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GENERAL DESCRIPTION Paragraph 1-1

SECTION 1

GENERAL DESCRIPTION

1-1. INTRODUCTION.

a. SCOPE AND PURPOSE. - This instruction manual describes the UNIVAC Type 1219B
Digital Data Computer (figure 1-1), and provides information required for maintenance
and operation,

b. ORGANIZATION. - The instruction manual is divided into nine sections to facil-
itate rapid reference to the information and provide a logical grouping of related
facts,

(1) SECTION 1, GENERAL DESCRIPTION. - Section 1 contains an introduction to the
manual, a brief description of the UNIVAC Type 1219B Digital Data Computer, and a
basic explanation of functions it performs, Included in this section are illustra-
tions to aid in mechanical and electrical identification of assemblies, subassemblies,
and parts; also, several tabular listings of the characteristics of the unit.

(2) SECTION 2, INSTALLATION. - Section 2 contains information necessary for
the preparation and installation of the equipment for normal operation. Included
are outline drawings of the unit to illustrate space requirements and illustrations
to aid in locating mechanical and electrical connections.

(3) SECTION 3, OPERATOR'S SECTION. - Section 3 contains a description of the
unit operating controls and indicators. It also contains instructions required for
manual operation of the unit including read, write, and load routines, A repertoire
of instructions is included with a description of each operation performed by the
coded instruction word,

(4) SECTION 4, THEORY OF OPERATION. - Section 4 contains a detailed description
of the equipment operation with particular emphasis on logical rather than electrical
functions. The description references the functional schematics contained in section
9 and, in some cases, in-text simplified illustrations, A description of each print-
ed circuit card used for logic functions is contained at the end of this section.

(5) SECTION 5, TROUBLESHOOTING. - Section 5 contains the recommended procedures
to isolate and correct equipment malfunctions., Included are suggested schedules for
performing maintenance programming, such as, preventive maintenance routines, tests
to be performed in conjunction with maintenance programming, and a logical explan-
ation of the error conditions which may occur during performance of these tests.

(6) SECTION 6, SERVICE AND REPAIR. - Section 6 contains a tabular listing of the
maintenance equipment recommended to aid and assist in the maintenance and repair of
the unit, assemblies, subassemblies, and component replacement and repair; and ad-
justment procedures to insure optimum equipment operation,.

(7) SECTION 7, PARTS LIST. - Section 7 contains a tabular listing of assemblies
and repairable electronic parts contained in the unit. Included in this listing
are part numbers, reference designations, and vendors' code numbers. The reference
designations contained in the parts list coincide with designations marked on the
equipment, drawings, and diagrams,

ORIGINAL 1-1



Paragraph 1-1b(8) GENERAL DESCRIPTION

(8) SECTION 8, SYMBOLOGY. -~ Section 8 contains a description of circuit card
symbology and operation which is intended to serve primarily as a troubleshooting
and maintenance guide.

(9) SECTION 9, FUNCTIONAL SCHEMATICS. - Section 9 contains logic diagrams and
other drawings necessary for the performance of required maintenance and for a com=-
plete comprehensive understanding of the equipment operation. This section also
contains a symbology explanation, chassis maps for locating printed circuit cards,
and power distribution drawings to facilitate power malfunction isolation.

1-2, EQUIPMENT ILLUSTRATION.

Figure 1-1 illustrates the UNIVAC Type 1219B Digital Data Computer with the pro-

tective covers or doors closed. The doors cover control panels with the exception
of the power control panel at the top of the unit. Figures 1-2 and 1-3 illustrate
the computer (with doors open to expose the control panels) with available options.
The information contained within this manual refers to Univac part number 7049747.

1-3. FUNCTIONAL DESCRIPTION,

a. GENERAL. - The UNIVAC Type 1219B Digital Data Computer (hereinafter referred
to as the computer) is a general purpose, stored program, real-time computer. The
computer is capable of solving any problem normally solved by standard mathematical
techniques and also performs most data processing functions. Options available with
the computer are listed in table 1-1. Operational and functional characteristics are
listed in tables 1-2 and 1-3, respectively. General characteristics are listed in
table 1-4.

Computer logic is divided into four functionally definable sections: control,
input/output, arithmetic, and memory (figure 1-4). These four sections are described
in paragraphs 1-3h, i, j, and k.

b. INSTRUCTION REPERTOIRE. - The computer has a repertoire of 102 flexible,
single-address instructions with provisions for address or operand modification by
eight index registers, A list of instructions is contained in table 1-5,

¢. INSTRUCTION FORMAT. -~ The instructions are classified as either format I or
format II instructions,

Format I instructions (figure 1-35a) contain a 6-bit function designator and a
12-bit operand. The operand specifies either a constant or part of a memory address
to be used in the performance of the instructions.

Format II instructions (figure 1-5b) contain a 6-bit function designator and a
6-bit minor function code. The function designator is always an octal 50 (to
specify a format 2 instruction)., The minor function code is used to identify the
instruction to be performed., The low-order, 6-bit designator of the instruction
word identifies a count during a shift operation, a channel number for input or out-
put functions, or a switch setting for stop or skip instructions,

d. PROGRAM RECOVERY. - The computer has an automatic program recovery capability.
In the event of a computer fault, a programmed instruction is referenced to automat-
ically load a new program into the computer memory., Also, this procedure (utilizing
a nondestructive read-out bootstrap memory) is used for loading initial programs.
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GENERAL DESCRIPTION Paragraph 1-3e

TABLE 1-1. COMPUTER OPTIONS AVAILABLE.

ITEM OPTION
Input/Output Channels 4, 8, 12, or 16 channels
Memory Capacity 16, 384; 32, 768; 49, 152, or

65, 536 words
Control Memory Capacity 128 or 256 words
Interface Voltage Level . -3.0 or -15.0 vde.
Data Transfer Rate

INTERFACE TYPE ' CHANNEL MAXIMUM DATA
(VDC) CONFIGURATION TRANSFER RATE
(WORDS PER SECOND)
-3 Single 166,667 18-bit words
-3 Dual 333,334 18-bit words
1 odd and 1 even (166,667 36-bit words)
channel
-3 Multi 500,000 18-bit words
1 or more odd (max. main memory rate)

and 1 or more
even channel(s)

-15 Single 41,667 18-bit words
-15 Dual 83,334 18-bit words
1 odd and 1 even (41,667 36-bit words)
channel
-15 Multi 166,667 18-bit words
-2 or more odd and (max. -15-volt interface
2 or more even rate)
channels

e. REMOTE CONTROL. - The computer has provisions for remote control and monitor-
ing. A remote control console (figure 1-6), can be connected to jack A12J17. A
front panel indicator shows whether the computer is in local control or remote con-
trol. The indicators and alarm on the remote control console are functional when
the computer is in local or remote mode. The switches on the remote control console
are functional only when the computer is in remote mode.

f. REAL TIME CLOCK. - An internal real-time clock increments the contents of
address 000015 at a rate of 1024 cycles (increments) per second. The computer is
capable of accepting real-time clock interrupts at frequencies up to 20 kilocycles
per second. The real-time clock enable is controlled by a front panel switch.

g. INTERRUPTS. - When the contents of address 000015 overflow (777777 to 000000),
the program is interrupted by the overflow interrupt and the next instruction is
taken from address 000013,

A real-time clock monitor interrupt is initiated by storing a desired time count
in address 000014 (real-time clock monitor), and enabling the real-time clock monitor
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Paragraph 1-3g GENERAL DESCRIPTION

via the 50:14 instruction, When the count in address 000015 equals the count stored
in address 000014, the computer program is interrupted by the real-time clock, and
the next monitor interrupt instruction is taken from address 000012 (monitor inter-
rupt), Also, the real-time clock monitor is disabled.

The computer can accept an external synchronizing interrupt through jack A12J18,
Whenever the external synchronizing signal occurs, the computer interrupts
program operation and performs the instruction located at address 000016 (synchro-
nizing interrupt entrance address). The external synchronizing interrupt is enabled
and disabled by a front panel switch., This interrupt can occur at frequencies up
to 20 kilocycles per second,

The computer is available with the options listed in table 1-1 and also is avail-
able with or without the top stabilization bracket,

h, CONTROL SECTION. - The control section provides the timing, instruction trans-
lation, and operational sequencing required for performance under either program
control or manual operation.

Under program control, the computer performs the instructions of an entire pro-
gram at a high rate of speed, stopping only where programmed.

For manual operation, two control panels contain the switches and indicators by
which the computer may be sequenced through the functions of an instruction, allow-
ing each operation and its results to be visually displayed and examined. These
two are control panel 1 located on drawer A2, and control panel 2 located on drawer
Ad,

The control section of the computer (figure 1-9) consists of five logically de-
finable areas: console control, timing, program translation and control, registers,
and special circuits,

(1) CONSOLE CONTROL., - The console control area contains the controls, indi-
cators, and logic circuitry required by an operator for program control. The
switches and indicators used for other logic functions are not included in this
section. Switches in the console control area are provided for master clearing the
computer, starting and stopping operations, operational mode selection, and con-
trolling programmed stops and skips.

The start-stop logic consists of the logic necessary to start, stop, and master
clear the computer, and to control the application of phase pulses for the several
modes of operation, This logic is dependent upon the switch settings as defined in
tables 3-2 and 3-4, and various programmed stops.

The mode selection logic determines the individual mode of operation to be performed
by the computer, The four modes are: Load, Phase Step, Operation Step, and Run.
The mode of operation is selected by a switch on control panel 1 (A2),

The program skip logic functions during the execution of the several skip instruc-
tions to effect the skip procedure of the instruction if the necessary conditions
have been met. A programmed skip is an instruction which allows the computer to
omit the next sequential instruction, providing the conditions exist indicated by
the skip instruction,

The program stop logic detects programmed stops and compares these instructions
with the switch settings which effect the stops. A programmed stop is an instruction
which causes the computer to cease operation until manual intervention again returns
it to a Run status. There are five switch-controlled stops and one unconditional
stop.
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(2) TIMING CIRCUITS. - Timing commands within the computer are a function of
the master clock circuit and the main timing cycle circuits. The master clock
circuit produces four basic timing pulses used to establish the operation of the
main timing cycle circuits and provides command enable pulses through gating by the
main timing chain,

The master clock generates and distributes four basic timing pulses for each 500
nanoseconds of operation. These four pulses, called phases one through four, con-
stitute one complete clock cycle. Four clock cycles represent one computer memory
cycle. Figure 1-7 shows the relationship between the master clock phase pulse out-
puts and the outputs from the main timing chain flip-flops.

The main timing cycle circuits supply enables to the computer logic for operation
of command timing sequences. Timing pulses developed by command timing sequences are
numerically identified by the clock cycle and phase with which they are associated.
The only exception to this rule is T52 used only during complement A and complement
AL instructions. In the term T34, the 3 represents the third clock cycle, the 4
indicates that phase four is the last usable phase occurring during that timing pulse,
Phase pulses are not ANDed with the first half (shaded area, figure 1-7) of the
timing pulses because of the instability of the pulse during this time., The second
half of the pulse is used to insure the proper voltage level and stability of the
signal when used for gating purposes,

Each phase pulse duration time is approximately 100 nanoseconds; the clock cycle
is 500 nanoseconds; and the computer memory cycle is 2 microseconds.

TABLE 1-2, OPERATIONAL CHARACTERISTICS

ITEM INFORMATION
WORD LENGTH 18 bits (36 bits optional for I/0)
CORE MEMORY STORAGE 16K, 32K, 49K, or 65K words
CONTROL. MEMORY STORAGE : 128 or 256 words
BOOTSTRAP MEMORY STORAGE 32 nondestructible words
CYCLE TIME
Core Memory 2.0 usec
Control Memory 0.5 usec
Bootstrap Memory 2.0 usec
'SIGNAL LEVEL DATA MAIN MEMORY
Computer Signal Level LOW = 0.0 vDC "O"
HIGH = +3 vDC "1"
CONTROL ARITHMETIC
LOW = -4.5 vDC "1"
HIGH = 0.0 vDC "O"
1/0 Signal Level FAST INTERFACE SLOW INTERFACE
HIGH = 0.0 VDC = "1" HIGH = 0.0 VDC = "1"
LOW = -3.0 VDG = "0" LOW = -15.0 VDC = "Q"
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Table 1-3
TABLE 1-3. FUNCTIONAL CHARACTERISTICS
ITEM DESCRIPTION

WORD LENGTH Normal word length is 18 bits. Dual channel capability
allows 36-bit word transfers on any consecutive even-odd
pair of I/0 channels for compatability with larger systems.

ARITHMETIC Parallel, subtractive, one's complement in either single
length (18 bits) or double length (36 bits),

MEMORY SIZE 16, 384, 32, 768, 49, 152 or 65, 536 18-bit words.

CONTROL MEMORY 128 18-bit words, expandable to 256 words for control word

SIZE storage

BOOTSTRAP MEMORY
SIZE

MEMORY ACCESS
TIME

MEMORY CYCLE
TIME

INSTRUCTION
REPERTOIRE

I/0 CHANNELS

TRANSFER MODE

INPUT/OUTPUT
CONTROL

REAL-TIME OPERATION
INTERNAL OR
EXTERNAL SYNC

REAL-TIME CLOCK

MEMORY PROTECT

Main and bootstrap memory cycle time is 2,0 microseconds.

32 permanently wired, nondestructible readout words for
paper tape or magnetic tape program load and automatic
program recovery. Teletypewriter load bootstrap available
upon special request,

Main memory access time is a maximum of 750 nanoseconds.
Control and bootstrap memory access time is a maximum of
300 nanoseconds.

Control memory cycle time is 500 nanoseconds,

102 single-address flexible instructions with provisions
for address and operand modification by eight index
registers.

Optional selection of 8, 12, or 16 input and output
channels for bidirectional communication with peripheral
devices, Choice of fast or slow interface,

All input and output transfers are parallel.

Inputs and outputs are buffer controlled without program
monitor. Control by ESI (externally specified index) or
by ESA (externally specified address) from peripheral
devices,

Internal real-time clock or external sync connection provides
synchronizing interrupt and makes possible automatic inter-
computer time-out fault detection,

1024 cycles per second is standard. Other frequencies are
available upon request,

Automatic stop without loss of stored information when a
voltage fault occurs,
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GENERAL DESCRIPTION

TABLE 1-4, GENERAL CHARACTERISTICS

Table 1-4

I

TEM

4-DRAWER UNIT

6-DRAWER UNIT

Height
Width
Depth

WEIGHT (Maximum)
OVERALL DIMENSIONS (Maximum)

CUBIC CONTENT
CLEARANCE REQUIREMENTS

1050 pounds

72 inches
26 inches

29 inches

54,288 cubic inches

Top: 12 inches
Front: 39 inches

Rear: 10 inches

1460 pounds

72 inches
38 inches

29 inches

79,344 cubic inches

Sides: 8 inches
each

REQUIRED ENVIRONMENTAL CONDITIONS

OPERATING TEMPERATURE RANGE
OVERTEMPERATURE WARNING
OVERTEMPERATURE SHUTDOWN
HUMIDITY , MAXIMUM RELATIVE
HEAT DISSIPATION

320F (0°C) to 1229F (50°C)

1150F (46°C)
1400F (60°C)
95%

Approx, 5000 BTU/hours for 32K memory

and 8 I/0 channels

AC POWER

REQUIREMENTS

LOGIC POWER
BLOWER POWER

115 VAC +1%, 400 CPS +5%, 3-Phase, 3-wire
115 VAC +10%, 400 CPS +5%, 3-Phase, 3-wire

AC POWER REQUIREMENTS PER OPTION

8K

16K
32K
32K
65K

COMPUTER CONFIGURATIONS
MEMORY SIZE

I/0 CHANNELS

16
16

MAX. INPUT POWER REQUIRED
AT 115 VOLTS (WATTS)

1530
1640
1860
2080
2510

CHANGE 2
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Figure 1-4 GENERAL DESCRIPTION

INPUT/ OUTPUT MEMORY
ouTPUT SECTION oUTPUT SECTION
DATA DATA
‘ ‘——-w
PERIPHERAL
DEVICES ! Y
AND ARITH
COMPUTERS OR_INPUT
DATA CONTROL
INPUT
DATA CONTROL CONTROL
< SECTION
INPUT DATA
ARITH
ARITHMETIC DATA
SECTION
CONTROL |
Figure 1-4. Computer Simplified Block Diagram
1-10 '

CHANGE 1



GENERAL DESCRIPTION Table 1-5
TABLE 1-5, LIST OF INSTRUCTIONS
EXECUTION

FUNCTION TIME

CODE OPERATION (MICROSECONDS)
00 Illegal code 2
01 Illegal code 2
02-03* Compare AL 4
04-05% Selective substitute 4
06-07* Compare with mask 4
10-11% Enter AU 4
12-13*% Enter AL 4
14-15% Add AL 4
16-17% Subtract AL 4
20-21% Add A 6
22-23% Subtract A 6
24-25% Multiply AL 14
26-27% Divide A 14
30-31% Indirect return jump 6
32-33* Enter B 4
34-35% Direct jump 2
36-37% Enter B with constant 2
40-41%* Store zero 4
42-43% Store B 4
44-45% Store AL 4
46-47* Store AU 4
50 See format II instructions
o1 Selective set 4
52 Selective clear 4
53 Selective complement 4
54 Indirect jump and enable 4

interrupts

35 Indirect jump 4
56 B skip 4
57 Index skip 6
60 Jump AU = O 2
61 Jump AL = O 2

*The odd octal code instructions are modified‘by the index register,
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Table 1-5

TABLE 1-5. LIST OF INSTRUCTIONS (CONT)

GENERAL DESCRIPTION

EXECUTION
FUNCTION TIME
CODE OPERATION (MICROSECONDS)
62 Jump AU # 0O 2
63 Jump AL #£ 0 2
64 Jump AU positive 2
635 Jump AL positive 2
66 Jump AU negative 2
67 Jump AL negative 2
70 Enter AL with constant 2
71 Add constant to AL 2
72 Store ICR 4
73 B jump 2
74 Store address 4
75 Store SR 4
76 Return jump 4
77 Illegal code 2
Format II Instructions
50 00 Not used -
50 01 Set input active 2
50 02 Set output active 2
50 03 Set external function active 2
50 04 Not used -
30 05 Not used -
50 06 Not used -
50 07 Not used -
20 10 Not used -
50 11 Input transfer 6
50 12 Output transfer 6
50 13 External function transfer 6
50 14 Enable real-time clock monitor 2
50 15 Terminate input 2
30 16 Terminate output 2
50 17 Terminate external function 2
1-12 ORIGINAL



GENERAL DESCRIPTION Table 1-5
TABLE 1-5, LIST OF INSTRUCTIONS (CONT)
| EXECUTION
FUNCTION TIME
CODE OPERATION (MICROSECONDS)

50 20 Set resume 2
50 21 Skip on input inactive 2
50 22 Skip on output inactive 2
50 23 Skip on external function inactive 2
50 24 Wait for interrupt 2
30 25 Wait for interrupt 2
50 26 Output override 2
30 27 External function override 2
50 30 Remove interrupt lockout 2
50 31 Remove interrupt lockout 2
50 32 Remove external interrupt lockout 2
50 33 Remove external interrupt lockout 2
50 34 Set interrupt lockout 2
50 35 Set interrupt lockout 2
50 36 Set external interrupt lockout 2
30 37 Set external interrupt lockout 2
50 40 Not used -
50 41 Right shift AU 2%
50 42 Right shift AL 2+%
50 43 Right shift A 2+%
50 44 Scale factor 4+%
50 45 Left shift AU 24+%
50 46 Left shift AL 2+
50 47 Left shift A 2+%
50 50 Skip on key setting 2
50 51 Skip on no borrow 2
30 32 Skip on overflow 2
50 33 Skip on no overflow 2
50 54 Skip on odd parity 2
50 55 Skip on even parity 2
50 56 Stop on key setting 2

* If K=1-4, add 2; K=4-8, add 4; K=9-12, add 6; K=13-16, add 8; K=17-20, add

10; K=21-24, add 12; K=25-28, add 14; K=29-32, add 16; K=33-35, add 18

ORIGINAL
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Paragraph 1-3h(3) GENERAL DESCRIPTION

TABLE 1-5, LIST OF INSTRUCTIONS (CONT)

EXECUTION
FUNCTION TIME
CODE OPERATION (MICROSECONDS)

50 57 Skip on no resume 2
50 60 Round AU 2
50 61 Complement AL 2
50 62 Complement AU 2
50 63 Complement A 2
50 64 Not used -
50 65 Not used -
50 66 Not used -
30 o7 Not used -
50 70 Not used -
50 71 Not used -
50 72 Enter ICR 2
50 73 Enter SR 2
50 74 Not used -
50 75 Not used -
50 76 Not used -
50 17 Not used -

(3) PROGRAM TRANSLATION AND CONTROL. - Each of the program instructions con-
tains a coded command for specific computer sequencing, These commands must be
decoded to perform the specific function indicated by the instruction. The program
translation and control circuitry, consisting of five logically definable areas
interprets the coded command, establishes the sequence of events to be performed,
and supplies the command enables for the operation. The five areas of the circuitry
are the F register, function code translator, format II translator, sequencer, and
command enable circuit,

The F register is a seven-bit, flip-flop register which stores the function code
during execution of an instruction. During a format I instruction, bits 29 through
25 contain the function code and bit 2° remains cleared. If the programmed in-
struction is a format II instruction, bit 20 is set and the minor function code is
contained in bits 2° through 25. The function code will remain in the F register
during the entire performance of the instruction,.

The function translator interprets the function code contained in the
F register into enable signals to initiate the necessary computer operation. Format
I instructions explained in paragraph 1-5b are identified by a two-digit octal code
(00 through 47 and 51 through 77),

The format II translator supplies the necessary enables to alter the normal sequence
of events to perform specific instructions. Format II instructions are identified by
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GENERAL DESCRIPTION Paragraph 1-3h(3)

a four-digit octal code (50 00 through 50 77), The octal 50 of an instruction will
set the 20 bit of the F register and thus identify the instruction as format II,

The sequencer influences the main timing sequence to insure the proper execution
of each instruction, To perform this function, the sequencer selects individual
major command sequences in the proper order to execute the instruction. By se-
lectively gating the main timing chain enables, only the operations of the selected
command sequence are performed.

Table 1-6 lists major command sequences available for selection by the sequencer.
As indicated, they are divided into three general catagories; control, input/output,
and wait, Not all major command sequences are required to perform an instruction.

It is the function of the sequencer to select those which will fulfill the require-
ments of the instruction. In several instructions, only one sequence is required;
others require several sequence combinations.

In addition to the major command sequences, two minor command sequences are ini-
tiated by the main timing chain under the influence of the appropriate major
sequence., These sequences are advance P sequence and multiply/divide/shift sequence
and operate independently from the major sequence enables,

The command enable circuitry provides the required enabling signals for transfer,
shifting, scaling, and storage of words, instructions, or operands in, or between,
the several registers within the computer functional logic. Command enables are
generated by sequencer outputs or by individual instructions themselves, depending
upon the operation to be performed,

(4) REGISTERS. -~ The control section of the computer contains several registers
used for the performance of control functions, These are the index registers, ICR
register, SR register, P register, two S registers, and K register, Each register
has a specific logic function to perform during the manipulation of instructions
and commands,

The index registers are eight memory locations, the contents of which may be used
to modify either the address or operand in odd-numbered instructions from 03 to 47.
The contents of the registers are one's complement numbers, which may be used to
either decrement or increment. Only one of the eight registers may be used during
a given operation and selection of the active index register is determined by the
contents of the index control register.

The ICR register (index control register) contains the programmed address of the
currently active index register to be used for instruction modification, Any one
of the eight index registers may be selected by the numerical value entered into
the ICR register through program control,

The five-bit SR register (special register), when active, is vused to supply the
four most-significant bits of memory address in the S register. The maximum bit
content of a programmed address is 12 bits, The memory address consists of 16 bits.
The additional four bits will be supplied by either the SR register or P register,
When the SR register bit 23 contains a one, SR register is considered active and will
supply the necessary four bits, These four bits will extend the u position of the
programmed address to the required 16 bits,

The P register (program address register) is used to store the address of the
instruction currently being entered for execution., The contents of the P register
are incremented by one when instruction is transferred from its memory location
and thus contains the next sequential address to be entered. The four most-sig-
nificant bits of the address will be supplied by P register to the S register during
those instructions when the SR register is not active.
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Paragraph 1-3h(4) GENERAL DESCRIPTION

The S registers (memory address registers) receive the address of a memory lo-
cation at start of a memory cycle and retain this address throughout read/write
cycle to control the translation circuitry. The S registers may receive the address
from the I/0 section (which generates certain assigned addresses), from control or
arithmetic section, or from an I/O channel connected to a peripheral device capable
of specifying an address. The Sl register is a 16-bit register associated with main
memory., The 8-bit Sp register is associated with control memory.

The K register is basically a six-bit, double-rank counter used for both storage
and control, Its primary use is to store and record shift and scale factor counts
during execution of multiply, divide, shift, and scale factor instructions. It is
also used to store selective skip and stop instructions. During operation, a
transfer of bits from the upper rank to the lower rank will decrement the contents
by one, The return transfer from lower rank to upper rank prepares the register
for the next sequence,

(5) SPECIAL CIRCUITS. - Included in the control section are several circuits
which perform unique functions in operation of the computer. These special circuits
are parity, B register and +1 network, compare, overflow, and stop/skip circuits,

The parity circuits complete operation of the parity check, which is originated
by the arithmetic section of the computer., The parity of the contents of X reg-
ister is checked in a pair-compare scheme to insure an odd parity content, If the
resulting signal indicates an even parity, parity flip-flop is set to notify associ-
ated computer logic of the parity status,

The B register and the +1 network is used to increment or decrement contents of
a memory address during input and output operations and to update currently active
index register during either B skip or B jump instructions,

The compare circuitry is used to collate contents of the initial and terminal
address control words during an input or output operation. If contents of these
two words are identical, the compare circuit notifies computer logic of the term-
ination of the buffer.

The overflow circuit performs a test to determine whether an overflow condition
exists during an arithmetic operation and notifies computer control logic of re-
sults,

The stop/skip logic is used to test for various conditions under which a stop or
skip instruction would be performed, Used in conjunction with STOP and SKIP switches
on Control Panel 2 (A4), the stop/skip logic compares setting of these switches
with the contents of the instruction to determine if this operation should be per-
formed.

i. 'I/0 SECTION. - The I/0 section of the computer controls communications be-
tween the computer and connected peripheral devices, The computer can be obtained
with 4, 8, 12, or 16 input/output channels (refer to table 1-7). Each group of
four channels is available in either -3 volt (fast) or -15 volt (slow) interface.
Data transfer rates are listed in table 1-1,

The I/0 operations consist of three major functions: data transfers, interrupts,
and special operations., During data transfer, one I/0 operation transfers a single
word between the computer and a peripheral device. A complete data transfer oper-
ation may consist of a number of I/0 operations, which transfer a number of data
words, Data transfer between the computer and two or more devices can be performed
at the same time; individual I/0 operations transferring words to the different
devices are interlaced, or multiplexed. Interrupts provide a means to intervene in
the main program; thus, giving the computer real-time, and fault detection and
correction capabilities.
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GENERAL DESCRIPTION Paragraph 1-3i(1)

(1) CLASS OF OPERATION. - Two classes of operation are available for data
transfers: normal or intercomputer, Any channel can be operated either as a nor-
mal channel (capable of communicating with peripheral equipment) or as an inter-
computer channel (capable of communicating with another computer), The normal
or intercomputer communication is selected by a switch on the front panel (one
switch for each channel).

(2) 1/0 COMMUNICATION MODES. - Four different communication modes are avail-
able: single channel, dual channel, externally specified index (ESI), and exter-
nally specified address (ESA). Each even-odd pair of I/O channels may operate in
any one of the different modes. The mode of operation is selected by four four-
position switches located on the I/0 drawer front panel,

The dual channel, ESI, and ESA modes require use of an even-odd channel pair;
therefore, only those computers with eight or more channels can utilize those three
modes. (A four-channel computer contains one I/0 chassis with channels O, 2, 4,
and 6 only.)

(a) SINGLE CHANNEL, - In the single channel mode of operation, communication
is with 18-bit data words. The main memory locations to be used for data transfer
are internally selected by buffer control words, which are stored in control memory
and selected automatically for the active channel.

(b) DUAL CHANNEL, - In dual channel mode of operation, an even-odd channel
pair is combined to allow communication with 36-bit data words. Data transfer is
by 36 parallel data lines contained in one cable. The 36-data-bit input and output
cables must be connected to the odd channel of the channel pair, No external I/0
cables can be connected to even channel while in the dual channel mode,

Control on dual channel is maintained by odd channel control lines. Separate
parallel words of 18 bits or less are processed sequentially by the I/0 section, and
all data transfers are controlled in the same manner as for single mode,

(c) ESI MODE, - In ESI mode of operation, an even-odd channel pair is com-
bined; however, only 18-bit data words are transferred,

The main memory locations to be used for data transfer are specified by an I/0
buffer control word (index). The address of the controlling index is accepted
from the external device on the odd-numbered channel, The location of index words
is limited to control memory addresses.

For ESI input operation, the 18 bits on the even-numbered channel are stored at
the address specified by the index word; address of the index is specified by 18
bits on the odd-numbered channel. For ESI output operation, the computer performs
a normal output buffer with redundant 18-bit words being transferred,

(d) ESA MODE, - In ESA mode of operation, an even-odd channel pair is com-
bined; however, only 18-bit data words are transferred., For ESA input operation,
18 bits on the even-numbered channel are stored at the address specified by 18 bits
on the odd-numbered channel, For ESA output operation, the computer performs a
normal output buffer with redundant 18-bit words being transferred.

(3) 1I/0 BUFFER MODES. - Four methods for terminating a buffer are provided in
the computer: continuous data mode, 1218 (normal) mode, 1218 (NIDS compatible)
mode, and 1219 mode. Continuous data mode (CDM) is selected by a bit in the terminal
buffer control word., One of the other three modes must be selected (for all chan-
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Paragraph 1-3i(3) GENERAL DESCRIPTION

nels) by positioning a printed circuit module in one of three locations (see figure —
9-186). The use of continuous data mode is contingent upon which of the other
three modes is active.

(a) CONTINUOUS DATA MODE. - The continuous data mode provides the computer
with a method of re-establishing a buffer for a given channel and I/O operation
without repeating instructions 50:11 - 50:13, 1In continuous data mode, the computer
automatically reinitiates a buffer when buffer termination occurs.

The continuous data mode is selected by setting bit 17 of the terminal buffer
control word (TBCW). For channels O thru 7, the new buffer control words are con-
tents of addresses 20 + 2K (TBCW) and 20 + 2K + 1 (current buffer control word).
For channels 10 thru 17, new buffer control words for the odd numbered channel are
contents of address 220 + 2(K-10) (TBCW) and 220 + 2(K-10) + 1 (current buffer
control word). Note that K = four bits of channel numbers. The continuous data
mode can-be set only by bit 17 of the TBCW when the 1219 buffer mode is active.

(b) 1218 (NORMAL) MODE. - This mode disables continuous data mode. Output
data and external function buffers are terminated only upon receiving the next
output data request (ODR) or external function request (EFR) from peripheral equip-
ment after the last word of the buffer has been sent,

17 i2 |n — 0
a. FORMAT | FUNCTION

DESIGNATOR OPERAND

17 - 12 fi - 6|5 — 0
b. FORMAT 2 FUNCTION [ MINOR FUNCTION| LOW - ORDER

DESIGNATOR CODE DESIGNATOR

Figure 1-5. Instruction Format
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Figure 1-6

ORIGINAL

Figure 1-6.

Computer Remote Control Console
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Figure 1-7 GENERAL DESCRIPTION
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GENERAL DESCRIPTION

Table 1-6

TABLE 1-6. MAJOR COMMAND SEQUENCES

TYPE SEQUENCE - FUNCTION
CONTROL I Reads instruction word from memory.
Rl Reads normal 18-bit operands from memory and
performs the data manipulations as required.
R2 Reads second 18 bits of a 36-bit operand and
performs data manipulations as required.
W Writes an 18-bit word in memory and performs data
manipulations as required.
INPUT/ INTERRUPT Reads contents of interrupt entrance registers
OUTPUT from memory.
Bl Reads terminal address control word and stores
it in appropriate control memory address.
B2 Reads initial address control word and stores it
in appropriate control memory address,
1/0 1 Reads from or writes into memory, either an 18-
bit word or first 18 bits of a 36-bit word.
1/0 2 Reads from or writes into memory, second 18 bits
of a 36-bit word,
WAIT WAIT Inhibits performance of all control sequences but

permits input/output operations to continue until
an interrupt occurs.

TABLE 1-7. 1I/0 CHANNEL GROUPING

NUMBER OF

I/0 CHANNELS

CHANNEL DESIGNATIONS (OCTAL)

12
16

0, 2,4, 6

O thru 7

0 thru 7 plus 10, 12, 14, 16
0 thru 7, 10 thru 17

CHANGE 2
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Paragraph 1-3i(3)(C) GENERAL DESCRIPTION

(¢) 1218 (NTDS COMPATIBLE) MODE. - This mode disables continuous data mode.
Output data and external function buffers are terminated upon sending the last word
of the buffer,

(d) 1219 MODE., - This mode enables continuous data mode. Output data and -
external function buffers are terminated upon sending the last word of the buffer.

(4) DATA FORMAT, - Three types of information transferred between the I/0
section and peripheral units are data words, function words, and external interrupt
codes,

Data words represent alphabetic and numeric data. Input data words are data
entered into the computer from peripheral units. Output data words are data sent
to peripheral units from the computer. Data words are 18 bits for single-channel,
ESI, and ESA modes, and 36 bits for dual-channel mode.

Function words are control information sent from the computer to peripheral units
to specify the type of operation a peripheral unit is to perform. Function words
are 18 bits for single-channel ESI, and ESA modes, and 36 bits for dual-channel
mode.

External interrupt codes are control information sent to the computer from a
peripheral unit. The external interrupt code specifies an error or special con-
dition that exists in a peripheral unit,.

(5) I/0 INSTRUCTION WORD FORMAT. - The input/output instruction word format,
normally called format II, is as follows:

BIT L7 12 [N —_— 615 - o

CODE F M K

f - Always octal 50 for input/output instruction.
m - Specifies type of input/output instruction.

k - Specifies channel number.

All three codes are octal, The f and m codes are shown in text separated by a
colon (f:m); since f is always 50 for an I/0 instruction, the instruction word code
appears as 50:m.

(6) I/0 INSTRUCTIONS. - The I/0 instructions are listed in table 1-8.

(a) INITIATE TRANSFER INSTRUCTIONS. - Six of the I/0 instructions are used to
initiate data transfer (including external function words) between the computer and
peripheral unit.

If the I/0 instruction word at address N is an input-transfer, output-transfer,
or external-function instruction (50:11, 50:12, or 50:13), two buffer control words
are read from addresses N + 1 and N + 2 and stored in the control memory., These
two control words outline the 'size of the memory area (buffer) to be used. The
instruction specified by m code of the instruction word is performed with the chan-
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GENERAL DESCRIPTION Paragraph 1-3i(6)(a)

nel specified by k portion of the instruction word., Data words are loaded into or
removed from the designated buffer., When the buffer is full (all words removed or
all words loaded), operation is terminated.

If the I/0 instruction word is a set-input-active, set-output-active, or set-
external-function-active instruction (50:01, 50:02, or 50:03), it is assumed that
buffer control words are already located in control memory and, addresses N + 1
and N + 2 are not read. The rest of data transfer operation is performed like the
50:11, 50:12, or 50:13 instructions.

, (b) TERMINATE TRANSFER INSTRUCTIONS. - Three I/0 instructions (50:15, 50:16,
and 50:17) are used to end a data transfer prior to normal terminatiom. Because
external function and output transfer utilize some common circuitry, terminating
either one terminates the other,

(c) STATUS TEST INSTRUCTIONS. - Four I/0 instructions (50:21, 50:22, 50:23,
and 50:57) provide a means for checking the status of I/0 operation. If a 50:21,
50:22, or 50:23 instruction is executed, a skip occurs if the related data transfer
operation is inactive. If a 50:57 instruction is executed, a skip occurs if
resume status is inactive (clear).

(d) SPECIAL OPERATION INSTRUCTIONS. - Eight I/O0 instructions perform special
operations in the I/0 section. The use of these instructions is discussed in
paragraphs 1-3i(10) and 1-3i(11),

(7) BUFFER CONTROL WORDS. - Buffer control words specify areas in memory
where data or function words are stored, During input operations, input data words
are received from the peripheral unit and stored at the location specified by
buffer control words., During output operations, output-data or external-function
words are removed from memory location specified by buffer control words and sent
to the peripheral unit,

Two memory areas are assigned to each input/output channel: one area for input
data words and one area for output-data or external-function words. Two buffer
control words are required to specify a memory area: one specifies initial current
address and one specifies the last address. Buffer control words are stored in
locations as specified in table 1-13.

Memory area (buffer) to be used is established by I/0 instructions 50:11, 50:12,
or 50:13 (figure 1-8). If the I/0 instruction word at address N (N can be any
memory address) is either an input transfer, output transfer, or external function
transfer (50:11, 50:12, or 50:13) instruction, address N + 1 must contain terminal
address designator and address N + 2 must contain initial address designator.

The contents of address N + 1 and N + 2 are established by the program. When the
computer decodes 50:11, 50:12, or 50:13 at address N, it automatically reads ad-
dresses N+ 1 and N + 2 to obtain terminal and initial addresses of the buffer, The
initial address designator is incremented or decremented for each data transfer;
therefore, it also can be called the current address designator,

The two buffer control words read from addresses N + 1 and N + 2 are stored in
specific locations of control memory during execution of the I/0 operation. The
terminal address is stored at address 60 + 2k or 260 + 2(k-10) for a 50:11 instruc-
tion; 40 + 2k or 240 + 2(k-10) for a 50:12 instruction; or 20 + 2k or 220 + 2(k-10)
for a 50:13 instruction. (k refers to channel numbers specified by k portion of
the I/0 instruction word.) The current address of the buffer is stored at
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Paragraph 1-3i(7) GENERAL DESCRIPTION

TABLE 1-8, INPUT/OUTPUT INSTRUCTIONS

FUNCTION OCTAL CODE OPERATION
50:01 Set input active
50:02 Set output active
50:03 Set external function active
%giﬁé?gg 50:11 Input transfer
50:12 Output transfer
50:13 External function
50:15 Terminate input
ggi%ggéﬁE 50:16 Terminate output (and external function)
50:17 Terminate external function (and output)
50:21 Skip on input inactive
§EQ$US 50:22 Skip on output inactive
50:23 Skip on external function inactive
50:20 Set resume
50:14 Enable real-time clock monitor
50:26 Output override
50:27 External function override
ggggig%ON 50:30 and 50:31 Remove interrupt lockout
50:32 and 50:33 Remove external interrupt lockout
50:34 and 50:35 Set interrupt lockout
50:36 and 50:37 Set external interrupt lockout
50:57 Skip on no resume

61 + 2k or 261 + 2(k=10) for a 50:11 instruction; 41 +2k or 241 + 2(k-10) for a
50:12 instruction; or 21 + 2k or 221 + 2(k-10) for a 50-13 instruction. For ex-
ample, assume that the instruction word at address N specifies a 50:11 instruction
for channel 3: terminal address at N + 1 is stored at control-memory address 66
(60 + 2.3 = 66); initial or current address is stored at control-memory address 67
(61 + 2:3 = 67). The buffer control words are shown in figure 1-8.

(a) MODIFIER DESIGNATOR. - The most significant bit (17) of current address -
word is the modifier designator. If bit 17 is set to one, the current address is
decremented for each data transfer; if bit 17 is set to zero, the current address
is incremented for each data transfer. '

(b) MONITOR DESIGNATOR. - Bit 16 of the current address word is the monitor
designator. If bit 16 is set to one, an internal interrupt occurs when buffer is
full; if bit 16 is set to zero, no interrupt will occur when buffer is full,

(c) CONTINUOUS DATA MODE DESIGNATOR. - Bit 17 of the terminal address buffer
control word is the continuous data mode designator. If the bit is set to one upon
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GENERAL DESCRIPTION Paragraph 1-3i(7)(C) -

termination of the buffer, and if computer buffer mode 1219 is active, the computer
will enter continuous data mode, (Refer to paragraph 1-3i(3).) If bit 17 is set
to zero, buffer termination will be as usual. Continuous data mode designator and
monitor designator may be set to one in a pair of buffer control words; thus, noti-
fying the program of completing one buffer while establishing another,

Output operations are performed to transfer data words and external function
words from computer to peripheral device.

(8) DATA TRANSFER OPERATIONS. - Data transfer operations transfer words between
the computer memory and a peripheral device. A buffer is a specific address in
memory used for the data transfer operation. Location of the buffer is specified
by buffer control words. A different pair of buffer control words is used for each
channel and for each of the three transfer instructions (input transfer, output
transfer, and external function),

(a) INPUT TRANSFER OPERATIONS. - Input transfer operations include input data
and external interrupt operations, Both types are initiated either by set input
active (50:01) or input transfer (50:11) instructions. The peripheral device used
activates either an external-interrupt-request line or an input-data-through line
to indicate the type of input operation to be performed.

For an input data operation, the computer accepts data words from the peripheral
device and stores them in the designated buffer. Operation is terminated when the
buffer is full, The data transfer could be as short as a single word.

For an external interrupt operation, the peripheral device sends coded words to
the computer to indicate that an emergency condition has occurred. An emergency
condition includes transmission of data with a parity error, magnetic tape breakage,
card punch feed error, voltage faults, and several others. Each individual error
generates a different external interrupt word. The code used for each error is a
function of the peripheral device, and provisions must be made in the computer
program to properly translate and react to each condition.

A channel does not need to be active to receive an external interrupt reguest.
No buffer control words are used for an external interrupt operation,

(b) OUTPUT TRANSFER OPERATIONS. - Output transfer operations included output
transfer and external-function operations, Output transfer is initiated either
by set output active (50:02) or an output transfer (50:12) operation,

For an output data operation, the computer removes data words from the designated
buffer and sends them to the peripheral device, The operation is terminated when
the buffer is empty. The data transfer could be as short as a single word.

An external function operation allows the computer to control operations of the
peripheral devices. For an external function operation, the computer removes external
function words from the designated buffer and sends them to the peripheral device.
External function words are translated by peripheral devices into commands, which
initiate appropriate functions in the device in preparation for an input or output
operation. Codes used and operations desired are a function of the peripheral
device, its- capabilities, and needs of the computer program,

(9) MONITOR INTERRUPT. - A monitor interrupt causes channel-oriented program
intervention upon completion of a data transfer buffer. The program, through a
subroutine, acknowledges that I/0 operation has been completed and makes the neces-
sary adjustments. A monitor interrupt is established by proper coding of buffer
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Figure 1-8., Control Word Formats

control words for the type of operation to be used (refer to paragraph 1-3i(7)),
Monitor interrupts can be used during input-transfer, output-transfer, and external-
function instructions,

With monitor interrupt set, the channel is made inactive at completion of the
buffer, The computer is then forced, according to the channel and type of monitor,
to a monitor interrupt register, which is an assigned control memory eddress,

In the ESA mode where several equipments are being multiplexed on the same chan-
nel, a channel remains active at completion of the buffer; this is necessary be-
cause other data transfers may still be in operation on that channel, The monitor
interrupt stores the odd-channel input in the ESA output terminal word register
before forcing the computer to the same address. The program can detect, through

a subroutine, which of the equipments on the multiplexed channel has completed data
transfer,

The external interrupt monitor, which is not subject to coding of buffer control

words, is unconditionally set during I/0 sequence, which stores the external
function word,

(10) SPECIAL INTERRUPTS, - The I/O section provides logic for five special
interrupts: program fault, resume fault, real-time clock monitor, external syn-
chronizing interrupt, and RTC overflow; these interrupts have priorities as listed
here, Special interrupts allow intervention during a program so that occurrences
pertinent to the results of a program can be analyzed.
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When an interrupt occurs, the computer begins interrupt I sequence immediately
upon completion of instruction or I/O operation which is in process. During
interrupt I sequence, the computer references a specific address, depending upon
the type of interrupt. Usually a return jump is stored at that address so an
interrupt-processing subroutine can be performed, and the computer can return to
the interrupted position in the program.

(a) PROGRAM FAULT. - A program fault occurs when an illegal instruction
(00, 01, or 77) is decoded. This interrupt forces the computer to either address
00000 or address 00500, depending upon the position of AUTO RECOVERY switch., If
AJUTO RECOVERY switch is in the up position, address 00500 is selected; this address
is the initial address of the bootstrap program,

(b) RESUME FAULT. - When a channel is operating as an intercomputer channel
(IC) and is performing an output data request or external function request, the
channel ties up output channels for the entire group until the receiving computer
sends a resume, If the receiving computer does not acknowledge receipt of the
transmitted word, it would render the four channels of the chassis inoperative in
the transmitting computer, If the IC channel were dual, all other channels of the
odd and even chassis would be inoperative, To prevent this condition from contin-
uing indefintely, the RTC (real-time clock) serves as a timing device on all inter-
computer output data and external function transmission,

The RTC is monitored from time of transmission, If the clock reaches its maximum
count (in a O to 1024-count cycle) before a resume is received, resume fault is
set, Since the RTC may be at any point in the count cycle as transmission begins,
the time varies when resume must be received. This time is from 1/1024th of a
second to one second, since RTC rate is 1024 count per second, .Once resume fault"
is set, the computer enters interrupt sequence and is forced to address 00011l.

(c) REAL-TIME CLOCK MONITOR. - The real-time clock (RTC) monitor interrupt
causes an intervention in the computer program when value of the RTC monitor word
wtored at address 00014 equals the value of the RTC word stored at address 00015,
provided instruction 50:14 (enable RTC monitor) has been performed. Once the
interrupt occurs, the computer is forced to address 00012 where it can enter a sub-
routine for RTC processing.

(d) EXTERNAL SYNCHRONIZING INTERRUPT. - The external synchronizing interrupt
(ext sync) provides the computer and associated peripheral device with the ability
to maintain program synchronization between detection of physical occurrences and
data processing related to the occurrence., Thus, real-time computation can be per-
formed with the peripheral device connected to one external synchronizing jack.

At the receipt of an external synchronizing signal, the computer sets the external
synchronizing condition and the computer program is interrupted. The computer is
then forced to control-memory address 00016,

(e) REAL-TIME CLOCK OVERFLOW. - The RTC overflow interrupt occurs when the
RTC word (in the BU register) changes from maximum to zero. The time interval to
step the RTC word from zero to maximum is 256 seconds. If the RTC word has not been
reset prior to reaching its maximum count (and is permitted to automatically change
to zero), RTC overflow/interrupt is set., The computer is then forced to control-
memory address 00016.
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(11) SPECIAL OPERATIONS. - The I/0 section supplies several special operations
that give the computer added programming control of I/O operations. These include
real-time clock, override, interrupt lockout, wait, and resume instructions,

(a) REAL-TIME CLOCK. - The real-time clock normally operates at a rate of
1024 cps. Different frequencies are available at customer request. RTC operation
counts into the RTC word register located at -address 00015 in control memory, The
RTC operation is inhibited under the following conditions: RTC/DISC switch is in
up position; the computer is in Rl sequence of instructions 20 - 23 or 57; the
computer is handling the first I/O sequence of a 36-bit operation; the computer has
a continuous data request.

(b) OVERRIDE. - The computer has the ability to force an external function
word to be sent to a peripheral device regardless of the state of EF request line
for that channel. This is accomplished by program use of the external-function-
override instruction (50:27), This program option enables the computer to re-
establish positive control by overriding whatever function the peripheral device is
performing. This instruction is necessary during an intercomputer operation if the
computer wishes to send an external function, since EF request line is not usable.

(¢) INTERRUPT LOCKOUT, - The computer has two interrupt lockout instructions
and two lockout removal instructions. The instructions are 50:30 and 50:31, re-
move interrupt lockout; 50:32 and 50:33, remove external interrupt lockout; 50:34
and 50:35, set interrupt lockout; and 50:36 and 50:37, set external interrupt lock-
out,.

The set-interrupt-lockout instruction prevents any interrupt from being processed,
except an instruction fault interrupt. Any interrupt received during lockout per-
iod will be recorded, and, when the lockout is removed, will be processed in order
of priority. However, if two interrupts of the same type are received during the
lockout period, the second will be ignored.

The set-external-interrupt-lockout instruction prevents processing of an EI mon-
itor by making it impossible to scan the EI monitors. The EI request is processed
as usual and monitor flip-flop is set, but the monitor cannot be processed until
lockout is removed.

To remove lockout conditions, the proper remove-lockout instruction must be used,
Instructions must be paired properly; that is, 50:30 and 50:31 with 50:34 and 50:35,
and 50:32 and 50:33 with 50:36 and 50:37.

(d) WAIT. - Wait-for-interrupt instruction, 50:24 and 50:25, stops the com-
puter from performing any operation until receipt of an interrupt. During this time,
the clock and the timing chain run but the computer sequencer remains in wait se-
quence cycle after cycle. The only sequence the computer can advance to is interrupt
sequence, and then only upon receipt of any interrupt, although I/O functions con-
tinue during this time,

(e) RESUME. - The set resume instruction, 50:20, provides programming means
to overcome a resume fault. When the instruction is used, data in the output reg-
isters is lost.

(12) PRIORITY. - The computer performs an I/O priority scan concurrently with
a program instruction sub-sequence. I/0 priority scan sequentially scans priority
A events listed in table 1-9. If no priority A even is detected, the scan sequen-
tially scans the priority B events listed in table 1-10,
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TABLE 1-9. SEQUENCE SCAN PRIORITY A

PRIORITY A SCAN FOR DATA EVENTS

Real-Time Clock Update
External Interrupt

External Function Request

4% 5% Output Request or External
Function
5%, 4% Input Data Request

*Each time either 4 or 5 is detected, they shall reverse
their priority rating.

TABLE 1-10, SEQUENCE SCAN PRIORITY B

PRIORITY B SCAN FOR INTERRUPT EVENTS

Fault (Program)

Resume Fault

Real-Time Clock (Monitor)
Real-Time Clock (Overflow)
Synchronizing Interrupt
External Interrupt (Monitor)
External Function (Monitor)

Output (Monitor)

O @ N O oW N

Input (Monitor)

The priority A events 2, 3, and 4 are channel dependent and are scanned for each
channel, starting with the highest numbered channel and ending with channel 0, (A
priority 4 event on channel 17g has a higher priority than a priority 2 or 3 event
on channel 168.) If one or more priority A events are detected, the highest prior-
ity event is processed, and scan restarted at the beginning of the priority A scan.

Priority B events 6, 7, and 8 are channel dependent and are scanned for each
channel starting with the highest numbered channel and ending with O, If one or
more priority B events are detected, the highest priority event is processed and
scan restarted at the beginning of priority A scan. If no priority B event is de-
tected, scan is restarted at the beginning of the priority A scan.

(13) 1I/0 SECIION LOGIC. - The I/O section (figure 1-9) contains seven logically-
definable areas: active, request, priority, input selectors, acknowledge, C reg-
isters, and I/0 control.

(a) ACTIVE. - In normal class of operation, active circuitry functions as
the on/off switch of the I/0 section. Except for external interrupts, communications
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can exist between computer and peripheral devices only when I/0 channels are active. —
In the intercomputer class of operation, active circuitry is bypassed.

(b) REQUEST. - Request portion of the I/0 section receives four types of re-
quest signals (external interrupt, input data, output data, and external function)
from peripheral devices. The type of request is recorded and maintained until the
request is honored by the computer. Only one request of each type is accepted by
an I/0 channel until that request is honored. The request portion of the I/0 sec-
tion also receives the same four types of monitor signals (an internal system
whereby the computer is notified that an I/0 operation has been completed). It
records the type of monitor and maintains this information until the monitor is
honored.

During operation, it is possible for each I/0 channel to have one of the four
types of requests and monitors present at the same time. Thus, priority circuitry
is necessary to honor requests or monitors.

(c) PRIORITY, - Priority of I/O0 requests and monitors is established accord-
ing to channel number and function. Once priority is established, channel number
and function is encoded into a binary value, which is sent as an address to control
memory. This address specifies which control words and type of I/0 operation are
to be used for each channel.

(d) INPUT SELECTORS. - Input selectors are gated input amplifiers. Each I/0
channel has eighteen selectors, one for each bit of the data words. When a periph-
eral device sends a request to the computer, it also places a data word on the input
lines. After priority is granted to the requesting channel, the data word of that
channel is gated into the computer through input amplifiers.

(e) ACKNOWLEDGE. - Acknowledge circuitry informs peripheral devices of the
status of I/0 operations by sending three types of acknowledge signals: input data
acknowledge, output data acknowledge, and external function acknowledge. The type
of signal and channel number selected is influenced by priority circuit.

The acknowledge signal sent depends upon the type of function performed. Input
acknowledge signal is sent for an external interrupt or input data transfer, Out-
put data acknowledge signal is sent for an output data transfer. External function
acknowledge is sent for an external function transfer.

j. ARITHMETIC SECTION. - The arithmetic section of the computer performs arith-
metic and logic functions to present a solution to a given problem. Arithmetic
functions include addition, subtraction, multiplication, division, shifting, and
scaling. Logic functions include masking, selective substitution, comparisons, and
word transfers between components of the arithmetic section or between the arith-
metic section and computer core memory. Circuits contained within the arithmetic
section include a 36-bit A register (subdivided into two 18-bit registers), X reg-
ister, D register, W register, and subtractive-type adder.

The arithmetic section employs one's complement binary arithmetic and a subtractive
type adder to perform arithmetic and logical operations. Arithmetic operations are
addition, subtraction, multiplication, and division, as well as shifting and scaling.
Logical operations include masking, selective substitution, and complementing.

The arithmetic section is divided into seven basic subsections as shown in figure -
1-9. These subsections are arithmetic selector, adder, X register, D register, AU
register, AL register, and W register. Control of the arithmetic section is main-
tained by command enable circuits of the control section.
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Figure 1-9
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(1) ARITHMETIC SELECTOR. - The arithmetic selector acts as a distribution
point for data entering and leaving the arithmetic section with the exception of
data concerning P, S, and Zj registers. The selector receives data from the control
section and A register; it sends data to X and D registers, control (parity), and
memory (store selector) sections,

(2) ADDER, -~ The adder is an 18-stage, subtractive-type device. It provides,
as an output, the solution of (X) - (D') (for example, the solution of the quantity
held in X register minus the complement of the quantity held in D register). 1In a
subtraction problem, it is sometimes necessary to borrow from a higher order digit;
this is also true in the adder. To increase speed of the adder, section borrows
are used for each of the three stages. Section borrows pass a known borrow across
stages that cannot satisfy a borrow to a stage that can satisfy the needed borrow;
it also starts complementing due to a borrow in the stages in between. Thus, time
needed to propagate a borrow down eighteen stages of the adder is reduced by a
factor of six.

(3) REGISTERS. - All registers in the arithmetic section are 18-bit, flip-flop
registers. They are all controlled by command enables from the control section.

The X register is one of the input registers of the adder. It is also used with
the AU register for left and right shifting. D register is the other input register
of the adder.

AU register is the upper half of the A register and receives data from the adder.
It is also used for shifting. AL register is the lower half of the A register and
receives data from the adder. It is also used for left and right shifting with the
W register. The only function of the W register is shifting.

The parts of A register are so connected that left or right shifting can be accom-
plished on a 36-bit word.

k. MEMORY SECTION. - The computer is available with 16,384, 32,768, 49,152, or
65,536 18-bit words of addressable memory. Computer storage is divided into main
memory, control memory, and a nondestructive read-out bootstrap memory. Storage
location for each word in all three memories is assigned a discrete address. Stor-
age capacity of the three memory subsections is listed in table 1-11.

(1) MAIN MEMORY. - Main or core memory provides storage for programs, con-
stants, and data. Main memory capacity is 16-, 32-, 49-, or 65-thousand 18-bit
words. The number of usable addresses is either 160 or 288 less than the number
of actual storage locations; control and bootstrap memory addresses overlap with
main memory addresses (see table 1-11), Memory address assignments are listed in
table 1-12,

Main memory is a random-access, coincident-current, bit-oriented core memory.
Cycle time is 2 microseconds and maximum access time is 750 nanoseconds.

Main memory is divided into seven logically definable areas (figure 1-9): memory
control, address translators, memory cores, inhibit circuits, sense amplifiers, Zj,
register, and Zj register.

(a) MEMORY CONTROL. - Main memory control provides timing and enable signals
to regulate memory circuit operation. When an input signal initiates a memory cycle,
control circuits provide signals to perform a read cycle and a write cycle.
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(b) ADDRESS TRANSLATORS. - Address translators decode the memory address -
stored in S1 register and enable the appropriate X-line and Y-line to select the
decoded address. Memory control signals pulse selected X and Y lines through the
address translator to read and write at the selected address.

(c) MEMORY CORES. - Main memory cores provide actual storage for the program
and data words. Cores are located on memory stacks. Each stack consists of 18
planes with 4096 cores per plane. Each plane stores a single bit of an 18-bit word.
The 18 planes together form the stack and store 4096 18-bit words.

One of 64 X-lines and one of 64 Y-lines is selected by address translators to
select one of 4096 addresses on a stack. Address translators also select one of 4,
8, 12, or 16 stacks in the memory.

(d) INHIBIT CIRCUITS. - Inhibit circuits are used to inhibit writing a one
at the bit positions that are to store a zero. At write time, X and Y lines are
pulsed to write a one at all 18-bit positions of the selected address. If a zero
is to be stored at any bit position in this word, an inhibit pulse must be generated
for those positions.

(e) SENSE AMPLIFIERS. - Sense amplifiers monitor 18-output lines from each
stack (one line for each bit of a word). When cores for a single word are pulsed
at read time, the sense amplifiers detect the one (core switches) and zero (core
does not switch) outputs and stores them in the Zy register.

(f) Z, REGISTER. - The Z, register provides necessary storage for the infor-
mation read from main memory. Each of the four stacks containing 16K-words in main -
memory has one Zy register; however, only one is used at a time, Thus, the Zy
register is referenced singularly.

(g) Z; REGISTER. - The Zj register is used as a buffer for words being trans-
ferred between main memory and other sections of the computer.

TABLE 1-11, COMPUTER MEMORY SIZES

MEMORY TOTAL BOOTSTRAP CONTROL MAIN
DESIGNATION ADDRESSES MEMORY MEMORY MEMORY
AVATLABLE ADDRESSES ADDRESSES ADDRESSES
128 16,224
16K 16,384 32 956 16,096
32K 32,768 128 32,608
76 32 256 32,480
128 48,992

K ]

9 19,152 32 256 48,864
128 65,376
65K 65, 536 32 556 65 248
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Table 1-12

TABLE 1-12, MAIN MEMORY ADDRESS ASSIGNMENTS

MEMORY
ADDRESS ADDRESS ASSIGNMENT
000100 External interrupt (EI) entrance registers, I/0 channels
thru O thru 7.
000117
000100 EI channel O, entrance address
000101 EI channel O, interrupt word
000102 EI channel 1, entrance address
000117 EI channel 7, interrupt word
000120 External function monitor interrupt (EFMI) registers and
thru ESI external function terminate (ESI-EFT) control words,
000137 I/0 channels O thru 7.
000120 EFMI for channel O, entrance address
000121 ESI-EFT for channel O, control word
000122 EFMI for channel 1, entrance address
000137 ESI-EFT for channel 7, control word
000140 Output monitor interrupt (OMI) registers and ESI output
thru terminate (ESI-OT) control words for I/0 channels O thru
000157 7.
000140 OMI for channel O, entrance address
000141 ESI-OT for channel O, control word
000142 OMI for channel 1, entrance address
000157 . ESI-OT for channel 7, control word
000160 Input monitor interrupt (IMI) entrance registers and ESI
thru input terminate (ESI-IT) control words for I/0 channels
000177 0 thru 7,
000160 IMI for channel O, entrance address
000161 ESI-IT for channel O, control word
000162 IMI for channel 1, entrance address
000177 ESI-IT for channel 7, control word
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TABLE 1-12, MAIN MEMORY ADDRESS ASSIGNMENTS (CONT.)
MEMORY
ADDRESS ADDRESS ASSIGNMENT
000300 External interrupt (EI) entrance registers, I/0 channels
thru 10 thru 17,
000317
000300 EI for channel 10, entrance address
000301 EI for channel 10, interrupt word
000302 EI for channel 11, entrance address
000317 EI for channel 17, interrupt word
000320 External function monitor interrupt (EFMI) registers and
thru ESI external function terminate (ESI-EFT) control words,
000337 I1/0 channels 10 thru 17.
000320 EFMI for channel 10, entrance address
000321 ESI-EFT for channel 10, control word
000322 EFMI for channel 11, entrance address
000337 ESI-EFT for channel 17, control word
000340 Output monitor interrupt (OMI) registers and ESI output
thru terminate (ESI-OT) control words for I/O channels 10
000357 thru 17.
000340 OMI for channel 10, entrance address
000341 ESI-OT for channel 10, control word
000342 OMI for channel 11, entrance address
000357 ESI-OT for channel 17, control word
000360 Input monitor interrupt (IMI) entrance registers and ESI
thru input terminate (ESI-IT) control words for I/0 channels
000377 10 thru 17.
000360 IMI for channel 10, entrance address
000361 ESI-IT for channel 10, control word
000362 IMI for channel 11, entrance address
000377 ESI-IT for channel 17, control word
000400 Assigned to expanded ESI option when selected; otherwise
thru instruction word and data storage.
000477
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TABLE 1-12. MAIN MEMORY ADDRESS ASSIGNMENTS (CONT.)

MEMORY
ADDRESS ADDRESS ASSIGNMENT
000540 Instruction word and data storage
thru
000577
000600 Assigned to expanded ESI option when selected;
thru otherwise instruction word and data storage.
000677
000700 Instruction word and data storage
thru
177777

(2) BOOTSTRAP MEMORY. - Bootstrap memory (figure 1-9) is a word-oriented, non-
destructive readout-type of memory with a maximum access time of 300 nanoseconds and
a cycle time of 2 microseconds. Bootstrap memory is a 32-word prewired program that
loads a program of instructions via a peripheral device such as a paper tape reader
or a magnetic tape transport and automatically reloads the program if the computer
senses an invalid operation. Bootstrap memory utilizes logic circuitry assigned to
control memory for the performance of its functions. Bootstrap memory addresses
are from 00500 through 00537,

Bootstrap mode switch located on the front panel of drawer A4 provides a means of
storing a second bootstrap program using main memory storage. In NDRO position, the
switch allows the computer to reference nondestructive readout bootstrap memory where,
for example, the paper tape load routine is stored. In MAIN MEMORY position, the
computer references main memory addresses 00500 through 00537 where the magnetic
tape load routine may be stored. The referenced main memory addresses are not the
NDRO type and information stored at these addresses may be changed or altered while
the switch is in MAIN MEMORY position.

(3) CONTROL MEMORY. - Control memory (figure 1-9) is a word-oriented core mem-
ory consisting of either 128 or 256 18-bit word storage locations. Access time of
the control memory is a maximum of 300 nanoseconds; cycle time is 500 nanoseconds.
Address assignments for the control memory are listed in table 1-13.

The entire control memory circuit provides fast access to control words and to
modifying index registers which allows this section to operate independently from the
other two memory sections of the computers. Thus, because information is more
readily available for input and output operations, operand and address modification,
and real-time clock functions, the speed of the main computer operations is increas-
ed.

(a) Sp REGISTER. - The Sy register is the address register for control mem-
ory. Reference to an address in control memory is entered in the Sqg register for
translation. Any location in control memory may be addressed through program con-
trol and the constants may be entered in the desired registers. S register slaves
are gates for the application of proper enables to succeeding circuits.

ORIGINAL 1-37



Table 1-13 GENERAL DESCRIPTION
TABLE 1-13., CONTROL MEMORY ADDRESS ASSIGNMENTS
MEMORY
ADDRESS ADDRESS ASSIGNMENT
00000 Fault interrupt entrance register
00001 Index registers (8).
thru
00010
00011 Resume fault interrupt entrance register.
00012 RTC monitor interrupt entrance register,
00013 RTC overflow interrupt entrance register,
00014 RTC monitor word register.
00015 RTC word register,
00016 Synchronizing interrupt entrance register.
00017 Scale factor shift count word register.
00020 Continuous data mode (CDM) and external function (EF) buffer
thru control registers for I/0 channels O thru 7.
00037
00020 CDM/EF for channel O, terminal address
00021 CDM/EF for channel O, current address
00022 CDM/EF for channel 1, terminal address
00037 CDM/EF for channel 7, current address
00040 Output buffer control (OBC) registers for I/0 channels O thru 7
thru '
00057
00040 OBC for channel O, terminal address
00041 OBC for channel O, current address
00042 0OBC for channel 1, terminal address
00057 OBC for channel 7, current address
00060 Input buffer control (IBC) registers for I/0 channels O thru 7
thru
00077
00060 IBC for channel O, terminal address
00061 IBC for channel O, current address
00062 IBC for channel 1, terminal address
00077 IBC for channel 7; current address
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TABLE 1-13. CONTROL MEMORY ADDRESS ASSIGNMENTS (CONT.)

MEMORY
ADDRESS ADDRESS ASSIGNMENT
00220 Continuous data mode (CDM) and external function (EF) buffer
thru control registers for I/0 channels 10 thru 17,
00237
00220 CDM/EF for channel 10, terminal address
00221 CDM/EF for channel 10, current address
00222 CDM/EF for channel 11, terminal address
00237 CDM/EF for channel 17, current address
00240 Output buffer control (OBC) registers for I/O channels 10
thru thru 17,
00257
00240 OBC for channel 10, terminal address
00241 OBC for channel 10, current address
00242 OBC for channel 11, terminal address
00257 OBC for channel 17, current address
00260 Input buffer control (IBC) registers for I/0 channels 10
thru thru 17.
00277
00260 IBC for channel 10, terminal address
00261 IBC for channel 10, current address
00262 IBC for channel 11, terminal address
00277 IBC for channel 17, current address
00400 Control memory assigned to expanded ESI option when selected,
thru otherwise assigned to main memory for instruction word and
00477 data storage.
and
00600
thru
00677

(b) WORD TRANSLATORS. - Word translators decode contents of the S register
slaves to locate selected memory address.

(¢) DIGIT DRIVER AND R/W DIVERTERS. - Digit drivers perform the same function

as inhibit circuits in the main memory. R/W diverters provide necessary drive
currents for reading from or writing into the control memory cores.
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(d) SENSE AMPLIFIERS. - Sense amplifiers detect bit-content of the addressed
memory location and amplify detected signals to a level usable by the associated
logic circuits.

(e) Zp REGISTER. - The Z register supplies required storage for the input
and output information from control memory.

1-4, PHYSICAL DESCRIPTION.

a. GENERAL CABINET. - The computer is housed in a single cabinet and is self-
sufficient except for required input power and data signal lines. The standard
computer cabinet (figure 1-2) is subdivided into four drawers, a power supply, two
fan assemblies, and various panels necessary for operator-maintenance, control, and
input/output connections. All drawers, chassis, and assemblies mounted within the
control unit frame assembly may be removed for maintenance or repair if required.

An alternate cabinet configuration is supplied when 12 or 16 I/0 channel option
is selected with drawers Al and A8 identical (figure 1-3). The alternate cabinet
has one additional fan assembly.

The computer also has a remote console available that duplicates several of the
control switches (figure 1-6). The remote console is connected to the computer by
a standard I/0 cable plugged into the special remote console jack.

b. COMPUTER ASSEMBLIES. - Three drawer assemblies contain the necessary logic
circuitry for control of various computer instructions and transfers. The fourth
drawer assembly contains computer core memory and associated circuitry. The power
supply produces ac and dc voltages used throughout the control unit cabinet. Fan
assemblies provide forced air cooling for cabinet drawers. A power control panel is
provided to allow complete control of the computer from a single panel during turn-
on and turn-off sequence. Audible and visual warnings indicate abnormal conditions.

(1) LOGIC DRAWERS. - Three logic drawers contain required circuitry to perform
control and logic functions designated by the computer program. Indicators and
switches located on the front of each drawer provide a visual display and manual
control of circuit conditions.

(a) MOUNTING. - Each drawer is slide-mounted to allow easy access to the
cabinet interior and to facilitate inspection and maintenance of drawer assemblies.
Figure 1-10 pictures a drawer fully extended from the cabinet.

(b) DRAWER LOCKING. - Each logic drawer is held in place by a locking screw
which, when loosened, permits the drawer to be extended approximately 26 inches
from the cabinet. When the drawer is extended from the cabinet the electrical
connections to the drawer are broken because the interassembly cable connectors are
disconnected from their mating receptacles located on the rear of the cabinet frame.

(c) LOGIC CHASSIS. - Each of the logic drawers contains two vertically-
mounted logic chassis, a front panel, and twelve connectors for interassembly
cables. One side of each chassis contains printed circuit modules and the reverse
side contains intrachassis wiring. The indicators and manual controls associated
with the circuits on the chassis are mounted on the front panel of the drawer. The
front panel is hinged to open and expose circuit test blocks. Figure 1-11 shows a
typical logic chassis.
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Figure 1-10.

Logic Drawer (Extended)

Figure 1-10
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Figure 1-11

Figure 1-11,

Typical Logic Chassis
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GENERAL DESCRIPTION

Paragraph 1-4b(2)

(2) MEMORY DRAWER. - The memory drawer contains core memory stacks and asso-

ciated circuitry to provide 18-bit word storage in the computer.
drawer can house 16 core memory stacks for a maximum storage capacity of over 65

thousand 18-bit words. Figure 1-12 shows the location of memory stacks on the
extended memory drawer. A main-memory stack is illustrated in figure 1-13.

(3) CONTROL AND BOOTSTRAP MEMORY LOCATION. - Control and bootstrap memories
are located in drawer A4 and are identified in figure 1-14.
the control memory stack; figure 1-16 illustrates the bootstrap memory assembly.

(4) POWER SUPPLY CHASSIS. - The power supply chassis contains main dc power

supplies that provide the necessary dc voltage for computer logic functions,
Figure 1-17 pictures the power supply chassis,

outputs,

Table 1-14 lists dc power supply

A single memory

Figure 1-15 illustrates

(5) MAIN MEMORY POWER SUPPLY. - An additional power supply is located on the

main memory chassis and provides voltages required specifically for main memory
operation. The voltages are listed in table 1-15,

(6) FAN ASSEMBLIES. - Three fan assemblies provide the required air circula-

tion to cool the cabinet interior.

and exhausted through the grill at the lower rear of the cabinet.

Air is drawn in through the top of the cabinet

TABLE 1-14, DC POWER SUPPLY OQUTPUTS
DC VOLTAGE TOLERANCE CURRENT
(Max, Amp)
+15.0% +10% 40.0
-15.0% +10% 48.0
-4.50 +10% 29.0
+10.0 Adjustable from 0.2 for each
(Main Memory) +9.0 to +11.0 4K memory bank
+10.0 Adjustable from 6 amp peak
(Control Memory) +7.0 to +11.0
+15.0 Adjustable from 6 amp peak
(Control Memory) +13.5 to +16.5

* Absolute values of these two voltages may differ by not more than 6.0%

of the lower voltage.

TABLE 1-15. MAIN MEMORY POWER SUPPLY OUTPUTS
DC VOLTAGE TOLERANCE CURRENT (Max. Amp)
+3.0 +2.9 to +3.1 8.0
-3.0 -2.9 to -3.1 0.5
-15.0 +13.5 to=~16.5. 20.0
+15.0 +13.5 to +16.5 20.0
+6.0 +5.7 to +6.3 15.0

CHANGE 2

1-43



Figure 1-12 GENERAL DESCRIPTION

4K
MEMORY STACK
(TYPICAL)

INENENR)
LTI
Lol |

I Auanuan:

Figure 1-12. Main Memory Stack Locations (A3A2)
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Figure 1-13,

Typical Main Memory Stack

Figure 1-13
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Figure 1-14
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Figure 1-14.

Bootstrap and Control Memory Drawer A4 Locations
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Figure 1-15.
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Control Memory Stack
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Figure 1-16
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Bootstrap Memory Assembly
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Figure 1-17.

Power Supply Chassis

Figure 1-17
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(7) PANELS. - The power control panel, (A5) in figure 1-18, provides electrical
control of computer power, a visual display of computer operating conditions, and an
audible alarm for signaling temperature irregularities. Switches and indicators for
logic control are mounted on drawer front panels and provide manual control and
allow proper sequencing during initial power application. The cable entry panel is
located on the cabinet top and contains input and output connectors, remote control
connector, and external synchronizing jack.

(8) ASSEMBLY DESIGNATIONS. - Figure 1-18 identifies various cabinet parts and
computer assemblies.

(9) MODULE COMPLEMENT. - The printed circuit module is the basic replaceable
unit of the computer and provides a mounting board for circuit components. The
computer uses two basic types of modules. Type A, illustrated in figure 1-19, uses
a 15-pin connector and contains from one to five circuits. Type B, figure 1-20,
uses a 56-pin connector and contains from 1 to 16 circuits. For module types and
quantities, refer to tables 1-16 and 1-17.

(10) FUSES, SWITCHES, AND RELAYS. - Fuses, power control switches and relays
contained in the computer are listed in tables 1-18 and 1-19.

1-5, GLOSSARY OF TERMS,

Many terms which have an accepted meaning in the English language have a specific
meaning when applied to computer operation and circuitry., This glossary is intended
to delineate these terms and their specific meanings as they are written in this
manual.

ABORT - A condition within the computer which results in the following sequential
instruction being skipped or omitted.

ACCESS TIME - The time interval, characteristic of a memory or storage device,
which exists between the instant information is requested and the instant this in-
formation is available to requesting circuitry.

ACCUMULATOR - A 36-bit addressable register, consisting of two 18-bit registers,
AL and AU, used in arithmetic processes and commonly labeled the A register. A
register is the principal arithmetic register and is used to hold sum, difference,
product, or remainder during the final steps of arithmetic functions,

ACKNOWLEDGE - Indication of acceptance or issuance by the computer of signals on
input or output lines to peripheral equipment. Abbreviated as ACK.

ADDER - A device which forms as an output the sum of two or more numbers presented
as inputs. Related to the accumulator.

ADDRESS - A coded number specifically designating a computer register or a location
within an internal storage device. Stored information is referenced by its address.

ADDRESSABLE - Capable of being referenced or entered by an address or instruction.
AND - A signal circuit with two or more input lines in which the output line

supplies the desired signal only when all inputs are coincident signals. Synonomous
with an AND gate and AND circuit.
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ARITHMETIC ~ A section within the computer where arithmetic processes are per-
formed and operands or results are temporarily stored.

AUXILIARY ROUTINE - A routine designed to assist in operation of the computer and
in debugging other routines,

BINARY - A characteristic, property, or condition in which there are but two
possible alternatives.

BINARY ARITHMETIC - A numbering system which uses two as its base and only the
digits one and zero are recognized.

BINARY CELL - An information-storing element capable of two possible stable
states.

BINARY NUMBER - A single digit or group of characters or symbols representing the
total, aggregate, or amount of units by utilizing base two. Using the digits 1 and
O to represent a quantity.

BINARY POINT - The radix point or root of the binary system.

BISTABLE - The capability of assuming either of two stable states; hence, capable
of storing one bit of information.

BIT - An abbreviation of binary digit. A single character in a binary number rep-
resenting the condition of a stage of storage within a computer. A unit of infor-
mation capacity of a storage device.

BOOTSTRAP - A technique for loading the first group of instructions of a routine
into storage; then using these instructions.to load the remainder of the routine.

BOOTSTRAP MEMORY - A permanently wired, nondestructive readout memory containing
the load routine for loading programs into storage. The program stored in non-
destructive readout memory.

BORROW -~ An arithmetically negative carry; the additional subtraction of a one
from the next partial difference. A borrow occurs in direct subtraction by raising
the low order digit of the minuend by one unit of the next higher digit. A borrow
occurs in binary subtraction when a digit of the minuend is a zero and the corres-
ponding digit of the subtrahend is a one.

BUFFER - Transfer of data between the computer and peripheral equipments: inter-
mediary storage between two data handling systems having different access times or
formats.

BUFFER REGISTER - Final holding register for computer output to external devices
or initial holding register for input to the computer; normally referred to as the
C registers.

CAPACITY -~ Maximum size of a number that can be processed in the storage locations
of a computer.

CARRY - A condition which arises in addition when the sum of two digits in the

same digit place equals or exceeds the base of the number system in use; a digit to
be added to the next digit column; the process of forwarding the carry digit.
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CHASSIS - A divisional unit of the computer containing plug-in circuit cards and/
or memory devices and the necessary wiring and test points for maintenance, assembly,
and repair.

CHECKSUM -~ Sum used in a summation check.

CLEAR - To erase the contents of a storage device by replacing the contents with
blanks or zeros. To reset a storage or memory device to the zero state. The signal
used to perform the clear function such as master clear.

CLOCK - Basic timing or master timing device used to provide the basic sequencing
pulses for the operation of the computer.

CODE - A system of symbols for meaningful communication; a machine language pro-
gram.

CODED PROGRAM - Procedure for solving a given problem through use of computer logic.
The coded program may vary in detail from a simple outline of the procedure to be
followed to an explicit list of coded instructions,

COMPARE -~ To examine the representation of a quantity to discover its relationship
to zero. To examine two quantities for the purpose of discovering identity or
relative magnitude.

COMPILER LANGUAGE - A set of symbols used to abbreviate computer instructions and
functions.

COMPLEMENT - A quantity expressed to the base N which is derived from a given
quantity by a particular rule; frequently used to represent the negative of a given
quantity. A complement on N, obtained by subtracting each digit of the given
quantity from N-1, adding unity to the least-significant digit, and performing all
resultant carrys. For example, the one's complement of 100011 is 011100; the nine's
complement of 456 is 543.

CONTROL -~ Circuits within the computer which effect the completion of a function
in the prepared sequence; the proper interpretation of an instruction and the
issuance of proper commands to sequentially command computer logic to final com-
pletion of this interpretation.

CONTROL MEMORY - A storage device with assigned address locations used to hold
information for control of computer logic operations.

COUNTER - A device capable of increasing or decreasing the value of its content
upon receipt of coded input signals.

DEBUG - To isolate and remove all malfunctions from computer circuitry; to correct
mistakes in a computer program or routine.

DIGIT - One of a set of numerical characters used as coefficients of powers of the
radix in the positional notation of numbers.

ENABLE - (noun) A signal or pulse which allows other conditions to be acted upon;
(verb) to apply the signal, to provide an enable signal.
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EXECUTE - To perform indicated operations on specified operands.

FAULT - A condition which arises from the application of an illegal or improper
signal; resulting from the detection of an improper or illegal condition.

FIXED POINT ARITHMETIC - A type of arithmetic in which operands and results of
all arithmetic operations must be properly scaled so as to have a magnitude be-
tween certain fixed values. A method of calculation in which operations occur in
an invariant manner and in which the computer does not consider the location of the
radix point.

FLOW DIAGRAM - A graphical presentation of a sequence of events or operations; a
flow chart.

FLOATING POINT ARITHMETIC - A form of number presentation in which quantities are
represented by one number, the mantissa; multiplied by a power of the number base,
the characteristic. A method of calculation which automatically accounts for
location of the radix point.

FUNCTION CODE - That portion of the instruction word which specifies to the con-
trolling logic the particular operation to be performed.

GATE - A circuit, which yields an output signal, that is dependent upon some func-
tion of its past or present input signals; AND gate or OR gate.

HALF-SUBTRACT - The bit-by-bit subtraction of two binary numbers with no regard
for borrows, abbreviated HS., The complement for half-subtract is "half-subtract
not" which is abbreviated HS,

HARDWARE - The physical equipments or devices that comprise a computer and its
associated peripheral units; contrasted with software.

HOLD - The function of retaining information in a storage device after this in-
formation has been transferred to another device; contrasted with clear.

INDEX REGISTER - A register which contains a quantity that may be used for address
or operand modification; sometimes referred to as B register or B box. One of
seven registers contained in control memory and used for operand and address mod-
ification during specific instructions.

INFORMATION -~ A collection of facts or other data as derived from the processing
of data.

INPUT - Information or data transferred from, or to be transferred from, a periph-
eral device to internal storage of the computer. To transfer data or information
into the computer.

INPUT/OUTPUT - A section within the computer which provides a method of communi-
cation with peripheral equipments, abbreviated I/0.

INPUT/QUTPUT REGISTERS - Registers within the computer that are used for the
storage of information to be transferred from or transferred to the computer.
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INSTRUCTION - A set of characters which defines an operation to be performed by
the computer and contains the required addresses, operands, and other necessary
information; same as instruction word.

INSTRUCTION DESIGNATORS - Those parts which constitute an instruction word and
represented by the letters f, m, k, and y. The letter f designates format or
function code; m, minor function code when applicable; k, modification designator;
and y, operand address.,

INSTRUCTION REPERTORY - The set of instructions which a computing system or data
processing system is capable of performing.

INTERFACE - A common boundary between automatic data processing systems or between
parts of a single system.

INTERNAL STORAGE - Storage facilities forming an integral physical part of the
computer from which instructions and operands may be processed.

INTERRUPT - 1) Internal; an internally generated signal which indicates termina-
tion of an input or output buffer or acceptance of an external interrupt. 2) Ex-
ternal; a signal from an external device which indicates an unusual condition which
requires computer attention,

JUMP - An instruction or signal which, conditionally or unconditionally, specifies
the location of the next sequential instruction and directs the computer to that
instruction; used to alter the normal sequential control of the computer.

LEAST-SIGNIFICANT DIGIT - The first digit of a number counter from the right; the
lowest-order digit of a number,

LOAD - To enter information into the storage area of a computer; to insert in-
formation into a register; to insert a program into a computer,

LOGIC - The systematic scheme which defines interactions of signals in the design
of an automatic data processing system,

LOGICAL PRODUCT - Bit-by-bit multiplication of two binary numbers.

LOGICAL SUM - Bit-by-bit addition of two binary numbers with no regard for carrys:
abbreviated LS. The complement of the logical sum is the "logical sum not",
abbreviated LS.

MAIN MEMORY - Core storage area of the computer used for normal word or program
storage. That area of the computer used for instruction storage and for address-~
able operands.

MALFUNCTION - A failure in the operation of the hardware of a computer; failure
or casualty in an equipment which degrades its operation or causes equipment to
become inoperative.

MASK - A machine word that specifies which parts of another machine words are to
be operated upon.
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MASKING - The process of extracting a nonword group or a field of characters from
a word or string of words.

MASTER CLEAR - To clear all normal storage locations of a computer prior to an
operation. To set all major flip-flops to store a zero.

MASTER CLOCK - Primary timing signals within a computer. The source of primary
timing signals.

MEMORY - A device into which information may be introduced, retained, and ex-
tracted for use at a later time.

MODE - A computer system of data presentation. A selected type of computer oper-
ation such as read or write mode.

MODIFY - To alter a portion of an instruction so its interpretation and execution
will be other than normal. To alter a subroutine according to a defined parameter.

MODULE - An interchangeable plug-in item containing components. A printed circuit
card upon which are mounted the electronic components.

MODULUS - The maximum quantity of permissible numbers that may be used in a pro-
cess or system. The modulus for the group of numbers from -15 to +15 is 31,

MOST-SIGNIFICANT DIGIT - From left, the first digit of a number other than zero:
the highest-order digit of a number.

NONADDRESSABLE - Pertaining to a storage location incapable of being referenced
by an instruction word,

NONDESTRUCTIVE READOQUT - A memory device that stores information which has been
preset at manufacture and cannot be changed or altered; reading information from a
memory device that does not destroy the contents of the device; a reading of in-
formation from a register without changing that information within the register.

NONVOLATILE STORAGE - Storage mediums such as magnetic tapes, drums, cores, and
discs, which retain information in the absence of power, and may be made available
upon restoration of that power.

NUMBER - The total, aggregate, or amount of units; a figure or word, or a group
of figures or words used to graphically represent an arithmetic sum or total.

OCTAL NUMBERS - A numbering system using eight symbols, O through 7, as its base;
numbers in which the base has been set at eight,

OPERAND - A quantity entering or arising in an instruction; an argument,‘result,
parameter, or indication of the location of the next instruction; the address
portion of an instruction,

OPERATION - A defined action; action specified by a single computer instruction
or group of instructions.

OPERATOR - A mathematical symbol which represents an arithmetic process to be
performed upon an operand. One who operates the computer.

ORIGINAL 1-55



Paragraph 1-5 GENERAL DESCRIPTION

OUTPUT - A transfer of information from the internal storage system of the com-
puter to peripheral devices or external storage; the process of an information
transfer from the computer.

OVERFLOW - The condition that arises when the result of an arithmetic operation
exceeds the capacity of the allotted storage area; overcapacity; information con-
tained in an item which is in excess of a given or stated amount.

PAPER TAPE READER - A device capable of sensing information punched on a paper
tape in the form of a series of holes. A photoelectric readout device, abbreviated
PT Reader.

PARALLEL - To handle simultaneously in separate facilities; to operate on two or
more parts of a word or item simultaneously; contrasted with serial.

PARALLEL TRANSFER - To transfer characters of a word simultaneously over separate
lines.

PARTIAL CARRY - Execution of the carry process in which carrys that arise as a
result of a carry are not transmitted to the next higher stage.

PARITY BIT - A bit, normally a one, that may be added to a word to insure the
total number of ones in that word is odd.

PARITY CHECK - The process of checking the number of ones contained in a given
word or group of words or instructions.

PASS - A complete cycle of reading, processing, and writing. A complete machine
operation or run.

PERIPHERAL EQUIPMENT - Auxiliary machines placed under control of the central
computer. Equipments used by, and in conjunction with, the main computer system,

POSITIONAL NOTATION - A method of expressing a quantity, using two or more figures
wherein the successive right to left figures are interpreted as coefficients of
ascending integer powers of the radix.

PRECISION - The degree of exactness with which a quantity is stated; the degree
of discrimination or detail.

PRESET - To set contents of a storage location to an initial value.

PROGRAM - A complete sequence of machine instructions, routines, and operands
necessary to solve a problem,

RADIX ~ The number of individual characters used in a numbering system; radix for
the decimal system is ten; radix for the octal system is eight; radix for the binary
system is two,

RADIX POINT - The period that separates the integer digits from the fractional
digits of a number of the digital position involving the zero exponent of the radix
from the digital position involving the minus-one exponent of the radix. The
decimal point for the decimal system; the octal point for the octal system; or the
binary point for the binary system.
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RANDOM ACCESS - Pertaining to the process of obtaining information from or placing
information into storage where the time required for such access is independent of
the location of the information most recently obtained or placed in storage.

READ - To sense information; to extract information, usually from a memory lo-
cation.

READER, CARD - A device capable of recognizing information in the form of holes
punched in a card.

READER, MAGNETIC TAPE - A device capable of reading information recorded on
magnetic tape in the form of magnetized dots.

READER, PAPER TAPE - (See paper tape reader).
REAL TIME - A measurement of elapsed time relative to a specific time or event.

REAL-TIME CLOCK - An oscillator and the associated circuitry capable of recording
elapsed time measured in minutes, seconds, milliseconds, or other fractions of
actual time periods.

REGISTER - A number of bistable stages used for holding or storing information.
The number of stages determines the modulus of the number system which may be
represented by the computing system; an addressable storage location. (See def-
inition of accumulator, buffer register, index register, input/output register).

REPERTOIRE -~ Instructions or functions capable of being executed by the computer;
repertoire of instruction (See definition of instruction repertory).

RESET - To clear; to set to zero; to return a device to zero or to an initial or
arbitrarily selected value.

RESUME - The input acknowledge signal generated by a receiving computer upon
completion of sampling input information lines.

RISE TIME - Time required for the leading edge of a generated or transmitted
pulse to rise from one-tenth to nine-tenths of its final or terminal value. Rise
time is proportional to the time constant of the circuit.

ROUTINE - A set of coded instructions arranged in proper sequence to direct the
computer to perform a desired operation or sequence of operations. Subdivision of
a program consisting of two or more functionally related instructions.

SCALE - To shift a binary number either right or left in a register to retain the
number for future computations or for later storage within the computer.

SCALE FACTOR - Coefficients used to multiply or divide quantities in a problem
so they fall within a given range of magnitude such as from +1 to -1,

SCAN - A cycle or sequence which routinely interrogates all requests and inter-
rupts; to determine priority for real-time clock; input and output on a basis of
channel number and type of request.

SENSE - To examine relative to a criterion; to read information from magnetic
cores,
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SEQUENCE - An orderly progression of items of information or of operations in
accordance with set rules.

SERIAL - One at a time; pertaining to time-sequential transmission.

SERTAL TRANSFER - To transfer words of information or bits of a word in a serial
manner; to transmit bits of a word or elements of information in succession over a
single line; contrasted with parallel transfer.

SET - To place a binary cell or flip-flop in the state of storing a one; to change
the state of a storage device to output a value other than zero.

SHIFT - To move characters of a unit of information columnwise left or right; to
multiply or divide a number by a power of the base of notation; to move infor-
mation left or right in the arithmetic section of a computer.

SHIFT REGISTER - A computer register in which the contents may be shifted either
left or right.

SIGN - A symbol that distinguishes negative quantities from positive quantities,
SIGN BIT - Sign digit; bit used to designate the algebraic sign of a number.

SIGNIFICANT DIGITS - A set of digits from consecutive columns beginning with the
most-significant digit other than zero and ending with the least-significant digit
whose value is known and considered relevant.

SINGLE ADDRESS CODE - Consisting of instructions containing a coded representation
of the operation to be performed and a single address of a word in storage or an
operand. The instructions of the single address code contain a maximum of one
address for reference in storage.

SOFTWARE - The totality of programs and routines used to extend capabilities of
computers; programs and routines such as compilers, assemblers, narrators, routines,
and subroutines.

STORAGE - Pertaining to a device in which information may be placed and retained
for future use; synonymous with memory.

SUBRQUTINE - A set of instructions necessary to direct the computer to perform a
well defined mathematical or logical operation; a subunit of a routine such as
multiply or divide subroutine.

TAG - A unit of identification whose composition differs from that of the other
members of a set so that it can be used as a marker or label.

TRANSFER - Conveyance of control from one mode to another by means of instructions
or signals; conveyance of data from one place to another.

TRANSLATE - To change information from one form of representation to another with-
out significantly affecting the meaning; to transform,

TROUBLESHOOT - To search for the cause of a malfunction or erroneous program
behavior to isolate and correct the malfunction or error.
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Figure 1-19.

Printed Circuit Module, Type A

Figure 1-19
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Figure 1-20
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Printed Circuit Module, Type B
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TABLE 1-16, PRINTED CIRCUIT MODULE COMPLEMENT, LOGIC CHASSIS

€9-1

PART NO. DESCRIPTION CHASSIS TOTAL
Al A2 A3 A4 A7 A8

7000210 Pulse-Delay

Oscillator - - 1 - - - 1
7002000 Flip-Flop - - - 36 41 26 103
7002013 Driver-Amplifier 16 16 31 21 24 18 126
7002020 Flip-Flop 16 16 15 36 2 86
7002030 Inverter 26 25 9 8 10 85
7002040 Inverter 6 3 10 37 8 66
7002050 Inverter 10 10 19 35 16 24 114
7002060 Inverter 19 19 o8 8 34 7 145
7002070 Inverter 15 14 27 16 14 10 96
7002080 Inverter 1 1 1 2 1 10
7002090 Input Amplifier 44 440 - - 97ED g+
7002100 Driver Amplifier - - - - 3 - 3
7002120 Driver Amplifier - - 1 - - 1 2
7002130 Driver Amplifier 1260 16D - - - - 2480
7002140 Driver Amplifier 1680 168D - - - - 3D
7002160 Inverter - - 2 - 4 1 7
7002220 Inverter - - - 2 1 1 4
7002321 Differential Amplifier | 44% 44% - - 1% - 89*
7002331 Control Line Amplifier | 12% 12% - - - - 24*
7002341 Data Line Amplifier 18% 18% - - - - 36%
7002730 High Speed Selector 16D (D) - - - - p D)
7002861 Voltage Regulator - - - - - 1 1
7002880 Voltage Regulator - - - - 1 - 1
7002900 Flip-Flop 16 17 15 41 10 9 108
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TABLE 1-16. PRINTED CIRCUIT MODULE COMPLEMENT, LOGIC CHASSIS (CONT.)

PART NO, DESCRIPTION CHASS TOTAL
Al A2 A3 A4 A7 A8
7002920 Inverter 4 4 19 29 1 8 65
7002930 Flip-Flop 2] k% 2] kkk 12 - 6 2 62
7003180 Capacitor Assembly S 5 7 7 7 7 38
7003480 Time Delay 4% 4% - - - - 8
7003490 Driver Amplifier - - 1 - - 2 3
7003600 Regulator Amplifier - - - - - 1 1
7003621 Memory Driver - - - - - 9 9
7003630 Pulse Delay Network - - 3 - - - 3
7003640 Emitter Follower - - - - 4 5
7003670 Driver Amplifier - - - - - 4 4
7003680 Transformer Driver - - - - - 4 4
7003710 Pulse Delay Network - - - - - 2 2
7003720 Voltage Sensor - - - - 1 - 1
7003730 Regulator Amplifier - - - - - 1 1
7003740 Control Amplifier - - - - - 6 6
7003760 Current Diverter - - - - - 2 2
7003771 Driver Amplifier - - - - - 6 6
7003780 Driver Amplifier - - - - - 18 18
7003850 Sense Amplifier - - - - - 6 6
7104010 Selector Mode - - - - 1 - 1
7109000 Resistor Assembly 1 - - 1 1 - 3
7109010 Resistor-Capacitor - 1 - 1 1 - 3
Assembly
Total (See Note 1) 1368
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TABLE 1-16. PRINTED CIRCUIT MODULE COMPLEMENT, LOGIC CHASSIS (CONT.)

G  Used for Slow Interface

G®  Removed for Slow Interface

* Used for Fast Interface

*%  Removed for Fast Interface

#%%*  Opne 2930 removed for Fast Interface, Chassis Al and A2

One 2090 replaced by 2321 on Chassis A7 for Fast Interface

NOTE 1 - Nominal Value Because of Customer Options

TABLE 1-17., MEMORY CHASSIS PRINTED CIRCUIT MODULE COMPLEMENT

NOILdTHISIA TVHINID

G9-1

PART NO. DESCRIPTION MEMORY CAPACITY
16K 32K 48K 65K
7500040 Driver Amplifier 3 4 7 8
7500260 Oscillator, Delay Line 1 2
Amplifier

7500280 Emitter Follower 1 1

7500340 Voltage Sensor 1 1 2

7500400 Memory Switch, Bipolar 6 11 17 22
7500420 Drive Diverter 2 4 6 8
7500430 Transformer Assembly 4 12 16
7500650 Sense Amplifier 18 36 48 72
7500660 Capacitor-Diode Assembly 2 2

7500670 Capacitor Assembly 1 1

7500760 Level Changer - Amplifier 6 6 12 12
7500780 ‘ Voltage-Current Regulator 2 2 4
7500900 Driver Amplifier 2 2

9T1-T 91qeL



Table 1-18 GENERAL DESCRIPTION
TABLE 1-18, FUSE COMPLEMENT
DRAWER FUSE RATING (AMPS)
Al, A8 or F1, F4 5
(I/0 drawer) F2, F5 12
F3, Fo6 4
A2 F1 8
(Control) F2 10
F3 3
F4 6
F3 12
Fé6 4
A3 First 16K Second 16K
(Memory drawer) F1 Fa 3
F2 F5 6
F3 Fé6 15
A4 (Control) Fl, F4 6
F2 12
F3 3
F5 8
Fé6 3
PS1 F1, F2, F3 5 (16K) +1 amp/additional 16K
(Power supply) F4, F5, F6 1.5 (32K)
F7, F11 6 (32K)
F8, F9, F10 12 (16K) +3 amps/additional 16K

F12, F13, F14
F15, F16, F17

4 (16K) +1 amp/additional 16K
2 (8 I/0) +1 amp/additional 8 I/0

TABLE 1-19., POWER CONTROL SWITCHES AND RELAYS
RELAY OR SWITCH
DESIGNATOR NAME FIGURE NO.
PSIK1 Power control relay 9-178
A5S1 Indicate-indicate/set switch 9-176
A352 Battle short switch 9-176
A5S3 Alarm disconnect-reset switch 9-176
A554 Power on-off switch 9-176
A1251] Power supply interlock switch 9-177
A12S2 115% Temperature alarm switch 9-177
A12S53 140° Overtemperature switch 9-177
A12S4 115° Temperature alarm switch 9-177
A12S5 140° Overtemperature switch 9-177
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INSTALLATION Paragraph 2-1

SECTION 2
INSTALLATION

2-1, METHOD OF PACKING AND SHIPPING.

Normally, the computer is shipped by van line, in which case the computer
will arrive at the site uncrated. When the computer is shipped by other means
of transportation, or to an overseas installation, the computer will arrive at
the site packed in a plywood shipping crate,

In either case, the computer is shipped with foam rubber pads taped to the
corners of the cabinet to prevent damage to the equipment during loading,
unloading, and transit, For additional protection, a vinyl bag is placed over
the cabinet and sealed at the base to protect the equipment from dust, dirt, and
moisture, A skid is bolted to the bottom of the cabinet for further protection
and to permit the use of a forklift truck when handling or moving the computer.

2-2., UNPACKING INSTRUCTIONS.

The following unpacking instructions apply when the computer is received from
the factory in a shipping crate. If the computer arrives uncrated, omit steps 1
through 4.

STEP 1. Remove all fasteners (screws, nails metal bands,) from top of
shipping crate,

STEP 2. Lift off and remove top section of the crate.

STEP

STEP 4. Remove all packing material (such as shredded paper) from around
computer,

Pry loose and pull away four sides of crate to expose equipment.

w

STEP 5. Remove vinyl bag covering computer; remove tape and protective
padding from corners of cabinet,

STEP 6. Visually inspect equipment for scratches, dents, and other evidence
of shipping damage. Make a note of all shipping damage and report
it immediately.

STEP 7. Using a forklift truck move computer to general area where it is to
be installed. :

STEP 8. Remove bolts, which hold equipment to shipping skid; lift or slide
computer from skid.

STEP 9. Check cables, test equipment, and spare parts received against
shipping invoice for proper type and number; report all discrepancies,

STEP 10. Place computer in area specified on installation layout draWing.

2-3, PLACEMENT OF THE COMPUTER.

The computer is a self-contained unit measuring approximately 72 inches high,
31 inches deep, and 26 inches wide (38 inches wide if the computer includes the
additional half cabinet). The exact placement of the computer at the site is
largely at the discretion of the user with no unusual restrictions governing
the choice of a location., However, there are certain factors to consider when

ORIGINAL o1



Paragraph 2-3 INSTALLATION

choosing a location. These factors are protection and drainage, clearance,
cabling, power, cooling, and installation requirements,

a. PROTECTION AND DRAINAGE. - The computer requires no auxiliary structures,
However, the selected location must provide protection against possible damage
and excessive dust, moisture, and standing water. Also, the area must be large
enough to ensure that heat generated by the equipment will be properly dissi-
pated.

b. CLEARANCES. - The selected area must provide space for the computer with
sufficient clearance around the cabinet to permit the unrestricted movement of
personnel and test equipment. The minimum clearances required are: front - 39
inches, rear - 10 inches, sides (door clearance) - 8 inches each side, and
top - 12 inches. ’

The 10-inch clearance at the rear of the cabinet is needed to ensure proper
air circulation and heat dissipation., The 12-inch clearance above cabinet is
required to facilitate signal cable connections. The 39-inch clearance at the
front of the cabinet provides the space needed for chassis extension, inspection,
testing, and parts removal and replacement. Figure 2-1 illustrates the clearance
requirements.

c. CABLING RESTRICTIONS. - When selecting a location for the computer, con-
sideration must be given to the location of the peripheral equipment with which
the computer will operate. Generally, the computer should be located close to
the peripheral equipment unless a given application requires otherwise,

The maximum distance between a peripheral device and a computer with the slow
interface option is 300 feet when the signal cables used are balanced, twisted-
pair, shielded cables having a maximum capacitance of 20 picofarads. The maxi-
mum distance between a peripheral device and a computer with the fast interface
option is 50 feet when the signal cables used are balanced, twisted-pair,
shielded cables having a minimum characteristic impedance of 120 ohms.

All I/0 cables connect to the cable entry panel. This panel is located in the
top interior of the cabinet directly below the cover (figure 2-2), The power
cable connects to the power entry jack Al4J1l on the top of the computer,

d. POWER REQUIREMENTS. - The air-cooled computer requires a 115-volt (+1%)
line-to-line (line-to-neutral, optional), 3-phase, 400-cycle (+5%), 1800-watt,
(4-drawer computer), 3200-watt (6-drawer computer), alternating current power
source,

Power is cabled from the source through a junction box or cantrol panel to the
computer via a four-conductor cable. The cable consists of three phase wires
and neutral wire., (The cable connects to jack Al4J1, located on the top of the
cabinet and shown in figure 2-2,)

e. COOLING REQUIREMENTS. - The computer system requires 400 cubic feet of
cooling air per minute at 32°F (0°C) to 1229F (50°C) for a 4-drawer unit, or
610 cubic feet of air per minute at 32°F (0°C) to 1220F (50°C) for a 6-drawer

unit,

f. INSTALLATION REQUIREMENTS, - The type of installation, mobile or stationary,
determines the method of installing the computer, When used in a stationary-
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Figure 2-1
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Figure 2-2
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Figure 2-2.
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INSTALLATION , Paragraph 2-3f

installation, the computer must be bolted to the floor to prevent the cabinet
from tipping forward when the pull-out drawers are extended. When used in a
mobile installation, the computer must be bolted to the floor and to a wall,
The stabilizers needed to fasten the computer to the wall are provided at the
rear of the cabinet,

Figure 2-3 is an outline dimensional drawing showing the location of the
mounting holes in the base and at the rear of the cabinet.

2-4, CABLING INSTRUCTIONS.

a. POWER CABLE, - The power cable is a four-wire cable consisting of three
phase wires and a neutral wire, Before connecting the power cable to either the
power source or the computer, check all wires in the cable with an ohmmeter for
¢ontinuity and short circuits. Then connect the cable as follows.

CAUTION

Before proceeding with step 1, check to ensure power is off and power
supply to which the cable will be connected is dead,

STEP 1. Prepare the cable for fastening to the jack at the back of the
computer, (For computer serial number 1, remove the top protective
plate from the cabinet.)

STEP 2. Remove the plug from jack Al4J1.

STEP 3. Open the jack and connect the neutral wire to pin D, then connect the
three phase wires to pins A-f1, B-§2, and C-03,

STEP 4, Connect the other end of the cable to the designated terminals at the
control panel.

STEP 5. Verify all connections at Al4J1 and at the power supply.
STEP 6. Perform the initial power checks according to paragraph 2-6b.

b. I/0 SIGNAL CABLES. - The number of I/O signal cables that connect to the
computer is dependent upon the I/0 capability of the computer, Each I/0 channel
requires two 90-conductor (45 twisted-pair lines) cables; one is an input cable,
the other an output cable, Thus, eight cables are required for a four-channel
computer, sixteen cables for an eight-channel computer, twenty-four cables for a
twelve-channel computer, and thirty-two cables for a sixteen-channel computer,
An additional 90-pin jack at the top of all computers is supplied for remote
control of the computer, 7

In addition to the I/O signal cables, a single three-conductor cable can be
connected to the computer, This is a special cable used to connect the computer
to an external synchronizing device.

The external synchronizing cable and all I/0 signal cables connect to the
computer at the cable entry panel. Cable connections are made as indicated in
table 2-1.

Table 2-2 shows the pin assignments for the input/output cables connecting to
the peripheral devices (connectors J1 through J16 and J21 through J36). Table
2-3 shows the pin assignments for the signal cable connecting to the remote
console (connector J17) and external synchronizer (connector J18).
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Figure 2-3
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INSTALLATION Table 2-1
TABLE 2-1, 1I/0 SIGNAL CABLE CONNECTIONS

o e | g o

J1 Channel 6-input J18 External sync

J2 Channel 5-input J21 Channel 12-input

J3 Channel 4-input J22 Channel 1l-input

J4 Channel 3-input J23 Channel 10-input

J5 Channel 2-input J24 Channel 15-input

J6 Channel l-input J25 Channel l4-input

J7 Channel O-input J26 Channel 13-input

J8 Channel 6-output J27 Channel 17-input

Jo Channel 5-output J28 Channel 16-input

J10 Channel 4-output J29 Channel 17-output
J11 Channel 3-output J30 Channel l6-output
J12 Channel 2-output J31 Channel 15-output
J13 Channel l-output J3z2 Channel 14-output
Ji4 Channel O-output J33 Channel 13-output
J135 Channel 7-input J34 Channel 12-output
J16 Channel 7-output J35 Channel 1ll-output
J17 Remote console J36 Channel 10-output

TABLE 2-2. CABLE CONNECTOR PIN ASSIGNMENTS (J1-J16, J21-J36)

INPUT OUTPUT
PIN NO, CONNECTOR CONNECTOR
PIN DESIGNATION PIN DESIGNATION
01 Input data request Output acknowledge
02 Input data acknowledge Output data request
03 External interrupt request External function acknowledge
04 Spare External function request
05 932 032"
06 2337 233"
07 934 034
08 935% 935
09 20 20
10 o! 2
11 Input data request (R) Output acknowledge (R)
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INSTALLATION

TABLE 2-2. CABLE CONNECTOR PIN ASSIGNMENTS (J1-J16, J21-J36) (CONT)

INPUT OUTPUT
PIN NO. CONNECTOR CONNECTOR
PIN DESIGNATION PIN DESIGNATION
12 Input data acknowledge (R) Output data request (R)
13 External interrupt (R) External function acknowledge (R)
14 Spare (R) External function request (R)
15 32 Ry 32 (gyx
16 33y 33 gy
17 34 gy 3(r)
18 39 gy 39 gy
19 2%(r) 20(r)
20 2l (r) 2l(r)
21 Not used Not used
22 92 92
23 23 53
24 04 o4
25 99 2°
2% 26 26
27 o7 o7
28 o8 o8
29 X X
20 /10 510
2l ,11 ,11
40 512 512
33 22 (R) 22 (R)
34 23 (R) 23(r)
35 2% (R) 2%(r)
36 2°(R) 22 (R)
37 20 (R) 20 (R)
38 27 (R) 2" (R)
39 28(r) 28(r)
40 27 (R) Q(R)
41 219(R) 10¢g)
42 1l eg) 211(R) 7
43 212(p) 212(p)
44 Not used Not used
45 Cable shield Cable shield
2-8 ORIGINAL
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Table 2-2

TABLE 2-2. CABLE CONNECTOR PIN ASSIGNMENTS (J1-J16, J21-J36) (CONT)
INPUT OUTPUT
PIN NO. CONNECTOR CONNECTOR
PIN DESIGNATION PIN DESIGNATION

46 Not used Not used

47 213 213

18 ,14 514

4 15 15

o 416 ,16

. 17 17

52 o 18 218

53 219" 219"

54 920 920*

55 921" 921"

56 922" 522"

57 923" 923"

58 213 (R) 213r)

59 214 (g) 2t (R)

60 219 (R) 219 (r)

61 210 (R) 210 (r)

62 21 7T¢R) 2 7(R)

63 28Ry 2 18Ry

64 219 (R)® 219 (R)®

65 220 (g 220(R)*

66 221 (g 021 (gyx

67 222 (R)* 222 (g)*

68 223 ()= 223 ()

69 Cable shield Cable shield

- ,24% 24

. 425 25"

o 426 426

s 27 27"

74 228" 228"

75 229" 229"

76 930% 930%

77 931" 931*

78 Not used . Not used

ORIGINAL

2-9



Table 2-2

INSTALLATION
TABLE 2-2. CABLE CONNECTOR PIN ASSIGNMENTS (J1-J16, J21-J36) (CONT)
INPUT OUTPUT
PIN NO. CONNECTOR CONNECTOR
PIN DESIGNATION PIN DESIGNATION
79 Not used Not used
80 224 (g)* 224 (g%
81 229 (R)* 223 (R
82 226 (g 226 (g
83 227 (g 227 (Ry*
84 228 (g% 228(g)*
85 22%(R) 229 (R)*
86 230(g)* 230 (g
87 231 (py= 231 (g)*
88 Not used Not used
89 Not used Not used
90 Not used Not used

* When the computer is operating dual channel (for 36-bit word equipment),
these pin designations apply.

an asterisk are considered spares, but cannot be used as such.

When the computer is operating single channel

(for 18-bit word equipment), pin designations do not apply. Pins labeled with

The (R) implies either the ground return or signal return line of the twisted

pair.
TABLE 2-3, PIN ASSIGNMENTS FOR REMOTE CONSOLE CABLE
CONNECTOR (J17) AND EXTERNAL SYNC CONNECTOR (J18)

PIN NO. CONNECTOR PIN DESIGNATION

01 Ground

02 Ground

03 -15V

04 -15V

05 Unassigned

06 Unassigned

07 Unassigned

08 Unassigned

09 Unassigned

10 Unassigned

11 Battle Short indicator

2-10
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TABLE 2-3, PIN ASSIGNMENTS FOR REMOTE CONSOLE CABLE
CONNECTOR (J17) AND EXTERNAL SYNC CONNECTOR (J18) (CONT)

Table 2-3

PIN NO, CONNECTOR PIN DESIGNATION
12 Marginal Check indicator
13 Horn Alarm
14 Stop 5 indicator
15 Unassigned
16 Unassigned
17 Unassigned
18 Unassigned
19 Unassigned
20 Unassigned
21 Unassigned
22 Stop 1 indicator
23 Run indicator
24 Remote indicator
25 Stop 4 indicator
26 Stop 3 indicator
27 Stop 2 indicator
28 Program Fault indicator
29 Stop O indicator
30 Unassigned
31 Unassigned
32 Unassigned
33 Unassigned
34 Unassigned
35 Unassigned
36 Unassigned
37 Unassigned
38 Unassigned
39 Unassinged
40 Unassigned
41 Unassigned
42 Unassigned
43 Unassigned
44 Unassigned
45 Ground
46 Unassigned

ORIGINAL
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Table 2-3 TABLE 2-3. PIN ASSIGNMENTS FOR REMOTE CONSOLE CABLE INSTALLATION
CONNECTOR (J17) AND EXTERNAL SYNC CONNECTOR (J18) (CONT)

PIN NO. CONNECTOR PIN DESIGNATION
47 Stop 4 switch
48 Stop 3 switch
49 Stop 2 switch
50 Stop 1 switch
51 Stop O switch
32 Skip 4 switch
53 Skip 3 switch
54 Skip 2 switch
55 Skip 1 switch
36 Skip O switch
357 Master clear switch
58 Stop 4 switch (R)
59 Stop 3 switch (R)
60 Stop 2 switch (R)
61 Stop 1 switch (R)
62 Stop O switch (R)
63 Skip 4 switch (R)
64 Skip 3 switch (R)

65 Skip 3 switch (R)
66 Skip 1 switch (R)
67 Skip O switch (R)
68 Master clear switch (R)
69 Ground
70 Remote ON/OFF switch (ON)
71 Auto recovery switch
72 Load (Mode) switch
73 Stop switch
74 Start switch (NC)
75 Start switch (NO)
76 Unassigned
7 Abnormal condition indicator
78 Unassigned
79 Unassigned
80 Remote ON/OFF switch (ON) (R)
81 Auto recovery switch- (R)
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INSTALLATION Pa b2
TABLE 2-3. PIN ASSINGMENTS FOR REMOTE CONSOLE CABLE ragraph 2-5
CONNECTOR (J17) AND EXTERNAL SYNC CONNECTOR (J18) (CONT)

PIN NO, CONNECTOR PIN DESIGNATION
82 Load (Mode) switch (R)
83 Stop switch (R)

84 Start switch (NC) (R)

85 Start switch (NO) (R)

86 Unassigned

87 Unassigned

88 Unassigned

89 ' Unassigned

90 Unassigned

PIN NO, EXTERNAL SYNC CONNECTOR (J18)

External Sync (R)
Ground
External Sync Signal

2-5. COMPUTER GROUND REQUIREMENTS.

Grounding the computer is important for two reasons: 1) to ensure the safety
of operating and maintenance personnel; 2) to maintain dc level system used
for I/0 communications.

The computer is grounded in two places; at pin D (A14El) of the power entry
jack, and at ground lug Al12E1l located at the rear of the cabinet. The ac
neutral wire connects to Al4El; system ground cables connect to ground lug Al2E1
along with all internal circuit grounds.

Use a separate cable for grounding each peripheral device to the computer.
These cables should not be junctioned at any point other than at the ground lug
Al2E1 on the rear of the computer. (See figure 2-4 for quasi-ground plane
system,)

2-6. PREOPERATIONAL INSPECTION AND PRELIMINARY TESTING.

a. VISUAL INSPECTION. - The following procedure should be performed after
installing the computer and connecting power and I/0 signal cables, but before
turning on power. The purpose of this inspection is to detect components and
parts that may have been damaged when the computer was loaded, unloaded, or in
transit. The types of damage to check for are loose circuit cards, loose card
retainers, damaged fuses or indicators, and other forms of shipping damage not
apparent or detected at the time of unpacking the equipment. For visual
inspection, perform the following steps:

STEP 1. Open front cover on drawer A3 (figure 1-18) and remove combination
tool from inside of the door.
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INSTALLATION Paragraph 2-6a

STEP 2, Inspect components for loose connection or damage; replace as
necessary.

STEP 3. Unscrew four locking bolts and extend drawer, ensuring that drawer
locks securely in fully extended position,

STEP 4. Check drawer for loose retainers and circuit cards, reseating any
cards that are loose and replacing damaged ones,

NOTE

Omit step S on drawer A3 if computer has a maximum memory capacity
of 32K,

STEP 5. Unscrew bolt at back of hinged chassis and swing chassis open,
Check for loose or broken wire wrap connections. Repair as necessary.

STEP 6. Ensure that no loose hardware (nuts, bolts, washers) is lying inside
drawer. Also ensure that all terminal board mounting hardware and
insulating materials are securely in place,

STEP 7. Check fuses mounted on inside of cabinet behind drawers; replace as
necessary,

STEP 8, Close and bolt the hinged chassis; then close and lock pull-out drawer,

STEP 9. Repeat steps 1 through 8 for each of remaining drawers except that in
step 3, use combination tool and loosen three retaining screws on
front panel and open panel to expose test blocks and drawer~retaining
bolt. Use combination tool and unscrew drawer-retaining bolt until
plugs on rear of drawer are disengaged from cabinet receptacles,.
Slide drawer forward to fully extended position and ensure that
drawer lock is engaged.

STEP 10. Check power supply drawer to ensure no fuses are crdacked or broken,
Ensure that all fuses are securely in place.

STEP 11. With a volt-ohmmeter, check power supply to ensure no short circuits
exist between voltage lines, or between ground and any voltage lines,

b. INITIAL POWER CHECK. - For an initial power check, place switches in
positions listed in table 2-4 and perform the following steps:

STEP 1. Turn on power at junction box or main control panel to apply ac power
to computer as far as power supply, PSI.

STEP 2. Pull open power supply drawer.

STEP 3. At ac terminal board TB2 (figure 1-17), measure between terminals 1, 2,
and 3 for proper voltage. There should be 115 volts (+1%) (steady state
tolerance band) measured between terminals.

Transient voltages should not be less than 106.95 volts nor more than
123.05 volts, recoverable to the final value within the steady state
tolerance band in 0.1 second maximum.

STEP 4. If all voltages check properly, close drawer. If not, recheck source;
then, turn power OFF and check cable connections. When corrected,
proceed to step 5.
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INSTALLATION

TABLE 2-4, INITIAL SWITCH POSITIONS

Channel Inter, computer/channel
normal

Channel function (4)

I1/0 clear-Master clear

Seq step/stop

Restart speed control
Restart/start step
Function repeat

Phase repeat

Auto recovery

Disc Adv P

Program stops

Program skips

Ext, sync, disc

RTC disc

Clock Narrow/normal (ODD)*
Clock Narrow/normal (EVEN)#*
Bootstrap Mode

SWITCH POSITION
Power off
Disc alarm/reset alarm Neutral
Battle Short Off
Indicate-off-indicate/set Indicate/set

Channel Normal
Single

Neutral
Neutral
Approximate Center
Neutral

Down

Down

Down

Down

Down

Down

Down

Down

Normal

Normal

NDRO

* Located behind front panel on drawer A2,

STEP 35, On computer's power control panel, set POWER switch (S4) to ON position,
Ensure POWER ON indicator lights and blowers operate,

STEP 5A. Reinove four grill-retaining screws, swing grill upward and remove air

filter,

STEP 5B, Set POWER switch (S4) to OFF position,

STEP 5C, Observe blower rotor and ensure that the rotor of each blower (Bl behind
A5, and B2 behind Al0) rotates so that the bottom of the rotor moves
toward the front of the cabinet (counterclockwise) as shown in figure
2-4A, If either rotor is not running in a counterclockwise direction,
check the associated wiring for correct connections,

2-16
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INSTALLATION Paragraph 2-6b

NOTE
Switching the connections of any two blower wires will reverse
direction of blower rotation,

STEP 5D, Replace air filter, ensuring that spring clips are against the grill

and not the cabinet. Lower grill and replace four grill-retaining
screws,

STEP SE. Set POWER switch (S4) to ON position and proceed to step 6,

B2(A10)

DIRECTION OF
BLOWER ROTATION

o)
\>

N

GRILL

\

=

W AW NN

DIRECTION OF
BLOWER ROTATION

GRILL

Figure 2-4A. Blower Rotation Check

STEP 6, Press MASTER CLEAR switch to clear computer logic circuitry,

STEP 7, Press PHASE STEP MODE switch to place computer in phase step mode of
operation,

STEP 8, Use oscilloscope, preamplifier, and dc voltmeter and check power supply,
PS1, voltages on each chassis at test points listed in table 2-5, Use a
direct probe with oscilloscope and preamplifier to measure ripple voltages,

STEP 9, Use same equipment as in step 8 and meausre main memory power supply
voltages on each chassis A3Al and A3A2 attest points listedin table 2-6,
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INSTALLATION

NOTE

Paragraph 2-6b

Chassis A3Al is installed in Drawer 3 only if memory capacity

is greater

than 32K.

Figure 2-5 shows the printed circuit module at Jlocation 7C on which main memory

voltage test points

are located.

TABLE 2-5. DC POWER SUPPLY TEST DATA

VOLTAGE TEST BLOCK (Al, A2 & A4) TOLERANCE DC RIPPLE **
(Peak to Peak)

+15V TB1, TP D33 +13.5 to +16.5 0.20V

~-15V TB1, TP E33 -13.5 to -16.5 0.20V

-4.5V TB1, TP F33 -4.05 to -4.95 0.20V

Ground TB1, TP G33

VOLTAGE TEST BLOCK (DRAWER A4) TOLERANCE DC RIPPLE #*%*

(Peak to Peak)

I

-7V regulated
* _-15V regulated
* +15V regulated
+15V

-15V

-4.5V

Ground

TB2, TP A33
TB2, TP B33
TB2, TP C33
TB2, TP D33
TB2, TP E33
TB2, TP F33

TB2, TP G33

+13.5 to +16.5
-13.5 to -16.5

-4.05 to -4.95

0.20V

0.20V

0.20V

* These factory-set voltages vary between machines and should not be changed unless
a problem arises in the area.

#% When the computer is Master Cleared and Phase Step mode is selected.
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INSTALLATION Paragraph 2-6¢

TABLE 2-6. MAIN MEMORY POWER SUPPLY TEST POINTS

VOLTAGE CHASSIS A3Al1 & A3A2 TOLERANCE DC RIPPLE *=*
(Peak to Peak)

+6V gJ7C, TP 1 +5.7 to +6.3 0.10V

+13V gJ7C, TP 3 +13.5 to +16.5 0.20V

-15V gJ7C, TP 5 -13.5 to -16.5 0.20V

-3v gJ7C, TP 7 -2.9 to -3.1 0.10V

+3V gJ7C, TP 9 +2.9 to +3.1 0.10V

Ground A3A2W 2%

* Use A3A2W2 for ground in each case.
** When the computer is Master Cleared and Phase Step mode is selected.

c. INITIAL OPERATIONAL CHECK. - The maintenance routines provide the most
comprehensive method of testing the operational capabilities of the computer
because they most closely simulate the actual operation of the computer. For a
complete description of these routines, refer to Section 5 of this manual.

2-7. PACKAGING FOR RESHIPMENT. - To prepare for reshipment, perform the
following steps:

CAUTION

Before proceeding with step 1, check to ensure power is OFF at the
computer and the control panel or junction box.

STEP 1, Disconnect power cable from power source, external sync cable from
external synchronizing device, and I/0 signal cables from peripheral
devices.

STEP 2. Remove cover from top of cabinet to provide access to cable entry
panel,

STEP 3. Disconnect power cable, external sync cable and I/0 signal cables at
computer.

STEP 4. Replace and secure cover to top of cabinet,

STEP 5. If cables are to be shipped, form each cable in a coil (minimum
diameter of 25 inches), use tape to hold the coil, and pack in a
suitable container. Mark outside of the carton(s) CABLES INSIDE,

STEP 6. Lock all pull-out drawers and cabinet doors.

STEP 7. Cover corners and edges of cabinet with foam rubber pads or strips
(or other suitable material) and tape in place.
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Paragraph 2-7 INSTALLATION

STEP 8.

STEP 9,

STEP 10.

STEP 11.

2-20

Cover cabinet with a vinyl bag or a similar dust and moisture proof
covering. Seal bag or covering at base of cabinet,

Place computer on a shipping skid and bolt cabinet securely in place on
skid,

If computer is being prepared for overseas shipment, place computer in
a plywood crate, filling airspace between crate and cabinet with
shredded paper, foam rubber pads, or other suitable shock absorbing
packing material,

Pack all applicable technical manuals in a box and mark box
TECHNICAL MANUALS INSIDE.

CHANGE 1



OPERATOR'S SECTION Paragraph 3-1

SECTION 3

OPERATOR'S SECTION

3-1. GENERAL.

A computer is basically an automatic machine; however, there are certain controls
that affect computer operation. The controls provide a means of setting and clear-
ing the registers, selecting computer operating speeds, selecting optional program
jumps or stops, and selecting input/output modes. On the computer, these controls
are on the front panels of each drawer., The panels are designated: input/output
panel (Al or optional A8), control panel 1 (A2), memory panel (A3), control panel 2
(A4), and power control panel (A5), These panels are shown in figures 3-1 thru 3-5.

Indicator/switches on the operator panels are associated with the computer reg-
ister and control flip-flops. These indicator/switches serve a dual function: the
indicator lights when the associated flip-flop is in the set or one condition;
pressing the indicator/switch places the associated flip-flop in the set or one
condition., The indicators provide a visual indication of status and operation;
they are intended primarily for maintenance personnel.

3-2. DESCRIPTION OF CONTROLS.

Tables 3-1 through 3-4 list the switches and indicator/switches of the computer
with a functional description of each.

TABLE 3-1, INPUT/OUTPUT PANEL (Al OR OPTIONAL A8)
TITLE FUNCTION/USE

c 0-17 Displays contents and allows manual control

0 . X . .

of 18 bits of communications register common
to all odd-numbered output channels. It
contains upper 18 bits of word in dual channel
mode.

C 0-17 Displays contents and allows manual control

of 18 bits of communications register common
to all even-numbered output channels. It
contains lower 18 bits of word in dual channel
mode.

I/0 Channel and Status Grid Indicator/switches indicate function and
channel of that coordinate.

CHAN PRI Indicated channel is requesting priority.

EI MON An external interrupt monitor has been de-
tected and is being processed.

EF MON An external function has been detected and
is being processed.

0D MON An output data monitor has been detected and
is being processed.

iD MON An input data monitor has been detected and
is being processed.

ORIGINAL 3-1



Table 3-1 OPERATOR'S SECTION
TABLE 3-1. INPUT/OUTPUT PANEL (Al OR OPTIONAL A8) (CONT)

TITLE FUNCTION/USE
EF ACT External function mode has been made active
(able to communicate),
0D ACT Output data mode has been made active and is
able to communicate,
1D ACT Input data mode has been made active.
EF/0D ACK An external function or output data acknow-

ledge signal has been placed on an output
control line.

1D ACK An input data achnowledge signal has been
placed on an output control line.

EF MODE External function mode; when on, it indicates
the EF mode for any EF/OD function; when
off, it indicates the OD mode,

NOTE

Pressing above indicator/switches except
CHAN PRI will set associated flip-flops.

FUNCTION PRIORITY Indicator/switches indicate function and
Grid channel group of that coordinate.
0DD Odd-numbered I/0 channels.
EVEN Even-numbered I/0 channels.
EXT INT An external interrupt request for priority

has been made or is being processed.

EF/0D An external function or output data request
has been made or is being processed,

1D An input data request for priority has been
made or is being processed.

A request for priority cannot appear simul-
taneously on odd and even channel group.

NOTE

Pressing FUNCTION PRIORITY indicator/switches
will set associated flip-flops.

CHANNEL INTER-COMPUTER/ Up position: Enables corresponding numbered
CHANNEL NORMAL 0-7 input and output channels to be used as an
intercomputer channel,

Down position: Allows normal use of that
numbered channel for other peripheral equip-
ment.
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OPERATOR'S SECTION

TABLE 3-1.

INPUT/OUTPUT PANEL (Al OR OPTIONAL A8)

Table 3-1

(CONT)

TITLE

FUNCTION,/USE

CHANNEL FUNCTION
Switches
0-1 ESA

2-3 DUAL
4-5
6-7

SINGLE

ESI

Allows the two channels selected to operate
in the externally specified address mode
(dual mode forced).

Connects adjacent input/output channels so
they operate in double length (36-bit) mode;
for example, switch O-1 in DUAL position
allows channels O and 1 to operate in dual
mode.

Allows I/0 channels to operate in single
(18«bit) mode.

Allows two channels selected to operate in
externally specified index mode (dual mode
forced).

TABLE 3-2.

CONTROL PANEL 1 (A2)

TITLE

FUNCTION/USE

A 0-17 and Clear

AL 0-17 and Clear

ICR 0-2 and Clear
(Index Control Register)

Displays contents and allows manual con-
trol of A. register (upper 18 bits of A
register). Each bit may be set by pressing
appropriate indicator/switch. Clear button
clears all 18-bit positions.

Displays contents and allows manual con-
trol of A  register (lower 18 bits of A
register). Each bit may be set by pressing
appropriate indicator/switch., Clear button
clears all 18-bit positions,

Indicates which of index registers is to be
used as a modifier, Clear button clears
entire register,

SR Bits 0-3 and Clear A four-bit register used to specify memory
(Special bank currently being used., Clear button
Register) clears the register.
ACT Comes on when SR is active. When cleared,
SR is inactive.
ORIGINAL
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Table 3-2 ER '
TABLE 3-2. CONTROL PANEL 1 (A2) (CONT) OPERATOR'S SECTION

TITLE FUNCTION/USE
SEQ DES I/0 1 Indicates performance of first I/0 sequence.
(I/0 I on
(Sequence front panel)
Designators)
I/0 2 Indicates performance of second I/0 sequence,
(I/0 II on
front panel)

I Indicates performance of instruction sequence
which is common to all instructions. Manually
selecting I sequence clears all other
sequences.

INT Indicates performance of interrupt sequence,
R 1 Indicates performance of first R (read)
(R I on front sequence,
panel)
R2 Indicates performance of second R (read)
(R II on front sequence,
panel)
W Indicates performance of W (write) sequence,
WAIT Indicates performance of WAIT sequence, (For
example, computer waits for an interrupt.)
B 1 Indicates performance of first B sequence,
(B I on front which reads TACW and stores it in control
panel) memory .
B 2 Indicates performance of second B sequence,
(B II on front which reads IACW and stores it in control
panel) memory .
NOTE
All of sequence designator indicators can be
manually set,

TIMING Indicates setting of main timing cycle flip-
11-14 flops, T1l through T52. Thus, as indicators
21-24 come on and go off, progression of cycle time
31-34 of computer is indicated. Indicator 52 comes
41-44 and 52 on only during 50:61 and 50:63 instructions.
ABNORMAL TEMP This indicator comes on when either low

CONDITION temperature thermostat detects an internal

air temperature higher than 115°F (460C).
VOLTAGE This indicator comes on when any of logic
FAULT voltages (#5V, -3V) or memory voltage (F10V)

fluctuates outside of preset limits.
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OPERATOR'S SECTION

TABLE 3-2.

Table 3-2
CONTROL PANEL 1 (A2) (CONT)

TITLE

FUNCTION/USE

F II (Format 2) 6

FUNCTION CODE
0-5 and Clear

P 0-15 and Clear

MODE LOAD

PHASE STEP

op STEP

RUN

PHASE 1-4 and Clear

I1/0 CLEAR/MASTER CLEAR Switch

Bit 261ndicator of function code register
indicates function code is of Format Il type
(for example, 50:XX). May be manually set or
cleared.

Bit 20—25 indicators of function code register
octally display the function code in F
register, All six bits may be manually set

or cleared.

Displays contents and allows manual control
of 16 bits of program address register. Each
bit may be set by pressing appropriate
indicator/switch, Clear button clears all
16-bit positions.

Indicates load mode. Pressing MODE LOAD
button sets load mode, clears all other modes,
and forces a jump to address 00500 for loading
at high speed.

Indicates phase step mode. Pressing MODE PHASE
STEP button sets phase step mode, clears all
other modes, and enables PHASE indicator/
switches and computer for clock phase operation.
Inhibits memory.

Indicates operation step mode. Pressing MODE
0P STEP button sets operation step mode, clears
all other modes, and enables computer for
execution of one operation at a time. This
will be one instruction or one sequence
depending on position of SEQ STEP/STOP switch.

Indicates run mode. Pressing MODE RUN button
sets run mode, clears all other modes, and
enables computer for normal high speed operation

Indicates phase selected., Selecting one phase
by pressing indicator/switch enables computer
to issue phase pulses in conjunction with
phase step mode, Phase pulses are issued
individually beginning with selected phase.
Pressing Clear button clears all four phases.

Center position: Neutral.

Momentary up position (I/0 CLEAR): Clears

1/0 section of computer only and sets all
stages of channel priority.

Momentary down position (MASTER CLEAR): With
computer not running, and not in phase step
mode, clears all sections, registers and con-
trol flip-flops of central computer. With
computer running, it clears VOLTAGE FAULT and/
or PROGRAM FAULT indicators only.

ORIGINAL
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Table 3=2

TABLE 3-2,

OPERATOR'S SECTION

CONTROL PANEL 1 (A2) (CONT)

TITLE

FUNCTION/USE

SEQ STEP/STOP Switch

RESTART SPEED CONT
RESTART/START STEP Switch

FUNCTION REPEAT Switch

PHASE REPEAT Switch

AUTO RECOVERY Switch

DISC ADV P Switch

Center position: Neutral.

Momentary up position (SEQ STEP): Enables
execution of a single sequence in conjunction
with operation step mode.

Momentary down position (STOP): Stops high
speed operation of the computer; RUN indicator
goes off.

Varies speed of low-speed oscillator.

Center position: Neutral.

Momentary up position (RESTART): Enables
selected mode to be executed at restart speed
control rate setting,

Momentary down positon (START/STEP):

Load mode selected - initiates high-speed
start at address 00300.

Run mode selected - initiates high-speed
start at address designated in P,

Phase step mode selected - initiates
issuance of phase or phases indicated by
PHASE indicators.,

Op step mode selected - initiates execution
of one instruction or one sequence, depending
upon position of SEQ STEP/STOP switch,

Up position: Forces a repeat of instruction
in F register at mode rate, and disables
clearing of S register in any sequence other
than I, except in W sequence of instruction
50:10-50:13,

Up position: Forces repeat at high speed of
phase or phases selected by PHASE indicators.
(Phase step mode must be selected.)

Up position: Computer fault results in a jump
to address 00500.

Down position: Computer fault results in a
jump to address 00000. :

Up position: Inhibits incrementing P register,

3-6
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OPERATOR'S SECTION

TABLE 3-3.

Table 3-3
CONTROL PANEL 2 (A4)

TITLE

FUNCTION/USE

REG +10V/-10V

ADV P SEQ 0-2

INTERRUPT

PROGRAM STOP Indicators 0-5

PROGRAM STOP Switches 0-4

PROGRAM SKIP Switches 0-4

S1 0-15 and Clear
Zl 0-17 and Clear
B 0-17 and Clear
K 0-5

INST
FAULT

RESUME
FAULT

Comes on when a program stop occurs as a
result of a 50:56 instruction, Indicator 5
lights for an unconditional stop; the rest
are dependent upon stop switches,

On position (up): Enables a program stop on
switch setting for a 50:56 instruction if
corresponding bit of instruction is a binary
one,

On position (up): Enables a skip of next
instruction on a 50:50 instruction if
corresponding bit of instruction is a binary
one,

Displays contents and allows manual control
of the 16 bits of memory address register,
Each bit may be set by pressing appropriate
indicator/switch. Clear button clears all
bit positions simultaneously,

Displays contents and allows manual control

of 18 bits of main memory exchange register,
Each bit may be set by pressing appropriate
indicator/switch, Pressing Clear button clears
all 18-bit positions,

Displays contents and allows manual control
of 18 bits of buffer control register, Each
bit may be set by pressing appropriate
indicator/switch. Clear button clears all
bit positions simultaneously,

Displays contents and allows manual control
of six-bit register used for shift, multiply,
divide, stop, and skip instructions. Must
be cleared by MASTER CLEAR switch,

Manual adjustable potentiometers setting
outputs of +10V regulators.

Indicates set condition of advance P sequence
flip-flops and operation of sequence, Each
flip-flop may be set by pressing appropriate
indicator/switch,

Indicates that an instruction fault (£f=00,
01, 77) has been detected by fault circuitry,
and a fault interrupt address is being
generated to inform computer,

Indicates that resume signal was not received
during a minimum period of 1 second and a
maximum of 2 seconds after data was placed on
an intercomputer channel,*

* Dependent upon RTC being operational (RTC DISC switch in down position),

CHANGE 2
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Table 3-3 OPERATOR'S SECTION
TABLE 3-3. CONTROL PANEL 2 (A4) (CONT)

TITLE FUNCTION/USE
RTC Indicates that memory address 15, RTC word,
MON is equal to memory address 14, RTC monitor;

and that an interrupt is being generated to
inform computer. ®

RTC Indicates that 18 bits of RTC word have
OVERFLOW changed from all binary ones to all binary
zeros; and that an interrupt is being
generated to inform computer. ®

SYNC Indicates that a synchronizing interrupt has
been received from a peripheral device and is
being processed.

EXT SYNC DISC Switch Up position: External synchronizing input
is disconnected.

Down position: External synchronizing input
may be received,

RTC SEQ Indicator Indicates that operation of updating real-
time clock word is in process.

DISC Switch Up position: RITC interrupting signal is
disconnected (disabled).

Down position: RTC interrupting signal is
operational (enabled).

I/0 TRANSLATOR ACTIVE Indicates performance of any I1/0 operation or
instruction (50:01 - 50:27).
ESA Indicates that current I/O operation is in
externally specified address mode.
DUAL Indicates that current I/0 operation is in
dual (dual channel, 36-bit words) mode.
ESI Indicates that current I/O operation is in
ESI (externally specified index) mode.
FUNCTION 0 and 1 These indicator/switches display binary value

which represents I/0 functions.

Values are assigned as follows:
00 - Ext Interrupt
01 - Unassigned

10 - Output
11 - Input
CHANNEL 0-3 and Clear These indicator switches display octal value

of active I/0 channel. Each bit may be set
by pressing appropriate indicator/switch,
Clear button clears all bits of CHANNEL and
FUNCTION.

* Dependent upon RTC being operational (RTC DISC switch in down position).
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OPERATOR'S SECTION Table 3-3
TABLE 3-3. CONTROL PANEL 2 (A4) (CONT)

TITLE FUNCTION/USE

MULT/DIV SEQ 0-6 Indicates set condition of multiply, divide,
shift and scale sequence flip-flops and
operation of sequence., Each flip-flop may
be set by pressing appropriate indicator/

switch,
BOOTSTRAP NDRO References NDRO bootstrap program at addresses
MODE 00500 through 00337,
MAIN References main memory addresses 00500 through
MEMORY 00537 which may contain an alternate bootstrap
program,

TABLE 3-4. POWER CONTROL PANEL (A5)

TITLE FUNCTION/USE

RUNNING TIME METER Cumulatively records time that power is supplied
to computer. Range of meter is 0 to 9999.9
hours and cannot be reset.

POWER ON/OFF Switch Under normal conditions™®, when momentarily in

ON position, power is applied to computer; in

momentarily OFF position, power is removed.
*Proper interlock and operating

temperatures.

POWER Indicator Comes on when power is being applied to
computer,

LOCAL CONTROL Indicator Comes on when computer may be controlled from
control panels of computer (not remote control
panel).

PROGRAM RUN Indicator Comes on when computer is in any mode of

operation other than stop. (For example, run
flip-flop is set.)

DISC ALARM/RESET ALARM Center position: Allows horn to sound on
Switch program, voltage, or temperature fault,
Momentary down position (RESET ALARM): Horn
is silenced.

Up position (DISC ALARM): Horn is disabled
for all faults. ‘

PROGRAM FAULT Indicator Comes on when computer detects an illegal
function code of 00, 01, 77 (Format I) in

F register, Goes off by setting I/0 CLEAR/
MASTER CLEAR switch to MASTER CLEAR position,
regardless if computer is running or not.
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OPERATOR'S SECTION Paragraph 3-3
TABLE 3-4. POWER CONTROL PANEL (A5) (CONT)

TITLE FUNCT10N/USE
ABNORMAL CONDITION Indicator Comes on when one of two abnormal condition
indicators, TEMP or VOLTAGE FAULT on panel A2
is on.
BATTLE SHORT Switch ON position: Disables memory protective cir-

cuitry, temperature and blower sensor circuitry
thus removing all automatic computer shutdown,

BATTLE SHORT Indicator Comes on when BATTLE SHORT switch is in ON
position.
MARGINAL CHECK Indicator Comes on when either CLOCK NARROW/NORMAL

switch is in NARROW position,.

INDICATE-OFF-INDICATE/SET Switch Center position (OFF): Disconnects veltage
to all incandescent lamps on all panels,

Up position (INDICATE): Supplies voltage to
all incandescent lamps on all panels.

Down position (INDICATE/SET): Supplies
voltage to all incandescent lamps and push-
button switches on all panels,

Fault Horn Horn sounds on program, voltage, or temperature
fault.

3-3. EXPLANATION OF TERMS.

The following terms are used in the operating procedures (paragraphs 3-4 thru
3-5). When instructed to "press SWITCH A to XX", the momentary toggle switch
marked "SWITCH A" is to be pressed to the position marked "XX" and released.
When instructed to "press SWITCH A", the momentary pushbutton switch marked
"SWITCH A" is to be pressed and released. A momentary switch is not to be
held in one position unless specified. When instructed to "place switch A in
XX", the switch marked "A" is to be set tc the position marked "XX" and left
in that position,

3-4. MANUAL READING AND WRITING.

The following procedures for manually reading and writing can be used to test
and debug a program, Principally, the manual operations involve the correction
and checking of the stored program being run, Although all of the procedures can
be used, it is not intended that they should be rigidly followed for all cases of
program correction and checking,

a. MANUAL READING FROM ADDRESSES. - Manual reading into the AL register involves
the use of the ENTER AL instruction (f=12). With this instruction, the contents
of any memory address can be observed by using the following procedure:

STEP 1. Press SEQ STEP/STOP switch to STOP.
STEP 2. Press I/0 CLEAR/MASTER CLEAR switch to MASTER CLEAR,
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Paragraph 3-4a OPERATOR'S SECTION

STEP 3.

STEP 4,
STEP 5.

STEP 6.
STEP 7.

Set the P register equal to one less than the address of the word to
be entered into the AL register,

Set the FUNCTION CODE register equal to 128.
Place FUNCTION REPEAT switch in the up position.
Press MODE OP STEP switch,

Press RESTART/START STEP switch to START STEP. (Repeat step 7 for
first-time operation.)

With step 7 completed, the computer stops and the desired word is available for
inspection in the AL register, To repeat the procedure, perform step 7 only.

b. MANUAL LOADING (WRITING) INTO ADDRESSES. - The procedure for manually
entering a word into storage can be varied. One way is with a STORE AL (f = 44)
instruction using the following procedure:

STEP 1.
STEP 2,
STEP 3.

STEP 4,
STEP 5,
STEP 6.
STEP 7.
STEP 8,

Press SEQ STEP/STOP switch to STOP.
Press I/0 CLEAR/MASTER CLEAR switch to MASTER CLEAR,

Set the P register equal to one less than the address of the desired
storage address,

Set the FUNCTION CODE register equal to 448.
Place FUNCTION REPEAT switch in the up position.
Set the word to be stored in the AL register,
Press MODE OP STEP switch,

Press RESTART/START STEP switch to START STEP. (Repeat step 8 for
first-time operation.)

With step 8 completed, the computer stops and the word in the AL register is
transferred to the desired memory location. To repeat the procedure, perform
step 8 only.

¢. MANUAL INSPECT AND CHANGE ROUTINE., - Often it is necessary to check the
contents of consecutive addresses in storage. This can be done by manually loading
a short program as follows:

3-16

PROGRAMMED
ADDRESS INSTRUCTION EXPLANATION

010 507201 Select address 01
for index register
(Bl1) modification,

0l1 440001 (AL) —» B1

012 110000 Bl —» AU

013 505640 STOP

014 470000 (AU) —» (B1)

015 710001 Increment AL

0l6 340011 Jump
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OPERATOR'S SECTION Paragraph 3-4c

Load each instruction of the program, using the procedure outlined in paragraph
3-3b., When the program has been loaded, consecutive memory addresses are read by
use of the following procedures:

Press SEQ STEP/STOP switch to STOP,

Press I/0 CLEAR/MASTER CLEAR switch to MASTER CLEAR.

STEP
STEP
STEP

1.
2.
3. Set the P register equal to 000108.
STEP 4. Set the desired starting address in the AL register.
5.
6.

STEP Press MODE RUN switch,
STEP Press RESTART/START STEP switch to START STEP,

With step 6 completed, the computer stops and AU displays the contents of the
address specified in AL, Each time the RESTART switch is pressed, AL is incre-
mented and the computer stops with the contents of the next consecutive address
displayed in AU, If, at any time, the operator decides to change the contents of
an address as displayed in AU, he can make the change manually (set AU to the new
value) and press the RESTART switch. This automatically changes the contents of
that address (as specified in AL) and then displays the contents of the next con-
secutive address.,

3-5. WIRE MEMORY (BOOTSTRAP).

a. GENERAL., - The computer has 32;, bootstrap memory address locations (00500g
through 00537,), which contain the wired memory bootstrap program for an initial
load or bootstrap program. The computer can have a bootstrap written for paper
tape, magnetic tape, or teletype input. The f