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Paragraphs 1-1 to 1-15

SECTION [
GENERAL DESCRIPTION

1-1  INTRODUCTION

1-2  This manual contains information necessary to install,
operate, and maintain the Computer Model 930, manufac-
tured by Scientific Data Systems, Santa Monica, California.
The material is presented in the form of a general descrip-
tion, a section on operation and programming, a complete
theory of operation, a maintenance section, and trouble-
shooting instructions.

1-3  For a description of equipment associated with the
930 Computer and not described in this manual, refer to the
documents in the List of Related Publications in the frontof
this manual, The list also contains the titles and publica-
tion numbers of logic diagrams, parts lists, and reference
drawings for the 930 Computer.

1-4  The 930 Computer is a general-purpose, solid-state,
digital computer designed for scientific and engineering
computation and real-time applications. It is compatible
with all SDS 900 series computers, peripheral units, and
system components, )

1-5 PHYSICAL DESCRIPTION

1-6 The 930 Computer consists of a double-bay central
processor cabinet, a single-bay power supply cabinet, a
minimum of one single-bay input/output cabinet, and a
control console. Additional input/output cabinets are in-
cluded as necessary to contain the electronics and power
supplies for input/output channels and peripheral equipment,
The basic 930 Computer is shown in figures 1-1 through 1-3,

1-7  The central processor cabinet contains a computer
chassis, two blower units, two distribution panels, and one
or two memory doors, The computer chassis consists of five
rows of plug-in printed circuit modules. The rows are des-
ignated B through F and contain 64 module locations num-
bered from right to left, A space at the top of the cabinet,
which would normally contain row A, is empty. The dis-
tribution panels, one mounted on each end of the rack, are

~used for receiving the outputs from the power supplies and
furnish distribution points for the power required by the
central processor and memories. These panels are desig-
nated A, on the left, and B, on the right, as viewed from
the front of the unit,

1-8  Amemory door is hinge-mounted on the front of the cen-
tral processor cabinet, The memory chassis contains five rows
of printed circuitmodules, Athrough F, with 32module loca-
tions in each row. The memory stack is located in the center
of rows Band C. The firstmemory isusually mountedon the
left-hand side of the central processor cabinet. A second

memory may be mounted on the right-handside of the cabinet.

Each memory door contains blower units at the top and bottom.

1-9  If more than two memories are used, the third memory
must be placed in a standard single-bay cabinet. In this
case, the memory chassis is permanently mounted in the
cabinet, and the additional power supplies are placed in
the bottom of the cabinet.

1-10 The power supply cabinet contains a power distribu-
tion panel, a PX20 Power Supply, a PX21 Power Supply,
two PX18's, three PX19's, and two PX25's. When a second
memory is included, an additional PX20 and PX21 are in-
stalled. An optional PX19 and PX25 are included if
necessary for further power demands.

1-11 An input/output cabinet is a standard SDS single-bay
cabinet containing module chassis associated with input/
output equipment. The basic interrupt chassis is generally
mounted in the first input/output cabinet. Any number of
input/output cabinets may be used, depending on the num-
ber necessary to contain the required input/output equip-
ment,

1-12 The control console is a control panel mounted on a
table. The control panel contains grid-controlled neon
indicators, to display the states of flip-flops and registers,
and pushbuttons, toggle switches, and thumbwheel switches
for computer control and register display.

1-13 The optional features of the 930 are added as separate
chassis in input/output cabinets or as additional modules in
the central processor, the memory door, or the interrupt
chassis. The options are listed in table 1-1 with their lo-
cations and the SDS publications in which they are
described.

1-14 FUNCTIONAL DESCRIPTION

1-15 The 930 Computer executes instructions, stores data
and instructions, and processes interrupts. The instructions
fall into the following categories:

Load and Store Shift
Arithmetic Control
Logical Breakpoint Tests

Register Change Overflow

Memory Extension Interrupt Enable and Disable
Branch Channel Control
Test and Skip Channel Tests

Input/Output
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900066C. 120
Figure 1-3. Computer Model 930 Control Console
Table 1-1. 930 Computer Options
Model Reference
Number Option Location Publication
91210 Memory Interlace Control Unit: I/O cabinet 900685
For Any TMCC
921500 Memory Interface Connection 1/O cabinet 200808
91602 Data Multiplex Channel 1/0O cabinet 200850
91711 Data Subchannel 1 I/O cabinet 900852
91712 Data Subchannel 11 I/O cabinet 900853
91800 External Interlace 1/O cabinet 900854

1-4
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Table 1-1. 930 Computer Options (Cont.)

Model Reference
Number Option Location Publication
91880 Real-Time Clock Basic interrupt chassis 900859
(I/O cabinet)
91903 SDS 930 Addressing Modification Central processor This manual, par. 3-90
Feature
92010 Power Fail-Safe Option Basic interrupt chassis 900858
(I/O chassis)
92040 4096 Words of Core Memory Memory door This manual, par. 3-516
92060 Manual Memory Write Lockout Memory door This manual, par. 3-606
Feature
92061 Programmed Memory Write Memory door This manual, par. 3-600
Lockout Feature
92070 Interrupts for Memory Parity and Central processor and This manual, par. 3-160
Input/Output Parity basic interrupt chassis
92080 8192 Words of Core Memory Memory door This manual, par. 3-516
92160 16,384 Words of Core Memory Memory door This manual, par. 3-516
92220 Direct Access Communication I/O cabinet 900696
Channel
92280 Arming for 16 Levels of Interrupt /O cabinet 900668
92290 Additional Arming for 16 Levels I/O cabinet 900668
of Interrupt
92990 Multiple Access to Memory (MAM) Central processor and 200695
memory door
93201 12-Bit Option for Any TMCC 1/O cabinet 900685
93202 24-Bit Option for Any TMCC 1/0O cabinet 900685
93220 One Additional Time-Multiplexed I/O cabinet 900685
Communication Channel
93221 Two Additional Time-Multiplexed I/O cabinet 900685
Communication Channels
93280 Interrupt Control System 1/O cabinet 900667
93290 Priority Interrupt: Two Levels Priority interrupt chassis 900667

(I/O cabinet)

1-5



Paragraphs 1-15 to 1-23

1-15 A block diagram of the functional units of the 930
Computer, including optional equipment, is given in
figure 1-4.

1-16 The central processor performs all of the computer
functions except storage, interrupt, andserial input/output,
Parallel input and output of memory words ishandled by the
central processor. Word storage, memory control and ad-
dressing, and write lockout take place in the memory unit.
The basic interrupt system receives interrupt signals from
the power fail-safe, memory parity, memory lockout cir-
cuits, and the Time Multiplexed Communication Channel
(TMCC) and Direct Access Communication Channel (DACC).
These interrupts are handled on the basis of priority level,
and an interrupt address is sent to the computer for each
individual interrupt. The TMCC, W-buffer, communicates
with the peripheral equipment using the firstpath to memory,
through the C-register. The interlace control unit for the
TMCC allows the program to designate to the TMCC how
many words are to be transferred and the memory location
of the first word,

1-17 OPTIONAL FEATURES

1-18 The optional Y, C, and D channels of the TMCC pro-
vide additional buffered input/output. Direct access to the
memory is obtained through the Data Multiplexing System,
the Multiple Access to Memory, the Memory Interface

Connection, and the Direct Access Communication Channel.

The Interrupt Control System and the Interrupt Arming
option supply interrupts not covered by the basic interrupt.

1-19 With the parity interrupt option installed, a sub-
routine is entered when a memory parity error is detected.
Blocks of memory may be locked out by the Write Lockout
option so that data may not be written in the locked-out
portions. The Power Fail-Safe option detects a drop in
input power and stores in memory all data contained in the
computer registers, A subroutine returns the data to the
registers when power is resumed,

1-20 The Real-Time Clock option times the length of a
program or subroutine or maintains the time of day for the
computer,

1-21 The functions of the optional units are described in
detail in the associated technical manuals indicated in

table 1-1.

1-22 SPECIFICATIONS AND LEADING PARTICULARS

1-23 The 930 Computer specifications and leading partic-
ulars are given in table 1-2,

1-6
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Table 1-2, Specifications and Leading Particulars

Characteristic

Specification

Power requirements

Recommended
service

Service entry

Operating
temperature

Operating humidity

Weights

CPU

CPU

PS cabinet
I/O cabinet

Control console

Recommended
floor area

Computer
Control console

Recommended
access area

Computer

Control console

Memory cycle

Logic signal levels
Word length
Data format

Coding

208 (£20.8) vac, £10%, 60 (0. 5)
cps, 3 phase Y-connected

208 vac, 3 phase Y, 10 kva
minimum, with 30-amp circuit
breaker in each leg, ganged. 10
kva will permit system expansion.

No. 6 AWG wire for phase X,
phase Y, phase Z, and Y neutral;
No. 8 AWG wire for minimal sys-
tem, The wires are run through a
1-1/4 inch 1. D. conduit and enter
at bottom rear of PS bay. Con-
duit is connected to the ground
wire.

10°C - 40°C (50°F - 104°F)

10% - 90%

Supported on four double casters

1150 Ib with single memory bank
1350 Ib with dual memory bank
1200 Ib

700 Ib

150 Ib with /O typewriter option

15 ft by 9 ft, 135sq ft
9 ft by 6 ft, 54 sq ft

3-1/2 ft front and rear for
maintenance

4 ft front for operation

1.75 psec

ONE, +4v; ZERO, Ov
24 bits plus parity bit
Fixed point, floating point

Binary
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Figure 1-4. Computer Model 930, Functional Block Diagram




Paragraphs 1-24 to 1-32

1-24 FUSES AND LAMPS

1-25 The fuses and lamps in the 930 Computer are de-
scribed in table 1-3,

1-26 MODULES

1-27 The modules listed below are located in the central
processor, the memory door, or the interrupt chassis. The
list automatically includes the following optional features,
which are in these three basic 930 Computer chassis:
Addressing Modification Feature Model 91903, Manual
Memory Write Lockout Feature Model 92060, Programmed
Memory Write Lockout Feature Model 92061, Multiple
Access to Memory Model 92990, Interrupts for Memory
Parity and Input/Output Parity Model 92070, Real-Time
Clock Model 91880, and Power Fail-Safe Option Model

SDS 900066

92010, The remainder of the optional features are con-
tained in separate chassis in the input/output cabinets.

1-28 Table 1-4 is a list of modules in the central processor
chassis.

1-29 Table 1-5 lists the modules in the memory door.

1-30 The variations of Jumpers ZB65 in memory and in
the Programmed Write Lockout option are given in tables
1-6 and 1-7,

1-31 Table 1-8 lists the modules in the interrupt chassis.

1-32 For the Addressing Modification Feature Model
91903, BAND NAND IB57 is installed in location 52C of
the central processor, and a Dual Flip-Flop FB51 is in-
stalled in location 62D of the central processor.

Table 1-3. Fuses and Lamps
Reference Circuit
Component Type Designator Rating Location Protected
Circuit CBI1 250v, 50 amp Power supply Main power
breaker cabinet
Fuse 3AG F1 0.5 amp Control console +1év
Fuse 3AG F2 1.5 amp Control console -16v
Fuse 3AG F1 5 amp Power Supply Input circuit
PX18
Fuse 8AG F2 0.01 amp Power SUppl)’ Meter
PX18
Fuse 3AG F1 10 amp Power SUPP'Y Input circuit
PX19
Fuse 8AG F2 0.01 amp Power Supply Meter
PX19
Lamp Pushbutton S26 28v Control console -
switchlight
T-1-3/4
Lamp Triode DS2 - DS50, heater - 1 vac Control console -
indicator DS53, DS54 plate - 50 vdc
Lamp Neon DS1 Power supply -
cabinet
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Table 1-4. Central Processor Chassis Modules

Table 1-5. Memory Door Modules (Cont. )

Description Model Quantity Description Model Quantity
4K 8K 16K
Dual flip-flop FB51 43
Triple flip-flop FB52 14* NAND No. 4 1B59 4 4 4
NAND flip-flop FB54 34t Sense amplifier HB53-3 [ 13 25 25
NAND module 1852 21 Z drive transformer | P1 2 2 4
NAND No. 2 1B56 14 cable (assembly
105015)
BAND NAND 1B57 20
X-Y transformer cable| P3-P4 4 6 8
NAND No. 3 1B58 47 (assembly 105093)
Cable driver AB51 10 One-shot OB50-2 2 2 2
Receiver inverter AB52 2 multivibrator
Receiver inverter buffer AB53 1 Sink switch OB53 8 8 6
Cable driver No. 2 AB55 13%* Drive switch OB54 4 6 8
Interface +8 to +4 NB50 4t Termination module ZB52 4 4 4
Shift register Da50 3 Terminationmodule +4 | ZB50 ] 1 ]
Clock t B50 1
eck generator ¢ Z resistor module ZBb4 10 10 10
Termination module (+4) ZB50 20
Jumper module ZB65-10 | 1 - —kkE
Indicator interface NB53 2
Jumper module ZB65-20 | - 1 —kkk
Termination module cable ZB52 2%
. | _
Interface NB57 . Resistor module ZB67 2 1
Termination module ZB48 Thkx Jumper module ZB65-30 | - - [Hx
*Five ZB52's for MAM option X-Y resistor module |ZB63 - 1 2
#One FB54 for Parity Interrupt Option fxn
**One AB55 for C or D channel of TMCC Jumper module ZB65-50 | 1 ] ]###
Four AB55's for MAM
##One NB50 for MAM Switch flop SX51 4 4 ki
***Used only when MAM is absent
Termination module ZB73 1 1 it

Table 1-5. Memory Door Modules

Description Model Quantity

4K | 8K 16K
Receiver inverter AB52 9 9 9%
Cable driver No. 2 AB55 10 10 10#
Z driver AB56 5 10 20
Dc flip-flop FB50 13 13 13*%*
NAND No. 2 1B56 6 6 6t
BAND NAND 1B57 3 3 3

*Three each for MAM, One installed only with
first Z option fitted
#Four each for MAM
**Four each for Programmed Write Lockout
##Two each for Programmed or Manual Write
Lockout
**%*ZBb5 varies if memory is not first in the
system
###Programmed Write Lockout only
****Manual Write Lockout only
####MAM only

1-9
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Table 1-6. Memory ZB65 Jumper Module Variations

Table 1-7. Programmed Write Lockout ZB65
Variations (Cont. )

Model Address Position ZB65 (Location 8F)
92040 0-4K ZB65-10 *
or 4K-8K -11 3
93040 8K-12K -12
12K-16K S13 |y
16K-20K -14 &
92040 20K-24K -15
or 24K-28K -16
93040 28K-32K -17 “
92080 0-8K -20 *
8K-16K -22
or 16K-24K -24 #
93080 24K-32K -26
92160 0-16K -30 *
or
93160 16K=-32K ZB65-34

Address Position

ZB65  (Location 5F)

*Used on first memory in a system

#Replace standard ZB65's

Table 1-7. Programmed Write Lockout ZB45 Variations

Address Position

ZB65  (Location 5F)

0-4K
0-8K
0-16K

4K-8K

8K-12K
8K-16K

12K-16K
16K-20K

16K-24K
16K-32K

ZB65-50 \ *

-53

ZB65-54

20K-24K ZB65-55

24K-28K -56 4

24K-32K

28K-32K ZB65-57
*Used on first memory in a system
#Replace standard ZB65's

Table 1-8, Interrupt Chassis Modules

Description Model Quantity

Jumper ZK70 1 *
AND Gate Inverter IH12 1
Primary Power Detector SKé62 1 #
Counter Flip-Flop FH15 1 *x
Logic Interrupt SK63 1 ##
Priority Interrupt SK61 10 max, ***

*Omitted if anInterrupt Control Model 93280

System is used

#Used with Real-Time Clock or Power Fail-Safe

options, or both

**Used with Real-Time Clock

##Used with Power Fail-Safe option

***Two furnished with input/output buffer,
Remainder depend on number of interrupts in system
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Paragraphs 2-1 to2-13

SECTION 1I
OPERATION AND PROGRAMMING

2-1 INTRODUCTION

2-2 This section contains operating information not covered
in the SDS 930 Computer Reference Manual, publication
No. 900064. For programming information, consult the
reference manual.

2-3 CONTROLS AND INDICATORS

2-4 The controls and indicators for the 930 Computer are
located on the table-mounted control panel shown in
figure 2-1. The controls and their functions are listed in
table 2-1, The indicators and their functions are listed in
table 2-2, The logic of the controls and indicators is
described in paragraph 3-164,

2-5 OPERATING INSTRUCTIONS

2-6 TURN-ON PROCEDURE

2-7 Holding in the START pushbutton, press the POWER
pushbutton. The POWER pushbutton lights when power is
on. Release the START pushbutton. For machines with the
auto-start option with the program in memory, it is not
necessary to press the START pushbutton,

2-8 DISPLAYING AND CHANGING CONTENTS OF
MEMORY

2-9 To display and change the contents of any memory loca-
tion, use the following procedure:

a. Place the REGISTER thumbwheel switch in the C
position,

b. Place the RUN IDLE STEP switch in the IDLE
position.

c. Press the CLEAR pushbutton below the REGISTER
DISPLAY indicators. This clears the C-register.

d. Using the pushbuttons below the REGISTER DIS-
PLAY indicators, place a Load A-Register instruction,
code 76, in the C-register by setting bits 3 through 7.

Bits 10 through 23 should contain the address of the memory
location to be changed. Press the pushbutton below each
bit that should contain a ONE,

e. Place the RUN IDLE STEP switch in the STEP
position and release. The computer executes the Load
A-Register instruction and places the contents of the
effective memory location in the A-register,

f.  Place the REGISTER switch in the A position, The
indicator lamps display the contents of the memory location
to be changed.

g. Press the CLEAR pushbutton,

h. Enter the new data with the pushbuttons below the
register display indicators.

i.  Place the REGISTER switch in the C position,

jo Press the CLEAR pushbutton to clear the C-register
for a new instruction,

k. With the register set pushbuttons, place a Store
A-Register instruction,code 35, in the C-register, In the
address field, place the address of the memory location to
be changed.

l.. Place the RUN IDLE STEP switch in the STEP posi-
tion and release. The computer loads the new data, in the
A-register, into the effective memory location.

2-10 Changing Upper 16K of Memory

2-11 To change the information in a memory word in the
upper 16K of a 32K memory, it is necessary to extend the
address to 15 bits by using the memory extension registers,
EM2and EM3, The C-register must be cleared and a Set
Extension Register EOD, code 06, entered. The most
significant octal digit of the desired address is placed in
either bits 18 through 20 or bits 21 through 23 of the EOD.
To use bits 21 through 23 (EM2register) as the most signifi-
cant octal digit, set a ONE in position 17. If bits 18
through 20 (EM3register) are to contain the most significant
octal digit, set a ONE in position 16,

2-12 After the memory extension register has been set, the
procedure for changing memory is the same as for the lower
16K, except that the Load A and Store A instructions must
contain a code in bits 10 and 11 which call for one of the
extension registers, A ONE ZERO in bits 10 and 11 call for
EM2;a ONE ONE in bits 10 and 11 call for EM3,

2-13 As an illustration of the use of the memory extension
registers, the following procedure shows how to change the
data in location 47000g:

a. Place the REGISTER thumbwheel switch in the C

position.

b. Place the RUN IDLE STEP switch in the IDLE
position,
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Figure 2-1, Control Panel
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Table 2-1, Controls
Reference
Control Designator Type Function

[/O DISPLAY SELECT S25 Eight-position thumbwheel Selects channel from which unit address

W,Y,C,D,E,F,G,H switch and error are displayed in INPUT
OUTPUT indicators.

START S35 Momentary pushbutton Resets all channels; clears P-register,
overflow indizator, memory parity error
indicator; sets up Halt instruction in
C-register, Clears, interrupts, and
disables the system, Sets EM3 to 3 and
EM2 to 2.

HOLD S38 Two-position toggle switch Holds current contents of program counter.

FILL

PAPER TAPE MAG TAPE S24 Three-position, spring-loaded, | Selects paper tape or magnetic tape and
center-return toggle switch starts filling.

CARDS DRUM S39 Three-position, spring-loaded, | Selects cards or drum and starts filling.
center-return toggle switch

REGISTER A, B, C, X S37 Four-position thumbwheel switch| Selects register to be shown on REGISTER
DISPLAY indicators.

CLEAR S29 Momentary pushbutton Clears register selected by REGISTER
thumbwheel switch.

0-23 530, SI Momentary pushbuttons Each pushbutton places a ONE bit in

thru 523 selected position of register displayed.

POWER $26 Red-illuminated, double- Connects power to computer. Switch is

action pushbutton lit when power is on.

COMPUTER ENABLE S27 Toggle switch; stationary in In COMPUTER position, interrupt system

COMPUTER, momentary in may be enabled or disabled under program

ENABLE control. In ENABLE position, enables
interrupt system regardless of program
operations.

HALT CONTINUE S28 Two-position toggle switch In HALT position, computer enters idle
state whenever memory parity error occurs,
In CONTINUE position, computer does
not change state when memory parity error
occurs. With parity interrupt option
included, computer processes parity
interrupt in HALT position, and does not
halt.

MEMORY CLEAR $40, S41 Two momentary pushbuttons Operating both switches simultaneously
clears the first 16K of memory to ZERO.

BREAKPOINT 1,2, 3,4 S31, 532, Four two-position toggle Program may detect status of these

RESET, SET $33,534 switches switches by using breakpoint test,
Switches control predetermined options
within the program,

RUN IDLE STEP S36 Toggle switch; stationary in In RUN position, computation proceeds at

RUN and IDLE, momentary
in STEP

machine speed. In IDLE position, com-
puter idles immediately after instruction
has been read from memory. In STEP posi-
tion, computer executes instruction and
returns to idle state.

2-3
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Table 2-2, Indicators
Reference
Indicator Designation Indication
OVERFLOW DS24 Shows status of overflow indicator
HALT DS23 Lights whenever computer executes Halt instruction while
in RUN position, Placing RUN IDLE STEP switch to IDLE
clears indicator.
INPUT-OUTPUT
ERROR DS54 Reflects status of channel error indicator for selected
channel.
UNIT DS17 through DS22 Contains unit address of peripheral device connected to
selected channel.
MEMORY EXTENSION DS16 (left) Lights when EM3 does not contain three,

DS53 (right)

PROGRAM LOCATION DS1 through DS14

INTERRUPT ENABLED DS50

MEMORY PARITY DS49

REGISTER DISPLAY DS25 through DS48

Lights when EM2 does not contain two,
Contains binary indication of location of next instruction
to be executed.,

On whenever interrupt system is enabled,

Lights when memory parity error is encountered. Setting
CONTINUE ENABLE switch to CONTINUE turns off
indicator,

Contains binary indication of contents of register selected
by REGISTER thumbwheel switch,

c. Press the CLEAR pushbutton,

d. Using the pushbuttons below the REGISTER DIS-
PLAY indicators, place a Set Extension Register EOD,
code 06, in the C-register. Using EM2 for the memory
extension, the code is 00620104,

e. Follow steps e through | of paragraph 2-9, using
the following code in the address field of the Load A and
Store A instructions: 27000,

2-14 TURN-OFF PROCEDURE

2-15 To turn off the computer, proceed as follows:

2-4

a. Place the RUN IDLE STEP switch in the IDLE
position.

b. Holding in the START pushbutton, press the POWER

switch. The light in the POWER switch goes off when the
computer is turned off,

2-16 PROGRAMMING

2-17 For complete programming instructions on the 930
Computer, refer to the 930 Computer Reference Manual,
publication No. 9200064,
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Paragraphs 3-1 to 3-17

SECTION III
THEORY OF OPERATION

3-1 GENERAL

3-2 This section contains a detailed logic description of
the 930 Computer central processor and memory. The
92070 Parity Interrupt Option and the 91903 Addressing
Modification Option in the central processor and the write
lockout option in the memory are also described. Other
options are discussed in the applicable manuals referred to
in the List of Related Documents. The basic interrupt logic
is explained in detail in the Interrupt Control System
Technical Manual, SDS 900667.

3-3 COMPUTER INTERFACES

3-4 The interfaces between the central processor and
memory, central processor and input/output, central proc=
essor and interrupt system, and memory and input/output
are shown in figure 3=1, Data, address, and memory re=-
quest transfer paths are shown, Timing signals and POT/
PIN connectors are not shown.

3-5 The input/output configuration may consists of oneor
more direct access channels and one or more time multi-
plexed communication channels. A direct access channel
transfers data directly to or from the memory, always in a
time-share mode. The memory start signal and memory
address are sent to the memory via the central processor.
The time=share mode is optional in the time multiplexed
channel. The memory start signal, address, and data are
transferred to and from memory via the central processor.

3-6 A normal octal-serial transfer of data between a
TMCC and central processor operates as follows: If the
TMCC is to store data in the memory, the data is re=
ceived, three bits at a time, by the central processor via
Rwy1 through Rwy3. These bits are stored in an octal
register designated Rnl through Rn3. The contents of Rnl
through Rn3 are in turn transferred in parallel to bits 0-2
of the C-register. The C bits are shifted right, and the
cycle is repeated until the proper number of characters are
received. A memory cycle is then initiated and the data
is stored in memory, If the TMCC is to read data from
memory, the data word is read from memory and placed in
the C-register. The word is then transferred an octal at a
time via C21 through C23 to the input/output channel.

The interrupt request signal (Ir) and its associated address
lines (N5-N14) are transferred from the interrupt system to
the central processor. The interrupt address is transferred
to the S-register in the central processor formemory access.

3-8 Further details on computer interfaces may be found
in the Interface Manual, SDS 900561,

3-9 SPEED
3-10 The memory access time in the 930 is 0.7 micro-

second. One memory cycle is completed in 1,75 micro-
seconds, Typical execution times are given in table 3-1.

Table 3-1. Execution Times

Operation Time (microseconds)
Add, fixed point 3.5
Multiply, fixed point 7.0

Add, single-precision
floating point 77
Add, double=precision
floating point 92
Multiply, single-precision
floating point 54

Multiply, double-precision
floating point 147

In serial numbers 3101 to 3119 of the 930 Computer the
memory cycle time is 1,925 microseconds.

3-11 INSTRUCTION CODES

3-12 The 930 instruction set, with mnemonics and octal
codes, is given in table 3-2. Instructions are listed in
numerical order.

3-13 SIGNAL DESCRIPTIONS

3-14 Descriptionsoflogic terms used in the central proces-
sor and memory are given in tables 3-28 and 3-29 at the
end of this section,

3-15 LOGICAL ELEMENTS

3-16 WORD FORMAT

3-17 The 930 Computer memory word contains 24 bits of
data and a parity bit. The bits are numbered from left, or
most significant end, to right, or least significant end.
Because bit 24 is used only for parity check and does not
enter into computation, this bit will not be shown on other
word formats.

0 23 24
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Table 3-2. Instruction Set Table 3-2. Instruction Set (Cont.)
Time Code Mnemonic Function Time Code Mnemonic Function
1 00 HLT Halt 44
1 01 BRU Branch to M 45
1 02 EOM Energize M 1 46 RC* Register change
03 47
2,3 50 SKE Skip if (A) = (M)
04
2 51 BRR (M)+1 P (BRU)
05
2,3 52 SKB No skip if (B)(M) =
1 06 EOD Energize direct buffer 1 anywhere
07 2,3 53 SKN Skip if (M) negative
2+ 10 MIY (M) ——=Y when ready 2 34 SUB (A) - (M) A
n 2 55 ADD (A) + (M) —=A
2+ 12 MIW (M) ——=W when ready 2 56 suc (A) - (M) - Carry—A
3+ 13 POT Parallel out, when ready 2 57 ADC (A)+ (M) + Carry —A
2 14 ETR Extract 3 60 SKR (M) -1 M Skip ifnegative
15 3 61 MIN M)+1 M
2 16 MRG Merge: (A) or (M) —=A 3 62 XMA (M) (A)(Exchange)
2 17 EOR Exclusive OR 3 63 ADM (M) + (A)—=M
1 20 NOP No operation 4 64 muL Multiply
21 10 65 DIv Divide
22 2-7 66 RSH* Right shift
1 23 EXU Execute 2-4 67 LSH* Left shift
24 2 70 SKM Skip if (A) =(M), on
25 B mask
2% 2 71 LDX (M) —=—X
27 2,3 72 SKA No skip if (A)(M) =
1 anywhere
3+ 30 YIM (Y) ——=M when ready 2,3 73 SKG Skip if (A)(M)
31 2,3 74 SKD Difference exponents
3+ 32 WIM  (W)——=M when ready and skip
4+ 33 PIN Parallel in, when ready 2 73 LDB (M) B
34 2 76 LDA (M)—/=A
3 35 STA A) M 2 77 EAX Eff. address—X
3 36 STB (B) ——— =M *Instruction where the address is used in addition to the
3 37 STX (X) M instruction code to define the specific operation.
2,3 40 SKS Skip if M not set 3-18 Data Word Format
1,2 41 BRX (X) + 1 X, branch if X9=1 3-19 Data words in memory are entered in either fixed-
42 point or floating-point form.
2 43 BRM (P) M, BRU M+1 3-20 Fixed-Point Format. Fixed-point data words have
the format.
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1 23

Bits 1 through 23 contain the data, bit 0 being designated
as the sign bit. A ZERO in bit position O indicates that
the number is positive. A ONE in bit position 0 indicates
that the number is negative and is represented in two's
complement form. Fixed-point numbers are held in memory
as 23-bit fractions with an assumed binary point to the left
of bit position 1.

3-21 Floating-Point Format. A floating-point number
occupies two 24-bit word locations and consists of a proper
fraction with a 9-bit exponent. The leading bit of the
fraction and of the exponent is the sign bit. The assumed
binary point is just to the left of the most significant bit of
the proper fraction. Double-precision or single-precision
floating-point arithmetic may be performed.

a. Double-Precision Floating Point. The double-
precision floating point word has the following format:

+ +

0 1 23 0 14 15 16 23
Most Significant Word Least Significant Word

The fraction contains 38 bits of data and a sign bit. Bits 0
through 23 of the most significant word represent the most
significant portion of the fraction, and bits 0 through 14 of
the least significant word represent the least significant
portion of the fraction. Bits 15 through 23 of the least
significant word contain the exponent, bit 15 being desig-
nated as the sign bit.

b. Single-Precision Floating-Point. The single-
precision floating-point word has the following format:

+ Not Used +

1 0 14 15 16 23
Fractional Word Exponent Word

The fractional portion of the single-precision word occupies
the 24 bit positions of a data word referred to as the frac-
tional word. The 9-bit exponent is contained in bits 15
through 23 of a second word called the exponent word. Bits
0 through 14 of the exponent word are not used.

3-22 Instruction Word Format

RI X[ P OPER | I M
o 1 2 3 8 9 10 23
3-23 The instruction word is defined as follows:
Bit Designation Use
0 R Relative address bit

1 X Index bit

SDS 900066

Bit Designation Use

2 P Programmed operator bit

3-8 Oper Instruction code

9 I Indirect address bit
10-23 M Address information

The relative address bit not sensed by the computer logic
during normal computation is used by standard loading
programs to enable relocation of certain programs.

3-24 The index bit enables the initial address to be altered
by the addition of the contents of the index register. In-
dexing does not alter execution time.

3-25 The programmed operator bit allows Co_g to be used
as a subroutine address . When C2 is a ONE, bits 3 through
8 are not interpreted as an instruction code.

3-26 The indirect address bit enables the contents of the
effective address to be read from memory as in normal
operation, but the contents of the effective location are
decoded as if the instruction contained no instruction code.
Address decoding is reinitiated on the contents of the
effective location in order to obtain the address of the
operand. One cycle is added to the instruction execution
time for each level of indirect addressing.

3-27 TIMING

3-28 Clock

3-29 Clock pulses are generated in a crystal oscillator.
The clock pulse is approximately 35 nanosecondswide. The
clock signals are passed through two levels of inversion in
order to obtain the necessary drive capability. At the
second level of inversion, a time-share gating signal, Ts,
is provided so that certain portions of the clock distribution
are inhibited when a time-share operation is taking place.
Gated clock signals are referred to in the logic as Cg.
Ungated clock signals, Cc, are delivered continuously to
the central processor logic, which must be active during a
time-share operation. Advanced clock signals, both gated
(Cga) and continuous (Cca), are supplied to some counters
and flip-flops to enable the logic to operate at a 1.75-
microsecond cycle time.

3-30 Machine Cycle

3-31 Eleven timing pulses are used to define one machine
cycle. The pulses are designated T8 through TO, Tr, and
Tp. The first clock of each machine cycle is T8, and the
last clock of the cycle is Tp. One machine cycle takes
1.75 microseconds.

3-32 Pulse Counter. Each individual timing pulse is de-
fined by a unique state of a pulse counter consisting of
flip-flops Q1 through Q6. The logic equations for the Q-
counter are as follows:



sQl =
rQl =

sQ2 =
rQ2 =

sQ3 =
rQ3 =
sQ4 =
rQ4 =
sQ5 =
rQ5 =
sQ6 =
rQ6 =

%)
Q4 Q5
e}
Qb

Q2
Q2
Q3
Q3
Q4 Q3
Ql Q4
Q5
Qs

The eleven timing pulses are decoded as presented in
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table 3-3.
Table 3-3. Machine Cycle Timing Pulse Decoding
Q1 Q2 | Q3 Q4| Q5| Qb
8 0 0 0 0 0
7 1 1 0 0 0
6 1 1 1 0 0 0
5 1 1 1 1 0 0
4 1 1 1 1 1 0
3 1 1 1 1 1 1
2 1 0 1 1 1 1
1 1 0 0 1 1 1
0 1 0 0 0 1 1
Tr 0 0 0 0 1 1
Tp 0 0 0 0 0 1

The equations are the decoding

follows:

T8

T7

TS5

T4

T3
T2

T1

TO

Tr

= Q2 Q6
= Q2 Q3
= Q4 Q5
= Q5 Q6

of the Q-counter are as

Paragraphs 3-33 to 3-35
T = Q@ Q6
TT+T0 = Ql Q3 Q5
T7+T6 = Q2 Q4
T6-T0 = Q1 17
T6-T3 = Q2 Q3
T6-Tr = Q3+ Q5

3-33 Phase Control

3-34 The internal operations of the computer can be
grouped into general functions such as indexing, waiting
for input/output, using core memory, testing, or skipping.
Each of these functions is performed during its own unique
phase of internal control. For example, waiting for input/
output is always done in phase 2, and skipping is always
accomplished during phase 7.

3-35 Only instructions that wait for input/output will use
phase 2. All other instructions will bypass phase 2. In-
structions are built up in the hardware by sequencing them
through the phases that perform the desired functions and
bypassing the other phases. The entire 930 Computer in-
struction list uses a total of eight phases, designated phase
0 through phase 7. A general description of these phases
is given below.

a. Phase Zero (B0). This phase is the beginning of
all instructions. All instructions start at phase 0 T8 with
the new instruction in the C-register. At phase 0 T8 the
instruction code (opcode) is transferred to the O-register.
Indexing and indirect addressing are performed in phase O;
also, the memory regenerates the instruction (writes itback
into core memory because of destructive readout) and
fetches the operand. Indirect addressing of the operand
will cause the instruction to remain in phase 0 an additional
machine cycle for each indirect address bit encountered.
Instructions that do not permit indexing or indirect address-
ing will be in phase O for only one pulse time (T8), and the
next pulse time (T7) will be in phase 5.

b. Phase One (01). This phase is the setup or pre-
paration phase for the shift (66,67) and divide (65) in-
structions. Phase 1 and phase 3 inhibit pulsing the memory
for an operand. The memory address(s) register is now free
to count the shifts or machine cycles during phase 3 of
shift or divide instructions.

c. Phase Two (@2). This phase is the wait phase for
input/output instructions (10, 12, 13, 30, 32, 33). The
computer waits in this phase until the data is ready. If
the data is ready before the instruction is given, phase 2 is
bypassed, except for the parallel input/output instructions
(13, 33), where phase 2 lasts at least one machine cycle
time for data to be transferred.
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d. Phase Three (3). This phase is the execution phase
for multiplication (64), division (65), and shifting (66, 67),
and usually requires several machine cycles. In shifting,
the duration of this phase is dependent upon the number of
shifts required.

e. Phase Four (84). This phase is the second cycle
time of three-cycle instructions that write new data into
core memory. The three cycles are phase 0, phase 4, and
phase 7. During phase 4, the contents of the program
location (P) register are increased by one to obtain the
address of the next instruction, and the word to be stored is
shifted serially by octals into the C-register.

f.  Phase Five (@5). This phase is the execution
phase for some single-cycle instructions. The C-register
does not shift, and memory parity for the instruction word
is not checked.

g. Phase Six (@6). This phase is the main execution
phase of instructions requiring an operand from core me- '
mory, but no memory modification, These instructions are
the two-cycle instructions and include conditional skips
which may require three cycles.

h. Phase Seven (@7). During this cycle, memory
regeneration (or new storage) of data words and next
instruction access are performed. The contents of the P-
register are not increased unless the skip flip-flop is set.

i. End Phase. An End is defined as the last cycle of
execution for the particular instruction being performed.
The End term designates that the next phase is to be
phase 0.

3-36 Summary of Phase Functions. The phase functions in
the 930 Computer may be briefly summarized as follows:

Phase 0 — Index and indirect address
Phase 1 — Prepare shift and divide
Phase 2 — Input/output wait

Phase 3 — Multiply, divide, or shift

Phase 4 — Memory destined word to C-register

Phase 5 — Do nothing or external test
Phase 6 — Use operand from memory
Phase 7 — Write new memory word or skip
End — Last cycle of instruction

3-37 Phase Counter

3-38 Successive machine cycles are given phase designa-
tions by a phase counter consisting of three flip-flops, F1,
F2, and F3. Phases O through 7 are obtained by using all
eight states of the counter, F3 being the least significant

bit:

3-6
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Fl F2 3 = go
F1 F2 3 = g
Fi F2 &) = M2
Fi F2 F3 = M
Fl F2 F3 = f4
Fl F2 F3 = g5
F1 F2 F3 = g
Fl F2 F3 = 07

3-39 Advancement of the phase counter and sequence of
phases are determined by signals derived from the instruc-
tion codes. Usually the Tp signal at the end of a machine
cycle advances the phase counter. In some cases a phase
consists of partial machine cycle, and the counter is
advanced by other timing pulses. The following equations
apply (numbers in parentheses indicate applicable
instructions):

sF1 Tp (Sk + Eax + 04)

(14-17, 34-37,
54-57,74-77)

+

(Tp 1a 0) 03 04

(41,43,50-53, + (Tp la 40) 01 04

60-63,70-73)

(10-13,30-33) + (Tp (F1 F3 01 03 04) Ia Rf)
+ 18 GO

+ [po 18 1a C2 T3 C8 (3 + C4)

rF1 = (Tp End Sk)
sF2 = Tp (Sk + Eax + d4)

(41,43,50-57) + (Tp Ia £O) 01 02
(1-,5-,7-) + (Tp Ia £0) 03 (01 + 02)

(30, 32, 33) + (Tp Ta £0) 03 04 Rf

©65) + g1 Tp

(66, 67) + #105Q2

64) + (Tp Ta 60) (04 05 06)

rF2 = (Tp End Sk)

(30-33) + (Tp F1 F3 01 03 04 Ia Rf) 02

sF3 = Tp (Sk + Eax + @4
+ [#0187a C2 C5 C8 (C3 + C4d) |
+ T8 G0
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{64, 65) (Tp 1a 40) 03 04

+

66,67) + 0 1a Q4 03 04 05

rF3 (Tp End Sk)

3-40 The phase counter is always reset to zero during Tp
End Sk, where End indicates the last cycle of an instruc-
tion and Sk is the skip flip-flop. The following example
explains why Tp End is qualified by Sk. The phasing for
one instruction during which a skip is performed is phase 0
— phase 6 — phase 7 — 