCUIT FIXED DELAY VARIABLE DELAY

NOT OQUTPUT

Figure 7. Receiver/Transmitter Circuit Examples 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-Kegister 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 interrupt 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
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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 beging 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 addressing control circuit receives inputs from cycle control, sequence control,
and the address control bits in the instruction.

vi
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MASTER CLOCK - NORMAL SPEED

Timing in the 1700 is controlled by a 4-phase master cloek. Four 25-nsec

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

The master clock oscillator consists of a TD module and a V50 module. To form
the 25-nsec pulses, a pulse from the TD is ANDed with a similar pulse which has

—3f25[e—75 —3|
Lo

too "I*__“o” l—l

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,

ta2s

Mo
~

tso -—-l

t75 _I_.l

[
L

4 - PHASE CLOCK
(FROM FAN-OUT)
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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
(H00-HO07). Each FF is gated by a clock pulse. As a ''1" passes down the chain,
each FF is set for 75 nsec. The FF's alternately set at t00 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 V000-V350 25-nsec pulses. The V pulses occur at
t00 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 included 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 HO2 sets at time 100, but an SC1 signal blocks the setting of HO3 at
time 150. Instead, the HO2 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
HO5 at time 250, FFs HO03 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

the timing chain starts 75 nsec later at time 00.

RESTART 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) Stop 2 FF clear and Storage Resume signal present

2)  HO7 (MC) [B ¢ycle + (IM.OP.) (ROP)]
or
3) HO05 and SC 2

4) 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 HO06 and
HO07 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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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 addressable, 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 V71 and has five main setting gates.
If any one of the gates is satisfied, the RNI mode is enabled.

1) Master Clear - before starting a program.
2) (B150) (STO) - after storing an operand

3) (B150) (ROP 2) [RAO (ROP)]- after reading an operand (except Replace

Add One instruction)

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

5) (B150) [(REG) (SPB + CPB + EXI + 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
During REG mode in which the address is already determined. During the ADR
mode, storage is always requested.

SEQUENCE CONTROLS

The ADR Control FF is located on module V70 and has one main setting gate
which enables the ADR mode.

(RNI) (A050) (F # 0) [(Protect Fault) (Sweep + Enter)] - after reading
next instruction, if F # 0, 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 the ROP 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) + l:(RNI)(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 Sweep or 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.

The 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 1)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) (B150) (ADR) [(End ADR + STQ + RTJ + STA + SPA) (End ADR)
(JMP + 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.

2) (B150) (INT) [REG (SPB + CPB + EXI)] - an interrupt during REG
mode enables STO.
The ROP 1FF 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) (B150) (ADR + REG) [(End ADR) (STQ + RTJ + STA + SPA) + INT]. -

interrupt enables STO lfrom ADR or REG mode, other instructions
come from ADR mode only.

2) (B150) (ROP 2- (RAO) - Replace Add One instruction came from ROP

mode. It reads from and then writes into storage.

The STO 1FF 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. The 1700 Computer has

three unique cycles.

1) A cycle (storage resume)
2) B cycle (storage request)
3) C cycle (iterative)

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 cycle 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-YO- B

A and B cycles are always 400 nsec long. C cycles are either 200, 300 (short
cycle) or 400 nsec long. Shift € cycles are 200 nsec leng and multiply C cycles
are 300 nsec long until the last C cycle (Y00-04 = 0), which is 400 nsec long:

All C cycles for divide are 400 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 B100 enables a unique condition such as ADR (B100), ROP (B100), or

RNI (B100).

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 providing

the corresponding Early Cycle FF is set.

At time A350 the
Early B or Early C Cycle FF sets, depending upon the condition (ROP) (MUI +
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 Master Clear pulse starts the computer in the A cycle.

A cycles either upon a storage resume or (ROP) (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 doés not ﬁeed a reinitiation
During the shift cycle the Early C Cycle FF does
Short Cyele 2 (SC 2 blocks

The

pulse for Shift instructions.
not clear because the H06 pulse is not available.
the setting of H06 and HO7 during a shift cycle (see Timing Chain, page 7).
(HO5) (SC 2 pulse (page 7 module V55) restarts the timing chain after each
On the last iteration of shift,
the SC 2. pulse enables H06, and the Early C Cycle FF clears.

shift, and the computer remains in the C cycle.

10
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ADDRESSING CONTROLS

The outputs of the four modules belaw are addressingsconditions 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

used in command timing, These addressing translations enable commands
time A300.

used in assembling the effective address. Module V63 contains three
addressing control FFs.
IMMEDIATE OPERAND (IM. OP.)
READ INDEX
The IM. OP. FF sets at time A300 when the indicated condition is

The setting of the Read Index FF indicates that the present storage present. The IM. OP. signal means that the effective address is the operand

reference is for the Index'register (address 00FF). The Read Index FF
sets at time A300 when the following condition is present:

for ReadOperand instructions. 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.
ind (i) (RNI +.A'# 0) (INT)
A =0
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 A = 0 FF sets at time A050 of the RNI mode when A = 0. 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

the effective address.
A050 time of RNI.
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MANUAL CONTROLS (REGISTER SELECTION AND CLEAR CONTROLS)

A six-position Register Selector switch and associated logic selects CONDITION CLEARS
one of the X, A, Q, P, y, and Maskregisters for manual display and entry. .
The condition (Register Selector switch set) (Display) (T25) sets a SPA (STOXA cycle)(V250) . entire A register
FF in the V30 module that corresponds to the Register Selector switch ROP (A cycle) (V250)(MUI) entire Q register
position. (Since only one position of the Register Selector switch can be {Protect Fault(RNI)(A cycle)(Sweep+
ENTER)(V050) upper 8 bits of X register

engaged at one time, two or more registers are not available simultaneously, ) Int t STATE v 8
nterru — i i
The output from the set FF goes to the V41 module enabling an in- P upper 8 bits of Y register

verter if the condition (Display) (Clear) exists. Then the selected register
If the Master Clear switch is set, all six registers clear simul-

is cleared. The following:tablé shows the other conditions which cause a
taneously.

register to clear,
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NOTES .

. GAPACITOR VALUES ON V30 MODULE MAY BE 0.
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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 mementary. 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

ENTER position, each step operation of the Run/Stop 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
position, each step operation of the Run/Stop 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.

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.
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c64-x O

B64
BITS
7 63-a56-27 O
® 61 -A55-21 0
5 61 -A55-27 O
4 61-B55-21 Q
3 61 -855-27 Q)
2 s9-c55-21 O

15 ]| DISPLAY
Q 17-464-16

PROGRAM
PROTECT
FAULT

STORAGE
PARITY

OVERFLOW

PROGRAM
PROTECT

INSTRUCTION

OPERAND

INDIRECT
ADDRESS

STORAGE
INDEX

TITLE
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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) 20 usec Master Clear, This clears the P register and all

other operational registers.
2) 100 usec program run starting from P = 0000,

3) Return to step 1 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 Gol FF on module V49, The Gol FF sets the Go2 FF 75 nsec
later. The Go2 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.

ENABLE CLEAR STOP I CLEAR $TOP I
TEST MODE ( AND MC / AND MC
swiTCH
20 USEC 20 psEc
[ c [mm]
TEST MODE CLEAR 00 Use ¢ 100 USEC l
|~ seT 6o SET GO I
¥ Ir
1 L
TEST MODE GO ( Il ) n_

RESYNC

N
\_ ﬂﬁl\":jl
100 NSEC GO PULSE

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

MASTER CLEAR (MC)

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 W00 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-energizes relay K4 ard protects memory. Another
output of module W00 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 MARGIN MODE switch on (this switch is located on the
memory power supply).

18
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SLS(REG)(B CYCLE)
51-C59-10
e e it -
e e e e e e e e e e e e e e e e e e - - | (FIXED)
trs L sTop [
11 1 ~ 21-835-7
11 _ S ! L .~ 7-835-7
P T mm - -
1 _- - | —-——— - _ (MOMENTARY)
| T -l -
(B} | ) -~ =g
11 1 |
Lo g, e .
| Joo0zuF | ’ E64 ~ PR
= 7 ~ -
| 100 uSEC DELAY ! ’ V66 S~
14 Vi N
| —d +ev P ~
// 68082 RUN -7 N
| 0.1 uF -
» l m /, 17 \\( h 21-835-24
SEE LOWER RIGHT AND R75 - 7-835-24
> - 0.0047
-7 HF
__________________ - RUN ~ 7 +;v 5"
I (3
JNEUTRAL 6800 STEP
1 Qe
Lo - - 1o e m - —— - - < ]
HI5-28 STEP I Io.ogn
MARGIN | Ik
FROTECT L [
r-- - ! ]
I |
+6V | 175
Nl Fe - 16
R I 3-831 -21 Q= (A)>(B)
TEST MODE S % S R ts0 200
23-c40-8 | MEMORY 1 3-c6l-21
13-839-5 PROTECTION |
9 -¢37-5 | ReLay | S--e
il | Tt = -l NEUTRAL
9-¢39-23 LSEE P33 - - _ J 6808l
9-C38-18 kuAsz CLEAR
M
7-p3s-13 | MO
75-D34-9 B36
19-E64-15 69-A35-18 s
69-D40-10 28 LCLEAR 3
™ < 73-D62~20 37-A43-13
o 39,101-234-8 CLEAR P 27
= -~ 15-C36-20
to I°-°g47 73-A61- 8 NU
MASTER CLEAR = K 21,15-C36-1 105-DI3- INTERNAL REJECT |22 26
a1-B61-7 BI8 75- B34-21 49-859-15
11- £53-22 J ves BLOCK + 1 BLK+1
TESST +6V [ ——
______ b, 0] ;E':iic CLEAR BLOCK +1
MC -o 9-8I2-2 s 11 e oeLaveo 23-c40-12
t7s 5 o (©D—{7] O .mo ----- < 105-A28-3
3-831-22
t‘.“. | 0 7s-013-10 T 0.0082 uF 59-857-2
= 63-A56-16
SEE P 7,69 2 s st - 59— B57-24
81-c27-28( p8l-car-18 SEE B 13
T 1000 PF
19 | pSEC 17
8l-c28-28 81-c28-18
T 1000 PF
| . DENOTES PAGE NUMBER FROM LOW SPEED COMPUTER DIAGRAMS. SEE ABOVE AND P. 75
2.CAPACITOR VALUES ON V49,V66 AND VB5 MODULES MAY BE O.1 uF ON
SOME MACHINES. SEE CHANGE ORDER NO. 14392.
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m CONTROL DATA 1704

CORPORATION

MANUAL CONTROLS

COMPUTER DIVISION

(TEST MODE AND RUN/STEP)

8IZC [ORAWING WO.

0
luqu X3 19







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

TYPICAL REGISTER DISPLAY

For a starting reference, assume the following conditions:

1) Power on
2) A register selector button pressed
3) Timing chain stopped

4) 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
COMPUTER STOPPED- |, , PR PO | _I

]
ENABLE RUN SWITCH | |
1
1

0
TR S T
|
|
I
!

SET | !
$TOP I  CLEAR I
]

STOP II | | |

| CLEARS AND

ENABLES RESTART
|
-

-~
| RESETS WHEN SWITCH

NEUTRAL

—h : \
RUN I

—{H RETURNS TO NEUTRAL

___;J'——I !
60 I !

| | e START TIMING CHAIN

Go I

[ ! 1

i | | BLOCKS DISPLAY AND SWITCHES

DISPLAY
| | ,

! | !

|
I

REG SEL
| I 1

I
A —» ADDER | | !

L

BLOCKS MANUAL SETTING

ADDER-——>»A

| OF A REGISTER

The timing chain is disabled 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— | ® P ° > N
) NG~
EanaE e | 1 1 |T 11 1 | R B i S T T i [ S
] !
SET F {f
CLEAR l el IR | |
STOP I TIME |
025 p !
s
sToP IT ———H—I : :
)
REMAIMS SETS
NEUTRAL {F {f

! !
REMAINS CLEAR

RUN ——

bl

| 1
| REMAINS CLEAR

e rr
Go I —I 3} I
!
| REMAINS CLEAR
[C B J
G0 I {f —
RESUME !
| i
DISPLAY {f —f | | |
|
REG SEL {f < F | I \

L,
-
-

{
—J

| 1 r R
ADDER —> A —F —f—

SETS AT t00 AFTER ADDER —» A SETS
WHEN BIT PUSHBUTTON IS ENABLED

A —>ADDER

‘ﬁ

A REGISTER

Pressing the Clear pushbutton clears the A register if the 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.
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TYPICAL REGISTER DISPLAY (Cont'd)

The computer is stopped momentarily by placing the Run/Step switch in the in the center position, the Neutral FF is set. When the switch is placed in the
down position. If the switch is repeatedly placed in the down position, STEP position, the timing chain stops at the end of the current storage refer-
the computer steps through the program, stopping after each storage ref- ence and the display is enabled., During the step sequence, the Go 2 FF remains
erence, The significance of the storage reference just made is indicated by cleared and the Stop 2 FF sets, thus disabling the timing chain at the end of
the instruction sequence indicators. 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
This diagram shows a typical register display sequence (A register). The register storage reference. The chain is stopped by the 125 pulse clearing Go 2 before
selector switch must be set for the A register. With the Run-Step switch (page 19) the next storage reference,

20.2
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B35 REGISTER SELECTION D63
V30
RESUME REGISTER (]
101-A34-17Q SELECTION
oaSE -7 7 T A 2l ______
hd O 17-864-16 c’—ﬁ'“ﬁ\N: - 1 CLEAR -1
|59T—o:szls-s O N L£° =9 = T PUSHBUTTON I
19-A63 -20 - A REGISTER | ~ I
SELECTOR o, LT 1
O 49- A58~ PUSHBUTTON |
] I
15 by 1
- o 3-ce1-4 O—=(a)>{&] 1 OISPLAY
oS =~ SEE P. IS ) | SEE P.I7 !
7-D45-1 -~ L I
t75 T~ T~— ! T-as 1
3-B3(-25 S~ S | - |
{ si1-pse-i7 TUeo, Tl I == ADDER—=> A cai I
~ ! V40
6o | 45-C60~-11 | So | !
19-A63-9 1 N \ I
I N : t
| AN T
] S ! ! |
!
125 [ 1,
3-C25-17 1 | | !
RNI ! 1 |
9-C38-24 F REG | ) | )
SWEEP ¥ ENTER 23 ban-ie | P
P + EN 23- ca7-16
17-E64-18 START TIMING | SEE P 31 | : |
CHAIN  a3s | )t
51-D59-22 .
..'. 28 | 7-A38-20 ves | 7!
7-838-26 47' -- too { / P!
HOT /
7-B38-14 SEE R7 ! / | :
{IM. OP)(ROP) ! / |
41-A41-8 ! / !
JES— - / |
B CYCLE - , |
SIE O - - TYPICAL BIT )
11-Esi-21 e P17 _ .~ 7 BIT SWITCH - BIT LIGHT INDICATOR // "
-7 -7 / ! '
_ - - / | )
-7 1 e g / |
-7 = =X > - r )/ by
Phe TYPICAL BIT ! - ' / !
- - PUSHBUTTON DISPLAY | - - I ’ [ :
P _ -1 1 4 1
-7 --" t | I’ | !
_ - | ! . | | A REGISTER
r r | €a5,c46
| A FANOUT ADDER GATES | ADDER/SHIFTER . | |
t | X ADDER FANOUT \ !
C54,054 L
! I ! [vos !
| [ J L
|
| -- - - > - - -
| R
| SEE P. 59
1 SEE P 59
|
! SEE P, 3|
|
e €5 T |
L
SEE P. 45
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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-F11) contain the 1l 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 f! 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 £l 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 "1"
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

lists the conditions for clearing each of the designators.

Designator Conditions Time
T (F11) (ADR) (B cycle) (Disable Clr r) V300
ind (F10) (ADR) (A cycle) (X15) (RNI) (F11) V100
q (F9) (ADR) (INT) (ind) (q) (RNI + A # 0) (B cycle) V100
i (F8) (Read Index) (B cycle) V300

:I‘iming pulse V300 clears the r designator during the B cycle of the ADR mode
if condition (Disable Clr 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_during the A cycle of ADR
following the reading of the indirect address (RNI) (F11) depends on the state of
bit 15 contained in the X register. If this bit is a '"1" indicating that the address
co”rr'c'-:sponds to another indirect address, V100 does not clear ind. If this bit is
a "0", indirect addressing is complete and ind is cleared.

The V100 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 initially set.
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V350
7-B37-15

INT.
69-D40-20
SWEEP ¥ ENTER
17 - E64~22
PROTECT FAULT
69-A35-19
MC
19-E63~3
SENSE PARITY ERROR
43-D35-6
V200
7 - A58-20

REG {SKiP)
69-B36-1

B CYCLE
11~ ESI-17

ADDRESS
9- A40-6

DISABLE CLR s
47-B61 —28

v3o00
7 -C58-20

READ INDEX
13- D57-4

A CYCLE
11-ES2~-17

(RNI+FIl) 25-A50-20
XI5 39~B42-18

vioo
7 ~Db58-20

(ADR) (INT)(ind)(Q)(RNT + A #0)
13-057-23

CLEAR BLOCK + | 3
19-463-25 .
|
|
1
1

-~ x13
=~ 39-B42-2|
A
L——__
!
|
|
| x12
CLEAR PARITY ERROR ~ Baz2-
107 -A25- 4 | 39-baz-1
]
L=
125
3-B4I-17 .'O
RNI START CHAIN() (e]
7-835-5

27-D50-24
27 -DS1-2
29 -A57-~2|

29-A57-22
27 -D50-5
27 -051-15
NU

29 -A5T-18
27-D50-27
27-051—-19

27-D50-22
27 -051 =17
29-A57-16

XN
39-B43-~16

13 -D25-14
25-A50-23
13 -D57-18
25 -B51-6

¢

-
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FUNCTION TRANSLATORS

The Function Translators translate the contents of the F register Storage Reference instructions have their instruction code in bits
to obtain the current instruction. The 1700 repertoire of instructions 15-12,and bits 11-08 become the address mode. Storage Reference
may be grouped into Storage Reference instructions (F portion) and Reg- instruction format is diagrammed below:

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).

15 12 1 8 7 - [¢]
Register Reference instructions are identified when the upper 4 4 4 s
bits (15-12) of the instruction are all ''0's''. The format of Register -
Reference is diagrammed below; l I l | !
— \ /
o
s 12 0 8 7 ) INSTRUCTION DELTA (4)
4 4 8
0O 0 0 O

L v__/\ s /
INSTRUCTION MODIFIER (4)

The static logic of the Function Translator 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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ENQ + INQ
25-A50-1

SHIFT + ExIC'9
25-A50-7

{REG)(SPB +CPB)
25-a50-4Q

i

@

REG (OUT)

O75-034 ~10
REG {INP4-0UT)
O75-034~26 o
43-D34-26 23-C47-10
() REG (INP)
75-D34~6 o
43-D34-6 23-Ca7-24
REG (SKIP + INP +0UT)
51-D59—6 153
REG (SKIP) 23-C47-26
69-B36-2
RNI
9-C38-1I
REG (SLS) 8
51 ~C59-17
= [n]
23-car-1 {23

) REG (SKiP+INP+OUT+INQ+ENQ)
49 -B59-6

BREG (SKIP+EXT)
49-859-23

REG [INQ+IR(XIH+ENQ]
33-D39-4

REG [INQ+SPB+CPB+IR(X4]]

51-C59-5

REG (EXI) ~24
25-A51-21 o

REG 14
REG
9-C39-16

REG (INA +INQ)
57 -D36-22

SEE P 75

99-B29-16

200 RNT + F1I
23-C40-20

E%D—é—<> ———————
H

c 7L SHIFT+EXI
25-851-19 _ — — — ~
e il
H = -
c Tt - -
F ILENQ+ING
25-B51- 14
H

{REG)(SPB + CPB)
25-B51-24

A 22| INA+IR
25-851-23 _
D -
26 _ -~
F
D
6

4

A
REG
9-C39-18

REG (IR)
Q 51-D59-3

REG (IR)
45-C63-6

| REG [ENA 4 INA+ IR (x2]]
31-c4l-23

REG [INA + IR (X5)]
49-A59-|2

REG (ENA +SHIFT+EXI +INA)
51-C59-26

(FB)(REG) (SHIFT + EXI)
9-C51-4

25-A50-24
REG (EXI)

EX
27-D51-6

EXI
29-CS5I1-19

69-A35-16

REG (IR)(XO)
71-D39-22

REG (EIN +EXI)
69-D40-3

241 REG (IIN)
69-D40-15

REG [EIN + IIN+SPB +CPB +EXI + IR (X0))
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FUNCTION TRANSLATIONS

1111 Shifts

ADDRESSABLE REGISTER REFERENCE INTER-REGISTER SKIPS SHIFTS
FrLel T T 1 mCTal T ] R L Tl
1 0001 JMP Jump 0 0000 SLS Selective Stop [eoooft aoo] | a]oju[alopd 0" 0000 SAZ A = +0 oo i ] ]
2 0010 MUI Multiply 1 0001 SKIPS e} " 1 0001 SAN A # +0
3 0011 DVI Divide 2 0010 INP Input to A LOGICAL PROD — = I 2 0010 SAP A=+ I
4 0100 STQ Store Q 3 0011 OUT Output from A EXCLUSIVE OR 3 0011 SAM A = - LEFT
5 0101 RTJ Ret. Jump 4 0100 EIN Enable Int. ORIGIN REGISTERS 4 0100 sQz Q= +0 SHIFT A
6 0110 STA Store A 5 0101 IIN Inhibit Int. DESTINATION REGISTERS 5 0101 SN Q # -0 SHIFT Q
7 0111 SPA STA, Parity A 6 0110 SPB Set Prgm. Pro. 6 0110 SQP Q = + SHIFT COUNT
8 1000 ADD Add to A 7 Olll CPB Clr. Prgm. Pro. 7 0111 SQM Q= -

9 1001 SUB Sub. from A 8 1000 IRTS ORIGIN REGISTERS 8 1000 SWS Skip SW.

A 1010 AND AND with A 9 1001 INA Increase A If A(B+5)=0; OP1 = FFFF 9 1001 SWN Skip SW.

B 1011 EOR Exc. OR/A A 1010 ENA Enter A If Bits 3+4 = 0; OP2 = FFFF A 1010 SOV Overflow

C 1100 LDA 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 Parity Error

E 1110 1LDQ 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; Sum of OP1 + OP2 E 1110 SPP P . Pro. Fault
£ Both - 1; Complement of LP F 1111 SNp Prom Pro—Fanit
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51-C59-20 (sus +MU_I[2~ DVI) ROP

39-B40
MUL+DVI >
51 -059-25 558,
45-ce3-28 29-A87-3
____________ {ADD + SUB +RAO + ADQ) ROP
57-036-3
(ADD + SUB + AND + EOR) ROP
29-A57-9
73-D62-6 Fia
. ';izl o 23.845-6 {A0D +SUB +AND + EOR + MUL + DVI) ROP
- -cai- 49-A59-2
;1348“ " 33-p3g-; [ ROP (MUI+DVI)
4l -A4p-27 (ADD + SUB + AND + EOR +LDA}{ ROP)(RNI)
29-a57-1 31-c4l-28
Fi5 RAO (ROP}
23-B4e- | 101 ~A34-14
MUL + DVI 4 STA+SPA RO
49-A39-1 29-¢s1-25
RNL
9-C38-28 49-859-10
0 9-C37-21 i3 siccss o)
23284824 G 37-a40-17 S ynp 23-848-23
49-A59-9 i3 MUI + OVI + ADQ (ROPI) '
T2 ea-28Q 51-C59-24
— LDQ+ ADQ
ROP | D39~
e ROPT s 33-D39-2
73-a62-2
i 22
23-g48- 26 $—L°] 47-B6I-21 BT :9’859'20} (MUI+ DVI+ EXT) ROP
~A51- 1-Ds9-14
73-461-13 ((ROP)DV] ot
57-036-9 5 JMP +STQ + RTJ + STA+SPA+ RAQ
2 NU 23-848-2 13-D57-26
ROP (0]
9-C49-6 j
MUI
T3-A62~-4
4] -A41-25
47-861-1 ((ROP) MUI
57 -E55-24
MUI (ROP)
73-A61-15
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STORAGE WRITE ABORTED
33-D39-11

Fia
23-B48-5
Fi5
23-848-3

Fi3
23-B48-19

DIV. STEP
73-A61-3

MULT, STEP
73-A6i-27

(ROP)(MUI +0DVI)
27-D50-4

X185
39-842-22(/
SUB
27-051-23Q

(ROP}ADD +
SUB+AND + EOR) (
27-D51-24

Fiz
23-B48-220)

39-B40-12

}SPA (ABORTED 1)
49-B59-3

O STA+RTJ +STQ+SPA
9-C37-14

31-Cc41-21
\

} DVI STEP + MUI (ROP)
49-A%59-6 .

S51-C59- |
1-E53-20

[Muz (MULT. STEP) + DVI] ROP
33-039-9

MUI (X NEG)}+DVI (X POS)+ SUB
45-C63-5

(ROP) AND
45-C63-2%5

(ROP) EOR
73-A62-27

3
} MULT. STEP + DIV. STEP

REG
9-C39-8

(F8)(REG)(SHIFT + EXI)
25-A51-20

REG (SPB+CPB +EXI) C

25-A50-28

RAO
27-D51-25

ROP 1 fe
9-C37-26

EXI 4
25-A51-27

€51

13-839-11
31C41-2% L oift (ReG)
33-D33-7

41-A41-18

SHIFT

73-461-22

41-a41-4

{SPB+CPB +EXI)(REG)
37-A40-14

{SPB + CPB + EXI+ SHIFT){REG)
4| -AdI-17

37-A40-21
O 49-a59-15  INT+RTJ

O 51-D59-9

9-C37-7
49-B59-2

} RAO (ROP)

RAO (ROP)

9-C38-12
37-A40-186

EXI (ROP)
O 57-036-19

O EXI {ROP)
T3-A61-7

9 -035'22} (SPB+CPB+ EXI+INT)(REG)
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A REGISTER

The 16-stage A register functions as the Main Arithmetic register. The main
functions of the A register are:

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 reigster is divided into two 8-stage portions contained on two V01 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 t00 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 t00 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 (SC1) 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 B and 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 initially 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 IR
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 t00 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-ordereight stages of the A register. The 8-bit character transfers
to the low-order eight stages of the A register at t00.

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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Q REGISTER

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 I/O.

The Q register is divided into two V01 modules and receives its inputs from four
V06 Adder/Shifter fan-out modules. The outputs 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 register selector on the console is activated and the © +~ Adder FF is set.
At timeé V050 of the C cycle, .the second gate is énabled 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 V01 modules at t00. Therefore, the transfer from the Adder/Shifter to the
Q register occurs 50 nanoseconds after the Adder —~Q FF is set.

If the condition HOL (Div. Step)(EAB) is not satisfied, inverter* hasa "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 V01 modules,
clearing all Q register FFs.
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A, Q FAN-OUT

The A, Q FANOUT provides three additional outputs for the A and a group to the Skip FF. If the group of bits in "'0", the output of the
Q register. * inverter is a ""0", which is inverted and sent to the Skip FF, The
The Adder/Shifter Fan-In, AQ I/O, and Skip FF receive the contents Skip FF searches for Zero contents of the A or Q registers.

of the A, @ FANOUT. The * inverters in each Module send several bits in
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P REGISTER

The P register contains the address of the current instruction. In most cases, FF is set. At time V(@50 of the B cycle, the second gate is enabled if

the P register advances by one near the completion of each instruction. The one of the indicated conditions is satisfied. At time V250, the third gate

outputs of the P register enter the addend gates of the Adder/Shifter. 'The is enabled if one of the indicated conditions is satisfied. Fhe t25 pulse

Adder/Shifter forms the next instruction address, returning it to the P register. clears the Adder =P FF in all cases,

The P register consists of 15 stages divided into two V01 modules. The P The setting of the Adder —P FF enables a pulse to the A and C inverters

register receives inputs from four V06 Adder/Shifterfan-out modules. The of the V01 modules,at t00¢ Therefore, the transfer from the Adder/Shifter

V06 modules provide the input gates which select the Adder/Shifter inputs. to the P register occurs 50 nanoseconds after the Adder -~ P FF is set.

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

ADDER —P CONTROL two V01 modules, clearing all P register FFs,

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
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X REGISTER

The X register consists of 16 stages divided into two V01 modules. The X register
receives inputs from the Z register and the Adder/Shifter through the two V19 fan-in
modules. The V19 modules provide the input gates which select the Z register or
Adder/Shifter inputs.

The Resume and Adder - X FF's 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 Resume FF attime t50 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 ""1" inputs to A and C in the
V01 modules, Additional Resume outputs enter C and D in the fan-in (V19)modules.
As a result, the Z register "1" bits enter the X register at time t00. The X
register stages corresponding to "0'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 125 pulse clears the Adder ~X FF in all cases.

The setting of the Adder =X FF enables the Adder/Shifter input to the X register
through inverters A and B on each V19 module. Thus, the t00 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 A 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 A =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 # 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 "'0's'". Thus a REG operation during a Skip instruction for-
ces ''0"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 A (stage 07) is extended in

the high-order eight outputs. If one of the indicated conditions is enabled and

bit 07 is a ''1"" (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's"",

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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Y REGISTER

The 16-bit Y register is contained on two V01 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 V01 module contains bits 00-06 and bit 08. The second V01 module
contains bit 07 and bits 09-15. Bits 00-05 and bit 08 receive inputs from a
V22 module, and bit 06 receives its input from a V42 module. The second V01
module receives its inputs from the V06 Adder/Shifterfan-out modules.

The contrel. 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

t00. Therefore, the actual transfer to the Y register occurs 50 nsec after the
control FFs are set.

The Y register clears when either the manual clear or Master Clear is selected.
The clear pulse enters inverters E and F on the two V01 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 V01 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 V01 module receives its inputs from the V06
Adder/Shifter fan-cut 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 any one 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 (Y00-04 # 0) (REG)(SHIF T)(QA SHIFT)
2) V250 C (Y00-04 # 0)
or
V250 A (Y00-04 # 0) (ROP).(MUI)
3) V350 A (Y00-04 # 0) (REG)(SHIFT)

The Decrement Y FF enables the C inverter on the V22 module, and the A
and C inverters on the first V01 module. This gates the decremented value
of Y back into the lower 5 bits of the Y register to t00. Five bits are used
to express the maximum shift count of 31, = 37, = lE1 . Five bits are also
needed for the multiply and divide when the Y register dsecrements from

1016 (208 = 1610) to 0.

vae Vol VI3 - vos
Y REGISTER | I Y
(LOWER
5 BITS) I I DECREMENTER]

In short cycle (SC1) 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, the-DecrementY FF'is set 100 nsec earlier
since the short cycle requires 100 nsec to transmit the operand-through the
Adder/Shifter.

1016 -~Y CONTROL

The 10 5 Y FF establishes the starting Y register count (10, .) for Multiply
and Diville instructions. As each shift and compare sequence” "is done, the
Y register decrements by one until Y00-04 = 0.

The 10, . =Y FF sets at time V050 (V42) of the A cycle (V43) when ROP and
MUI + DVI signals are present. The 101 -+ Y FF enables bit 04 of the Y
register to set at time 00, thus forming a ~ binary 10000 (1016)‘

STATE - 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

71 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'".

5 08 07 06 05 04 03 02 Ol 00
YREGISTER [0 0 0 0Jo 0 o 1Jo o - -[- - 0 o]

v
I
|
1
|

0O 0O 0O«
W N - O %

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 V01 module. Four interrupt
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Y REGISTER (Cont'd)

state inputs are gated into the V22 module from the V11 and V12 module on 1) Indirect Address = (IM.OP.) (READ INDEX) ADR
page T1. At t00, 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 2) Storage Index = READ INDEX

address transfers through the V13 and V14 modules to the S register.

3) Operand STO + ROP + IM, OP,

CONSOLE INDICATOR CONTROL

Module V43 contains the control for three console indicators. The three (IM. OP. (ROP) CONTROL

indicator outputs are enabled by a display pulse on module V55, page 21. An inverter whose output is (IM. OP.) (ROP) is located on the bottom of module
The display pulse enables the indicators only if the following conditions V43. This pulse feeds module V55, page 7, and is one of the conditions which
are present: stops the timing chain.
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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 Y00. 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 Y00 is a ""1" it is complemented, but
Y01-04 remain unchanged during this particular pass.

When the count is reduced to zero (Y00-04=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 1 8 7 4 3 (o]
4 4 4 4
o 0 0 0oJ]0 O O J
/

\ vV— \ v____/\ v— J\ v J

INSTRUCTION SKIP SKIP
INSTRUCTION COUNT

(F2)

SUB - INSTRUCTION
(F1)

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 count 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 i{s tobe 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. ) 7]6]5]4
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 shownon 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.

-42
Rev. A



Y04
ai-as6-13 ©

x

Y DECREMENTER

2|

41-A49-4

4|-A49-25

) 41-A49-11

73-D62-9
73~ A62-6
73-A61-17
41-742-24
O 47-B61-22

D 41- A49-22

. 28
4]1- A49-17

Y00-04=0

£05,10-13, 1520
A06-09:0
A00-04,14 =0
.QI2-15 =0
Q06-11 =0

Q00-05=0

STORAGE PARITY ERROR()

PROGRAM PROTECT FAULTQO

35-C44-23
35-D45-6
35 - D46-23
35-D47-23
AlS

35-C42-18
Qs

35-045-15

SEL SKIP
SWITCH SET

17 - E64-14

overFLow A8

101 —A34-2)
69 -A35-27
X5
39-B44-11
X6
39-B844-10

X7
39-B44-3

INP (REG) | (REG) INP (REJECT)
25-851-5 31-C41-9
REJECT
75-834-5 (REG) (INP 4 OUT)
(REJECT) + SKIP FF)
(REG) (INP+0UT) 37-A40-23
25-851-3
- - (REG) SKIP
10| OVERFLOW™ ~ — __ _ 69-B36-3
O 57-036-4 T -~
O23-c40-2
PROTECT FAULT x4
O69- A35-26 39-B45-9
vI50
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21 L
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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

on the V39 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%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 "1's", as in complementing a negative
operand in the Multiply instruction. Examples of both cases are shown below:

- - - 0 Bit Positions

15 14 13 12 11 10

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

0 1 1 0 1 1 ----0 OperandB

110 1 1 0----1 Result

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

1 01 1 0 1 ----1 Operand A

1 1 1 1 1 1 ----1 All"1's" for Operand B
01 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 "1's' are used as a mask 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.

The XR FF has two Set/Clear gates (A, B and C, D) and one Clear 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 V39 module. Inverter
E clears XR at V200 time if the input to the corresponding inverter on the V39

module is satisfied: (MUI) (SR1) (C CYCLE) + (DVI) (Y00-04 = 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 X6 of the instruction code set. The

setting of X6 specifies an XR operation between the operands in the origin registers
(X3, X4, and X5). In this case, XR is set at V100 time (B, C) and the Exclusive
OR function is enabled in the Adder/Shifter modules. 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 '"1'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 '"1'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

1 01 1 0 1 ----1 OperandA

1 1 1 1 0 0 -~---0 OperandB

1 0 1 1 0 0 ----0 Result

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

1 01 1 0 1 ~---1 Operand A

1 1 1 1 1 1 --=-~1" All"1's" for Operand B
1 01 1 0 1 ----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 "0's'’,
and the high-order 4 bits are all ""1'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 (HO1) (t00). 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/Shifter between the

two operands.

The LP function also enables a straight-through transfer of an operand through the
Adder/8hifter. In this case, all the bits of one operand are "'1's". Thus, operand
A transfers through the Adder/Shifter 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 (HO1 and t00). These conditions set LLP 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 t00 time if the input conditions to one of the
corresponding inverters on the V39 module are satisfied. Three of the inverter
gates are enabled at V100 time (HO1 and t00) while the remaining gate is enabled
at V300 time (HO5 and t00).

The output of inverter E clears LP at V200 time (HO03 and t00) simultaneously
with 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.(HOS
and t00) if the input conditions to one of the corresponding inverters an the V39
module are enabled, For example, LP is cleared during the B cycle of each
ROP mode at V300 time.
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INT
69-B36-28

DVI (SR 2)
73-A62-1

MUI(SR1)4DVI (YO0-04=0)(SR 2)
73-462-3

(MUI+ DVI)(ADR) (SR 2) +

(ROP}(EOR) +(MUT +DVIHROP)SRI)O)
73-A62-26

MUI (X NEG)+DVI(X POS)+SUB
29-A57-7

HOt
T-C43-7
{ROP) AND
29 AST-I7
Hol
7T-C43-5
MUI + DVI
27- D50-13

(A+Q) SHIFT CYCLE
73~-D62-22

HoS

T-D43-5
A CYCLE I|I- E52-10
B CYCLE II—ESI-6
C CYCLE 11-ES3-8

REG (IR) 25-A5i-8
ROPI 9-C49-8
ADR  9-C39-28

O
19

NOTE:

C63 MAY BE A V39 MODULE IN
SOME MACHINES. IF SO, SEE
LOGIC SCHEMATICS. )

too

too
3-B62-12

FROM
DISPLAY
7-835-19

HO| 7-C43-3
100 3-B62-15
HOS 7-D45-2

ADDER/ SHIFTER
MODULES (P 57-65)

TITLE

ADDER CONTROLS

CONTROL DATA
CORPORATION

(XR+ LP)
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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 FF's and the input Set/Clear enables are conttined 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 HO6) in the A
cycle. If bit 7 (X;) of the instruction code is a "1" at this time indicating a Left
Shift, inverter 1 enables the setting of LS. If X, = "0", RS is set.

The RS or LS FFs are cleared by inverter F in the C cycle. Since HO06 is not
set in the C cycle until V300 time of the last shift cycle, the clearing of L.S or RS
at this time indicates the completion of the shifting operatien,’

In Multiply operations inverter F sets RS in the A cycle of the ROP mode, Since
HO4 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 (HO2 and t25) of the C cycle
for each divide iteration., Inverter F clears LS at V325 time of each iteration.
When Y54 g4 =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-D50-16

HO4
7-B38-16

HO2

7-A38 ~3
(ROP) DVI
27-050-86

t2s
3-cel-2

HO6

7-838-5

X7

39-B44~|
(A+Q) SHIFT CYCLE

73-0D62-28

A CYCLE |I- ES2-5
T CYCLE 11-E53-10
REG 9-C39-5
MC  I9-E63-2)

DISABLE CLR r
13-463-13 O

CYCLE
(RIGHT)

DISABLE CLR ¢
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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.1 ) 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 V100 (HO1 and t00) or V300 time (HO0b and t00). The manual selection of

A or Y for display enables the setting of the corresponding control FF at
time t00. For example, if A is manually selected, the manual input becomes
a '""1". The Stopped condition of the computer partially enables inverter I.
The t00 pulse produces a ''1" 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/Shifter when 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 V100 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 F'F 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 +1 -~ Adder FF is
set at V100 time, This function performs the P + 1 function which is stored
at the effective address. The P + 1 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.

For example, assume the following conditions: (ADR) (INT) (ind) (q)

(A cycle). Thus, in an indirect address function, the contents of the Q register
(q index) is added to the base address ( A 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)(Q)

73-D62-25 Q

DVI+MUI +SPA +STA
27-D50-9

SHIFT CYCLE {(A)
73-D62-23

{ROP) MUI +DIv. STEP

29- A57-8

{ROP}(ADD +AND+EOR+SUB+MUI +DVI)
_27-D51-22

(ADR)C(READ INDEX)+(r){(RNI +A#0)] O
13-839-19

JUMP
27-D50-28

A CYCLE |I-E52-4

B CYCLE Il- E5I-2

T CYCLE 11 -E53-3
KDR  9- A40-26
STol 9-c59-1

(ROP}(EXT)(MUI)(DVI)
27-DS1-5

INT
69-D40-28

(SHIFT CYCLE)
73-D62-21

(ROP) RAO
29-C5i-22

RTJ

29-A57-25

RNI (A=0)(ADR)

13- B39-23

(SPA) (RBORTED )

29— A57-28

DIV. STEP+(MULT. STEP)(MB=1)

73-A61-10

[Muz (B=1)+EXT] (ROP)
73°A61-9

(ENQ+ SKIP+INQ + INP +OUT) REG)
25-8

51-13

(INT) (A=0)

13~ D57-28

(ROP) ADQ
27-D5t-9

A CYCLE |I}~-E52-3
B CYCLE 1-ES5I-I
C CYCLE |IlI-E53-4
BLK + | 19-A63-26

REG  9-C39-10
ADR  9-A40-25

TO I 9-C59-4

o)

——————————————————————————— 63- D53-2
53- B53-2
e — ——_—— - TO AUGEND GATES
- 53-A53-2
- MANUAL SELECT 2 53-C53-2
- 4 as0-8 A= ADDER
- 31-cai-15
53-D53-28
53-B53-28
- TO AUGEND GATES
Phe 53- A53-28
- 53 c53 28
f\ g -
7~ -~
\ g P 57-D36-26
\ - P
\ L7 7
- 5 7-D45-
\ _ ~ ~ Ho D45-24
\ - / too 3-Be62-|
-~ - -
\ P / Hol 7-c43-28
-
N\ pa /
N - ) FROM DISPLAY 7-B35-9
-~
N7 / too 3-B62-2
FREN ; (MUI+DVI)(HO3}(C—CYCLE)
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. \ /
-~
~ N 4
L/ - \ /
\ /
\ /
N/
A T ) (q ) TR
(A CYCLEXADRNINT){ind)(q) (RNI + A #0)
EXTEND SIGN REG 7 N 51-D59~ | 53-D53-22
- / NI (A CYCLE) 53- B53-22
(SKIP + EXT) +RNL(FINGADR)  °© =~ - - =T o= 53— asz—22 [ 10 AUGEND GATES
39-B44-4 MANUAL SELECT Y
] 15-D63-1 53-C53-22
- - -
_ - NU Y— ADDER
- 41-A42-2
53- 053-14
________ 53-B53-14 To AU
________________ s3-a53_14 [ TO AUGEND GATES
- 53-C53-14
e T NU
L - -
HO5 7-D45-26
too 3-B62-6
HOt 7-C43-26 ()
FROM DISPLAY 7-B35-18
too 3-Be62-7
L2V 43-A39-4 oo
TiTLE PRODUCT
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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 V100 (HOl1 and t00) or V300 (HO5 and t00). The manual selection of
Q, X, P, or Mask for display enables the setting of the corresponding
control FF at time t00. The FFs are set in the display 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 FF's.

Q -~ ADDER

When 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 = Adder FF is made by assuming the
following conditions: (ADR) (INT) (ind) (q) (RNI + A= 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 t00), the output of
inverter J on the V04 module sets the Q -~ Adder FF.

During MUI or DVI operations, the Q ~ Adder is set at the V300 time of
the A cycle during the ROP mode. In a Multiplication operation, this action
initiates the initial adding of Q to the multiplicand in X if MB 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 V100 pulse
sets the X - Addend FF on every A cycle of the ROP mode.

In addressing operations RNI ( A = 0) (ADR), V100 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 next sequential instruction. Thus, at V300 of
the A cycle in the ROP mode of all instructions except EXI, MUI, 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 V100 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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MUI+ DVI
27-D50-11

HO3
7-A38-6
INT + RTY
29-C51~-12
RNI(A=0)(ADR}
13- 839-2I

(REG)(SKIP +INP+0UT)
25-851-9

SHIFT +MULT. STEP
T3~ A61-26

(ROP)(EXT} (MUI) (DVI)
27-051-3

{SHIFT CYCLE)

(MULT STEP)(DIV. STEP)
73-062 1|

SHIFT CYCLE
73-D62~-26
(Q)ADR} {INT){ind)(RNI +A#0)
13- DST-11

(IR)(REG) 25-AS5I-7
X3 39-DB45-i4

A CYCLE |§~ES52-8
8 CYCLE [(I-ES5I-3
C CYCLE 1I-EB53-2

REG 9-C39-7
ADR  9-A40-27
9-C59-6

(REG) SLS ()
25-B51-10

{SHIFT CYCLE)Q
T3-D62-24

{Q){ ADR)(INTHINd )(RNI+A#0)
13-D57-14
MULT. STEP+DIV. STEP
29-A57-2
MUI+ DVI
27-050-7
REG TR (x4)+ INCH-SPB-H:PB?
25- BSI- 2

SHIFT_CYCLE (A)
73-D62~19
(ROP) ADQ
27-051-13

———
RNI (Az0)
13- B839-~28
(REG)(SHIFT + ENA +INA +EXI)
25-A51 =15

(MUI 4+ DVI)+ (ADQ}ROP I}
27-051 -7

A CYCLE I(I-E52-6

B CYCLE II~ES5I-4
(MUT +DVINHO3)(C CYCLE) mme—ee—
49-A38-13 C CYCLE NH-ESI-I

- ADR  9-A40-28
=~ ROP |

7-838-23 SC |
7-A38-7 5C 1

7-B35-27 SC 2 -
7-838-10 SC 2 - -

TO Y-» ADDER -
49-B58-10 -

D) 19~

A63-23

I
. - MANUAL SELECT Q
15=

D63 -24

MANUAL SELECT X
15-D63~27

HOl 7-C43-24
{00 3-B62-8
FROM DISPLAY

HOS 7-D45-28 O
100 3-B62-9 O

MANUAL SELECT P
15-063-8

MANUAL SELECT MASK
71-D39-2]

HOt 7-C43-22

too 3-862-10 O
FROM DISPLAY

HO5 7-045-7 O
too 3-B62-11
I.2Vv  43-A39-6

55-D52-2
$5-8%52-2
55-A52-2
55-C82-2

Q== ADDER
33-D39-6

55-052-14
55-B52-14
§5- AS2-14
s5-c52-14

X~ ADDER
39~ B40-3

55~ D52 -22
55-B852-22
55 - A52- 22
55-C32-22

37-A40-5

55~ D52-28
55-B52-28
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55-C52-28

M = ADDER
71-D39-24
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TO ADDEND GATES
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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
from inverter A enables the inputs from the X register into the corresponding

inverters on the AUG gate modules.

The AUG gates are contained on four V03 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
Adder/shifterare on the V0O 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
ina "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 "0" outputs on 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 "1's' whenever no input is
selected for the AUG gates.,

In the case of a +1 —~ Adder selection, inverter D enables a GND ("1") input to
bit position 0 and 1.2v ("'0") inputs to the remaining bit positions. Thus, the
Adder/Shifterreceives a +1 input from the AUG gates.
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A REG

Al5 35-C42-16
X REG

XI5 39-B42-6
Y REG

YI5 41— A47-3
1.2v
59-B57-4
A REG

Al4 35- C44-15
X REG

X14 39-B42-13
Y REG

Y14 41- A45-7
l.2v
59-857-6
A REG

Al3 35-C42-5
X REG

X13 39- B42-19
Y REG

Y13 4)|- A45-4
1.2v
59 - B857-8
A REG

AQO 35 - C44-16
X REG

X00 39 - B45-13

Y REG
Y00 4}-A46-20

AS-ADDER A2
49~ A58-T7

4]
IR K

(®)

e

Y # ADDER
49 - B58-7

FT> ADDER
49 - A58-14 Toq

57-D55-8 A
57-D055-13

65-D56-6
65—~ D56-2

65-D56-5
65- D56~

57 - D55-5
57- 085-15

AUG

AUG

AUG

AO3 35-C44-28
X03 39-845-8

UG
15 Y03 41- A46-10

AlO 35-C42-15
X10 39~ B43-(3

19 yi0 41- Ass-25

l.2v
59-B37-3

A09 35-C43-15
X09 39-B43-19

13 vo9 41- A45-28

1.2v
59 - B57-1

AD4 35 - C44-14
X04 39-B45-1

00 Y04 41 - Ad6-~11

1.2v
$9-C57—5

A= ADDER ]2
49 - A58-5

X— AUG
49- B58-12

Y—» ADDER
49- B38 -3

+1-»ADDER
49-458-12 OF [o]

61-B55-5

61-B55-11

€3- 8% -6
63-s6-2] 10

63-B56- 11 09

;

63-556-5}

61- B55-6
6]1-B55-2

}

AO7

X07

AUG
03 yo7

AOE

X086

AUG
Yos

AO03

X08
AUG
YOS

A08

x08

AUG
04 yos

35-C43-16
39- B44-16

4l — A45-14

1.2v

35-C43-14
39 - B44-22
41- A46-1

l.av
39-C57-8

41- A46-4
L.av

§9-C57- 10
35-ca3-13
39-B43-2

41~ A45-20

X—>AUG

63ZA56-5

€3- AS6-11

61-A55-6
61-A35-2

61-A55-3
61-A55-11

63-A56-6
63-A56-2

All 35-C42- 14
XIl 39~ B43-6

AUG

O7 yiI 41-A45-12

12v
59- B57-5
A02 35~ C44-5

X02 39-B43-22

AUG
06 v02 41- A46-25

1.2v
59 - C57-1

A
5

AO! 35-C44-13

X0l 39 -B45-27 O

AUG

05 vo1 41- A46-21

12v

59-A39-10
Al2 35-C42-28
Xi2

AuG
08 yj2

39-B42-4
41-A45-|
l.2v

59~ B57-10

A—»ADDER
49~ A58-1

X—»AUG
49- B58-25

Y —= ADDER
49- B58-1

+1-> ADDER
49— A58-25 ()

28

65-C56-5 AUG 11
€5-C56~11

59~C55-6
AUG 02
59-C55-4

59-C55~5
AUG Ol
59-C55—11

65-C56-6 AUG 12
65-C56-2
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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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QI5Q REG
35-D45-17

X REG
XI5 39-B42~-8

OVERFLOW
57-D36- 28

MASK REG
MIS 67-D41-24

Q_REG
Q14 35-045-13
X_REG
X1a 39-B42-3
P_REG
PI4 37-A43-4

MASK REG
Mi4 67—D41-20

Q@ REG
QI3 35-D45-16
X REG
XI3 39-B42-12
P_REG
PI3 37- A43-9

MASK REG
M3 67-D41-10
Q REG
Q00 35- D47-16
X REG
X00 39 - B45-15
P REG
POO 37~ A44-25

MASK REG
MOO 7T1-D44-|2

Q -»ADDER
5|1-C58-7

X —> ADDEND
5]- C58-14

P> ADDER
51-058-7

MASK —» ADDER '
51-D58-14

ADN 15
57-D55-4
ADN 15
57- D55-11

ADN |4
65—~ D56 ~ 10

ADN 14
65— D56-4

ADN 13
65- D56 -7

ADN 13
65— D56 =I5
ADN 00
57- D55~10
ADN 00
57— 055- 12

Qo3

Qlo

Xio

PIO

M0

Q09

Xx09

PO9

MO9S

Q04

35-D47-28

39-B45-10

37-A44-26

Ti-D44-24

35-D46-14

39-843-3

37~ A43-19

67-D42-20

35~ D46-28

39-B43-12

37-A43-20
67-D42-10

35-D47~14

39-B45-3

37— A44-10

67-D43-12

Q—> ADDER

X —>ADDEND

s1-cse-12 Q

P—>ADDER
S51-D58-5

MASK —» ADDER

51-D58-12

.°

Q
28

ADN 03
61-855-7

ADN 03
61- B55-15

ADN 10
63-B56-10
ADN 10
63-B56-4

ADN 09
3-B56-7

ADN 09
63-856-15

ADN 04
61-855-10

ADN 04
61— B55-4

Qo7

X07

P07

MO7

Qo6

X06

MO6

Qos

Qos

xo08

P08

35-D46-13
39-B44- |4
37— A44-3

67-D43-24

35-046-16
39-B44-18
37- Ad4-4

67- D43-20

35-D47-13
39-B44-26
37— A44-9

67-D43-10

35-D46-5
39-B43-4
37 - A43-25

€67-D42-12

Q —= ADDER
51-C58-3

X —ADDEND
51-C58-2i

P—=ADDER
51-D58-3

MASK-»ADDER

51 -D58-2I

ADN OT7
63-A56-7

ADN 07
63- A56-15

ADN 06
61-A55-10

ADN 06
61-A55-4

ADN 05
61— A55-7

ADN 05
61-A55-15

ADN 08
63-A56 -0

ADN 08
63-A56-4

Pl

Qo2

X02

pPO2

Mo2

Qo!

PO

MO

Q12

XI2

PI2

mi2

37~ A44-19

T1-D44-20

35- D47-13
39-B845-28
37-A44-20

71- D44-10

35 -D45-14
39- B42-2
37- A43-10
67- D4i- 12

Q— ADDER
51- C58-1|

X —>ADDEND
51-C58-25

P—> ADDER
5| -D58-1

WASK —> ADDER
51-Ds8-25 (P (0]

ADN |1
65-C56-7

ADN 1]
65-C56-15

ADN_ 02
59-C55-10
ADN 02
59-C55-2

ADN Ol
59-C55~7

ADN 01
59-C55-15

ADN 12
€5-C56-10
ADN 12
€5-C56-4
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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

0 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") (S155)
S15B ~ Stage 15 borrow
S15S - Stage 15 satisfy

The inst\two terms correspond to a positive overflow and the second two
t¢”a negative overflow. Simplified examples of both types are as follows.

3210 Bit Positions
0111  Augend (+78)
0111  Addend (+7g)

1111  Stage Difference
1110—Borrow Corrected Difference (-1)
EAB

Positive Overflow
3210 Bit Position

1000  Augend (-7g)
1000  Addend (-7g)

1111  Stage Difference
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 ;:ondition.

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 (Xg or Xy) of
the instruction code denoting an Exclusive Or or Logical Product digables 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 wheh 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 X518
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 of 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 RS operations, Bit
15 transfers from pin 23 of the V60 module to the group 7 V00 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: LLS1

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 followed

by the shift of A, In the shift of Q, LLS1 enables the shift of bit 15 of A
directly to the output of bit 0 of Q:on the V61 module. At V100 time (t00
and HO1), Q15 transfers from the V60 module to set the Bit Bucket FF. The
Bit Bucket FF retains the 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 V100 time. The
contents of the bit bucket .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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TT T TT:] LT[
15 14 «—— 2 1 0 15 14 «————2 1 O
Qi Aj
SHIFT OF Q SHIFT OF A

Fig. 1 -- Simplified Example Of LLS.

15 14 2 1 o 15 14 2 1 o
Q; Aj

SHIFT OF Q SHIFT OF A

Fig, 2 -- Simplified Example Of LRS.
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ADDER/SHIFTER

The block diagram in Figure 1 to the right shows that the Adder/Shifter circuit is
ADDER / SHIFTER

divided into three main divisions: MODULES (V00)
1) Adder/Shifter modules (V00) - perform stage borrow and enable, (s;Ag:Aggl:z?ws
shifting, Exclusive OR, and Logical Product functions.
2) Borrow Look - Ahead modules (V10) sense stage borrow and AUG I3, ADN I3 (GZ%‘\’ZJS ~
enable conditions. The V10 modules produce group borrow and AUG 14, ADN 14 13814) .
section borrow and enable conditions. AUG 11 , ADN 1| [~ GrouP 6 | SECTION |
. 1
3)  Fan-out modules (V06) provide the required number of outputs from AUG 12, ADN 12 (lsngslgs) ~ (;ovr::o\)n
the Adder/Shifter to the registers indicated. | = M
. AUG 9 , AON 9 | GROUPS | LOOK-AHEAD)
AUG 10 , ADN [0 9 &I%s) )
ADDER PYRAMID e R S e
AUG AUG 7 , ADN 7 GROUP 4 L X o
One of the main functions of the Adder/Shifter is the adding operation. The ADNal AUG & , ADN B8 (”STQGE? a w @ w
adder is divided into eight groups. Each group is contained on a V00 module. FAN-IN AUG 5 . ADN 5 | GROUP 3 | = al °| a
1 ! <| | <
All groups except group 0 are logically identical. Thus, the following descrip- GATES AUG 6 , ADN 6 (gTAaGi? ﬁ R
- Z]
tion is based on the operation of a typical group of the adder (group 1). The AUG 3 , ADN 3 [~ Grour 2 | :
basic logical operation of group 0 is similar to the other groups. However, AUG 4 , ADN 4 (?‘?E?
this group contains some additional features and is described separately on AUG | . ADN | [~ Group 1 — SECTION O
L (vIOo)
page 56.1, UG 2, ADN 2| TaE) (BORROW
AUG IS , ADN IS GROUP O :L:Zi;:ORROWS 8| LOOK=-AHEAD)
STAGE BORROWS AND ENABLES AUG 0, ADN 0 | ‘o acs) ~
GROUP BORROW
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.) STAGE 14
Thus, group 1 compares bits 1 and 2 of the augend and addend. : OszFETFT
The adder pyramid uses a subtractive pyramid circuit to perform the Add ADDER/
function: AUG - (-ADN) = AUG + ADN = SUM. The principles of a subtractive SHIFTER TO A,Y,X
: : ~ “~——> FAN-OUT |——> P,Q & MASK
pyramid are shown in Figure 4. MODULES REGISTER
(voe)
A stage borrow results whenever a "1'" is subtracted from a"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. Figure 3. Adder/Shifter Block Diagram
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ADDER/SHIFTER (Cont'd)

3 2 1 0 STAGE NO.
ol | MINUEND
ofi{o SUBTRAHEND 3 2 1 0 STAGE NO.
o 0,1 1 STAGE DIFFERENCES ojif1j|o MINUEND (AUGEND)
I o|1{0Oo]1 SUBTRAHEND (ADDEND)
BORROW
I »,0 0 STAGE DIFFERENCES(PARTIAL SUM)

SATISFY —
f————— ENABLES ‘ L ENABLES
0o 0 0 1 SATISFY

BORROW CORRECTED DIFFERENCE

(+6) = (+5) =+ | BORROW
rit 1 0 O BORROW PROPAGATION
l'I O<«l<11 BORROW CORRECTED DIFFERENCE
L (e -
END AROUND (+6g) —(-5g) =+ 13g SUM
Figure 4. Principles of a Subtractive Pyramid BORROW
3 2 1 0 STAGE NO.
oji1]o]o MINUEND Figure 6. Principles of the Adder Pyramid
ot i1 SUBTRAHEND
o 0,1 STAGE DIFFERENCES Because the addend bits are complimented in the bit comparisons, Figure 6
BORROWS shows that a ''1" subtracted from a "'0" or a '"'0" from a '""1" produces an enable.
l ENABLES The subtraction of a "'1" from a "1'" results in a satisfy while the subtraction of
a "0'" from a "0" produces a borrow. All other logical conditions for a subtractive
rle-l€0«l BORROW PROPAGATION .
v pyramid apply to the adder. The example in Figure 6 shows the final sum of
I 1 0 0« BORROW CORRECTED DIFFERENCE
Lo +138 for the quantities used.
END AROUND (+4)-(+7)=-3
BORROW

The stage borrow and enable conditions are sensed at the input inverters on the
V00 modules. The enable for stage 1 (SIE) is defined by the following logical

Fi 5. Example of Borrow Propagation —_— _ —_—
e e i peg equation: SIE = [(AUG 1) (ADN 1)+ (ADN 1) (ADG 1) ] ( TP )

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 J— L . X L

i If the LP term is disregarded in this case, the SIE condition is sensed when the
at stages 2 and 3 which are toggled. The end-around borrow toggles the stage 0 . o ) . .
i X X corresponding bits in the augend and addend are unlike. This logical arrangement
difference which produces the final difference. X
corresponds to the example in Figure 6.

Since the output of the subtractive pyramid is a sum, the ADN inputs are The stage 1 borrow (S1B) is defined by the following equation:
complimented in the stage comparisons according to the principles shown in

S p— 58.1
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ADDER/SHIFTER (Cont'd)

Disregarding the LP term, a stage borrow results when corresponding bits in
the augend and addend are both "0's", which also corresponds to Figure 6.
The stage borrow and enable conditions are sensed in the same manner on all

V00 modules.

Borrow Propagation

The propagation of borrows in the V00 modules takes place in the following
three ways:
1) Boerrows generated by the low-order adjacent stage within a group.

2) Borrows generated by the high-order stage within a group
(group borrow).

3) 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 V00 module. For example, assume a borrow

input to stage 2 of group 1. The SyB output on pin 8 becomes a 0", indicating
a stage 2 borrow. The So9B 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 ina
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 E; through the interconnecting inverters.

If an enable exists in stage 1, E; produces a 1" output and the group 0 borrow
propagates to stage 2 where it probes the Eg output. If the group borrow
probe detects an enable in a stage, it forces the output of that stage toa ''1"
corresponding to the toggling of the ''0" output in the partial sum.

GROUP BORROWS

Each group produces three outputs to the correspending section (V10) module.
These outputs determine whether a borrow is generated by the corresponding

group. For example, group 1 produces the S3B, (S1B) (SgE) and (S 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 0,

Group 1 Borrow = [S2B + (S1B) (S2E)] + [(S1E) (S2E) (SOB) + (S1E)
(S2E) (SOE) (S15B]] + [(S15E) (SOE) (S1E) (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 0.
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ADDER/SHIFTER (Cont'd)

Section borrows are generated under the same conditions as a group borrow. Thus, ADDER OUTPUTS

the section borrow can also be termed the group 3 borrow because group 3 is the The output of the B-inverters on the V0O modules represents the output of the

highest order group in section 0. Figure 7 shows a simplified example of a section corresponding stage of the Adder. For example, Bl on the group 1 module

borrow. 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.

In Figure 7, the borrow originates in group 3 and propagates to section 1 as the The logical equation below represents the conditions for a typical Adder output.

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 B, = (Ep) (Group 0 Borrow) (LP) + (Eq) (XR) + (XR) (LP) (AUG 1)
borrow enters a borrow input to section 0. (ADN 1) + (XR) (Group 0 Borrow) (LP) (AUG 1) (ADN 1)
SECTION ENABLES By assuming (LP) (XR) conditiens, the above equation becomes:

Each section generates a section enable when all the groups in the section produce Bj = (E4) (Group 0 Borrow) + (Group 0 Borrow) (AUG 1) (ADN 1)

enables. In Figure 7, section 1 generates an enable because groups 4-7 all -

produce enables. Thus, stage 1 of the Adder produces a "1 output with a stage 1 enable and a
group 0 borrew or a stage 1 borrow and no group 0 borrow. In all other borrow
and enable conditions, Bj produces a "0'" output. With the exception of Shift

operations, B; represents the output of stage 1 of the Adder/Shifter.

BORROW "“0"
w,w LOGICAL PRODUCT
ENABLE |
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
BORROW to "1's" in the same bit position of the addend and augend as shown by the
SECTION | "o" SECTION © simplified example below.
ENABLE
15 3210 Bit Positions
E E E E B E E E 0----1010 Augend
0----1100 Addend
GROUP GROUP GROUP GROUP GROUP GROUP GROUP GROUP 0~-~---1000 Result
7 6 5 4 3 2 [ o
(14,13) (12,1 (10,9) (8,7) (6,5) (4,3) (2,1) (0,15)
Setting the LP Control FF enables the input to each V00 module. Assuming an
(LP) (XR) condition, the output of inverter A blocks all inputs to B, except the
NOTES : input corresponding to the third term in the equation for By above. Thus, By
B - REPRESENTS GROUP BORROW produces a '"1'" output on an LP operation when stage 1 of the augend and addend
E-~ REPRESENTS GROUP ENABLE both contain "1's"".

EXCLUSIVE OR

Figure 7. Simplified Section Borrow 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 Bit Positions
0----1010 Augend
0----1100 Addend
0----0110 Result

The setting of the XR Control FF enables the XR input to all V00 modules.
Assuming the (XR) (LP) condition, the "0'" output of inverter B blocks all
inputs to B, except the (El) (XR) term. Since the E1 output represents an
enable condition (the bits in stage 1 of the addend and augend are different),
B, 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) Leng 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 V00 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 Shiit enable
blocks the normal 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 the
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 0, The simplified illustration in Figure 8 shows an example of a Left Shift
operation of (A).

15 14 13 12 1 10
A reaister [o] 1 ]o]

o
[=]
oo

SHIFTER OUTPUT

ADDER |GROUP|GROUP|GROUPIGROUP|GROUP |GROUP | GROUP |GROUP
71 61 51 a 3 b 21 1 1 o
| 1 1 . 1 1 1

FRTT T
©
|

ADDEND GATES | AUGEND GATES
ALL"I'S"
a reaister [1Jo[1[o]i1]e]ofo] ||||o|||||o|o|
5014 131211109 87654 3 2 1

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 0. The shift of the low-order stage of a group to the high-
order stage takes place on the corresponding V00 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 Shiftinput disables the normal Adder output. Thus, the RS
enable shifts the output of the is&C-inverters one-position to the right, All right
shifts are end-off. Thus, the bit in stage 0 is lost. The sign bit (stage 15)

is extended, If the 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 Adder/Shifter
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/Shifter 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 "1's". The
contents of the selected register are displayed on the indicator lights connected
to thie output of each stage of the Adder/Shifter. The Manual Controls (see dis-
lay.example,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 V06 modules. Each fan-out produces six
outputs, required by the number of registers that connect to the Adder/Shifter,

ADDER/SHIFTER TIMING

The Adder/Shifter operates in a static mode. Thus, the input is gated into the
Adderat a timed period and the output is gated at a timed period. In all operations
except short cycles (SC) 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 io 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 Adderof 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 ini 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 Y and 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 10shows the Adder timing sequence in a Shift (A) instruction for a portion
of one C cycle.
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A CYCLE
{ROP MODE)
TIME 7 A \
(NSEC ) 100 200 300 o
X—> ADDEND + | —> ADDER
{NOT USED) P —> ADDER
{(ouTPUT
OF ADDER
NOT
SELECTED)
B CYCLE
({ ROP-RNI MODES )
N
TIME 7 3 01
(NSEC ) (l) slo lcio 200 00
X —» ADDEND ADDER —> A
REQUEST ( OPERAND) (OPERAND + A) —> A
STORAGE A —» ADDER
ADDER —»P,Y
(P+1)
Figure 9. Example of Adder Timing Sequence in a Normal Cycle

ADDER/SHIFTER (Cont'd)

¢ CYCLE
( REG MODE )
TIME 7 A—
(NsEC) © 100 200 300
A —> ADDER A —> ADDER
ADDER —> A ADDER —» A
(RESULT OF  (RESULT OF

FIRST SHIFT)

Figure 10. Example of Adder Timing Sequence in a Short Cycle

SECOND SHIFT)
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61- B55-24 17-E64-7

_____________________________________ | e I |

- 1 ———— - = —— —_——

1 70 BIT 3 (BIT2) (| L

| OF SHIFTER  WANUAL | I - N
|

css

(SISE)(SI3B)_
@8 _

FROM BIT 3
OF SHIFTER
61-B55-12

BIT 2
-_—_ — =

REG
31-C50-22 A
33-Dp49-18 Q
37-A44-18 P

(SI4E)(SI3E)

ADDER/ (S12E) (S11B)

SHIFTER [
B
P65 g Y 1 _
cs6 R
8
856 |
GROUPS
485
ADDER/

LIGHT (BiT2)
17~ B64-22 N

39-B850-27 X
41- A49-6 N
71-D44-17 MASK

AUG & ADN
F

P 53 855
LIGHT (BIT 1)
17-B64-24

71-p4s4-8
41-a49-24
39-850-17

1
I
I
I
I
1
1
|
1
1
1
1
1
1
I
S 31- C50-23 | BORROW _
N 33-049-17 | | SHIFTER ) INPUT 1|
~ O37- A44-17 NEXIR |
39-850-18 ! ] |
- 41-A49-18 i | )
| ~ o O71-D44- ' i
! LP 45-C60-1 N : [
: XR 45 - C60-28 , Jd _:
! Ls 47-860-280 !
! RS 47-B60-4 O I RN !
| SHIFT 47- 860-13 O T~ a S . !
I Tt - RN I ) S 1
! /  WARUAL I T ettt Sttt q
L o o o e e M f_ 4 _TEssm2 o ____ T €57
RN by 26 ormow (V10
~ ) INPUTS
SO ! )
! E
y ! (SEETISSE)_ % 2
ot {SAENS3B)_ v
GROUP O 31-c50- 24 ! o
33-pas-28 | ; ! ! F .
O37-n44-28 | | ! ! b
0 ) H
o i [
I b - - - e e e = -
|
{

AUG 8 ADN

P. 53855

15l I3

o

o

o e e e e e e e e e e e e e e e e o —— = = - -

SEE P. 65

TITLE PRODUCT

b CONTROL DATA
________ CORPORATION | ADDER / SHIFTER

_________ GROUPS O & |
COMPUTER DIVISION

1137 (X3

59







[
|
|
|
| Ls
|
|
|
|

ADN 6
AUG 8 ADN Y55-A52-26
FAN —IN AUG 6
GATES 53-A53-26

R 53 855

55-A52-10

LP 45-C60-6
XR 45-C60-23

47- B60-24
RS 47-B60-6
SHIFT 47-B60-11

| 70 BIT 7 (BIT6)
| OF SHIFTER  WANUAL
63-A56-24  |7-D64- 21
o A

AS5

FROM BIT 7
OF SHIFTER
63-A56-12

BIT_6
_—_— -

17-B64-11

LIGHT (BIT 5)
17-864-5

~
~ BIT S
~

WANUAL (BIT 5)
!/ 17-p64-23 _ - —

MANUAL (BIT 4)

_AUG 4 17- B64-25
53-B53-2 _ _BIT 4
_AON & ===
55-B52-24 LIGHT (BIT 4) |
_ADN 4 17-864-3 |
55-852-19
_AUG 4 |
53-853-19 o __1
AUG 8 ADN |
FAN— IN —_—
GATES Al 3 QO LIGHT (BIT3) |
v 17-B64-18
P. 53855 |
3 ~ !
2 ~BIT 3
3 ~ |
~
2 .
e A o ¢ I B b o S N 3
F---——-----
!
| LP 45-C60-4
! XR 45-C60-25
|
- - O —
| LS 47-B60-27 = LS ST
| RS 47-860-3 O-»Rs l23
O
! SHIFT Yo BIT 2 FROM MANUAL (BIT 3)
\ 47-860-12 OF SHIFTER BIT 2 OF 17-D64-27
59-055-19 SHIFTER
v 9-C55-14 -
______________________________ —

LIGHT (BIT6) N

|
A

REG
31-C49-25 A
33-049- Q

N\ 37- Ad4-| P

39- B50-14 X
41-A42-4 Y
67-D43-17 MASK

31- C50-5
33-D49-12
37- A44-12

QO 67-D43-16
O 41- A49-3
39-B50-13

..‘
|
|
|
|
|

>-]

21

/
/
/

31-C50-6
33-D49-11
O 37- A44-11

- - - =

31-C50~-7
33-D49-27
37-A44-27

/

5

.Do T1- D44-26

QO 41- A49-27

(SISEN(SIZB)

ADDER/
SHIFTE

P. 65
cse

SECTION ©
BORROW

N EEE
< (SEEITSEE)_

i)

~ _EEEEEe_

GRQUP O
ADDER/ 20
SHIFTER
D55

P. 57

TITLE

ADDER / SHIFTER
GROUPS 2 &3

PRODUCT

>, CONTROL DATA
CORPORATION

$12€ Jorawi

0.
C | 60152700

i

COMPUTER DIVISION

lauurlnu 61







17-A64-22
AUG & ADN
FAN ~IN
GATES
P 53 855
LIGHT (BIT9)
17-A64-24
~
~
~ BIT 9
~
~
1 S o
~
! LP 45-C60-10 S
] ~
~
| XR 45-C60-21
! ts a7-es0-21 O»=ts | [ | NSl __ -
! RS 47-B60-10
| SHIFT 47-8B60-18
| 26
y
) v, WANUAL (eiTs) P
S S A A
- -
! P r--
- M
- \
_ - / \ (]|
- ! I
- A56
1
GROUP 4 o : :
MANUAL(B(TB)' !
_AUG B 17-064-17 | |
3-A53-24 BIT 8, ,
_ADN 8 =iy B¢
5-A52-24 LIGHT (BIT8] | |
ADN 8 17-A64 -28
5-A52-19 [
_AUG 8 1l
3-A53-19 e __ 11
AUG 8 ADN |
FAN N —_—
_AUG 7 LIGHT-(BIT7) |
53-A53—-4 17-864-13
P. 53855 RN |
55-A52-4 ~ar 7 !
AUG T ~ 1
53TAS3-12 S
_ADN 7 ~
55-A52-12 > - — - — J4°9
F--—------
I
| LP 45-C60~3
! XR 45- C60-26 O
!
| LS 47-860-23 O
| RS 47- 860-8 O
| SHIFT TO0 BIT 6 FROM MANUAL (BIT 7) P
47-8B60-17 OF SHIFTER BIT 6 OF 17-D64-19 -
' 61-A55-19 SHIFTER -
61-A55-14 -
L o e e e e e e e e e e e e 2 L 2 —

1 TO BITIM
i OF SHIFTER  WANUAL (BIT10)
65-C56-24 17-D64-11
0O O BS6
20

BIT_lO
_——_ ==

LIGHT (BITIO) N

REG
31-C48-24 A
33-D48-18 Q
37~ A43-18 P

39-B49-27 X
41-A47-18 Y
67— D42-17 MASK

31-C49-23

ADDER/
SHIFTER

P. 65
C56

/7 7
/7 7y

GROUP | 8
SHIFTER |
€55

|
|
|
|
|
|
|
!
1
|
1

—-—
(S7B)(S8E)

(SIiE)_(SlEB)_

Y il (i |
SECTION © €57 | |
BORROW _ Bonow viol |,
NPUT!
) s 1
- € i
—_— H
(SBENSSE) _ D 2l 1
(S4E1(S38) F !
——— - B |
548B_ _ _ o |
J
__ I |
{Sae)s3E) H 1
S26_ _ _ F 0 |
i L _ )
(SIBI(S2E) _ 1
SIB
S
BORROW .
INPUT
I
1
| 1
1
I
11t
_______ L
I Y (L
|
—————————— I
{soB)(sIE]!
___________ o |
|
L(SIBB“SOE)(SISEI(SOE) !
__________________________ -

' CONTROL DATA
CORPORATION

TITLE

ADDER / SHIFTER

PRODUCT

$IZE JORAWING NO.

COMPUTER DIVISION

GROUPS 4 &5

Iu(uluu 63







_____________ . ke
_——— - [ I
_____________________________ - ~ — - - ! -
ToBITIS . _____ -~ | mm———— - — - N
OF SHIFTER WANUAL (BIT 14) J RN SECTION 1 ~ asr | l :
§7-£55-12  17-D64-3 | | ADDER/SHIFTER FANOUT ~ S0 o BORROW %6 vio] !
00 | D RN ~ [
voo] pse | o~ ~ — BORROW INPUTS | |
| O~ ~ _§ia8 £ 11
! ~ O~ ceocsn £ ! 1
1o FROMBITIS || - ~ [ ~amniena) 3 . -
57-055-23 | | ~ _(S1eEis13E) o 244
BIT_14 31-ca8-6 A = === F '
J S | 33-D48-1 Q & 11
LIGHT (BIT1al .
17- A64-11 N 37-A43-1 P S -
e el e H [
AUG & ADN 1 39-B49-14 X ; |l
FAGNA;gg 1 41-A47-1 Y T —m == .
. 67-D41-17 9
R 53 855 JE— MASK -~ 11
LIGHT (BIT 13) | | i L1
17-A64-5
1l ! [
~
~sr s 31-c48-7 BORROW o
~ ! | 33- D48 -12 4. (S7BISEE) INPUT fr T
1 === 1
~ 37-A43-12 T V1
3 8. I
| 67-D4l -16 | |
————— - .B 41- A4T-12 ) : ’I :
[ | F-039-849-13 "I i
LP 45-C60~8 | | see p. 59 L : : :
J a ]
XR 45-C60-19 - It
R L (T v Ve R
LS 47-B60-I5 ’,’ - - _— -
RS 47-B60-7 - -
s -~ - - [
SHIFT 47-B60-16 - PR
_ - -7 - hl [
> - PR -
vy MANUAL (BITI3) - _ T - | 11
\ 17-D64-5 _ - - _ - | | ]
{ - PR 1
P PR | (.
[\ - ! ! I
-\ ] I
PR ! ! 1 1
- \ |
-~ oo ! t o
- ! cs6 b | GROUPS ! .
! | | ADDER/
GROUF 6 . 31- ca8-22 X SHIFTER [ 1
- 33-D48-11 \ 855 1 [
MANUAL (BIT 12) t [
17- D64-7 : ) P 37-A43-11 1 . D
aiT 2t
————— 1= < : | |1
LIGHT {BIT sO-28 _ _ _
|7—A52I3 2 ) bR/ (SIBI(S2E ’ -
. 67-0D41- SHlETER 5181 (S2E) .
- A4T - |
. 41 - A47-11 ! s FETEE), -
_____ i O 39- B49-4 = -
AUG &8 ADN ) : I P— S8 _ _ 11
Pomes LIGHT (BITI "1 (S13BMMS0E) 11
17-A64-18 | 31- c48-23 i | aiaininie - —5 11
R 83835 1 I |1 (SISENSO0E) Vo
ERCILEN 33-048-27 . T
~o ! Q 37-A43-27 | y 10
~ L \ Ch ! p o
----- - (. 1= -1=
| { | I_ |_|_|_ —_
67- D42-26 1 1 ) ! - == |
41- A47-27 | | LL—"—— _: .
39-849-3 [ b= |
SEE P. 59 [ | .
] L e D e e e e e am e - m m e e e e e e e —
MANUAL (BIT 1)
17-064-9 _
- TITLR PrODUCT
o - ¥ CONTROL DATA 1704
SFT To BT I0  FROM - - CORPORATION | ADDER / SHIFTER
47-860-20 OF SHIFTER  oF SHIFTER -7
63-856-19 2% SN T - GROUPS 6 & 7
_______________________________ - COMPUTER DIVISION







J29- A
JOB-F5

J29-B
JO8-F6

J28-A
JO8-F3
J28-8B
JOB-F4

J27-A
JO8-FI
Je7-8
J0B8-F2

J26-A
JOB-E9
J26-8
JO8-EIO

J25-A
JO8-E7
J25-8
JOB-E8

Jig-A
JO6-F|

Jig -8
JO6-F2

JIs- A
JO6-E9
Jis-B
JOS-EID

JI7-A
JOG-E7
Ji7-8
JO6-EB

Ji6-A
JO6-E5
J16-B
JO6-E6

Ji5-A
JO6-E3
Ji15-B
JO6-E4

BIT 3
71-D44-23

BIT 2
71-D44-21

BIT |
75-B34-26

59-D54-11

BIT 14
65-D54-12

BIT 13

_ -

65- D54~ 19

BIT 12
P L .
65-C54- 18
3 - E46-4

ENABLE INT 69 - D40 -4
3 - E46-17

, 15~ C36-24

T ___

63- AS4-11

sres____

61- a54-12
U - S
61- A54-19

BIT 4 ~ =~
FROM

ADDER / SHIFTER

61 - B54-18

100
3 - E46-7
ADDER -» MASK

71-D39-27

ENABLE INTERRUPT

69 - D40~

150
3 - E46-19

CLEAR MASK

15-C36-25

ADDER / SHIFTER

ADDER-» MASK 71- D39-25 2

CLEAR MASK

71~ D37-18 104

55-B52-17 MO4

MASK INTERRUPT
REGISTER REGISTER
23 A 22Q Ti-038-17 118
26 240 55- D52 -27
N A\ '8Q 71-D38-4 Tie
17 200 55-D52-25
7 14Q 71-D38-2 113
16 A A 100 55-052-23
) 1Q NOT USED
. A 40 11-038-1 112
120 55-¢52-17 D42
6
MASK INTERRUPT
REGISTER REGISTER
25 Pl o P A2
27 ’ 65-C54~ 11026 24
I'd
28 s
s _——— -~~~ 21 18
____________________ el - BIT 10
P 63-B54 -12 O7 A A 20
e e e = -
I i O X 4 14
_ - BITS
- 63~ 854-19 016 é A 10
T g : A
- - BIT8 a
- 63- A54-180 8
P 12
,—”— 3-E46-6 QO 6
- ADDER-»MASK 71- D39-260 2
ENABLE INT 69- D40-12 O 25
3-€E46-18 Q 27
CLEAR MASK 15- C36-26() 28
D43
INTERRUPT
REGISTER
AZZ 71-D37-11 107
240 55-A52-27
A '8Q 71-037-10 106
200 55-A52-25
A 14Q 71-b37-7 105
100 55-a52-23
NOTE:
L SEE PAGE 7!
O NOT USED 2. 9= JACK.

71~ D38-23 IN
$5-C52-27

71-D38-26 110
55-B52-25

71-038 -25 109
55- 852~ 23

NOT USED
71- p38-28
55-A82-17

FOR BASIC INTERRUPTS.

TITLD

m CONTROL DATA
CORPORATION

COMPUTER DIVISION

OPTIONAL MASK,
INTERRUPT REGISTERS,
AND RECEIVERS

PROOUCT

1704

BIZC |oRAwING NO.
C | 60152700
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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 Protected 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 Input
1. A nonprotected instruction atterﬂpts to write into a storage fx.'om
location containing a protected instruction/operand. The pin 20
contents of the storage location are not changed.
2. An attempt is made to write into a protected storage location fx:om
via the external storage access when a nonprotected instruc- pin 20

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- from
lowing execution of a nonprotected instruction. The inverter J
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 from

when they are not protected: Interregister with bit 0 = 1, inverter*
EIN, IIN, EXI, SPB, or CPB. These instructions become

nonprotected Selective Stop instruction under these circum-

stances.

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 instruoction to be executed before enabling the interrupt
system. There is no delay when using the Exit Interrupt instruetion.

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 reading 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 3) ADR (ind)
2) time 300 4) 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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® DENOTE PAGE NUMBER FROM LOW SPEED COMPUTER DIAGRAMS.

D40
{RNT) 45- C63~ 14 A3s
N s 23— C40- 10 PROGRAM PROTECT [vs4
omtindh o c37 19 13- D57-20 SWITCH SET |
ADR)(in - c37- —cSI- 17 -E64 - 4 5-Bl4-4
13- D57-5 NU 29-C51- 15 o)
75-D14-27
[IFF;OM ) 41~ Ad1-2 (8 CYCLE)(INT) -
NTERRUPT PRIORITY - - 101~ A34-2 -
INT 71-D37-24 49-889- 26 -
-= PROTECT BIT INST. PROT.+ SWITCH
HO4 7-B36-6 105-~Cc21-23 105 - A28-19
{50 3-E46-23 101 A34-23
B CYCLE —_
1i-ES1-23 ENABLE SWEEP T ENTER
ERRUPT 17 - E64-16
P [ —
TO CLEAR X UPPER
(REG)(EXI + EIN) 150 3-831-12 O] QTO CLEA
25-a51-22 [ =) 1s-c36-7
REG (SKIP) HOO 7~ ASS-22
25-851-11G
100 3-£46-9 O L] too 3-B41-15
!
Ho3 7- a38-15 O RESUME 39,101~ A34-22 ) PROTECT  FAuLY
(REG) IIN u" cT BIT (GOING FROM AN UNPROTECTED INST.
25-asi-24 Q5 (O \ PRO;;Em-z_r, TO A PROTECTED INST.)
\ E
HOS 7-D45-220) 67— D42 25 \
VIOO 7~ D5B-23
HOO 7-A59-24 0 67- D41- 25 ENaBLE \ e
67- Da3-25[ INT \  (Ree) [exz+ spe + 19 | pROTECT FAULT
AoveE e \ CPB+ IR (X0)+ EIN+IIN] 23- C40-13
ll-E52-23 T1-D44-23 \ 25-A51-14
R ba36- \
Me is-ge3-9 O (87~ D36-25 {INT+MC) \ 101~ A34-26 TO INTERNAL INT.(PROTECT FAULT}
——mm—m — ——— 17-C64-28 PROTECT FAULT
PROTECT FAULT N REG (SKIP) 43-D35-2  TO SKIP SENSING (PROTECT FAULT)
(FROM STORAGE) |, /AN ‘“— [ "Iz} .-  —=—-=-=-°=°77
105~ A28~ 11
PROTECT FAULT
COMPUTER CHANNEL 43-035- |)
ACTIVE
105-c21~ 9 V200 7~ AS8-22
A CYCLE I11- £52-2 u
RNI 9-C38-6 -‘mﬂ
Mc 19-E63-4 O—{(E)
NOTES:

PRODUCT

1704

TITLE

PROGRAM PROTECT
AND INTERRUPT

k. CONTROL DATA
CORPORATION

nEsT

COMPUTER DIVISION

Past 69




MASK REGISTER AND INTERRUPT PRIORITY

The basic 1700 Computer has two interrupts. They are as follows:

1) Interrupt state 00 = (internal) Storage Parity Error or
Program Protect Fault

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 intsrrupts.

00

Ol

BASIC
INTERRUPT

T

1705 OPTION ADDS

15 ADDITIONAL EX-
TERNAL INTERRUPT
LINES (ADDS 14 INTER-
RUPTS)

MASK REGISTER

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 regis?er during an Inter-Register instruction. The Mask
register sets at time 300 according to its selected Adder/8Bhifter 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.
INTERRUPFT PRIORITY

The interrupt priority consists of modules V11 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 A 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 A pertion of the EXI instruction is formed.
Delta defines the interrupt state from which the exit is taken. The EXI instruc-
tion automatically reads the address containing the return address and jumps to

the return address.
PRIORITY
BIT CODE BIT

07 00
[ofofolr[ 1] o]
A\ I J
\4 V
| c
If two or more interrupts have equal priority and occur at the same time, the
computer recognizes 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.

A PORTION OF EXI INSTRUCTION

The interrupt state priority code output transfers to the Y register via the
V22 module on page 41.

TABLE 1. INTERRUPT STATE DEFINITIONS

Value of Location of
Interrupt A to Location of First Instruction
Statem Exit State16 Return Address After Interrupt Occurs, ¢
<[oo 00 0100 0101
01 04 0104 0105
r02 08 0108 0109
03 oC 010C 010D
04 10 o110 0111
05 14 0114 0115
06 18 0118 0119
07 1C oric 011D
H% J 08 20 0120 0121
09 24 0124 0125
10 28 ‘ 0128 0129
11 2C 012C 012D
12 30 0130 0131
13 34 0134 0135
14 38 0138 0139
L15 3C 013C 013D
*Interrupts in basic computer
**Interrupts added by 1705 Interrupt/ Data 70
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A CYCLE
11 ~€52-20
V250
7,1 1= B37-18
(REG)(IR) (X0}
25-A51-13
M+ ADDER
51-058-18

MANUAL SEL M
15-D63-9 ¢
SEE_P. 33

NOTE:
SEE PAGE 67 FOR ADDITIONAL

INTERRUPT LEVELS

D44

BIT 3
EXTERNAL INTERRUPT C
67-0D08 - 20

23

FROM
ADDER/ SHIFTER
61~ BS54 - 11

O

BIT 2
EXTERNAL INTERRUPT
67-D08-8

BIT 2
59~ C54-12

INT BIT I
75-B34-27

BIT |
59-C54-19

INTERNAL INTERRUPT
101~ A34 -1

ADDER / SHIFTER
59-D54-18

ENABLE INTERRUPT A25
51- D58-16 69 - 040 ~-2
150

3-es6-20 Q27

CLEAR MASK
I5- C36- 27

MASK
REGISTER

INTERRUPT
R

EGISTER

I3

V09

3

LADDER
55- 852-27

55-C32-25

Q55-Cc52-23

O 55-D52-17

(1705 OPTION).

037

- § z [viz] o
s 24| INT. FF
71-D38-15 69- D40~ 24
__ o x
[ 27) TO YOS
| (VIA MODULE v22)
41-249-5
(- - o _ _
\ s
| 102
——————— 8
! 8
| 103 _ _ INTERRUPT
el c PRIORITY
1 104 3 X
| 67-Da3-4 S~ ) @ ———O—----=-=--- b
T T A" It ryr-"T="===-- a1
| 105 1
67-D43 - 14
[ 1
\ 6 1
X 67- D43-18 1
1 107 11
67~ D43 -22
| TO Y04 [
| - -0 (VIA MODULE Vv22) | |
. 41-A49-9
| 1
1
1 [
1 TO Y03
[ V- Y (VIA MODULE 1
| . 4l- A49-23 [
X R
[
| L To Y02 t
| - (VIA MODULE v22) |
! o 41- Ad9—2 D
1
1 \ L [
| I
! [
1 400
|
I

I09

15

&

Tis
~|) 71-D37- 26

m CONTROL DATA
CORPORATION

COMPUTER DIVISION

TITLE

MASK REGISTER AND

sRODUCT

704

izt Jol

[} 0.
INTERRUPT PRIORITY C 60152700

v

o
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SHIFT, MUI, AND DVI CONTROLS

The V72 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-instructinn field (Fl) Bit positions X05-07
identify the type of shift instruction. Below is the format for the shift

instructions.

15 12 0 87 6 5 4——0
F F!

IXXXIEERAREE

1=SHIFT LEFT | —
0=SHIFT RIGHT SHIFT COUNT
I= SHIFT A

1= 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 X00-04) 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 FF's 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 eomplemented 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 SR1 FF senses the sign during Multiply operations
and the SR1 and SR2 FF's 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.

The output of pins 1 and 3 of the V63 module control the comple-
menting of the product, quotient, and remainder. The condition Y00-04=0
signifies that shifting is completed (MUI 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 @ 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 16lo bits (one register
at a time). It is therefore necessary to have a bit bucket to hold the lowest
order bit 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 bit 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, MUI AND DVI CONTROLS (Cont'd)

with the contents of the bit bucket replacing bit position A15. A more
detailed description of the bit bucket logic is on page 56, 1.

The Multiply bit (MB) is in bit position A00 during the first shift

shift operations (C cycle).
in as previously described.
age location specified by the effective address) are added to the contents

operation (A cycle) and is in bit position A01 during the remaining 1510
If MB=0, the contents of QA are right shifted
If MB=1, the contents of the X register (stor-

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)
(X)
(A)(X)

Q

= 1FA2

=56

= 9E2A
A

16

=
w

Bit

Bucket

0000000000000000
000
010
001
000
000
010
001
011

000

0001111110100010
~

000011111101000L:
1000011111101000 |
s

0100001111110100
1010000111111010
0101000011111101
1010100001111110
0101010000111111
0010101000011111
0000010100001111
1000101010000111
1100010101000011
1110001010100001
1111000101010000
0111100010101000
0011110001010100
1001111000101010

O O O O M = - H H = O +H C O O == O

O RN WAoo IR0 AY N (<

00—

L = R N

]

H O O =R OO

10011110001010102= QEZA16

ex: MB=1
(Q)=000
(X)=101
: A
(Q@Q—" Bit
Bucket

ex: MB=1
(Q)=001
(X)=101
110
(@— 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 A00, 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 Left Shift shifts QA one
place with the "1" in the bit bucket replacing bit position A00. 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 Al5 replaces bit Q00 through the
associated logic of the Adder/Shifter. A more detailed discussion of
the logic of this process is on page 58. 6. ‘

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.

72.1
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SHIFT, MUI 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.

Divide: (A) Q=0
(xX) [[(Q4) A =272E,, = 0010011100101110,
X =2,
Q A Y EAB /Bit Bucket
0000000000000000{0010011100101110 | F
000 1|0
0100111001011100 | E
000 10
1001110010111000 | D ex: %A]?é -Xo
oot 1| 0 1 Bit Bucket = 1
0011100101110000 | C it Bucket =
010 o1 _
000/0111001011100001 | B ) E% ;-oe
000 1] o0 = 09
1110010111000010 | A 000
001 1|0 Replaces (Q)
1100101110000100 { 9
011 o 1
001{1001011100001001 | 8
011 0|1
001|0010111000010011 | 7
010 o 1
000{0101110000100111 | 6
000 1|o
1011100001001110 | 5
001 10
0111000010011100 | 4
010 0|1
000]1110000100111001 | 3
001 1] o
1100001001110010 | 2
011 0| 1
001/1000010011100101 | 1
011 0] 1
001|0000100111001011 | 0
010 0|1
000]0001001110010111
: v — o ——
Remainder Answer

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 AG0 during the A cycle
and bit location A0l 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 (MUI) (ROP) (050)
(Y00-04#0) (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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A CYCLE

I1-ES2-26 (SHIFT CYCLE) Q
(X00-X05#0)(SHIFT ) L Q81 ~c59-15

13-B39-10 47-B61-18 | (A+Q)
{50 3-ce1-17 Q 45-Cc63-18 [ SHIFT CYCLE

49-A39-5
SHIFT CYCLE
Ho2 7- B5B-23 51 - D59 255
T CYCLE SHIFT CYCLE (A)
11— E53-27 49— A59- 10

{Y00-04 =0)(QA)

HOO 3-C6t-18 SHIFT CYCLE (A)

51— C59 -7
HOO  7- AS9- 2|
Y0004 =0 SHIFT CYCLE
-93= 49- -28
43-A39-11 9- B39
39 - -
X6 B44-15 150
QA SHIFT HOO
41- Adl-14
ADR
X5 39-B44-6 O
MULT. STEP (SHIFT CYCLE)
73 -A61-24 (MULT. STEP) {DIV, STEP)
BV, STEP 49-839-27
73-A61-5 51— D59-16 VI00
MC 19- E63-7 O —_—
(ROP) { MUI+ DVI)+ RoP
SHIFT CYCLE
11-E53-16

(Rop’(z'-f‘iro;'o'iv.ls) Q (ROP)(MUI + DVI) + QA SHIFT

57- E55~ 27

NOTE!

D62 MAY BE A V72 MODULE IN SOME MACHINES.
IF SO, SEE LOGIC SCHEMATICS.

A62
oyI {DVI}{SR 2) Y00-04= 0
27-D%0 -18 45-C63-13 43-A39-7
MUT
27-p50-3 C
QI5=1
43- D35 -25 SHIFT
Al5= 1 29-C51-1|
43-035-17 TYCLE
11- E52-28
(MUI + DVI)(ADR}(SR 2)+ (ROP) .
(ROP) EOR Y (EOR) +(MUI + DVI)(ROP SR 1) Aoo=1
29- AST- 15 45-C63-7 35-Ca4-18
A01=1
X15= |
X a2 20 35-Ca4a-i1
EXT (ROP)
B CYCLE 29- c51-21
11-E51-26 wut (rorl L
27-050-12
3-c6l-19 T cYCLE
- Aso-23 I1-€53-26
Me
9-A40 -1 19-E63-24
A CYCLE
11- ES2- 25 (ROP) DVI
27-050-8
7- D58-28
9 -ca9-7 DVI (YOO-04=0)
(SR 2)+ MUL {SRI)
Y00~0420 45- C63-21 Hoz
43-A39-5 7-858-28
tso
3-c61-20

SHIFT + MULT. STEP
51- D59-18

[Mur (w8 =1)+€x1] rRoP
49-859-5

DIV. STEP + MULT. STEP
43- B59-9 (MB=1)

29- A57-14 DVI STEP
57-D36- 17
NU

{ROFT (MUT1(AT( 250}
) 15-C36-8

TiTLE

CONTROL DATA
CORPORATION

CONTROLS
COMPUTER DIVISION

SHIFT, MUL,& DVI

pRODUCT

1704

[} 3
C ISOI527OO l
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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 (Q00=0). 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). Internal
Reject causes the computer to go to address P + &, where A is the lowest
8 bits of the input instruction, the highest of which is a sign bit. External
Reject causes the computer to go to address P+ 1+A,

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.

AQ1I/O

The Read or Write signals enable transmitter circuits on the ZT
module, a 7 usec 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.

00
—_—T
BASIC
INTERRUPT
1]

T

v

15 ADDITIONAL EXTERNAL
INTERRUPT LINES (ADDS 14 INTERRUPTS)
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Jo4-F7
Q=0  33-p4s-23 403 - F8
JO4 - F8
_ J04 - D3
soz-o3 | .o
J03 - D4
REG (anp) | Jo4 - D4
25- B51- 5 ~ =
D34-x .. .. T8-020e . - - INSTRUCTION PROTECTED |, 403 - D9
- - 9~ -
READ Jo4 - 09
Jo3 - bIO
Jo4-DIO
D34-X()
————————————————— J03 - D5
J04- D5
WRITE
V200 JO3 - D&
7-As8-23 J04 - D6 J= JACK
REG (OUT)
25-851-1 SE————
V250 (REG)(INP)+ (QUTI(A) ~.
7- B40-28 3-817-28 O
T THSEC DELAY
REG (INP +0UT) axa. = _
25-B5los 7-838-21 SEE R 19 JoT - EI
MC 19-E63-11 O Jo8 - €1
= Jo7-E2
A _CYCLE
I 1-E52-24 SEE P. 43 Jos - E2
AND BELOW
(READ ¥ WRITE)
O (REPLY ¥ REJECT)
7- B38-22
1a2v
B34 -2 NU
REJECT
43-D34-24
t.2v C
B34-4
TNTERNAL REJECT
75-D34-12 19- 463 - 22
NU
~ ~ (D 3-8Is-28 REPLY
T ~o _ _FEY
1.2v
B34-6 3
SEE P 43
AND_ABOVE
1.2V 75-B34-7
t25 3.c25- 19
s V250 7-B40- 27
BITI 27 INT BIT O
97-828-27 ( 97-B28-18 EXTERNAL INT. 67 E17-4 70 71 Da4-7
FROM Z REG 9-8B12-15 W
BITIS TO 2 REG INTERRUPT
95-011- 20 NU NOTES: — - —
(D DENOTES PAGE NUMBER FROM m CONTROL DATA 1704
LOW SPEED COMPUTER DIAGRAMS. CORPORATION AQ I/O v R v
- PART | C | 60152700 |AA
COMPUTER DIVISION quvlmx 75

QI2~1520 35-D45-23

J03 - F7




TABLE 2, ZS MODULE CABLING

Module Module Module Module
Location Pin Destination Locatien Pin Destination Location Pin Destination Location Pin Destination
D12 3 J06-~D2 Di5 3 J02-D2 D16 3 J02-C6 D17 3 J02-B10
5 J05-D2 5 J01-D2 5 J01-C6 5 J01-B10
6 J05-D1 6 J01-D1 6 Jo1-C5 6 J01-B9
8 J06-D1 8 J02-D1 8 J02-C5 8 J02-B9
13 J02-D8 13 J02-C10 13 Jo2-C4 13 J02-B8
14 J02-D7 14 J02-C9 14 Jo02-C3 14 J02-B17
15 J01-D8 15 J01-C10 15 J01-C4 15 J01-B8
16 J01-D7 16 Jo1-C9 16 J01-C3 16 JO1-B7
21 21 J02-C17 21 J02-C1 21 J02-B5
23 23 Jo1-C1 23 Jo1-C1 23 JO01-B5
25 25 Jo02-C8 25 Jo2-Cc2 25 J02-B6
27 27 J01-C8 27 Jo1-C2 27 JO1-B6

Module Module Module

Location Pin Destination Location Pin Destination Location Pin Destination

D18 3 J02-B4 D19 3 J02-A8 D20 - 3 J02-A2

5 J01-B4 5 JO1-A8 5 JO1-A2

6 J0o1-B3 6 JO1-A7 6 JO1-A1l

8 J02-B3 8 J02-A"7 8 J02-A1

13 J02-B2 13 J02-A6 13 J02-D6

14 J02-B1 14 J02-A5 14 J02-D5

15 JO01-B2 15 JO01-A6 15 J01-D6

16 J01-B1 16 J01-AS5 16 J01-D5

21 JO02-A9 21 J02-A3 21 J02-D3

23 JO1-A9 23 JO01-A3 23 J01-D3

25 J02-A10 25 J02-A4 25 J02-D4

27 JO01-A10 27 JO1-A4 27 J01-D4
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Q REGISTER

_A
] - \
. BIT I5 »— J04-DI BIT 11 Joa-c3 BIT »— JO4- BS BIT 03
35-Das-i9 >— 403 DI 35-D46-17 J03 - €3 >— J03-B5 35-D47-260 9
Elg-X »— J03-D2 Elo-X Jo3-c4 »>— J03-B6 E21-Xx O 7
>— J04 - D2 Jo4-C4 »— J04-B6
14 »— J03- C9 10 Joz-cl D— JO3- 83 02
35- D45 - |1 J04-C9 35- D46 - 12 J04—C) >— 404 - 83 35-047-3
E18-X J03 - CI0 E19-X Jo3-c2 >— J03- B4 £21-x
Joa-cio Jo4 - c2 J04- B4
13 Joz-c? 08 JO3 - BS Jo3-8l ol
35-D4s-18 Jo4-C7 35- D46-26 404 - B9 J04- 81 35-D47-7
Ela-x Jo3-C8 E19-x 103 - B10 Jo3- B2 £21-x
J04-ce J04-BI0 Joa- B2
12 Jo3-C8 o8 Jo3- B7 Jo3 - A9 00
35- D45-12 J0a—C8 35- D46-3 J04-BT Jo4= AS 35-D47-22
18X »— J03-C6 E19-X J03 - B8 Jo3 ~ Al0 £21x
»— JO4- C6 J04 - B8 D— JO4 - AIO
A REGISTER
A
7 \
DI6 DI7 018 DI9
[zs [zs zs ZS
BIT 8T BIT BT 8IT
15 12 09 06 03
35-C42-22C Nu35-C42-2607 /\ AWguu 38-Ca3-1707 A\ Awguu 35-c43-1207 A\ &’oguu 35-c44-26 QT AN\ ACONU
9031-Cc46-2! 90 31-Cc49-14 9 031-Ca9-21 90 31-¢c50-8
31-c48-2
14 " 08 05 02 1”7 12
35-C44-17C wu 35-caz-12 0'7 A\ A'zguu 35-caa-n 0'74\ A’zénu 3s-caz-9 07 A A'%Onu 35-cas-3 O A A guu
1 Q31-cag-28 1N O31-Ca9-18 11 Q31-€50-2 110 31- c50-21
31-Ca8-1
o1 o BIT
10 24 Lz4 22 ) 24 22 ol 00
wu 35-¢42-170° A A% 0wy 35-c43-180 A\ A Owu 35—044427 A Aon 35-cas-7 08 AZ%ONu 35-C44-22
190 31- c48-27 190 31- C49-28 190 31- €50-1 190 31- ¢50-28
O31-c48-8
READ READ READ ‘READ READ
INU rois 200 4 r Qe 200 q e 200 018 200~ 4 T5oD3a-12 Q18
| | | | ] | | 1
e e e e e e e - - - L, d N L - — . L e e o - J
P J L o o o e ____. !
TITLE
b, CONTROL DATA 1704
CORPORATION AQ I/0 —l——]—..,. ST
C |60152700
COMPUTER DIvisioN]| PART 2 [
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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

[IT -

—
l Ve
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-turns 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:

e A horizontal drive (x wire)
e A vertical drive (y wire)

e A horizontal inhibit (Ix wire)
e A vertical inhibit (Iy wire)

e A diagonal sense (Sywire)

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 selected 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 11,if the left-most y wire and the top x wire carry
current pulses, core A switches; cores B and 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 stores a''0", The write
pulse without a coincident current on the I wires stores a ''1" in the core,

X WIRE

Ix WIRE

IyWIRE
Y WIRE

| |

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 change induces a pulse on the S wire. 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 S wire.

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.

78.1
Rev. A



1700 STORAGE (Cont'd)

Any change in the 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 :s 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 eores 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 diago-
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 l2shows 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
Figure12 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 12fix 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 similar 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 16-by-16 area of cores receives full inhibit drive in each plane
that corresponds to 4 "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 example, if write drive current enters the plane on

lines y0 and x0 (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 selects the horizontal and vertical stripes to be ener-
gized.

VERTICAL Y-DRIVE VERTICAL
INHIBIT LINES INHIBIT
STRIPES tooo) STRIPES
vy A —r
A Plfires va v yo ws vz v v vz vs vs v |4 °
I I I I I I~ 0 ] HORIZONTAL
B —— - T— LAL T 1T 17 D—,f:l } sI‘NRD:LlEI;
X0 N A 4 A i T
A ‘ A4 4 1 X1
* N J NN '
NN TN N X |
x4
1 xs
xe
x7
x8
X9
x10
X=DRIVE xn
LINES < X-DRIVE
(EVEN) | X1z p——0 > LINES
b o as| oo
%14 b—o
b—— x15
Ty —
lb—f xi7
xis pb—o
o—o x19
x20 p—o
o x21
xz2 po—o
L b—d x23)
e L
p [1 Y22 Y20 YI8 YIE Y4 Yi2 YIO Y8 Y6 Y4 Y2 YO c
0 - —
(To sENsE Mgt
AMPLIFIER ) (EVEN)
Figure 12. Simplified Storage Plane
STACK

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 Consecutively numbered planes in the top half (nine planes) of the stack are rotated
drive lines connect back to the drive deck. Each drive deck connects to 32 drive 900 in respect to each other. For example, plane 1 is rotated 90° counterclockwise
lines on the two sides of the stack as shown on the block diagram. The x and y in respect to plane 0, etc. The bottom nine planes are also rotated 90° in respect
drive decks are identical. The y drive deck mounts on the top of the stack and the to each other. In this half, plane 16 is rotated 90° in respect to plane 17. The ro-
x drive on the bottom. tation of planes gives a balance of connections at the corners of the stack.

One inhibit deck is mounted on each side 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.

32
TRANSFORMERS

Y=DRIVE A MAGNETIC

CORE 1 e 32
TRANSFORMERS \ v TRANSFORMERS
o / DRIVE DECKS
T e
I 1 One drive deck supplies current to the x drive lines, and the other deck supplies
PLANE | 4 | 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
(o f/ board., Components are mounted on and between the boards.
% ‘/V A deck contains a read and write current source and circuits to select each of the
PLANE 2 | 64 drive lines.
9 INHIBIT DECK
I The four inhibit decks supply current to the horizontal and vertical inhibit lines.
PLANE 3 The inhibit decks are two types (V21 and V22), and differ only in printed wiring
L 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.

“— RANSSoRMERS—, 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 Y register

at the beginning of the storage reference. The address in the S register remains
effective throughout the storage reference.

7
PLANE 12

Bits 12, 13, and 14 of the address: select the one of eight.- (maximum storage option)
banks. If an attempt is made to reference a storage bank that is not plugged 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).

~r -— 32 —_— The low-order 12 bits of the address select one of 64 x drive lines and one of 64 y
X—DRIVE TRANSFORMERS drive lines during the read and write phases of the storage reference. Bits 0-5 select
TRANSFORMERS the y drive line, and bits 6-11 select the x drive line.
Figure 13. X and Y Drive Lines 78.3
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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 cor-esponding 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 "1"
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 fegister 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
pin 14 on the V17 module at C23 (page 42) 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 0. The format for the other banks is the same.

TABLE 3, 18-BIT STCRAGE MODULE CONNECTOR FORMAT

A T2 73 39 ot TA T3 J4

PIN H8 HT7 H2 H1 PIN HS HT H2 Hi1

1 z! *Sense 3 73-3 *Sense 11 16 Ground J2-14 si0 s8

2 *Sense 12 J2-4 *Sense 0 Z2 17 Read %8?\?3%%%3# J3-19

3 z° *Sense 3 13-1 *Sense 11 18 *¥Adapter +4.5v | J2-20 sily s®

4 *Sense 12 J2-2 *Sense 0 Z6 19 Write *Sense 9 J3-117 Ground

5 z10 *Sense 7 13-17 *Sense 15 20 #*Adapter +4, 5v | J2-18 st0 s°

6 *Sense 16 J2-8 *Sense 4 Z9 21 Z15 *Sense 9 J3-23 +16v Drive
7 214 *Sense 7 J3-5 *Sense 15 22 +6v (Prive) +6v Inhibit | s!! s

8 *Sense 16 J2-6 *Sense 4 | 213 = V21B #1

ES - *
9 S4 S4 1 I3-11 23 Z Sense 6 J3-21 SI%nse 14
24 *Sense 17 +8v Inhibit *Sense 5 Z
10 Master Reset J2-12 *Senge 8 | z1' 25 28 *Sense 6 *Sense 14
11 s? s?1 J3-9 — - -
o + ibi *
12 Master Reset J2-10 *Sense 8 | S° 26 Sense 17 8v Inhibi Sense ! Z
6 27 Z4 *Sense 2 %ﬁlsqfrrr\‘lé‘{]? *Sense 10
13 S Ground J3-15 Core Protect Overload 3 7
+6 v In’&ublt V21B 3 28 *Sense 13 disable *Sense 1 Z
14 ) J2-16 Ground s > - Mass Drrve
15 57 Mass Inhibit J3-13 Core Protect 29 z OSense 2 Adjustment SSense 10
Adjustment 30 *Sense 13 d‘{s;{'},‘?gd *Sense 1 Z

*Indicates twisted pair
**Storage module tester input
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S REGISTER

The 15-bit S register contains the address of the current storage reference. The
bit format of the S register is shown below.

BANK X DRIVE Y DRIVE
SELECTION LINE LINE
A A \
14 131211 109 8 7 65 4 3 2 1 0

CITTTTTTIT T Tl

o
BANK SELECTION CURRENT

SOURCE
CURRENT SOURCE
TRANSFORMER LR::ZF)“MER
(10F 8)°

CURRENT
HORIZONTAL ———————— DIVERTER
INHIBIT STRIPE (1 oF 8)
(1 OF 4)

VERTICAL
CURRENT < J INHIBIT
DIVERTER STRIPE
(10F 8) (10F 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 V17 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 D27arenotcoennected 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
module 1 (Z80),

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 780 modules perform
the bank selection. The selection of a given bank by the corresponding Z80 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 possible sterage optied

size, the corresponding module and pin conneections, and the storage bank- selacted .

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 grd (''1") input. The input
pins are grounded on the storage module connectors. For any storage bank option
less than 20K, Z80 module 2 is removed.

As an example of storage bank selection, assume a bank designator of 6 and a
storage size of 20K. In this case, pins 5, 6, 22 and 1 in module 1 are grounded
("1" inputs). In module 2, pin 1 is grounded and pins 5, 6 and 22 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
Z80-module disables the selection of the corresponding bank. The ACE AND input
in module 2 enables the following R and W signals to pass through the output inver-
ters for pins 27 and 28. These outputs provide Read and Write drive currents for
bank 4, according to the table below.

BANK SELECTION TABLE

: ORDER OF
STORAGE REMOVE IN MOD 1 IN MOD 2 BANK ACCESS
SIZE MODULE GND PIN GND PIN BANK DESIG,
01234567
4K 2 00000000
8K 2 1 01010101
12K 2 1,6 01220122
16K 2 1,5, 01230123
20K 1,5,6,22 22 01234444
24K 15,822 1,22 01234545
28K 1,5,6, 22 1,6,22 01234566
32K 1,5,6,22 1,5,6, 22 01234567 80
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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 induces a
voltage on the sense line. This voltage appears as a ''l" to the two inputs 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.

The. Z register diagrams show only the sense amplifier stages for banks 0 and 7.
The table opposite page 85°'lists the locations, test-point,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 accePted, 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.

INHIBIT 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 1, 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 groups., 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 stages 0, 1, and 2 of the Z register
are all "1'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 "1's",

STAGES 16 AND 17

Stages 16 and 17 (page 99) function differently from the other 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) (t00) (Write Strobe) (Z17 = ""1'")
2. (Write Protect) (t00) (Write Strobe) (F8)

In condition 1, the Write Protect function = (External Write) (External Channel,
Active) [(External Protect) + (External Protect) (Parity Error) (Storage Protect
Fault)] + (Computer Channel Active) (Computer Write) [Computer Protect +
(Computer Protect) (Parity Error) (Storage Protect Fault)].

In condition 2, the Write Protect function = (Parity Error) (Storage Protect Fault)
(Write Protéct.Bit = "1") (Computer Channel 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 1, 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 (¥'8). )
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GRD IF BANK |
PRESENT HIO -} 3
HIO -3

SR o
>N xoc)’(“R.EGISTER
~ 39-B4s5-19 O

~ - -
GRD IF BANK 2
PRESENT H18-1

H18-3

+6V| ¢

| RECEIVER
, 83-007-12
) o

X REGISTER
| 39-B45-26
t
I

>~ ~J READ STROBE
107-A23-2

X—»2Z

107- A26-17
WRITE STROBE ()

107-A23-16

RECEIVERS »2Z

107-A26-20] '

39-B50-19

DATA XMTR

83 - DO7-7

xo1

X REGISTER
39-B50-20 _

X00
X REGISTER

105—-D28-26

105-D28-26

J Id

PARITY GENERATOR A24

83-91,107-A24 -25 - -

BANK 0-1 INHIBIT !

R B

VI8

107-A25-19

85 - B22-28

83 - B22-26

87-B23-2

87-823-4
| BANK 2-7 INHIBIT
| 87-B23-28
: 87-823-26
| 89-B24-2
! 89- B24-4
Lo
89-B24-28
89-824-26

9l1-B25-2

VVE DISZOVZOBE |FECOMFHIXCIXHSD (MOPNO@®MOo® MO >

91-B25-4

fm- A25-13

107-A25-15

O 107- A25-17

-
-

|l e e e e e e e e e e e e —— =4

- -

-
- - BANK O-! INHIBIT

EO09

BANK O

HO8 -1
BANK |
Hi6-1

- BIT 00
lio7, 83-821-1

BANK 2-7 INHIBIT ol
£37 107,83-B21-27

|
|
1
|
|
[}
L

02
< 85-822-1G

105-A28 -26

107,
83-B2I-8

() 87-008-18

*coumot. DATA |
CORPORATION Z REGISTER

(STAGES 0 & 1)

COMPUTER DIVISION

PRODUCT

1704
c | 60152700
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TABLE 4.

SENSE AMPLIFIER AND DATA RECEIVER-TRANSMITTER LOCATIONS AND TEST POINTS

Receim ensmitters Bank 0 _ Bank 1 __ Bank 2 — Bank 3 — Bank 4 — Bank 5 o Bank 6 — Bank 7
. Input Output' Pf‘t pu.t put put put put p:;t gtrtt i
Bit | Loc. [T. P. |Pin|T. P.| Pin | Loc. (T, P,| Pin | Loc. | T. P.| Pin | Loc. | T. P Pin | Loc. | T. P| Pin |Loc, | T. P| Pin | Loc. | T. P.| Pin | Loc. | T. P.| Pin | Loc. | T. P.| Pin | Bit
0 |1po7| 1 | 7| 2 |10 |1E08] 1|3 |1E12] 1 3 |iE22] 1 3 [1E25| 1 3 |1E34| 1 3 |i1E43| 1 3 |1Es0| 1 3 |iEs7| 1 |3 0
1 4 17| 3 |12 2| 4 2 4 2 4 2 4 2 4 2 4 2 4 2 | 4 1
2 5 |24 6 [ 22 3|5 3 5 3 5 3 5 3 5 3 5 3 5 3|5 2
3 |1pog| 1 |7]| 2|10 4|2 4 2 4 2 4 2 4 2 4 2 4 2 4|2 3
4 4 [17] 3| 12 5 | 25 5 25 5 25 5 25 5 25 5 25 5 25 525 ] 4
5 5 (24| 6 | 22 6 | 24 6 24 6 24 6 24 6 24 6 24 6 24 6 24]5
6 |1po9| 1 {7 | 2 |10 |1EO7| 1|3 [1E13| 1 3 |1E23| 1 3 |1E26| 1 3 |1E35| 1 3 [1E44| 1 3 [1E54) 1 3 |iEs8| 1| 3 6
7 4 j17] 3 | 12 2 | 4 2 4 2 4 2 4 2 4 2 4 2 4 2 | 4 7
8 5 (24| 6 | 22 315 3 5 3 5 3 5 3 5 3 5 3 5 3|5 8
9 |ip10| 1 7 2 | 10 412 4 2 4 2 4 2 4 2 4 2 4 2 4] 2 9
10 4 |17 3|12 5 | 25 5 25 5 25 5 |25 5 25 5 25 5 25 5 [ 25 | 10
11 5 |24 6 | 22 6 | 24 6 24 6 24 6 24 6 24 |8 24 6 24 6] 24| 11
12 j1p11| 1 | 7] 2 |10 |1E08] 1 |3 |1E14]| 1 3 [1E24| 1 3 |1E27| 1 3 [1E36| 1 3 |1E45| 1 3 |1E56| 1 3 |1Es9] 1| 3 12
13 4 J17) 3 | 12 2 | 4 2 4 2 4 2 4 2 4 2 4 2 4 2| 4 13
14 5 |24 6 | 22° 3|5 3 5 3 5 3 5 3 5 3 5 3 5 3|5 14
15 |p12y 1 | 7] 2| 10 4|2 2 4 2 4 2 4 2 4 2 4 2 4| 2 15
16 5 | 25 5 25 ‘5 25 5 25 5 25 5 25 5 25 51 25| 16
17 6 | 24 6 24 6 24 6 24 6 24 6 24 6 24 6| 24| 17
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FROM BANK

O SENSE

(PLANE 2 }
HO?-27

HO7-29

FROM BANK

7 SENSE

(PLANE 2 )
He3-27

HE329

FROM BANK
0 SENSE

(PLANE 3 )
HO?-1

HO7-3

FROM BANK

7 SENSE

(PLANE 3)
H63-1

H63-3

NOTE!

SENSE AMPL

EO6

E57

A Vo2
{3\

O

[ X .

Pe

SEE P. 83,87

EO06

O
.W.o

N
Pre

SEE P 83,87

ES7

£4\

[ X050
Qs
SEE P 83,87

EZ‘Z-Z
E25-2
E34-2
E43-2
E50-2

H26-5
H26-7

H34-5
H34-7

H42-5
H42-7

H50-5
H50-7

H58-5
H58-7

SEE P. 83

BANK 2-7
FAN - IN

E] REPRESENTS LINE DRIVER WITH
NO OUTPUT DIODE.

X0
N

BANK | SENSE
El12-5
GRD IF BANK 1
PRESENT HIO -7
HIO-5

RECEIVER

83-007-22 Q

X REGISTER
N~ 39-B45-18
~ - o
GRD IF BANK 2
PRESENT HI8-5
H1§-7

r
|
xo§’ - 008~

X REGISTER
| 39-B45-12
1
|
|

)- = READ STROBE
107-423-4 O

X —»Z

107~ A26-15
WRITE STROBE

107-A23- 18

RECEIVERS -2 (¥,

107-A26-22

Z REGISTER

+6v|

X02

DATA XMTR

-
-
-

39-850-7

31 x REGISTER
W’ 39-850-23
(o - - - -
ey G

Qe3-po7-24_

83-91,107-A24-27

PARITY GENERATOR 8 CHECKER

83-B21-2

vIg| A24

COMPUTER DIVISION

(STAGES 2 & 3)

SIZT JORAWING WO,

A
- -rnliTAmzel - - c
- “e3-91,107-A24-20 _ _ _ _ _ . | 83-B21- 4 E
1 23 B
'l BANK O-1 INHIBIT ) Ves-s21-28 c o obD
E09 P! 22 E
vt A | 83-B21-26 8 EVEN
1 £\ BANK 0 | g
. [@] =0 Hol-2 e e f 3 107-A25-19
38 pank 1 20 D
- J - | - G
—-d - ! e
< [4] | ' K
_ A105-D28-130<_| r—-—-Q-Hy
8] | 1 J oop
|
| | Ie7-szs-z Ik
H
e ! V| e7-B23-4 v I EVEN] Lo
| BANK 2-7 INHIBIT | | L 107- A25-13
| E37 | ' 87-B23-28 K G
1 N s
! I | er-B23-260° L - x
! HIT-2 Y M
| ) V87-82s-2 ™MD
H25-2 Q
! H33- 2 I | 87-B24-4 QY N W
e 1 15
wit-2 | '87-824-280- 2 ¢
Ha9-2 ! IaT B24-260-p & 107~ A25-15
H57-2 ! :
| Vei-B2s-2 3 EVEN
|
105-D28-26 I | ei-p2s-4 R 107- A25-17
1
1
! |
!
83:91,107-224-5 _; |
- =7 mooor-aeacs T
T _ = 7 BaNK 0-1 INHIBIT
- EO9
| BANK 2-7 INHIBIT
i £38
]
! HIT- 30
! -30
! -30
e
H41-30
-30
-30
105-D28- 28
TIiTLE PRODUCT
.I,conmm. DATA 1704
CORPORATION Z REGISTER

REV

£

C 160152700
14

quv I




TABLE 5.

ZS MODULE CABLING

Module Module Module
Location Pin Destination Location Pin Destination Location Pin Destination
DO7 3 JO6-A2 D08 3 J06-A8 D09 3 J06-B4

5 J05-A2 5 J05-A8 5 J05-B4
6 J05-A1 6 JO5-A"7 6 J05-B3
8 JO6-A1 8 J06-AT7 8 J06-B3
13 J06-A4 13 J06-A10 13 J06-B6
14 J06~A3 14 J06-A9 14 J06-B5
15 J05-A4 15 J05-A10 15 J05-B6
16 J05-A3 16 J05-A9 16 J05-B5
21 JO6-A5 21 J06-B1 21 JO6-B7
23 J05-A5 23 J05-B1 23 J05-B7
25 JO6-A6 25 J06-B2 25 J06-B8
27 J05~-A6 27 J05-B2 27 J05-B8

Module Module

Location Pin Destination Location Pin Destination

D10 3 J06-B10 D11 3 J06~C6
5 J05-B10 5 J05-C6
6 J05-B9 6 J05-C5
8 J06-B9 8 J06-C5
13 Jo6-C2 13 J06-C8
14 J06-C1 14 J06-C17
15 J05-C2 15 J05-C8
16 J05-C1 16 J05-C7
21 J06-C3 21 JO6-C9
23 J05-C3 23 J05-C9
25 J06-C4 25 J06-C10
27 J05-C4 27 J05-C10
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SENSE AMPL

PARITY GENERATOR

A24

83-821-2 0% (]
FROM BANK £os _——— - — < Z REGISTER B23 83-91,107-A24-7 -8z A A
0 SENSE - S F—= - - - ——==—===-==-= bl ¢
(PLANE 4) - BANK 2-7 ~< 83-9,107-A24-6 _ _ _ _ _ _ L y8emBane 8 E
HO2- €30 RN : :_ BANK O-1 INHIBIT | ! g3-p2i-28 O BD ooD
EO9 | E
- BANK |_SENSE 22
HOZ-8 e SENSE vl ! | e3-p21-26 8 EVEN
GRD IF BANK | x04 1 ! ) g5-B22-2 75 F 107-A25-19
PRESENT HI0- -B22- -A25-
o 3| x recister ! ! ' A
39-850-8 11 | _Roa. 20_ D v
RECEIVER | 85-B22-4 F
87-pos-12 O— = A |77 -2, _ __ _ _ g1 P 1 w
X X REGISTER 15 [~ 37 ~"— 4L _ _ _ _ g -  les-s22-28 0% 6 g
ES? N 39-Bes-s DATA XMTR d ! K
;ﬂgg‘::ux T~ 87-Dog-i7 _ _. —105-028-130<]] | 1 85-822-26 O~ H §
(PLANE 4) GRD IF BANK 2 - | I A oo
H58-6 PRESENT H18-9 - ! .
Hie-H - L - JI EVEN ZSL
H58-8 | BANK 2-7 INHIBIT L - A25-
eV ¢ oeE T IRt oo ‘6 107-A25-13
| ! s
F----0-Lt X
| ™
| | g9-p24-2 °
1 Q
| | 89-B24-4 N
. P
1 g9-824-200 :
! ?
| 89-824-260~ P g 107- A25-15
| M
91-B25-2 e P EVEN
1
l05-028-28 | 91- B25-4 Q jo7-A25-17
|
FROM BANK |
0 SENSE
(PLANE 5 ) El12-24 |
HO2-24 X085 _ 1
—————— X  REGISTER _ - —
HO2-26 39-850-11 -7 _ -
- _ - BANK O—1 INHIBIT
r-—--- - _-
| RECEIVER - -
87-D08-22 Dos
o3 ren DATA XMTR
| XgmESIsTER 87-008-24
1 - —
| 03
| 3 -B22-27 85-822- 18
o 105-D28 -13 O} !
> — READ STROBE 6] ONU
FROM BANK 107-423-6 O !
7 SENSE ]
(PLANE 5 ) 3-c26-22 P g :
-24 oo - T T T
H58-2 X~ Z | BANK 2-7 INHIBIT 04 87-823-8
TR S
SEE P. 85 107-423-20 I NU
too ! H24-3
3-c25-11 1 H32-3
RECEIVERS =2 (4 [ -
107-a26-24 {11 . HA0"3 03 e23-27C 87- B23-18
H48-3
QO H56-3 NU
O HE4-3
83-D07-20 089-00948
105-D28-28
NOTES:
1. [8] REPRESENTS LINE DRIVER WITH
NO OUTPUT DIODE. » CONTROL DATA |"™* e
2. SEE OPPOSITE PAGE 87 FOR ZS CORPORATION Z REGISTER

SIT€ [ oRA 0.

c 60152700 |F

MODULE CABLING.

(STAGES 4 & 5)

COMPUTER DIVISION

I uurl rast 87







SENSE AMPL

FROM BANK £o7

0 SENSE

(PLANE 6 ) AN
HOT-23

X

HOT-25

E58 -3
FROM BANK Ead
7 .SENSE

( PLANE 6 ) AN £s4-3
HE3-230) o
[ X o "
7

HE3-28 075
SEE P. 85,8 H26 -9
H26-11
H34-9
H34-11
H42-9
H42-11
H50-9
H50-11
H58-9
H58-11
FROM BANK
0 SENSE
(PLANE 7)
HO7-5
O — - e e e - - —
HOT-7
SEE P 85,87
FROM BANK £88
7 SENSE
(PLANE 7))
H63-5

. Z REGISTER

BANK | SENSE
EI3-3
GRD IF BANK |
PRESENT H(0-I3
AN
RECEIVER

¢ 89 -009-10 ©

X_ REGISTER
™ . 39-B44-20 O
N

GRD IF BANK 2
PRESENT HI8-13
Hi8-IS

F-—---

| RECEIVER
9-D09-12

X REGISTER
39-B44-12

> = READ STROBE
107-A23-9

[ 33 .
HE63-7
SEE P. 85,87

NOTES |

1. E] REPRESENTS LINE DRIVER WITH
NO OUTPUT DIODE.
2. SEE OPPOSITE PAGE 87 FOR ZS
MODULE CABLING.

RECEIVERS » Z

107-A26-26 !

83-821-2
B24 83-91,107-A24-17
F- oo === - === hal
r 83-91, 107-A24 =11 83-B21-4
| P el
. BANK O-| INHIBIT 83-B21-28
EI0
1 83-821-26
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x06 L 85 - B22-2 E
31X REGISTER
39-850-12 11 85— B22-4
_____ J 1 -
- 6
______ 4
DATA XMTR p3

-
-

X071
X REGISTER
39-85%0-24 _

-

DATA XMTR
89-0D09-17

105-D28-21

89-D09-7 - 105-D28-

108-D28-21

PARITY GENERATOR A24

85- B22-26

87 - B23-2

87- B23-4

E39 87- B23-28

[
|
|
|
I
|
'
| 85- B22-28
|
|
|
|
|
|
: 87- B23-26

9t -B25-2

DIVEDIBZOVZOOE MO MrHIXCIXHO MO>PMOOTMODO MO >

91-B25-4

vi8
00D
EVEN
107-A25-19
v
w
oDD
EVEN
28 ) 107-A25 -(3
s X

107- A25-18

107- A25-17

-
- -

~ = 7 BANK 0-1 INHIBIT

-

-

06
89-824-1

o7
83-824-27

08
9i-B25-1 G

87-D08-20

()93-Dio-18

TITLE
Z REGISTER
(STAGES 6 & 7)

xs CONTROL DATA
CORPORATION

COMPUTER DIVISION

PRODUCT

SIZE [ORAWING NO. 33

C | 60152700
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FROM BANK
O SENSE
(PLANE 8 )

FROM BANK
7 SENSE
(PLANE 8 )

H58-10

H58-12

FROM BANK
0 SENSE
(PLANE 9 )

HO7-28

FROM BANK
7 SENSE
(PLANE 9 )

H63-21

NOTE!

SENSE AMPL

Z REGISTER

BANK | SENSE
EI3-5

RECEIVER
og 89-D09-22
%\ X REGISTER
N 39-B43-|
-

GRD IF BANK 2
PRESENT KI18-17

SEE P. 89

+6V

BANK 2-7 o __
FAN - IN O
RECEIVER
93-DI0- 10
%09

X REGISTER

|
I
E23-2 | 39-8B43-14
1
|
!

E26-2

E35-2
>~ — READ STROBE
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o __ X—»2
107-A26-3
WRITE STROBE ()
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e RECEIVERS »2
H34-15 10T A6 28 D11

X08
3 X REGISTER
39-B43-19

DATA XMTR

X09
X REGISTER
39-849-20

DATA XMTR
93-D10-7

Ha2-13 tev
H42-15
H50-13 & +ev
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H58-13 tev
H58-15

SEE P. 93

E] REPRESENTS LINE DRIVER WITH
NO OUTPUT DIODE.

Q89-D0g-24_

PARITY GENERATOR  az4
vis
83-B21-2 QA A
83-91,107-A24-12
oo - c
[ BsTen T _ , €3-B21-4 BE
! = ]
. BANK 0-1 INHIBIT 11 g3-821-28 0%¢ b 00D
El0 11 E
1 —B2I- 8
! | | 83-B21-26 8 even]
) V'l gs-p22-2 ek <0 107-A25-19
| 1 0 5 v
| | 85-B22-4 FF W
41 1
85- B22-28 G ‘;
- (B
K
| 1| 85-B22-26 0~ H || 5
1 J 00D
87-823-2 I K
1 W
| | 87-B23-4 JI EVEN
X L 28
- 3107- A25-13
| E39 87 -B23-28 K 6
11 J s
! | | 87-B23-260~ L L X :
1 1 M
| 89 - B24-2 Mo
1 Q
! | 1 89-B24-4 Q- K N
N P
'l a9-p2s-280-0 §
1
[
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E
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h CONTROL DATA |"™" "1704
CORPORATION Z REGISTER T3 OO TS ]
(STAGES 8 & 9) C | 60152700 =
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A27
SENSE AMPL 25 VI8
91-825-28 0— A 4 vs.
FROM BANK ————————— o~ — o - Z REGISTER B26
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TN GRO IF BANK 2 - o ! b J 000
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7 SENSE t7s !
(PLANE 1) 3-c26-28 - _ _ ____ o
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SEE P. 91 WRITE STROBE
107-423-19 | NU
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107 - A26-18 N Ha0=23 11 e-27C 93-826-18
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HE4- 23
89-D09-20 Q) 95-Dil-18
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NOTES
. E] REPRESENTS LINE DRIVER WITH
NO OUTPUT DIODE. CONTROL DATA Tetee 'T:;84
2. SEE OPPOSITE PAGE 87 FOR ZS CORPORATION Z REGISTER
MODULE CABLING. (STAGES 10 & I1) ‘¢ [60is2700 |E
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FROM BANK

0 SENSE

(PLANE I2)
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HOB-2

FROM BANK

7 SENSE

(PLANE 12)
He4-4

FROM BANK

0 SENSE

{PLANE 13)
H

8-

FROM BANK

7 SENSE

(PLANE 13)
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H64-28

NOTES!

SENSE AMPL

e BANK 2-7
FAN—-IN

E24-3
E27-3
E36-3
E45-3

E56-3

H26-17
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H34-17
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H50 =17
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H58-19

SEE P. 97

. E] REPRESENTS LINE DORIVER WITH

NO OUTPUT DIODE.

2. SEE OPPOSITE PAGE 87 FOR ZS

MODULE CABLING.
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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 cemputer control initiates a complete
storage cycle. The Request Storage FF remains set until the computer Resume
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 + RNI + Read Index)

WRITE

The Request Storage enable (I) sets the Write FF if a word is 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
Protectbit on the CPB instruction.
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STORAGE TIMING CHAIN

The storage timing chain circuits control the timing sequence of all storage cycle set and clear which produces the basic storage timing sequence. The timing
operations. The timing chain is contained on the V69 module with the input and chain goes through three complete sequences for each storage cycle,
output control circuits on the V89 and V93 modules.

The storage control circuit initiates the operation of the timing chain with the
Start Timing Chain signal which sets K00. Flip-flops K06 through K05 sequentially

NANOSECONDS 00 100 <o suu agu 300 600 700 800 %00 1000 100 1200
||||l|l|l|||||1|!|||||||||||I||||||||I|||I|||I|||!||
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| ! !
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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 V980 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 FF's 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 S and 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 Z17 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 nsee) (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

page 102).

PARITY BIT AND PARITY FAULT CONTROL

The parity bit and fault control is contained on the -V95 module (page 107).

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
FAULT) (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 V95 module
receives a "'0" input. The outputs of the parity generator modules (V18) are sampled.
If the total number of bits is odd, the Parity Bit FF is not set and the inhibit fan-
outs receive a "'0" input which stores a "0'" in bit 16, If the total number of bits is
even, the inverse operation takes place.

Parity Fault Detection

A parity fault is detected at the input inverters to the Parity Fault FF on the V95
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 "1'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 ""1's' and the
other half must contain an odd number of "1's" due-to the odd parity 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.
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When more-than one plece of Equipment is connected to the Direct Storage Access (DSA) Bus,

Cables must be correctly installed to insure proper operation 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", 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.
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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 edge 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 Q1 (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 Q1 turns off, and current flows from ground to the

+6v source through transistors Q7 and Q3, transformer T4, diode CR1, and inductor L1.

A high impedance is presented to inductor L1 when read-load network transistor Q1
turns off, and the voltage level at the junction of diode CR1 and inductor L1 rises
rapidly. However, diode CR4 conducts to place stabistor CR10 in the circuit, and
the latter limits the peak voltage at the junction to 15v. Current loss in T4 is about
25 ma, so 225 ma flow in the seeondary and is diverted te a drive:transformer. -

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 Q10, Q11, and Q12 feed the base of NPN
transistor Q14 directly and the base of PNP transistor Q15 indirectly-¥ia transistor Q13
which inverts the combined collector signal. The action establishes positive 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 R01, C01, and diodes CR7, 8, and 9. The

diode threshold is about 0. 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)
2)
3)
4)

checks r and A and forms P+A, P+lor A,

checks ind and completes indirect addressing,

checks q and adds the contents of the Q register,
checks i and adds the contents of storage location 00FF,
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PARENTHESES USED IN THE EFFECTIVE ADDRESS INDICATE 'CONTENTS OF .
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X4 yor X1vwY X+YeY X+Y>Y X4yey X+ X+YeY X+yey
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The following table shows the transfers and commands necessary

for instructions using the Store Operand mode (STQ).
at time B050 for every STO instruction,

Storage is requested

STO TRANSFERS

below:

The sequence paths for entering and exiting STO mode are shown

f——— RN
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STORE OPERAND MODE (STO)

AR STA SPA sTQ RAO RTJ INT
00+ ~ - -+ -+ =+ -+ -T- -+ 00
50 <+ “LEAR A
100 + o+ +1+ADDER 4 + - Y-ADDER L Y-ADDER =+ =+ 4 100
A 200+ - T -+ T+ T T T -+ 200
~1.P *ADDER ADDER = A
{PARITY EVEN) ADDER +P ADDER-P
3001 - =+ T -+ =+ -T- T+ -+ 300
— 00 + - -+ T - -J- -F - T 00
REQUEST
50 ~4 STORAGE
100 —1-ADOER -2, ¥ - -+ -+ -+ -+ - - ~- 100
150 — SET 2N}
B 200+ . + + + + —’- + -t 200
300 —-cLEar STO -1 -+ -+ - -+ + -+ -+ 300
— () () - - 4 4 —+ =+ 4 <+ <40
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REG TRANSFERS

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 # 0.

The sequence paths for entering and exiting the REG mode are

shown below:

RNI

EXI + SPB+ CPB

REG
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REGISTER TRANSFER MODE (REG)

SHIFTS
sLs ENQ ENA INA NG INP +0UT EXT SKIPS | SPB+CPB | EIN+IIN |01 _GOUNT |SHIFT COUNT
l—— 001 41 4 . 4 4+ 4 4 4 4 4 4 4 —4-00
S | X#AUGEND - | A+ADDER = . 1 X#AUGEND 4 | X#AUGEND A L € g .
100 X#ADDEND X+ADDEND QeADDER PaADDER X+ADDEND (LOWER 4) QADDER X®ADDEND X®ADDEND 100
X*AUGEND PoADDER
L seT 4 cem
SKIP FF
2004 4 4 . 47 4 4 4 4 4 L crensse L 4 4
INT (1IN) 200
2504 —- sToP AND 1= SET SHIFT CYCLE
WAIT FOR REPLY
A _| sooereg | ADDERsA _| Aooeres _| AoDEReQ 1 _| ADDER-P (REJECT) | ADDERs¥ ADDERsP (SKIP) |  ADDEReY ADDERY ADDEReY
3001~ 11,PravDER I1,PeADDER -1, PSADDER +1,PSADDER -1, PoADDER +1,PADDER V1,PSADDER | -1,PeaDDER | +1,PeDpER T TIAPSADOER = L\ boaoper T 4 0R Q waDDER 300
10%A SET L.P.
~—T SET SHIFT R +L
1 sevearty 8 b ser pecr.y
- 4~ SET EARLY C
DECR Y
00 pu 4+ =4 —+ 4 + - + ~f- SETBCYCLE — ¢ ryee —00
C CYCLE
§0—f REQ.STORAGE  -LREQ. STORAGE - REQ, STORAGE |- REQ. STORAGE . REQ. STORAGE —{- L req. storace | Req. sToRace _|. REQ. STORAGE | REQ. STORASE _| REQ, STORAGE _|_ REQ. STORAGE _|  REQ. STORAGE _|.
SET STOP 1
|oo—-— ADDEReY ,P —-ADDER®Y P —f~ ADDER+Y ,P ~t= ADDER®Y P —t— ADDER=Y P —— 4~ ADDER=Y,P —— —4~ ADDERsY,P — . ADDER®Y P -1 ADDEReY ,P —4_ ADDER~Y,P --IOO
SET RNIT SET Rn1 SET RNI SET RNI SET RNI SET RNI SET ROP SET RNI SET ROP SET RNI SET RNI SET RNI
CLEAR RNI
B 2004 4 -+ -+ - + —+ + + + -+ + -+ 200
| SET ENaBLE INT _| seT enasLE InNT
3001 CLEAR REG.  —{=CLEAR REG, —} CLEAR REG,  —- CLEAR REG. == CLEAR REG, = — CLEAR REG, - CLEAR REG. - CLEAR REG. —1-CLEAR REG.  —{ CLEAR REG. -1 CLEAR REG. 1. CLEAR REG. L300
325 seT stop 2
004+ - =+ 4 4 4 =+ -+ . 4 4 -4 4 -1-00
TITLE
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The following table shows the transfers and commands necessary
for instructions using the Read Operand mode (ROP). At time A00O the
computer receives a Storage Resume signal and at time B050 storage is
requested, Note that a C cycle occurs during the ROP mode for MUI and
DVI instructions.

ROP TRANSFERS

The sequence paths for entering and exiting theROP mode are

shown below:

REG

ADR

EXI + SPB + CPB

by

—_—

ROP

> RNI

-—T—» sTO

RAO
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READ OPERAND MODE (ROP)

S LDA LDQ ADD ADQ AND EOR suB RAO SPB +CPB EXI MUI OVI
00 2 + 4- =+ + £ -+ 4 + J- + 4 -+ +o00
SET IO'G'Y SET IOIG-'V
I0160V IO’SOV
. SET KR
1004 xewoer0 .4 -+ 4 £ 4 ST X 4 + + ~1SET XR (X NEG) —=SET XR (X PG ) =100
A 2004 ceomor. L 4 . 4 £ J_ .J_ 4 4 4 £ -F 4200
CLEAR Q
SET MB (AOD=1)
SET OVERFLOW
ADDER®X ADDEReX ADDER®X
3001+ T ¢ 1.PeADDER 1= .1,PeADDER  —T~ -1,PwADDER =4= .1,PeADDER =T~ < 1.P#ADDER == ~|,P®ADDER ~— +1,PeADDER = +1,PSADDER == +1,PPADDER  —4X®AUGEND ~JDECR ¥ 4 —+4-300|

QeADDER QeADDER
X®AUGEND (MB=1) | SET XR (Q NEG)
SET RIGHT SHIFT

00+ 4 4 4 4 B . 4 4 CLEAR + SET
[o] r— -+ -+ 4 4 1-00
OVERFLOW
REQ. S10RAGE € CYCLE
ADDER™P. Y ADDEReP, Y
1004 ADDERsP, ¥ ADDERsP, Y ADDERsP, Y ADDERsP, Y ADDERsP, ¥ ADCER®P ¥ ADDERSP Y A®ADDER A®ADDER
“I™ xeADDEND [© XeADDEND ~ ~J~  AsADDER T~ QeADDER  “T™ X~ADDEND —= XeADDEND ~1- AwADDER - X+ADDEND 1~ ADDEReP,Y  —1-ADDEReP,Y JSET XR (SR1) }-SET XR (SR1) —-100
AUSEND X+ADDEND X®AUSEND A®ADDER SET LP | A®ADDER SET XR |  XADDEND +1+ ADDER
AL 1S
SET ANI
SET RNI SET RNI SET RNI SET ANI SET RNI SET RNI SET RNI SET 570 SET RNI ChRaLe INT st e SET KNI

B 200-% —F + -+ -+ T+ -+ -+ -+ -+ 1 + -+ 200

300 CLEAR ROP  —f~ ADDERwA —}  ADDERsQ —1- ADDERsA —|-  ADDEReQ —}- AUDER®A L ApOEReA | A0DER=A | ADDEReX 4 L _| ~ooER=a _| ADDERSA 1300

00— -+ -+ —L -+ -+ =4 —+ —+ —+ + + + —-00
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THIS TABLE SHOWS THE TRANSFERS THAT MAY OCCUR DURING THE LAST TIME

OF THE ADDRESSING SEQUENCE AND THE TRANSITION TO THE NEXT SEQUENCE.

(B CYCLE OF ADDRESSING)

JMP MUI + DVI STA + SPA STQ RTJ INT.
00 4 (00R) (B) -1~ (4D0R) (B) -~ (ADCR) (B) |- (ADOR) (B) —  (A0DR) (B) - (a00R) (B)
] keQuEST STORASE ] REQUEST STORAGE | REQUEST STORAGE REQUEST STORAGE . REQUEST sTORASE _]. ReQuEST sTORASE
1BLOCK RES.)
100 - Y*ADDER ~1- A= ADDER SET XR ~1 A= ADDER |- QeADDER —  +1,PeADDER -+ 8RR
(MI1) (A NEG) -(DVI) (Q NEG) a-0)
T SET RNI T SET ROP T SET STO - SET STO T SET STO -T- SET STO -T
(END ADOR) (END ADDR) (END ADDR} (END ADOR) (END ADDR)
200 - - - - - —— -
4 IRNT) 81 4 ROP} iB) 4 15T0) (8) L iST0) 18) £ (sT0) {8) 4 50 @ 1
300 4+ ADDER®P + ADDER®A =4 ADDER=Y L ADDER+X -4 ADDER=X - ADDER®X 4
CLEAR ADDR, CLEAR ADDR. CLEAR ADDR, CLEAR ADDR, CLEAR ADDR, CLEAR ADDR,
t
400 + -+ 4 = 4 -+

— 400

CONTROL DATA

TTLE
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C CYCLE TRANSFERS

The following table shows the transfers and commands necessary time from 200 nsec to 100 nsec. A DVI instruction uses the complete
during the C cycle of Shift, MUI,and DVI instructions. Time 150 occurs Adder/Shifter and therefore does not use the short cycle.
100 nsec early for Shift and MUI instructions when the short cycle through If Y00-04 # 0 at the end of the C cycle, the C cycle is repeated, If
the Adder/Shifter is used. This effectively reduces the Adder/Shifter Y00-04 = 0 at the end of the C cycle, the B cycle is initiated.
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TRANSFERS DURING C CYCLE
(ITERATIVE CYCLE FOR MUI,DVI AND SHIFT)
SHIFT MUI DVI
Q A QA Yoo-os # O Yoo-04= O Yoo -04 * O Yoo-04 = O
oo_r J_ <4 =4 T 4 -+ 4+ 00
4. CLR SHIFT CYCLE . CLR SHIFT C| . SET MULTIPLY CLEAR MULTIPLY STEP
(Yop-0.0) (GA]. r_“oo-ofc’) a B = -r— + 4
ADDI ADDER®A — — —_— —
100 +— pecr v -Qsin-gzn T~ DECR Y A®ADDER T ADDERwQ =t ADDEReQ ) 4 SET L.P,-(EAS + DIVIDE STEP)LSET L.P, (EAB + DIVIDE STERL_ |00
- e A®ADDER A®ADDER SET L.P. ADDER®Q ADDEReQ ADDEReQ
e —_— ASADDER SET L.P, {EAB) (DIVIDE STEP) {EAB) (DIVIDE STEP)
SET BIT BUCKET SET BIT BUCKET
A®ADDER (DIVIDE STEP) A®ADDER
. SET SHIFT LEFT SET SHIFT LEFT
TAKE TAKE TAKE TAKE SET LONG SHIFT SET LONG SHIFT
4 SHORT £ SHORT 4 sHoRT  _|_ SHORT |
cYCLE cYeLe CYCLE cYeLe - T -+ l—
ADDEReA QeADDER SET DIVIDE STEP CLEAR DIVIDE STEP
200 L SET XR ADDER®A (DIVIDE STEP) ADDER®A  QeADDER
- -+ + <+ - CRLp, [SRT o 1T R ~4 200
Q-» ADDER CLEAR L.p, [3R:2
CLEAR SHIFT RIGHT CLEAR SHIFT LEFT
(150) -L CLEAR SHIFT CYCLE L CLEAR SHIFT cYCLE _L CLEAR SHIFT CYCLE 1 ser w8 (ao1m) 1 1 (1s0)
Yo0-040) (¥o0-04~) (¥00u047)
DECR Y ADDER~Q DECR Y ADDER<A DECR .Y ADDER<A DECR Y ADDER-A CLEAR L.P DECR Y ADDEReQ
B CLEAR L.P, ADDEReQ. ADDER Q CLEAR L.P,
300 — (SHIFT CYCLE) [(SHIFT CYCLE= (SHIFT CYCLE)[(SHIFT CYCLE) | (SHIFT CYCLE)] [SHIFT CYCLE) b QeADDER 1 cese, _| xeauceno | +1,PeandER 3
QeADDER +1, PeADDER ASADDER 1, PeaDDER QeADDER +1,PSADDER XSAUGEND (MB=| ) P, +1eADDER CLEAR SHIFT LEFT - -~ 300
G0 TO O TIME | CLEAR L.P, | GO TO O TIME | CLEAR L.P. 60 TO O TIME|CLEAR L.P.
325 ~- CLEAR SHIFT CYCLE ~1-CLEAR SHIFT CYCLE ~}- CLEAR SHIFT CYCLE 4 -4 A4 4 - 325
400 4 50 TO 8 CYCLY 60 TO B CYCLE _| 60 TO B CYCLE|  STAY IN C CYCLE 50 TO 8 CYCLE STAY IN € CYCLE 60 TO B CYCLE 400
i 4 4

DIVISION

CONTROL DATA |™™*
CORPORATION
DEVELOPMENT

C CYCLE TRANSFERS







POWER MONITOR PANEL ASSEMBLY Al
DISTRIBUTION ey 6no,
wL -18156200
nseeB . wL-teisezo0 + 6V POWER MODULE wvi wv2
c
182 T83 Tl . =
] TO MONITOR 18112100 n 7000 uF
s | CONTROLS 92
. s cBI R <, %
400~ 02 i 2 3
INPUT . R o s 7 "
L rla=f-r-xs Ll
) ' S £ L,’ To r::::ngunr:s ] 1RCull . 208 v 4
NEUTRAL n . WARNIN REAKE! WARNIN 8 "
7z F3 wo~ | 3 H !
[ Inm - .12 ) "
Tes| 4° o &7 'I nzl 'R ‘l £l rul ! ’I rusl ! 2| 10
181 ' s o
M
' N
NEUTRAL
50/50"’{
INPUT 2 —
LINE
3, —ev 0
. [ ~ 6V POWER MODULE wvs wvz
° sf1 2 3 4 s &)
GROUND 1A1 TI 2 =jjt
N
@ (&l 18112100 " 7000 uF
783 ﬂ J L
-I—- J1 Lol
% |'e
TERMINATOR . 3 r
INPUT I EN ——
s
3, TO FRAME —J
FRAME Eo crounos 208v | 4 ! = d
mansog (., e BLOWER ASSEMBLY il I 5
~o
— - wv2 A3 . 10 M
S TO LOGIC
Losic E"” GROUNDS wvs , - g
R
GROUND e,
u;l V2 ls 4] T,,I 1 Jz I3 g4 I er
NEUTRAL ¢) #2 3 -6V COM +6V e
© x \ To cel
VARIABLE TO METER
TRANSFORMERS
TB2
. 1 |
10 -ev | |2 ulzs4ssu|zs4sou[lzsasel
POWER CONTROL PANEL s
ASSEMBLY A2 > swe| -6V POWER +6V POWER  |neo
s = MODULE MODULE — !
WL-18155900 * BLACK BLACK
WO- 18133800 w2 ~—| WL-18155600 wL- 18185700 = wv2
. 10 +6v J |8
NOTE SuPPLY
® CONNECTORS JI TO J7 CAN HAVE ANY NUMBER
{uP TO SEVEN) OF +6V OR -6V POWER &
MODULES CONNECTED TO THEM. ]
WIRE LISTS:
|. CABLE ASSEMBLY - TEMPERATURE MONITOR BOX —
18213700 [
2, f::ll.,E.OQSSE“BLY ~ POWER CONTROL PANEL- “Ql 1 2 3 4 5 6 I ng 1 2 3 4 S [ ‘ Js[ 1 2 3 4 s 6 JTl ' 2 3 4 5 €
3. CABLE ASSEMBLY —POWER SUPPLY -
18213900
4. VERTICAL CABINET POWER -
18136500
5. C‘2!II;§°°ASSE".LV — BLOWER POWER -
L]
! TITLE F’mc'

{_ CONTROL DATA
CORPORATION

COMPUTER DIVISION

POWER DISTRIBUTION
VERTICAL AUXILIARY CABINET]|

B3

DRAWING O
C | 60152700 &

SNEET







POWER AND CABLING

The following diagrams may be found in the 1700 Site Preparation manual, Pub,
No, 60158400,
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Power Distribution, 60 Cycle Internal M-G,
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MAINTENANCE






AA 101 & 1704

PREVENTIVE MAINTENANCE INDEX

Level 1l mecmmm e e oo Weekly
Level 2 -=----c----mcmmmmmm o e - ‘Monthly
Level 3 ------=--=-ccmmmmmm e oo 6 Months
LEVEL ITEM PREVENTIVE MAINTENANCE
3 21
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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PRELIMINARY INFORMATION

MARGIN TABLE

CONDITIONS LOGIC VOLTAGE DRIVE INHIBIT CLOCK
16 -6 FREQUENCY
1 Normal Normal Normal | Normal Normal
2 +10% +10% Normal Normal Normal
3 -10% -10% Normal | Normal Normal
4 Normal Normal Normal | Normal +10%
5 Normal Normal Normal Normal -10%
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 (P/N 12209308).
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2.1 CLEAN AIR FILTERS

CHECK/Conditions Action

1. System power on. 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 LOGIC VOLTAGE

CHECK/Conditions Action
1. System power on.
+6 VOLT LOGIC SUPPLY

2. Depress the +6 volt
button on the memory
power supply.

CHECK: Does the percent-

age meter read 0%?

Yes No >1. Adjust the +6 volts.

2. Repeat CHECK.
-6 VOLT LOGIC SUPPLY

3. Depress the -6 volt
button on the memory
power supply.

CHECK: Does the percent-
age meter read 0%?

Yes 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 Action
1. System power on.

2. While manually opera-
- ting 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 ? V

Yes - No > 1. Take appropriate action. -

2. Correct discrepancy.
3. Repeat CHECK.
CHECK: Are all the Drive

and Inhibit lights on the
memory stacks 1lit ?

Yes No >1. Correct discrepancy.
2. Repeat CHECK.

Go to next item.
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2.4 CHECK CONSOLE CONTROLS

CHECK/Conditions Action
1. System power on.

2. While performing the
operations listed in Item
1.5 (Run Diagnostics; No
Margins).

CHECK: Do the console toggle
switches operate correctly ?
(Reference: 1700 Computer
Reference Manual) (Reference:
SMM Manual).

Yes No >1. Isolate and correct problemi.

2. Repeat CHECK.

Go to next item.
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2. 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.
TABLE 1
1. SMM17 Command Test (3 Passes)
2. SMM17 Memory Test (3 Passes)
3. Random Protect Test (1 Pass)
CHECK/Conditions Action
1. System power on.
2. With logic voltages at
condition 1 (see margin
table; item 0.1, Preliminary
information).
1. Run all tests in Table 1 and -
2. Correct any errors.
3. Set margins at condition 2
(see margin table).
1. Run all tests in Table 1 (excluding the
memory test) and -
2. Correct any errors.
4. Set margins at condition 3
(see margin table),
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 ?

Yes No

— 1.

l

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.

Rev AH
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Correct by replacing defective module

or stack.



Action

2.6 CHECK LOGIC VOLTAGES
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.
4. TUse 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 ?

Yes No 1.

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.

163

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).
Replace access panel.

Repeat CHECK
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2.6 (Continued)

CHECK/Conditions ' ' Action

CHECK: Is the percentage meter
zeroed with a -6 volt setting ?

Yes No 5>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.

v
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 Action
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?

Yes No >1. Repair or replace shock sensitive

module or stack.
2. Repeat CHECK.

4. Go back to Step 2 and select
the next stack.
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3.2 CHECK INDICATORS

CHECK/Conditions

1., System power on.

Action

OVERFLOW, PROGRAM PROTECT, PARITY ERROR

2. All console switches to neutral.
Set the ENTER switch. Enter

0901 in the X register.

(16)

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 No

l

5. Set the ENTER switch again.
Set the PROGRAM PROTECT
switch.

CHECK: Is the Program Protect
Fault Light Lit?

Yes No

>1., Isolate and correct problem.

2. Repeat CHECK.

> 1. Isolate and correct problem.

l

6. Return ENTER switch to
neutral,
Return the PROGRAM
PROTECT switch to neutral.

Rev AH

2. Repeat CHECK.
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3.2 (Continued)

CHECK/Conditions

Ground B21, test point 6.

CHECK: Is the Parity Error
Light Lit?
Yes No 51,
2.

Action

Isolate and correct problem.

Repeat CHECK.

INSTRUCTION, INDIRECT ADDRESS, STORAGE INDEX, OPERAND

Enter C501 (16) in
memory at P = 0000.
Enter 0000 (16) in
memory at P = 0001.
Enter 0000 (16) in
memory at P = 00FF,

Master clear.

All toggle switches in

neutral.

CHECK: Are the Instruction and
Program Protect Bit lights 1it ?

40

Yes No

Depress the STEP switch
once.

CHECK: Does the INDIRECT
Address light come on?

5.

Yes No

Depress the STEP switch

once.
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Isolate and correct problem.

Repeat CHECK.

Isolate and correct problem.

Repeat CHECK.
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3.2 (Continued)

CHECK/Conditions Action

CHECK: Does the Storage Index

light come on?

Yes No >1., Isolate and correct problem.
l 2. Repeat CHECK.

6. Depress the STEP switch

once.

CHECK: Does the Operand light

come on?

Yes 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 Action
1. System power on.
2. No program in operation.

1. Verify that the EMERGENCY OFF
switch works correctly.
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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 : Action
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 ?

Yes No >1. Isolate and correct

2. Repeat CHECK.

Go to next item.
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Action

3.5 PERFORM SHOCK TESTING
NOTE
Schedule shock 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 frequency
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?

1.

A4

Yes No

171

Isolate and correct.

Repeat CHECK.
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3.5 Continued

CHECK/Conditions Action

7. Load and execute SMM
17 program protect test.

8. While monitoring test,
shock test each module.

CHECK: Does Program Protect

Test run successfully?

Yes 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,

oShift Instructions

ARS - A Right Shift

ALS - A Left Shift

@RS - Q Right Shift

QLS - Q Left Shift

LRS - Long Right Shift (QA Shift, Right)
LLS - Long Left Shift (QA Shift, Left)

eMultiply
MUI - Multiply Integer
eDivide

DVI - Divide Integer
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NV 434

Start

Z—+»X
A-T00

39

39

@_.

Extend Sign
At X
Fan Out
A-T50

41

Adder—+»Y
A-T300

51

(—
o=

P—»-Adder

A-T300

49

| o

+1-» Adder
A-T300

To
Page 12

9

23
—» X—+»F ——4  Set Reg.
A-T25 A-T50
51
73
X-—»Addend
A-T100
Yes
51
51
Set
Q or»Q?A Shift Q-+Adder
) A-T300
49
Set
A-»Adder
A-T300

39 39
Clear
—————
X Upper o
A-T50
No
73 41
Set Set
N0 Shift Cycle [——® Adder »Y —.®
A-T150 A-T250
45
Set Logical To
Product | Page 4
A-T300

1700 COMPUTER SHIFT OPERATIONS-ALL SHIFTS
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it
S

1700

COMPUTER SHIFT OPERATIONS
ALL SHIFTS

47

Set
Left

Shift
A-T325

47

Set
Right
Shift
A-T325

11

11

Set
Early C

A-T350

Set
C Cycle

C-T00

SHORT CYCLE 1 PRESENT BECAUSE OF

SHIFT INSTRUCTION TRANSLATION.
SCI BLOCKS H03 AND H04

ENABLES HO05 (PAGE 7)*

11

11

O— o
Early B

A-T350

f—

Set

B Cycle
B-T00

*SHORT CYCLE 2 PRESENT BECAUSE
SHIFT CYCLE F/F IS SET.
SC2 BLOCKS H06 AND H07, ENABLES

HO0 (PAGE 7)

43

Yes

&

41

Decrement

—»YLs

C-T00

41

Clear
Y

Bits 5, 6 and8
C-To0 -

To
Page 1

No

41

Set

Decrement Y
A-T350
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{700 COMPUTER SHIFT OPERATIONS
A REGISTER SHIFTS

No

Right Shift?

47

Yes

Sign -
-Extend A
C-T200

Set

HO06
C-T200

Clear
Shift
Cycle
C-T50 or T-15(

31

41

Adder -»A __.@
C-T100 or

C-T200

41

Set
Decrement Y

C-T50

57

A Bit
15 A

Bit 00
C-T200

49

Sign
Extend A
C-T100

57

A—-Adder
C-T100

To
At Page 11

31

Set

Decrement »Y
C-T100

31

Adder +A —D®
C-T100

Adder+A

A Bit
15+=A
Bit 00

C-T100

C-T150
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1700 COMPUTER SHIFT OPERATIONS

A REGISTER SHIFTS

57

Sign
Extend A
C-T200

49

57

A -s»Adder
C-T200

A Bit
15-»A
Bit 00
C-T200

31
47
PageB\ /) | Adder-»A Right Shift?
C~-T200
41 41
—» Set |——s|Decrement-»Y
Decrement Y
C-T150 C-T200

Set

HOO0
C-To00

To
| Page 5
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1700 COMPUTER SHIFT OPERATIONS

Q SHIFTS

IDENTICAL WITH PAGE 4 OF A SHIFTS BUT WITH
| Q REGISTER
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1700 COMPUTER

33 57 33
Set Set
Adder+Q Bit15 =12 Bit Bucket —T‘ Adder »Q
-C=T50 C-T100 C-T100
57
Clear
Bit Bucket
C-T100
57 57
Q
Set
= =~
Bit0=1? Bit Bucket
C-T100
57
Clear
Bit Bucket [~
C-T100
51 57
Clear q Sign
Q—#Adder Extend Q —>
C-T100 C-T100
49 57 31 73
43
Set Set 5 Clear
es
A-»Adder [—® Long Shift [——® Shift —o
Adder-sA Cycle
C-T100 C-T125 C-T150 C-T150
No 41
Set
—>

SHIFT OPERATIONS -QA SHIFTS

Decrement Y
C-T150

Page 10

@U@

To .
Page 1
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1700 COMPUTER SHIFT OPERATIONS

31

Page 9

Y

Adder—»-A
C-T200

31

@v@

Page 9 —»

Adder—»A
C-T200

41

Decrement+Y

C-T200

QA SHIFTS

7

Set HO6
C-T200

No

S

[ To
Page 11
e g

57

Bit
Bucket-+A00

C-T200

57

Set HOO
C-T00

| To
Page 9

Bit
Bucket +A15

C-T200
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1700 COMPUTER SHIFT OPERATIONS

Page 5

51

Page 7 H

P —Adder
C-T200

49

Page 10

Hi

+1—®Adder
C-T200

45

Clear
Logical
Product
C-T200

ALL SHIFTS

@

_T.' g:ge 12>

47

Clear
Left Shift
C-T225

47

73
Yes Clear
‘ | Long Shift
C-T225
No
11 11
Set ‘ Set
Early B B Cycle
C-T250 B-T00

Clear

Right Shift |

C-T225
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Page 4
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Page 11

1700 COMPUTER SHIFT OPERATIONS

Clear Reg.
B-T300

101
Request
Storage
B-T50
37 37
Set Set
Adder -»P Adder-eP R.N.I
B-T50 B-T100 B-T150
41 41
Set
Adder—»Y ‘Adder—+»Y |
B-T50 B-T100
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71

700 COMPUTER MULTIPLY OPERATION

THIS FLOW CHART BEGINS AT T50 OF THE
LAST B CYCLE OF ADDRESSING

10 13 45 49

Request - Set Set
Storage (A) Neg. ? . SR2 ——= Exclusive or ;Tﬁ%%r _.®
B - T50 B - T50 B - T100

No Compliment (A) if the
Multiplier, (A), is

negative.
9 31 31 9
[
Set Set Clear Wait ‘
ROP  [—# AddereA —s A;‘_*_"g;;: | o ADR | — s for o oo 15D
B - T150 B - T250 B - T300 Resume g

Positive form of
multiplier now
in A,
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1700 COMPUTER MULTIPLY OPERATION

No

39 41
| Set
Z—»X '
@_' A-Too [ 0¥
A'- T50
45

Set
Exclusive or
A - T100

41

1016—’Y
A - T100

73

Set

A - T100

SR1 set if signs
unlike,

®

ey N

21

X -»Addend
A - T100

[

To
Page 1

Compliment (X) if the
Multiplicand, (X), is

negative,
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Check A00
1st pass only.

1700

COMPUTER MULTIPLY OPERATION

91-V
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A Set
Bit00=1? Mult., Bit
A - T150
No
45
Clear Yes
. Exclusive or
A - T300
No
11 1
Bet Set
Early C C Cycle
A - T350 C - Too
1]
Clear Clear
Early A A Cycle
A - T850 C - T0O

Positive form of

Clear Set
Q | Adder+»X |—»» T{e;s—:;{
A - T250 A - T250
41 41
Set
—& Decrement Y [——& Deirfn';;%to>‘l
A - T250
49 47
Set
x:_“;gggd Right Shift [——e : )
A - T325
51
Q-* Addend
A - T300
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Set
Long Shift
C - T125

700 COMPUTER MULTIPLY

13

Adder—Q

OPERATION

Mult. Step
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SHORT CYCLE 1
C - CYCLE T150

= NORMAL T250

Set 1st pass
and stays set
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Set
Mult, Bit

n
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ﬁT
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57

Clear
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Bucket +Al5 [
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41 41
Set
>
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C - T150

To
Pagel
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C - T200

No

49

X-» Augend
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Clear
Long Shift
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To
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700 COMPUTER

33

Set

Page 1 r’
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Clear
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&  Mult. Step

31

Set
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NO SHORT CYCLE
NORMAL TIMING

MULTIPLY

OPERATION
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Long Shift
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700 COMPUTER MULTIPLY OPERATION

‘ 45 47 33 a3
Set Clear Set Adder-»Q
SR1 Set? Yes ol Exclusive or Right Shift Adder»Q |—m C - T300 e
C - T200 C - T225 C - T250
No 45 57
COMPLIMENT OF
Clear Logical Clear UPPER 16 BITS
Product Long Shift OF PRODUCT IF
C - T200 C - T225 NECESSARY
\ >
45 51 11 1
Clear Logical Set Set
No Product I;—-Dz}r(:i;(i)%r | Early B ——» B Cycle gz 02
C - T300 C - T350 B - T0O
Yes 49 11 1l
Clear Clear
Hgfﬁg%? Early C |—™ C Cycle
C - T350 B - T00
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700 COMPUTER MULTIPLY OPERATION

101 37 37 49
R t
| ng::gse Add:f.t_, P Adder—»P A-»Adder
L Em— - . _
Page 2 B - T20 B - T50 B- T100 [ B - T100 'y
41 45
Set Set
—»| Adder+»Y |——» A};ide;—;)}({)’ Exclusive or |—e»
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9 3 3 9
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Compliment of
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of product if
necessary.
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700 COMPUTER DIVIDE OPERATION

QA MUST CONTAIN THE DIVIDEND BEFORE EXECUTION
OF A DIVIDE INSTRUCTION. THIS FLOWCHART BEGINS AT

T50 OF THE LAST B CYCLE OF ADDRESSING.

101
]
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Storage for

Divisor
B-T50

Set
ROP
B - T150

49

A -»Adder
B - T100

7 45
Set Set
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31 31 9
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B - T300
B - T250 B - T300

Positive form of
the lower 16 bits

of the dividend now

in A,

B'0

Compliment the (A)
if dividend is neg.

Wait
for

Resume

. To
Page 2;
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700 COMPUTER DIVIDE OPERATION

39 41 41 45
Set
Z =X Set 05=Y Exclusive or
Page23 A - T00 —— 10—»Y e The (X) Pos?
‘ A~ T50 A - T100 A - T100
73 51 39 39
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[\&]
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45 51 11 11
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if the dividend is
negative. Clear Clear
Early A p—— A Cycle
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700 COMPUTER DIVIDE

Page 24
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C - T50 C - T100 C - Ti125 C - T200
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OPERATION
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COMPUTER DIVIDE OPERATION

73 45
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DIVIDE OPERATION
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