THE

TRW-=-330

DIGITAL CONTROL COMPUTER

VOLUME |

PROGRAMMING MANUAL

Thompson Ramo Wooldridge Inc.
=\ TRW Computers Company (division)

8433 FALLBROOK AVENUE ¢ CANOGA PARK, CALIFORNIA



Command

Load A

Load B

Load C

Load D

Load Index
Load X

Store A

Store A Repeat

Store B
Store D
Exchange A and B
Exchange A and C
Exchange A and D
Exchange A and 1
Replace A With I
Replace I With A
Exchange A and X
Exchange A and X Low Bits
Replace A With X
Replace A With X Low Rits
Replace X With A
Exchange A and M
Masked Exchange A and M
Replace A With M
Replace M With A
Exchange A and Q
Replace A With Q
Replace Q With A
Clear A and B
Complement A
Merge
Extract
Reduce Index
Add
Subtract
Multiply 27
Multiply 21

fultiply 14
Multiply 7
Divide 27
Divide 21
Divide 14
Divide 7
Square Root
Shift A Left Arithmetic
Shift A Right Arithmetic
Shift A Left Logical
Shift A Right Logical
Shift A Left Logical Closed
Shift AB Left Arithmetic

SUMMARY OF COMMANDS AND EXECUTION TIMES

Shift AB Left Arithmetic/Logical

Shift AB Right Arithmetic/Logical
Float Shift A Left Arithmetic

Float Shift A Left Logical

Float Shift A Left Logical Closed

Float Shift AR Left Arithmectic

Float Shift AB Left Arithmetic/Logical

Jump Record Address 0

Jump Record Address |

Jump Record Address C

Scan Table Greater Than

Activate Control Signal

Flexowriter
Toggle Switches
Teletype Reader
High-Speed Tape Reader
Console Switches
Digitran Switches S26-21
Digitran Switches S36-31
Digital Clock
Group Inputs
Fle xowriter
Output Buffer
Single-Bit Outputs On
Single-Bit Outputs Off
High-Speed Tape Punch
Multibit Output
Logging Typewriter

Word Micro-
Times seconds Command
2 266
2 266
2 266
2 266
2 266
2 266
2 266
1(X+2) 133 Jump Unconditionally
(X+2)
2727266 Jump A Zero
2 266 Jump A Negative
2 266 Jump A Low Bit
& 266 Jump Inde x
2 266 Jump Overflow
2 266 Jump Parity Error
2 266 Stop--Jump Resume
2 266
2 266
2 266
2 266
2 266
2 266
2 266 Block Transfer
2 266
2 266 Scan Table Less Than
2 266 Scan Table Equal
2 266 Scan Table Not Equal
2 266 Scan Analog
2 266 Scan Digital Input
& 266 Inhibit Interrupt On
2 266 Inhibit Interrupt Off
2 266 Set Analog Sequence
2 266
2 266 Digital Input:
2 266 Digital Input:
2 266 Digital Input:
30 3990 Digital Input:
24 3192 Digital Input:
21 2793 Digital Input:
10 1330 Digital Input:
31 4123 Digital Input:
25 3325 Digital Input:
18 2394 Digital Output:
11 1463 Digital Output:
16 2128 Digital Output:
28% 3724% Digital Output:
28% 3724%  Digital Output:
28 3724 Digital Output:
28 3724 Digital Output:
28%  3724%
28% 3724%

3
See tabular listings

Word Micro-
Times seconds
283 3724%
28 3724%
28 3724
28 3724
28 3724
28 3724
28 3724
(OPS- (OPS -CIS)
CIS) 133
2 266
2 266
2 266
2 266
2 266
2 266
* %

(OPS- (OPS-CIS)
CIS) 133
(OPS- (OFS-CIS)
CIS) 133
(OPS- (OPS -CIS)

CIS) 133
* ¥
* *
* *
* *
* *
%* *®
% %*
2 266
2 266
2 266
e 266
2 266
2 266
2 266
2 266
v, 266
2 266
2 266
2 266
2 266
2 266

w2 266
2 266
& 266
> 266
2 266
2 266
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SECTION 1

INTRODUCTION

SCOPE OF THIS MANUAL

This manual provides information essential to a general understanding of the pro-
gramming characteristics of the TRW-330 digital control computer, particularly
those characteristics that are relevant to industrial control applications, for
which the TRW-330 has been designed.

In order that this manual may be used as a basic programming handbook for the
TRW-330 computer, a detailed breakdown has been included on.the computer's
flexible instruction repertoire and its various modes of operation.

In some cases, where more detailed information is available in separate manuals,
the reader is referred to the place where the detailed information is available.
NOTE

It is the intent of this manual to describe every feature available with the

- TRW-330 computer. Therefore some of the material presented here will
probably not be applicable to any given TRW-330 control installation.



SECTION 2

- TRW-330 CHARACTERISTICS AND CAPABILITIES

GENERAL

The TRW-330 is a stored-program, digital control computer designed specifically
for real-time industrial control applications. It is a 2's complement binary
machine.

The computer is assembled in two or more vertical rack-and-panel cabinets
bolted together to form a convenient package. Each cabinet is 84 inches high,
23 inches wide, and 24 inches deep.

The general design features of the TRW-330 computer include the following:

(a) The circulating registers are completely solid state.

(b) No vacuum tubes are used in the machine.

(c) The motor that turns the magnetic drum is an induction type, with
excellent starting characteristics and no tendency to ''drop out' during
line fluctuations.

(d) The time-of-day clock uses mercury-wetted-contact relays.

(e) The guarded sections of memory are protected by toggle switches or,
where program control of the guard feature is required, by mercury-
wetted-contact relays.

(f) The analog input system can sample sixty points per second using a
single amplifier, so that only one amplifier is required for each TRW-330
system. Furthermore, the amplifier used is a solid state type, including
the choppers.

MEMORY

The memory of the TRW-330 computer is a magnetic drum that rotates at

approximately 3540 revolutions per minute. The drum contains from 64 to

1024 tracks of 128 sectors, or words, per track.

Word time for the TRW-330 computer is approximatelyy 133 microseconds.
Each drum revolution takes approximately 17 milliseconds.



DATA AND INSTRUCTION WORDS

Each word in the TRW-330 consists of 28 binary digits, or bits.

The binary information contained in a TRW-330 word may represent numbers,
alphabetic codes, control patterns, etc. Such words are called data words.

The binary contents of a word may represent a computer instruction such as
add, subtract, jump, etc. These words are called instruction words.

The 28-bit data word consists of a sign bit and 27 magnitude bits.

The 28-bit instruction d contains two fields: a 10-bit command field and a

‘7}/6 -bit operand field; tyﬁf‘” the bits are not used in an 1nstruct1on word. The
operand field may contam e1ther an operand address (i ) or the
operand itself {il s :

The long word length provides certain inherent advantages: it allows direct
addressing of the largest memory the machine can contain; by allowing an
operand to be contained within the instruction, memory storage requirements
are reduced and the need for accessing such constants is eliminated. This
long word also allows rapid manipulation of messages and coded data.

PARITY CHECKING

Parity is checked on all operations involving memory access.

Each time a word (data or instruction) is stored in memory, a parity bit is
generated and stored with the word. Whenever the word is read from memory,
another parity bit is generated and compared with the previously stored parity
bit. If the parity bits do not agree, a parity error signal is generated.

DIGITAL INPUT-OUTPUT

The TRW-330 computer can accept on-off signals from external sources, per-
mitting digital inputs from such devices as switches, relays, paper-tape readers,
time-of-day clocks, contact closures, etc.

Digital output signals can be applied to external equipment such as electric
typewriters, paper-tape punches, relays, solenoids, controllers, etc.



ANALOG INPUT-OUTPUT

Variable voltages from measuring instruments and transducers can be auto-

matically sampled and converted to digital form by the TRW-330. Up to 1024
of these analog input signals can be converted to their binary equivalents with
a full-scale accuracy of 0.1%, and stored on the memory drum automatically.

The results of control calculations, expressed as binary numbers, can be

automatically converted into voltages or currents to be applied to transducers
or other control devices.

REGISTERS AND COMMANDS

Several registers, numerous command options, and a number of special commands
have been included in the TRW-330 computer to aid programming, increase the
effective speed of the machine, and to solve certain problems frequently encountered
_in industrial control. The standard computer has five registers (B, C, D, I, and X)
(in addition ‘to.the accumulator A register) that are under the control of the pro-
grammer. All of these registers are switchable with the accumulator. Three

of these registers (B, C, and D) are addressable, so that their contents can be
used as operands. Two of these registers and the accumulator (A, B, and D)

are directly storable in the saméwrmemory. Some of the registers have special
features: one is an i x (I) register that can be incremented or decremented

by any amount up to 2°  -1. The X register functions in a float, or shift and

count, command and in scan commands.

A repeat command permits a single word to be recorded in sequential sectors
of any track.

Multiply and divide instructions can be performed in quarter-, half-, and three-
quarter -length increments, as well as full-length; this makes it possible to
match the command length to the word length for these commands, and thus
substantially reduce program running time.

An automatic computer stop command is standard.
The ability to mark the current place in the program, branch to a subroutine,

execute the subroutine, and subsequently return to the marked place, is standard
on the TRW-330. ‘



The block transfer feature is standard on the TRW-330; the block may be any
length up to 128 words.

Analog and digital input scan commands and a table search command provide
capabilities that are unusual in a drum computer.  The analog scan, specially
designed for industrial control, allows the program to compare 128 converted
analog inputs against upper and lower limits in 34 milliseconds. Digital in-
puts can be scanned to detect a change from a previously stored image at the
rate of one line every ten microseconds.

The table search command permits words recorded on the sectors of one track
(comparison track) to be compared with the contents of corresponding sectors

of a specified reference track. The search can be made for equality between

the comparison word and the reference word, for inequality, for less than, and
for greater than. The search is masked by a word loaded into one of the working
registers; thus any single bit position, or any combination of bit positions, or
entire words may be compared.

During execution of the table search command, the computer sequentially
compares each comparison word (results of calculations, inputs, etc.) with
its corresponding reference word.. When the condition sought for is found,
the computer identifies the word, and its location, that satisfies the condition.

For systems entailing heavy logging or tape punching duties, a 512-character
output buffer is available to drive logging typewriters, Flexowriters, and/or
paper tape punches.

The contents of all computer registers used by the programmer can be dis-
played on the computer control panel during program execution. Under
program control, the contents of any register or memory cell may be typed
out on the Flexowriter, or displayed on the operator's console display in
modified form.

INTERRUPT

An interrupt feature of the TRW-330 allows the computer program to be inter-
rupted by a switch closure occurring in circuits external to the computer.
Upon receipt of an interrupt signal, the computer automatically stores the
address of the next instruction as a re-entry address, and then transfers

to the interrupt program. After determining the source and nature of the
interrupt and taking responsive action, the computer returns to the master
control program and continues at that point where it was interrupted. As
many as 112 priority interrupts are available.



PROGRAMMING SOFTWARE AND MAINTENANCE CHECKING

A library of subroutines and interpretive routines is available to extend the
capabilities of the TRW-330 computer to scientific and general-purpose ap-
plications.

Generally speaking, anything that helps the programmer also assists the
maintenance man. Numerous features built into the TRW-330 for the

benefit of the programmer will aid speedy localization of failures. For

instance, the block transfer command and the table comparison command

(one mode of the scan command), coupled with the parity check, make it

possible to quickly localize a memory fault. A toggle switch allows the maintenance
engineer to cause the machine to stop at any point, rather than merely record a
parity error.

The flexible command structure and memory organization makes it easy to keep
certain maintenance programs, such as the utility package, permanently stored
in the machine. ‘

Features that reduce human fatigue and assist in checking programs include:
(2) the ability to remain seated while stepping through a program; (b) easily
read neon bulb displays; (c) only one button need be depressed to step through
an instruction; (d) the stop-on-jump switch makes it possible to stop at pre-
determined points in the program.

TYPICAL TRW-330 INSTALLATION

A process control installation by TRW Computers Company consists typically

of the TRW-330 digital control computer, its analog input-output subsystem,

and one or more optional subsystems depending upon the requirements of the
specific installation. These subsystems may include expanded interrupts,
priority interrupts, selective analog updating, programmed computer operations
checks, digital output buffering to logging typewriters, and paper tape chroma-
tograph peak integrators, etc.



SECTION 3

MEMORY ORGANIZATION

GENERAL

The TRW-330 can address directly as many as 1024 tracks and any one of 128
sectors of each track.

Tracks and sectors are numbered in octal notation. The first track on the
memory drum is numbered 000. The last track on the memory drum is
numbered 177 for a 128 track drum, 377 for a 256 track drum, 777 for a 512
track drum, and 1777 for a 1024 track drum. Sectors are numbered 000 through
1717. '

In the following paragraphs, the track numbers reserved for special purposes
are listed. In a specific installation, all of these track reservations may not
be required. In those cases, the remaining sp‘e,cvialépuvrpose tracks may be
used for general storage.

GENERAL STORAGE

General storage is divided into tracks which are writable under program control,
and tracks which are non-writable, Non-writable tracks can be written into by
manually throwing a switch during program loading. In general, the control
programs are entered into the non-writable tracks-to preclude any possibility

of these programs becoming inadvertently destroyed during normal operation.
Writable tracks provide storage for intermediate solution of programmed com-
putations. The ratio of writable to non-writable tracks will vary from one
installation to another, depending upon special requirements. Normally,
writable and non-writable tracks are arranged in groups of=3mmms 16,

ﬁ {g‘& Q‘Em& . WW

~ARITHMETIC REGISTERS

Track numbers 075, 076, and 077 are used to address the B, C, and D arith-
metic registers, respectively. Therefore no tracks on the drum correslpond

to these track addresses. If these track addresses are used, the corresponding
arithmetic registers will be addressed.



LOADER-VERIFIER

Tracks 000 and 001 contain a permanent Loader-Ferifier routine. The programmer
cannot write into this track. The Loader-Verifier is used for entering programs
into other tracks, for verifying their accuracy, for entering scaled decimal infor-
mation into the computer to obviate operator conversions, for entering routines at
points designated by the computer control panel breakpoint switches, and for other
utility purposes.

The use of these tracks is described in Section 13.

FAST-ACCESS TRACKS

Track addresses 060, 061, 062, and 063 are reserved for temporary storage of fast-
access data. Data may be read from or written into these tracks under program
control. This information can be accessed in one-fourth the time that data can

be accessed on other tracks.

This set of fast-access tracks is actually a single track, of 128 words, with
four heads mounted 90 degrees apart. Thus every word on the track can be

accessed from any of the four heads, and thus from any of the four track addresses.

Installations requiring 256 words of fast-access data will also have track addresses
054, 055, 056, and 057 reserved for this purpose.

Since each fast-access track uses four track addresses for 128 words, each set
reduces the total addressable general storage by three tracks, or 384 words.

DIGITAL OUTPUT TRACK

Track 072 is reserved for digital output buffering, The use of this track is
described in Section 8. ‘

ANALOG INPUT TRACKS

Tracks 024 and 025 are reserved for analog input data. Tracks 064 and 065
are reserved for analog input control. The use of these tracks is described
in Section 9. '

ANALOG OUTPUT TRACK

Track 074 is reserved for analog output buffering, The use of this track is
described in Section 10.



INTERRUPT SYSTEM TRACKS

Tracks 037 and 073 are reserved for entry into and exit from priority interrupt
subroutines. Track 037 contains the response routine entry address for each
interrupt used in the system. When the computer responds to an interrupt, the
address for re-entry into the main program is stored in track 073,

The sectors on these two tracks used for interrupts is equal to the number of
interrupt lines designed into the specific system. The remaining sectors on

both these tracks may be used for general storage.

The use of the interrupt tracks is described in Section 11.



SECTION 4

ARITHMETIC AND CONTROL UNIT

GENERAL

The TRW-330 has nine arithmetic and control registers. Six of the registers
are available to the programmer; three registers are used for control purposes
and are not directly accessible to the programmer.

Three of the program accessible registers, (A, B, and D), are full word length,
each containing 28 bits. Two of the registers, (C and I), contain 16 bits each,

and one register, (X), contains 8 bits.

Two of the control registers, (N and Y), are 16 bits in length, and one control
register, (E), is 8 bits in length.

Associated with the control unit also are three static registers, two indicator
flip-flops, and two to eight interrupt registers.

ARFFHNETIC REGISTERS

A REGISTER

The A register, 28 bits long, is the principal arithmetic register.

The contents of A can be stored into or loaded from memory. A holds
the augend, sum, dividend, quotient, multiplicand, and product of
arithmetic operations. It can be shifted left or right, or its contents
exchanged with other registers. The contents of A can be examined
for zero, less than zero, for odd, or for overflow. Data can be
merged into or extracted from A.

B REGISTER

The B register, with 28 binary digits, acts as a secondary arithmetic
register. It holds the least significant half of the double length product
in multiplications, and the remainder in divisions and square roots.
The principal function of the B register is to provide temporary storage
for intermediate program results. B can be loaded from or stored into
memory, exchanged with A, and its contents can be shifted right or left
in conjunction with the A register.

The B register is addressable. Its track address is 075.



C REGISTER

The C register contains 16 binary digits. It can be used as temporary
storage. The C register ig used in multiply and divide commands,
which destroy any previous data in this register. It is also used in

jump and search commands. The contents of A and C may be exchanged.

The C register is addressable, Its track address is 076.

D REGISTER

The D register is a 28-bit register used principally for temporary
storage during calculation. D can be loaded from memory, or its
contents exchanged with the contents of A.

The D register is addressable. Its track address is 077.

I REGISTER

The I, or index register, holds 16 binary digits. Its principal
purpose is to modify the operand address during the execution of
indexed instructions. The I register can be loaded from memory
or switched with A, Its contents can be decremented or incremented
by any magnitude.

X REGISTER
The X register is an 8-bit register. It can be loaded from memory

or its contents exchanged with the 8 least significant bits of A. The
X register is used in shift, scan, and store A repeat commands.

CONTROL REGISTERS

N REGISTER

The 16-bit N register is the principal control register of the TRW-330.
It is not available to the programmer, Inthe RESUME-STEP mode of
operation, the N register contains the address of the next instruction.



Y REGISTER

The 16-bit Y register is used for intermediate storage of the operand
address, and in the RESUME-STEP mode of operation contains the
non-indexed operand address in non-indexed instructions, or the modi-
fied operand address in indexed instructions, except in multiply and
divide commands. It is not available to the programmer,

E REGISTER

The 8-bit E register controls the time required to perform commands
which take more than one word time to execute.

STATIC REGISTERS

The three static control registers are those for track address, for command,
and for computer state. These registers are not available to the programmer.

INDICATOR FLIP-F1LOPS

The two indicator flip-flops associated with the control register are those for
overflow and for parity error. ' ‘

INTERRUPT REGISTERS

For those installations of the TRW-330 that include a priority interrupt system,
registers for priority determination (masking) and for holding interrupts are
included in the arithmetic and control unit. The masking registers are M
registers; the holding registers are Q registers. The interrupt registers

may be 8-bit, or 16-bit, or 24-bit, or 28-bit registers, as necessary. The
minimum priority interrupt system may include only an 8-bit Q register and

an 8-bit M register; the maximum interrupt system, to handle 112 interrupt
lines, may include four 28-bit Q registers and four 28-bit M registers.

The interrupt registers are described in more detail in Section 11,



SECTION 5

WORD STRUCTURE AND MACHINE OPERATION

GENERAL

The binary contents of a TRW-330 word may represent numbers, alphabetic
codes, control patterns, etc.; these are called data words.

The binary contents of a word may represent a computer instruction such as
add, subtract, jump, etc.; these words are called instruction words.

DATA WORDS

A data word consists of 28 binary digits, or bits. The first 27 bits represent
the magnitude of the number contained in the word. The 28th bit represents
the sign of the magnitude. A binary zero in the sign position indicates that
the magnitude is positive., A binary one in the sign position indicates that the
magnitude is negative.

Sign
‘f MAGNITUDE >
Y _ 1 _ s I
Bit Positions |28 272635315!__2_:2_[_2_333 19(18(17 16&}&!33 1211110918706 5 413 2|1
Binary Word g fo|1{1]0|0 ololo olojojo ooio‘o 0lojojojojo(ojolojol1;t
Octal o016 o o 0 o ' o o o I 3
Equivalent

The relationship between the binary and octal number systems makes it con-
venient to group the binary,contents of a data word into groups of three, starting
at the least significant ﬁgﬁ)f the word. In this manner it is possible to express
the number octally. The binary and octal equivalents from zero through seven
are tabulated as follows.



- BINARY -~ OCTAL
000 o0

001 '
010
011
100 -
101
110
111

N o W N e

From this tabulation the binary contents of the word illustrated above can be
converted to the octal equivalent, 0600000003,

Negative quantities are expressed in 2's complement in the TRW-330 computer.
To change the sign of any magnitude (positive to negative, or negative to positive},
it is necessary merely to change all ones to zeros and all zeros to ones, (including
the sign bit), and add one to the result. Thus, the magnitude of the binary number
in the above example can be expressed as a negative binary number as:

!
.?5272625242322212019‘1817 1615141312?113‘}_0"9 817 6‘5 413121
tlojolt|tie |t e t|a)e]a]a|a|a|a]afalajajalejt|}1]t]o]s

11 7 7 V7 7 7 7 17
The octal equivalent of this number is 1177777775.

-

The two numbers, 06000000.03 and 1177777775, have equal magnitudes although
their signs are opposite. Each is expressed as the complement of the other.

INSTRUCTION WORDS

An instruction word is made up of 28 binary digits divided into two general fields;
the operation code (command) field, and the operand address field.

}-——»Operation Code -J - Operand Address ——————l

| Track ———»la—~Sector —m»
S i
28{27126|25{24|23{22|21|20{19{18117]16|15{14(13]12!11{10/9({8 ! 76| 5 431211

AW A



The operation code is contained in the ten high-order bits of the instruction
word. The operand address is contained in the 16 low-order bits of the instruc-
tion word. The operand address consists of two subfields; the sector address
and the track address. Bit position 18 is a spare bit and has no significance in
the instruction word. Bit position 17 is used in TRW-330 computers having a

memory capacity greater than 64 thousand words tovex'pand the track addresses
above 7778.

It is convenient to indicate the contents of an instruction word in octal notation.
The operation code, the operand track address, and the operand sector address
should be converted from binary to octal separately according to their fields.
The following example illustrates the binary contents of an instruction word and
its octal equivalent.

BINARY 0 000 114 010 00 000 100 101 1 100 001
\ J (& — . / - v J
OFP CODE . OPT OoPS |
OPA
OCTAL 0 0 7 2 0 4 5 1 4 1

In some instructions the contents of the operand address field can be the operand
itself rather than the address location of the operand. In this case the octal
representation of the operand address is not divided into the sector and track
groups as in the example, above, but all 16 bits of the operand address field
are converted directly. The following example illustrates the binary and octal
equivalent of this type of instruction. :

BINARY 0 100 ti11 o010 00 O 001 001 011 100 001

OCTAL o 4 7 2 - 0 1 1 3 4 1

The octal number 011341, in this case, is the actual operand rather than the
address of the operand. The largest octal number which can be contained in
the operand address field is 177777. This is equivalent to the decimal number
65,535, Operands which are included in the instruction word are treated as
positive numbers by the computer. e



OPERATION CODES

The TRW-330 computer reads instructions from memory and‘exefcute,s’th‘em‘ in
pfop_er sequence. An instruction consists of an operation code and an operand
address. The data in the 16 bit operand address field may be the address of
the operand, or, in certain cases, it may be the actual operand. In cases
where the command does not require an operand, (shifts, switches, and d1g1ta1
commands), the data in the operand field can modify the command.

The operation code is made up of the ten high-order bits of the instruction word.
Bits 20 through 24 make up the basic operation code and the remaining bits act
as command mod1f1ers, or tag bits.

Modified OP Code—o‘

Basxc__’
OP Code

23|22121/20|19(18(|17|16/15/14(13,12/11110/9 (8|7 |6 (54 (3|21

o
1]

Normal] A \Q N\
1 = Delayed ! r Y
1= Operand-—————]

Execution Code

1 = Index

INDEX TAG

Bit 19 is the index tag bit which modifies the operand address of those commands
requiring operands or the transfer address of jump commands. The basic
operation code together with the index tag bit make up the two least significant
“octal digits of the operation code. For example, the basic add command is

- XX70. To index this command it is necessary only to add one to the basic
command (XX70 + 1 = XX71). All even numbered operation codes are un-indexed.
All odd numbered operation codes are indexed.

The true operand address of indexed instructions is the address located in the
operand address field less the magnitude present in the index register: OPA-L.
Since the index register contains 16 bits, it is capable of modifying either the
track address, the sector address, or both. For example, if the apparent
address is 042-036, and the contents of I correspond to 001-002, the true
operand address of an indexed instruction would be 041-034. Note, however,
how the contents of the index register would appear in biriary.



Binary Octal

Apparent operand address 0001000100011110 042-036
Less contents of I 0000000010000010 001-002
True address of operand 0001000010011100 041-034

Because all 16 bits of I are subtracted from the apparent operand address of
an indexed instruction, any number in the sector field of the index register
can cause the apparent operand track address to be modified, For example:

Binary Octal
Apparent operand address 01000100011010 042-032
Less contents of I 00000001110000 000-160

True address of operand 01000010101010 041-052

NORMAL OR DELAYED TAG

Tag bit 28 determines the address of the next instruction in relation to either
the current instruction or the operand address of the current instruction. A
zero in tag bit 28 designates that the instruction operates in the normal mode
and that the next instruction address is a function of the current instruction
location. A one in tag bit 28 designates that the instruction operates in the
delayed mode and that the next instruction address is a function of the operand
address. Instructions with the most significant octal digit of the operation
code a zero (0XXX), are referred to as normal instructions. Instructions
with the most significant octal digit of the operation code a one (1XXX), are
referred to as delayed instructions.

"NORMAL MODE OPERATION

The next instruction address (NIA) of a normal mode instruction is always

two greater than the current instruction sector (NIA = CIS + 2). If the operand
address (OPA) is one greater than the current instruction address, maximum
optimization is achieved. The following figure illustrates how normal mode
instructions operate. The time required to read and execute any normal mode
instruction where the OPA is one greater than CIA, is two word times, or

266 microseconds.

001 = CIA
002 = OPA for CIA
003 = NIA




\

The CIA is 001; therefore, the NIA is 003, If the OPA is located in 002, then
. at the end of word 002, the computer is ready to read the next instruction in 003,

The following figure illustrates the condition where OPA is not one greater than
CIA. '

001 = CIA

004 = OPA for CIA
003 = NIA

| S~— /@2 Read Head

After reading the CIA in 001, the computer must wait until sector 004 (OPA)
comes under the read head before executing the instruction.  Sector 003 (NIA)
has already passed under the head and the computer must wait for almost one
drum revolution before it will be able to read the next instruction. The
interim between the time the instruction in 001 is read and the time the instruc-
tion in 003 is read is one drum revolution plus two word times.

In this case, use of a delayed mode instruction would save operating time.

DELAYED MODE OPERATION

The next instruction address (NIA) of a delayed mode instruction is always one
greater than the operand address (NIA = OPA + 1), Thus, the use of a delayed
instruction in the last example given under Normal Mode Operation would prevent
the computer from waiting for almost one drum revolution before reading the
next instruction. The following figure illustrates the manner in which a delayed
instruction locates the next instruction address.

001 = CIA

004 = OPA
005 = NIA

The next instruction is immediately available to the computer as soon as the
current instruction has been executeds Note that whenever the interval between
CIA and NIA in either the normal or delayed mode of operation includes the
regression of sector 177 to sector 000, the track address of NIA does not change.
NIT is always {‘equal_to CIT except when the programmer purposely includes a
jump instruction.

5.-6



. OPERAND MODE OPERATION

Instructions which require operands may be modified by tag bit 27. A one bit in
bit position 27 uses the data in the operand address field as the operand itself
rather than the address of the operand. For example, the instruction "Add,
operand mode' appears as

BIN 0 100 110 000 XX O 000 000 000 000 Ottt
oCcT 0 4 6 0 0 O 0 0 0 3

This instruction adds 000003 to the contents of the A register. It does not add
the contents, of track 000 sector 003. e
i T A WG AL fr

ive 1nstruct1ons wirreh~can be exe%ted in the eperamd mode (ILoad A, Load B,
Load D, Merge, and Extract) @m*be“tagged'wnh bit. 26, of the' operation code.
This permits the 14 least-significant bits of the mstructmn word to operate on
the 14 most-significant bits of the affected registers.

D75 K020 2o 0 10 K-8 Mt o] SN Wi PN I o P 5 ot

peration-code ofroperand-instruc— -

The largest integer that may be used as an operand is 65,0351, or 177777g.
A, A, i pir AL praands
Operané/l;\mstru tions cannot be 1ndexed nor is parity checked.

EXECUTION CODE TAG

Tag bits 25 and 26 are used as modifiers in multiply, divide, scan, shift,
store A repeat, and digital commands, and are referred to as execution code
bits. Refer to these commands for their specific applications.

ADDRESSING B, C, AND D REGISTERS

Any command which directly addresses a memory location may also address the
B, C, and D registers. The track addresses 075, 076, and 077 are reserved
for this purpose. Thus it is possible to use the contents of these three registers
as operands. Track addresses 075, 076, and 077 address the B, C, and D
registers respectively.

A few examples of the use of these registers are presented below indicating the
contents of the pertinent registers before and after the instruction is carried out.



AFTER

'OP CODE TTT-SSS BEFORE
LOAD A 075-XXX. A = 0770777777 A = 0013000000
' B = 0013000000 B = 0013000000
LOAD B 076-072 B = 0770007777 B = 0000100032
C = 100032 C = 100032
ADD 076-XXX A = 0770707777 A = 0771010077
C = 100100 C = 100100
LOAD X 076-XXX X = 177 X = 100
C = 100100 C = 100100
"REDUCE 1 077-XXX I = 100077 I = 100070
: D = 0333000007 D = 0333000007
STORE A 076-XXX A = 0333366666 A = 0333366666
C = 005701 C = 166666
MERGE 076-XXX A = 1776000000 A = 1776000123
C = 000123 C 000123

Note that when loading full length registers from shorter length registers, the
- remaining bits of the register being loaded are cleared.

The use of a delayed mode instruction, when addressing the B, C, or D register,
permits the programmer to arbitrarily determine the location of the next instruc-
tion, The location of the next instruction is one greater than the operand sector
address., For example, in the Load B instruction above, the next instruction
_sector address will be 073, (072 + 001 = 073).



SECTION 6

COMPUTER CONTROL AND MAINTENANCE PANEL

GENERAL

Operating controls and neon indicator lamps are mounted on the TRW-330 com-
puter control panel. These controls and indicators are used primarily by the
programamer for entering and debugging programs, and by the maintenance
engineer for periodic maintenance tests.

TRW -330 computer control switches are used as an aid to the programmer in
loading programs into the computer, and for checking programs for errors.

RUN-STOP SWITCH

The RUN-STOP switch is located at the bottom of the computer control panel. -
During normal computer operation this switch must be in the "RUN'" position.
When the switch is thrown to the "STOP'" position, the computer completes the
present instruction and stops its operation before locating the next instruction.
When the computer is stopped, the programmer may inspect the contents of the
regirters and of the control flip-flops. The cperation of the RUN-3TORP switch
is linked with the RESUME-STEP button operation.

RESUME-STEP BUTTON

The RESUME-STEP button is used whenever the computer has stopped.
Depressing the RESUME-STEP switch causes the computer to locate and per-
form the next instruction.

JUN RUN-STOP SWITCH

During normal computer operation, the JUN RUN-STOPF switch must be in the
JUN RUN position. When the switch is thrown to the "STOP'' position, the com-
puter stops whenever it encounters an unconditional jump instruction. Pushing
the RESUME-STEP button will then permit the computer to continue its program
until the next unconditional jump is encountered. The programmer will find the
use of this switch a convenience in debugging large areas of control programs.



BREAKPOINT SWITCHES

The 18 toggle switches located in the center of the computer control panel are
breakpoint switches. Each switch represents a binary one or zero. A switch.
in the '"up' position represents a binary one. A switch in the '"down' position
represents a binary zero. Thus, any number from zero to 218_4 may be
represented by the breakpoint switches,

The switches are grouped into threes to allow the switches to be set or read
in octal notation conveniently. They are also grouped into track and sector
fields when addresses are to be formed by the breakpoint switches.

The contents of the breakpoint switches can be entered into the 18 least

significant bits of the A register with a digital-input instruction having a track
address of 001.

START SWITCH

When the START button is depressed, the computer is immediately forced to
take its next instruction from track 000, sector 000. This location is called
the "origin''. The permanently recorded jump instruction contained in the
origin takes the computer into a short routine to inspect the contents of the
breakpoint switches. The configuration of the breakpoint switches then deter-
mines the ultimate destination of the computer, whether it is to the load or
verify routines, to one of the several utility routines, to the executive program,

etce.

INTERRUPT BUTTON

The INTERRUPT button is an alternative interrupt source for test and mainte-
nance purposes, or for program checkout. .

INDICATORS -

TRW-330 indicators are neon lamps located in the control panel and indicate
the binary contents of the registers, or the on or off conditions of control
flip-flops.

FLIP-FLOPS REGISTERS SWITCH

The FLIP-FLOPS REGISTERS switch is used to select the source of the infor-
mation to be displayed by the 28 neon indicators at the top of the computer

control panel,



When the switch is in the REGISTERS position, the binary contents of the Y, N,
A, B, C, D, I, or X registers may be determined by throwing the REGISTERS
switch to the corresponding register position. Binary ones are indicated by

the corresponding neon lamp being on. Binary zeros are indicated by the corre-
sponding neon lamp being off.

When the switch is in the FLIP-FLOPS position, each neon indicator corresponds
to the state of the flip-flop with which it is associated. Not all indicators are of
interest to the programmer, however. The STATE flip-flop indicators (FS1,
FS2, and FS3) will be set to State 1 when the computer is stopped. State 1 is
indicated by FS3 and FS2 neons off, and FS! neon on.

The TRACK ADDRESS neons, FT1 through FT10, represent the Track Address
of the next instruction when the computer is stopped in State 1. The sector
address of the next instruction can be read in the first seven neon indicators
marked Sector Address.

The operation code is indicated by the nine neon lamps marked Operation Code.
In the STOP condition of State 1, the operation code will be that of the previous
instruction.

The FOF neon lamp indicates whether or not an overflow has occurred in the
A register, and FP2 neon lamp indicates a parity error has occurred.

The MASTER neon indicator is off during normal computer operation. It is
on only when loading programs into those tracks which are otherwise protected.

The WRITE indicators 1, 2, 3, and 4, when lighted, indicate those track groups
which are being protected.



SECTION 7.

PROGRAMMING PARTICULARS

GENERAL

The general procedure when writing a program for a digital computer such
as the TRW-330 is to consider the program as consisting of three parts:
the statement of the problem, the flowgram . and the program listing.

The statement of the problem should detail briefly the problem to be
solved or the function to be performed.

The flowgram is a simple outline illustrating the functional steps the
computer will follow in solving the problem. The flowgram may be general
or detailed, but should provide enough of a transition between the statement
of the problem and the actual listing of instructions to make clear the re-
lationship of the one to the other.

A listing of the instructions in detail is made from the flowgram. The

listing must be written in a format which is acceptable to the computer,
and is usually written in a sequential manner, one instruction following
the next in the same way the computer will perform the instructions.

The sample flow conversion program that follows demonstrates the procedure
in writing a program as outlined above.

SAMPLE FLOW CONVERSION PROGRAM

STATEMENT OF PROBLEM

Solve flow calculation F = P + R vE % ,

where: E = 100-1000 at 2”27
S =2-10at 27"
T = A00-700 at 272
R = 1000 at 2~ 1°
P = .100 at 278
FLOWGRAM
LAN S—> Req.
M14-N SE



D e
27N =
_.I[ SE
SQ T
SE
M27N RY=
ADN P +R SE
T
LISTING
OP
LOCATION CODE OPERAND REMARKS
L&- & -4
030-000 0070 030-001 S at 27 —>(A)
Mipa -0 -12 -18
030-002 .Domz 020-003 (SHE) at 2 = SE at 27 —3(A)
Vo7 -1l - ")
030-023 0312 030-024 (A1 4 2712 =(§%) at 2720
=N - ¥ - -
030-062 0076 077-000 —> (D) uf 2°
TRCT -8 _3
030-064 0006 077-000 YD —»(A) at 2 ,
N - n -18
030-104 "502 N | 030-105 (R at 277°) [(A))—>(A) at 27"
030-142 b P 030-143 P at 2'lg ¢ RS/ T at 2718
030-144 56 030-145 —»>Fat2 0
030-001 D+ 2.0 -04 S at 2'4 = 2.0
030-024 D +400.0 - 12 T at 2'12 = 400.0
030-105 D + 1000 - 15 R at 2'15 = 1000. 0
030-143 D -100,0 - 18 P at 2“18 = -100.0

TRW-330 MACHINE LANGUAGE LOADER/VERIFIER

INTRODUCTION

The TRW-330 Machine Language Loader/Verifier is a permanently stored
routine designed to perform the following functions:

LOAD a LISTABLE TRW -330 tape containing instructions and constants
‘arranged in the format illustrated.

LOAD a BINARY tape containing 1 to 511 tracks of information.




VERIFY the information punched in either a Listable or Binary tape with the
information stored on the drum. When two words do not agree, the memory
word and its address are printed. Verifying does not stop when errors are
detected. '

Generate a CHECK SUM for either the Listable or Binary tape as it is loaded
and compare this sum check against ones punched at the end of the Listable
tape program or at end of each track on a Binary tape. Loading stops if the
two check figures disagree.

NOTE: Whenever loading STOPS, whether it is to indicate check sum failure
or simply a normal stop loading, the generated check sum is
transferred into the A-Register before the STOP occurs.

The UNIVERSAL BREAKPOINT feature of the Loader/Verifier provides the

programmer with easy access to any track and sector on the drum simply by
setting the console toggle switches and pressing START.

TAPE FORMATS
Listed below are the tape formats acceptable to the Loader/Verifier.

Instruction Formats

(a) Normal or Delayed Mode

ATTTT -sssgxxxxéTTT T-555 ©/ R
(1) (2) (3)
Example:
A0005-004 0070 0041-037 Acceptable
A5-004 0070 41-037 Preferred

Note: Leading zeros in track address can be suppressed.

(b) Operand Mode = Octal Operand

ATTTT _ssséxxxx'éNNNNNN C/ R
(1) (2) (4)
Example:

Al32-176 0424 205777 ~/



(c)

(d)

Operand Mode: Decimal Operand

ATTTT-SSSHXXXX iPIHH" FJ-YY /

{3

; R
(1) "(2) (5) (6)

-~ Examples:

A177-124 0470 D.95-16

A3-000 0424 D389.75-25
A41-136 0420 D65535-27

Upper Fill Mode

ATTTT -SSS%XXXX%ONNNNN c /

(1) (2) (7)

R

ATTTT -SSS%XXXX%DIIIII. F -YY C/

(1) (2) (8)

R

Octal Constants

(a)

Positive Number

ATTTT -SSSéONNNNNNNNN C/ R
(1)

Example:
-27
(+147)8 Scaled 2 = 0000000147

A50-37 000147

Octal Operand

Decimal Operand

Note: Up to four leading zeros can be suppressed. Octal
constants must contain at least 6 digits.

- Negative Number

ATTTT —SSS%.—ONNNNNNNNN c / R
(1)



Example: (-147)8

A50-37 -0000000147
Note: This format permits listing a negative number as a minus
positive number. The loader converts it to the 2's

complement and stores the number.

(c) Negative Number 2's Complement Form

ATTTT -SSSélNNNNNNNNN < R
(1)

Example:

A50-37 1762000727

Decimal Constants

(a) Integers

ATTTT -SSS%D:Q-_-NNNNNNNNN. -YY C/

(1) (9) (10)

R

Example:
Al3-124 D+57983. -27
A53-000 D+0. -00

(b) Fractions

T
ATTTT-SSS%D_-I_—_. FFFFFFFFF +YY C/R

(1) (11) (12)

(c) Mixed Numbers

T
ATTTT -SSSADAIIIIIL. FFFF-YY <
(1) (13) (10)

R



(d)

Flex Constant

T
ATTTT -SSS@FX

(1) - (14)

E xample:

C
1X2X3X4 /

R

(15)

AT7-007 F132A Mixed Alphanumeric

A65-177 FATSC All Alphabetic

A32-000 F1234 All Numeric

SYMBOLS USED

(1)
(2)
(3)
(4)

(5)
(6)
(7)
(8)

(9)

(10)

(11)

(12)

ATTTT -SSS
XXXX
TTTT-SSS
NNNNNN
Max. NNNNNN
DIIIL F

Max. IIIL. F
-YY

Max. ONNNNN
Max. IIIL F
D+NNNNNNNNN.

-YY

D+. FFFFFFF

(Location A_ddress)8
(Operation Code)8
(Operand Address)8

(Operand)8
(377777)8
(Operand)10
(65535)10

(Operand Scale Factor)lo
‘(037777)8

(16383)

De c1ma1 Intege r

Maximum Integer +§{268 435 45

(Scale Factor)lo

YY Range:

Decimal Fraction

NOTE: Minimum Fraction . 00000001

+YY

= (Scale Factor)lo

00 to 27

;}w«



(13) Positive Scale Factors are valid. Hdweyver, the shift left
occurs after number is converted. Therefore, the fraction
0. 00000001 still represents the smallest fractional number
which can be loaded.

(14) DI FFFF Signed Mixed Decimal Number

(15) F

(16) X X XX,

Flex Constant Flag

Any four flex codes

LOADING THE TAPE

Either Listable or Binary punched tape infor:rna,tion can be loaded into the
TRW-330 computer by carrying out the four following steps:

(1) Insert the punched tape into thé FleXOWriter reader.
(2) Turn the Flexowriter power on. :

(3) Set the toggle switches on the control panel to 000000
(4) Push the START button.. : :

VERIFYING THE TAPE

After the tape has been loaded, the information entered into memory can be
verified by repeating the steps used when loadjih'g.the-:tape except that the
toggle switches must be set to 000001, If the “iri,“f'orvmyation in a word in memory
does not compare with the information of the corresponding word on the
punched tape, the address of the memory word and ij:s contents are printed.

USING THE UNIVERSAL BREAKPOINT

The operator can force the computer to transfer to any sector of any track

by setting the toggle switches to the desired address less 10_, and then
pushing the START button. For example, to transfer to Track 101 Sector 040,
set the toggles to 101-030 and push the START button. The computer will
take its next instruction from 101-040. The subtraction of 10_ must be
carried out modulo >1778. Thus, to transfer to 120-000, the toggles must

be set to 117-170. L



TRW-330 UTILITY PACKAGE

The Utility Package is a set of general utility routines designed to aid the
TRW -330 user in program checkout. The basic package consists of eight
programs which can be selected and controlled from the TRW-330 Operator's
Control Panel by settings of the 18 toggle switches. Each of the Utility
Routines is described briefly below. For a detailed write-up on the Utility
Package refer to TRW-330 Program Library routine number 0002,

(1) READ TOGGLE ADDRESS: transfers the contents of the memory
address specified by the settings of the toggles switches, T,,-T1,
to the D register. The memory address appears in the A register,

(2) STORE TOGGLE WORD: allows the operator to enter and store
one instruction or constant in any selected memory location
through toggle switch settings.

(3) BINARY DUMP: punches a tape in binary format of information
from I to 511 consecutively addressed tracks. The tape so
produced is acceptable to the TRW-330 Loader/Verifier.

(4) CHECK SUM: .calculates and prints the octal sum of the contents
of each of the tracks specified by the toggle switch settings. Each
checksum is preceded by its corresponding track number.

(5) MEMORY WRITE: stores a togzle selected constant into aﬁy block
of consecutively addressed sectors.

(6) OCTAL DUMP: prints the contents of the toggle selected memory
locations as ten digzit octal numbers.

(7) INSTRUCTION DUMP: prints in instruction format the contents
of any consecutive group of memory track locations from a partial
track up to 511 complete tracks.

(8) DECIMAL DUMP: prints as decimal numbers the contents of any
consecutive group of memory locations from a single word up to
511 complete tracks. Each word is output as a signed mixed
number scaled according to the positive or negative scale factor
ass1gned Print out of leadmg zeros is suppressed.

SUMMARY OF BASIC UTILITY ROUTINE ENTRIES

The operator can enter any of the above routines by making the 'appr‘opr‘iate
toggle setting, then pressing START. In all cases the computer will HALT
and the operator then will make several additional toggle switch settings to

7 -8



define the various program parameters. The following table summarizes
all the toggle settings necessary to use the Basic Utility Routines.
Individual programs automatically select the necessary Flex punch/print

The

conditions,
Toggle .
Segt%:ing (Entry (Scale (1st (Last
Setting)8 Factor)8 Add‘r’ess;)'s) AddreSS)S Instr/Constant

Routi - - - - - -
ottine Tre = Ti|T7-T1 (Tie-T1 |Tis-T1 | Tio ™ ha Tis - 11

ettings
Read Toggle

Address 000005 -—- TTTT-SSS |--- -—- -
Store Toggle Op code, or OPA, or

Word 000007 - TTTT-SSS |--- 4 MSD 6 L.SD
Binary Dump 000377 - TTTT-000 |TTTT-000 |--- -
Check Sum 000200 -—— TTTT-000 |[TTTT-000 |--- -
Memory Write 000201 - TTTT-SSS |TTTT-SSS |Op code, or OPA, or

4 MSD 6 MSD

Octal Dump 000400 -— TTTT-SSS [TTTT-SSS |--- ---
Instruction

Dump 000401 --- TTTT-SSS |[TTTT-SSS |--- ---
Decimal Dump || 000600 + XX TTTT-SSS |[TTTT-SSS |--- ---

NOTE: To use this table, make each toggle setting indicated in the

Example:

order listed. Columns showing dashes are to be ignored.

To print out the contents, in decimal format, of the 10 consecutive words
located from 125-000 to 125-011, each word scaled 2~ ’, the following steps
are required:

Note that bits 7-1 read, in binary, 1001001.

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)

Set toggles to 000600

Push START button

Set toggles to 000111 (2-9)
Push RESUME button

Set toggles to 125-000

Push RESUME button

Set toggles to 125-011

Push RESUME button

bits 6-1 designate the decimal number ''9'.

-7-9

Bit 7 designates '"negative'';




FAST ACCESS TRACK CORRESPONDENCE CHART A

%féo {061 062 , 063
: 061 062 063, 060
TRACKS ) :
062 063 060 | 061
063 % | 060 | . 061 | 062
‘Q‘ﬁ R {
000 [\ 040 100 140
001 % 041 101 141
002 042 102 | 142
003 043 | 103 | 143
004 044 = 104 | 144
005 045, 105 I 145
006 | 046 . 106 = 146
007 047 ' 107 | 147
010 050 i 110 | 150
011 051 % 111 151 |
012 052 . 112 . 152 |
013 053 . 113 | 153 |
014 054 | 114 154
015 055 . 115 . 155
016 056 | 116 . 156
017 057 . 117. . 157 .
020 060 120 | 160 !
021 061 | 121 | 161 .
022 062 122 | 162 '
023 063 123 | 163
024 064 124 164
025 | 065 125 165 |
17026 066 126 166 |
SECTORS [ 027 067 | 127 167 |
030 070 130 170 !
031 071 131 171 5
032 072 132 | 172 %
033 073 133 173 %
034 074 134 Z
035 075 135 | 175
036 076 136 176
1037 077 ! 137 | 177 °

7-10



Table of Powers of 2

16
32
64
128

256
512
1024
2 048

4 096
8 192
16 384
32 768

65 536
131 072
262 144
524 288

1 048 576
2 097 152
4 194 304
8 388 608

16 777 216
33 554 432
67 108 864
134 217 728

268 435 456
536 870 912
1 073 741 824
2 147 483 648

4 294 967 296
8 589 934 592
17 179 869 184
34 359 738 368

68 719 476 736
137 438 953 472
274 877 906 944
549 755 813 888

0.003 906 25
0.001 953 125
0.000 976 562 5
0.000 488 281 25

0.000 244 140 625
0.000 122 070 312 5
0.000 061 035 156 25
0.000 030 517 578 125

0.000 015 258 789 062 5
0.000 007 629 394 531 25
0.000 003 814 697 265 625
0.000 001 907 348 632 812 5

0.000 000 953 674 316 406 25
0.000 000 476 837 158 203 125
0.000 000 238 418 579 101 562 5
0.000 000 119 209 289 550 781 25

0.000 000 059 604 644 775 390 625
0.000 000 029 802 322 387 695 312 5
0.000 000 014 901 161 193 847 656 25
0.000 000 007 450 580 596 923 828 125

0.000 000 003 725 290 298 461 914 062 5
0.000 000 001 862 645 149 230 957 031 25
0.600 000 000 931 322 574 615 478 515 625
0.000 000 000 465 661 287 307 739 257 812 5

0.000 000 000 232 830 643 653 869 628 906 25
0.000 000 000 116 415 321 826 934 814 453 125
0.000 000 000 058 207 660 913 467 407 226 562 5
0.000 000 000 029 103 830 456 733 703 613 281 25

0.000 000 000 014 551 915 228 366 851 806 640 625
0.000 000 000 007 275 957 614 183 425 903 320 312 5
0.000 000 000 003 637 978 807 091 712 951 660 156 25
0.000 000 000 001 818 989 403 545 856 475 830 078 125



Octal-Decimal Integer Conversion Table

. o 1 2 3 4 5 6 1 o .1 2 3 4 5 6 1

0000 | 0000 0000 {0000 0001 0002 0003 0004 0005 0006 0007 04

‘o to 00 |0256 0257 0258 0259 0260 0261 0262 0263

0777 0511 0010 {0008 0009 0010 0011 0012 0013 0014 0015 0410 {0264 0265 0266 0267 0268 0269 0270 0271

(Octol) | (Decimal) 0020 {0016 0017 0018 0019 0020 0021 0022 0023 0420 [0272 0273 0274 0275 0276 0277 0278 0279

0030 |0024 0025 0026 0027 0028 0029 0030 0031 0430 {0280 0281 0282 0283 0284 0285 0286 0287

0040 |0032 0033 0034 0035 0036 0037 0038 0039 0440 {0288 0289 0290 0291 0292 0293 0294 0295

. 0050 |0040 0041 0042 0043 0044 0045 0046 0047 0450 | 0296 0297 0298 0299 0300 0301 0302 0303

Octal Decimal 0060 {0048 0049 0050 0051 0052 0053 0054 0055 0460|0304 0305 0306 0307 0308 0309 0310 0311

;gggg- g(‘)gg 0070 {0056 0057 0058 0059 0060 0061 0062 0063 0470]0312 0313 0314 0315 0316 0317 0318 0319

30000 - 12288 0100 0064 0065 0066 0067 0068 0069 0070 007% 0500 {0320 0321 0322 0323 0324 0325 0326 0327

40000 - 16384 0110 {0072 0073 0074 0075 0076 0077 0078 0079 0510 {0328 0329 0330 0331 0332 0333 0334 0335

50000 - 20480 0120|0080 0081 0082 0083 0084 0085 0086 0087 0520 | 0336 0337 0338 0339 0340 0341 0342 0343

60000 - 24576 0130 {0088 0089 0090 0091 0092 0093 0094 0095 0530 |0344 0345 0346 0347 0348 0349 0350 0351

70000-- 28672 0140 (0096 0097 0098 0099 0100 0101 0102 0103 0540 {0352 0353 0354 0355 0356 0357 0358 0359

0150|0104 0105 0106 0107 0108 0109 0110 0111 0550 {0360 0361 0362 0363 0364 0365 0366 0367

0160/0112 0113 0114 0115 0116 0117 0118 0119 0560 | 0368 0369 0370 0371 0372 0373 0374 0375

01700120 0121 0122 0123 0124 0125 0126 0127 0570|0376 0377 0378 0379 0380 0381 0382 0383

0200 {0128 0129 0130 0131 0132 0133 0134 0135 0600 0384 0385 0386 0387 0388 0389 0396 0391

0210|0136 0137 0138 0139 0140 0141 0142 0143 0610 {0392 0393 0394 0395 0396 0397 0398 0399

0220|0144 0145 0146 0147 0148 0149 0150 0151 0620 {0400 0401 0402 0403 0404 0405 0406 0407

0230 {0152 0153 0154 0155 0156 0157 0158 0159 0630 (0408 0409 0410 0411 0412 0413 0414 0415

0240|0160 0161 0162 0163 0164 0165 0166 0167 0640 | 0416 0417 0418 0419 0420 0421 0422 0423

02500168 0169 0170 0171 0172 0173 0174 0175 0650 | 0424 0425 0426 0427 0428 0429 0430 0431

02600176 0177 0178 0179 0180 0181 0182 0183 0660 {0432 0433 0434 0435 0436 0437 0438 0439

02700184 0185 0186 0187 0188 0189 0190 0191 0670 | 0440 0441 0442 0443 0444 0445 0446 0447

03000192 0193 0194 0195 0196 0197 0198 0199 0700 | 0448 0449 0450 0451 0452 0453 0454 0455

03100200 0201 0202 0203 0204 0205 0206 0207 0710|0456 0457 0458 0459 0460 0461 0462 0463

03200208 0209 0210 0211 0212 0213 0214 0215 0720|0464 0465 0466 0467 0468 0469 0470 0471

0330 {0216 0217 0218 0219 0220 0221 0222 0223 0730|0472 0473 0474 0475 0476 0477 0478 0479

0340 | 0224 0225 0226 0227 0228 0229 0230 0231 0740|0480 0481 0482 0483 0484 0485 0486 0487

03500232 0233 0234 0235 0236 0237 0238 0239 0750|0488 0489 0490 0491 0492 0493 0494 0495

0360|0240 0241 0242 0243 0244 0245 0246 0247 0760 | 0496 0497 0498 0499 0500 0501 0502 0503

0370}0248 0249 0250 0251 0252 0253 0254 0255 0770|0504 0505 0506 0507 0508 0509 0510 0511

o 1 2 3 4 5 -6 1 o 1 2 3 4 5 6 1

1000 0512 1000} 0512 0513 0514 0515 0516 0517 0518 0519 1400|0768 0769 0770 0771 0772 0773 0774 0775

fo to 1010 0520 0521 0522 0523 0524 0525 0526 0527 14100776 0777 0778 0779 0780 0781 0782 0783

1777 1023 1020|0528 0529 0530 0531 0532 0533 0534 0535 1420|0784 0785 0786 0787 0788 0789 0790 0791

(Octal) | (Decimal) 1030|0536 0537 0538 0539 0540 0541 0542 0543 1430|0792 0793 0794 0795 0796 0797 0798 0799

1040|0544 0545 0546 0547 0548 0549 0550 0551 14400800 0801 0802 0803 0804 0805 0806 0807

1050|0552 0553 0554 0555 0556 0557 0558 0559 1450|0808 0809 0810 0811 0812 0813 0814 0815

1060|0560 0561 0562 0563 0564 0565 0566 0567 146010816 0817 0818 0819 0820 0821 0822 0823

1070{ 0568 0569 0570 0571 0572 0573 0574 0575 147010824 0825 0826 0827 0828 0829 0830 0831

1100|0576 0577 0578 0579 0580 0581 0582 0583 1500{0832 0833 0834 0835 0836 0837 0838 0839

1110|0584 0585 0586 0587 0588 0589 0590 0591 151010840 0841 0842 0843 0844 0845 0846 0847

112010592 0593 0594 0595 0596 0597 0598 0599 1520|0848 0849 0850 0851 0852 0853 0854 .0855

1130|0600 0601 0602 0603 0604 0605 0606 0607 153010856 0857 0858 0859 0860 0861 0862 0863

1140{ 0608 0609 0610 0611 0612 0613 0614 0615 1540 (0864 0865 0866 0867 0868 0869 0870 0871

1150|0616 0617 0618 0619 0620 0621 0622 0623 1550 0872 0873 0874 0875 0876 0877 0878 0879

1160|0624 0625 0626 0627 0628 0629 0630 0631 1560|0880 0881 0882 0883 0884 0885 0886 0887

1170|0632 0633 0634 .0635 0636 0637 0638 0639 1570|0888 0889 0890 0891 0892 0893 0894 0895

1200] 0640 0641 0642 0643 0644 0645 0646 0647 1600 {0896 0897 0898 0899 0900 0901 0902 0903

1210|0648 0649 0650 0651 0652 0653 0654 0655 1610 [0904 0905 0906 0907 0908 0909 0910 0911

1220|0656 0657 0658 0659 0660 0661 0662 0663 1620 {0912 0913 0914 0915 0916 0917 0918 0919

1230|0664 0665 0666 0667 0668 0669 0670 0671 1630 |0920 0921 0922 0923 0924 0925 0926 0927

1240|0672 0673 0674 0675 0676 0677 0678 0679 1640 0928 0929 0930 0931 0932 0933 0934 0935

1250} 0680 0681 0682 0683 0684 0685 0686 0687 1650 {0936 0937 0938 0939 0940 0941 0942 0943

1260 {0688 0689 0690 0691 0692 0693 0694 0695 1660 | 0944 0945 0946 0947 0948 0949 0950 0951

1270|0696 0697 0698 0699 0700 0701 0702 0703 1670 {0952 0953 0954 0955 0956 0957 0958 0959

1300/ 0704 0705 0706 0707 0708 0709 0710 0711 1700 |0960 0961 0962 0963 0964 0965 0966 0967

1310} 0712 0718 0714 0715 0716 0717 0718 0719 1710 (0968 0969 0970 0971 0972 0973 0974 0975

1320|0720 0721 0722 0723 0724 0725 0726 0727 1720|0976 0977 0978 0979 0980 0981 0982 0983

1330(0728 0729 0730 0731 0732 0733 0734 0735 1730|0984 0985 0986 0987 0988 0989 0990 0991

13400736 0737 0738 0739 0740 0741 0742 0743 1740|0992 0993 0994 0995 0996 0997 0998 0999

1350 | 0744 0745 0746 0747 0748 0749 0750 0751 1750|1000 1001 1002 1003 1004 1005 1006 1007

1360|0752 0753 0754 0755 0756 0757 0758 0759 1760 /1008 1009 1010 1011 1012 1013 1014 1015

1370{0760 0761 0762 0763 0764 0765 0766 0767 1770 {1016 1017 1018 1019 1020 1021 1022 1023




Octal-Decimal Integer Conversion Table

2000 1024
to to
2777 1535
(Octal) (Decimal)
Octal Decimal
10000 - 4096
20000 - 8192

30000 - 12288
40000 - 16384
50000 - 20480
60000 - 24576
70000 - 28672

0 1 2 3 4 5 6 1 0 1 2 3 4 5 6. 1
2000 {1024 1025 1026 1027 1028 1029 1030 1031 2400]1280 1281 1282 1283 1284 1285 1286 1287
2010(1032 1033 1034 1035 1036 1037 1038 1039 2410)1288 1289 1290 1291 1292 1293 1294 1295
202011040 1041 1042 1043 1044 1045 1046 1047 242011296 1297 1298 1299 1300 1301 1302 1303
2030{1048 1049 1050 1051 1052 1053 1054 1055 2430(1304 1305 1306 1307 1308 1309 1310 1311
2040(1056 1057 1058 1059 1060 1061 1062 1063 24401312 1313 1314 1315 1316 1317 1318 1319
2050 (1064 1065 1066 1067 1068 1069 1070 1071 2450( 1320 1321 1322 1323 1324 1325 1326 1327
2060 {1072 1073 1074 1075 1076 1077 1078 1079 2460|1328 1329 1330 1331 1332 1333 1334 1335
2070{1080 1081 1082 1083 1084 1085 1086 1087 2470|1336 1337 1338 1339 1340 1341 1342 1343
21001088 1089 1090 1091 1092 1093 1094 1095 2500(1344 1345 '1346 1347 1348 1349 1350 1351
21101096 1097 1098 1099 1100 1101 1102 1103 2510{1352 1353 1354 1355 1356 1357 1358 1359
212071104 1105 1106 1107 1108 1109 1110 1111 2520]1360 1361 1362 1363 1364 1365 1366 1367
21301112 1113 1114 1115 1116 1117 1118 1119 25301368 1369 1370 1371 1372 1373 1374 1375
214011120 1121 1122 1123 1124 1125 1126 1127 2540{ 1376 1377 1378 1379 1380 138% 1382 1383
21501128 1129 1130 1131 1132 1133 1134 1135 25501384 1385 1386 1387 1388 1389 1390 1391
216011136 1137 1138 1139 1140 1141 1142 1143 '2560{1392 1393 1394 1395 1396 1397 1398 1399
2170{ 1144 1145 1146 1147 1148 1149 1150 1351 2570{ 1400 1401 1402 1403 1404 1405 1406 1407
22001152 1153 1154 1155 1156 1157 1158 1159 2600|1408 1409 1410 1411 1412 1413 1414 1415
2210§{1160 1161 1162 1163 1164 1165 1166 1167 2610|1416 1417 1418 1419 1420 1421 1422 1423
222041168 1169 1170 1171 1172 1173 1174 1175 2620|1424 1425 1426 1427 1428 1429 1430 1431
2230(1176 1177 1178 1179 1180 1181 1182 1183 2630|1432 1433 1434 1435 1436 1437 1438 1439
224011184 1185 1186 1187 1188 1189 1190 1191 26401440 1441 1442 1443 1444 1445 1446 1447
22501192 1193 1194 1195 1196 1197 1198 1199 2650 | 1448 1449 1450 145! 1452 1453 1454 1455
2266)1200 1201 1202 1203 1204 1205 1206 1207 2660|1456 1457 1458 1459 1460 1461 1462 1463
227031208 1209 1210 1211 1212 1213 1214 1215 2670|1464 1465 1466 1467 1468 1469 1470 1471
23001216 1217 1218 1219 1220 1221 1222 1223 2700 [ 1472 1473 1474 1475 1476 1477 1478 1479
23101224 1225 1226 1227 1228 1229 1230 1231 2710|1480 1481 1482 1483 1484 1485 1486 1487
232011232 1233 1234 1235 1236 1237 1238 1239 2720( 1488 1489 1490 1491 . 1492 1493 1494 1495
233011240 1241 1242 1243 1244 1245 1246 1247 2730|1496 1497 1498 1499 1500 1501 1502 1503
234011248 1249 1250 1251 1252 1253 1254 1255 27401504 1505 1506 1507 1508 1509 1510 1511
2350 (1256 1257 1258 1259 1260 1261 1262 1263 27501512 1513 1514 1515 151€ 1517 1518 1519
2360[1264 1265 1266 1267 1268 1269 1270 1271 2760|1520 1521 1522 1523 1524 1525 1526 1527
23701272 1273 1274 1275 1276 1277 1278 1279 27701528 1529 1530 1531 1532 1533 1534 1535
0 1 2 3 4 5 6 [4 0 i 2 3 4 5 6 7
3000|1536 1537 1538 1539 1540 1541 1542 1543 34001792 1793 1794 1795 1796 1797 1798 1799
30101544 1545 1546 1547 1548 1549 1550 1551 34101800 1801 1802 1803 1804 1805 1806 1807
3020 {1552 1553 1554 1555 1556 1557 1558 1559 3420|1808 1809 1810 1811 1812 1813 1814 1815
3030|1560 1561 1562 1563 1564 1565 1566 1567 3430)1816 1817 1818 1819 1820 1821 1822 1823
3040 {1568 1569 1570 1571 1572 1573 1574 1575 3440(1824 1825 1826 1827 1828 1829 1830 1831
3050|1576 1577 1578 1579 1580 1581 1582 1583 34501832 1833 1834 1835 1836 1837 1838 1839
3060|1584 1585 1586 1587 1588 1589 1590 1591 3460|1840 1841 1842 1843 1844 1845 1846 1847
30701592 1593 1594 1595 1596 1597 1598 1599 3470|1848 1849 1850 1851 1852 1853 1854 1855
3100|1600 1601 1602 1603 1604 1605 1606 1607 3500|1856 1857 1858 1859 1860 1861 1862 1883
31101608 1609 1610 1611 1612 1613 1614 1615 35101864 1865 1866 1867 1868 1869 1870 1871
31201616 1617 1618 1619 1620 1621 1622 1623 35201872 1873 1874 1875 1876 1877 1878 1879
31301624 1625 1626 1627 1628 1629 1630 1631 35301880 1881 1882 1883 1884 1885 1886 1887
3140{1632 1633 1634 1635 1636 1637 1638 1639 3540|1888 1889 1890 1891 1892 1893 1894 1895
3150}1640 1641 1642 1643 1644 1645 1646 1647 3550|1896 1897 1898 1899 1900 1901 1902 1903
31601648 1649 1650 1651 1652 1653 1654 1655 3560) 1904 1905 1906 1907 1908 1909 1910 1911
3170|1656 1657 1658 1659 1660 1661 1662 1663 357011912 1913 1914 1915 1916 1917 1918 1919
3200 {1664 1665 1666 1667 1668 1669 1670 1671 3600|1920 1921 1922 1923 1924 1925 1926 1927
3210 (1672 1673 1674 1675 1676 1677 1678 1679 1361011928 1929 1930 1931 1932 1933 1934 1935
3220|1680 1681 1682 1683 1684 1685 1686 1687 3620|1936 1937 1938 1939 1940 1941 1942 1943
3230 {1688 1689 1690 1691 1692 1693 1694 1695 3630|1944 1945 1946 1947 1948 1949 1950 1951
3240 (1696 1697 1698 1699 1700 1701 1702 1703 3640|1952 1953 1954 1955 1956 1957 1958 1959
3250 {1704 1705 1706 1707 1708 1709 1710 1711 3650 {1960 1961 1962 1963 1964 1965 1966 1967
3260 {1712 1713 1714 1715 1716 1717 1718 1719 3660|1968 1969 1970 1971 1972 1973 1974 1975
3270 {1720 1721 1722 1723 1724 1725 1726 1727 367011976 1977 1978 1979 1980 1981 1982 1983
3300 {1728 1729 1730 1731 1732 1733 1734 1735 3700|1984 1985 1986 1987 1988 1989 1990 1991
33101736 1737 1738 1739 1740 1741 1742 1743 371011992 1993 1994 1995 1996 1997 1998 1999
3320 (1744 1745 1746 1747 1748 1749 1750 1751 3720|2000 2001 2002 2003 2004 2005 2006 2007
3330|1752 1753 1754 1755 1756 1757 1758 1759 3730|2008 2009 2010 2011 2012 2013 2014 2015
3340 {1760 1761 1762 1763 1764 1765 1766 1767 374012016 2017 2018 2019 2020 2021 2022 2023
33501768 1769 1770 1771 1772 1773 1774 1715 37502024 2025 2026 2027 2028 2029 2030 2031
3360(1776 1777 1778 1779 1780 1781 1782 1783 3760|2032 2033 2034 2035 2036 2037 2038 2039
337011784 1785 1786 1787 1788 1789 1790 1791 3770] 2040 2041 2042 2043 2044 2045 2046 2047

3000
to
3777

1536
to
2047

{Octal) (Decimal)



Octal-Decimal Integer Conversion Table

0 1 2 3 4 5 6 7 U 1 2 3 4 5 6 1
4000 2048 4000{ 2048 2049 2050 2051 2052 2053 2054 2055 4400|2304 2305 2306 2307 2308 2309 2310 2311
1o 10 4010} 2056 2057 2058 2059 2060 2061 2062 2063 4410] 2312 2313 2314 2315 2316 2317 2318 2319
4777 2559 4020] 2064 2065 2066 2067 2068 2069 2070 2071 44202320 2321 2322 2323 2324 2325 2326 2327
(Octal) | (Decimal) 4030} 2072 2073 2074 2075 2076 2077 2078 2079 4430|2328 2329 2330 2331 2332 2333 2334 2335

4040} 2080 2081 2082 2083 2084 2085 2086 2087 44402336 2337 2338 2339 2340 2341 2342 2343
4050| 2088 2089 2090 2091 2092 2093 2094 2095 4450|2344 2345 2346 2347 2348 2349 2350 2351

Octal Decimal 4060| 2096 2097 2098 2099 2100 2101 2102 2103 4460|2352 2353 2354 2355 2356 2357 2358 2359
10000 - 4096 4070} 2104 2105 2106 2107 2108 2109 2110 2111 4470! 2360 2361 2362 2363 2364 2365 2366 2367
20000 - 8192 ,

30000 - 12288 i 4100/ 2112 2113 2114 2115 2116 2117 2118 2119 4500|2368 2369 2370 2371 2372 2373 2374 2375
40009 - 16384 4110| 2120 2121 2122 2123 2124 2125 2126 2127 4510|2376 2377 2378 2379 2380 2381 2382 2383
50000 - 20480 4120] 2128 2129 2130 2131 2132 2133 2134 2135 4520|2384 2385 2386 2387 2388 2389 2390 2391
60000 - 24576 4130| 2136 2137 2138 2139 2140 2141 2142 2143 4530(2392 2393 2394 2395 2396 2397 2398 2399
70000 - 28672 4140( 2144 2145 2146 2147 2148 2149 2150 2151 4540|2400 2401 2402 2403 2404 2405 2406 2407

4150( 2152 2153 2154 2155 2156 2157 2158 2159 4550|2408 2409 2410 2411 2412 2413 2414 2415
4160( 2160 2161 2162 2163 2164 2165 2166 2167 4560|2416 2417 2418 2419 2420 2421 2422 2423
4170{ 2168 2169 2170 2171 2172 2173 2174 2175 4570|2424 2425 2426 2427 2428 2429 2430 2431

4200! 2176 2177 2178 2179 2180 2181 2182 2183 4600 | 2432 2433 2434 2435 2436 2437 2438 2439
4210! 2184 2185 2186 2187 2188 2189 2190 2191 4610 {2440 2441 2442 2443 2444 2445 2446 2447
4220( 2192 2193 2194 2195 2196 2197 2198 2199 4620|2448 2449 2450 2451 2452 2453 2454 2455
4230{ 2200 2201 2202 2203 2204 2205 2206 2207 4630|2456 2457 2458 2459 2460 2461 2462 2463
4240 2208 2209 2210 2211 2212 2213 2214 2215 46402464 2465 2466 2467 2468 2469 2470 2471
4250{ 2216 2217 2218 2219 2220 2221 2222 2223 4650 (2472 2473 2474 2475 2476 2477 2478 2479
4260| 2224 2225 2226 2227 2228 2229 2230 2231 4660 | 2480 2481 2482 2483 2484 2485 2486 2487
4270{ 2232 2233 2234 2235 2236 2237 2238 2239 4670|2488 2489 2490 2491 2492 2493 2494 2495

430012240 2241 2242 2243 2244 2245 2246 2247 4700|2496 2497 2498 2499 2500 2501 2502 2503
4310( 2248 2249 2250 2251 2252 2253 2254 2255 4710{2504 2505 2506 2507 2508 2509 2510 2511
432012256 2257 2258 2259 2260 2261 2262 2263 4720(2512 2513 2514 2515 2516 2517 2518 2519
43302264 2265 2266 2267 2268 2269 2270 2271 4730{2520 2521 2522 2523 2524 2525 2526 2527
43402272 2273 2274 2275 2276 2277 2278 2279 47402528 2529 2530 2531 2532 2533 2534 2635
4350|2280 2281 2282 2283 2284 2285 2286 2287 4750(2536 2537 2538 2539 2540 2541 2542 2543
4360|2288 2289 2290 2291 2292 2293 2294 2295 476012544 2545 2546 2547 2548 2549 2550 2551
4370/ 2296 2297 2298 2299 2300 2301 2302 2303 4770] 2552 2553 2554 2555 2556 2557 2558 2559

0 1 2 3 4 5 6 1 0 1 2 3 4 5 6 7
5000 2560 5000|2560 2561 2562 2563 2564 2565 2566 2567 5400 (2816 2817 2818 2819 2820 2821 2822 282Y
1o 10 5010|2568 2569 2570 2571 2572 2573 2574 2575 5410|2824 2825 2826 2827 2828 2829 2830 2831
5777 3071 502012576 2577 2578 2579 2580 2581 Zz582 2583 5420]2832 2833 2834 2835 2836 2837 2838 2839
(Octol) | (Decimol) 5030|2584 2585 2586 2587 2588 258Y 2590 2591 5430 | 2840 2841 2842 2843 2844 2845 2846 2847

5040|2592 2593 2594 2595 2596 2597 2598 2599 5440 {2848 2849 2850 2851 2852 2853 2854 2855
5050|2600 2601 2602 2603 2604 2605 2606 2607 5450 2856 2857 2858 2859 2860 2861 2862 2863
50602608 2609 2610 2611 2612 2613 2614 2615 5460 [ 2864 2865 2866 2867 2868 2869 2870 2871
5070|2616 2617 2618 2619 2620 2621 2622 2623 547012872 2873 2874 2875 2876 2877 2878 2879

5100 | 2624 2625 2626 2627 2628 2629 2630 2631 5500|2880 2881 2882 2883 2884 2885 2886 2887
5110 (2632 2633 2634 2635 2636 2637 2638 2639 5510 (2888 2889 2890 2891 2892 2893 2894 2895
5120 2640 2641 2642 2643 2644 2645 2646 2647 5520|2896 2897 2898 2899 2900 2901 2902 2903
5130|2648 2649 2650 2651 2652 2653 2654 2655 55302904 2905 2906 2907 2908 2909 2910 2911
5140 (2656 2657 2658 2659 2660 2661 2662 2663 5540(2912 2913 2914 2915 2916 2917 2918 2919
5150|2664 2665 2666 2667 2668 2669 2670 2671 5550|2920 2921 2922 2923 2924 2925 2926 2927
51602672 2673 2674 2675 2676 2677 2678 2679 55602928 2929 2930 2931 2932 2933 2934 2935
517012680 2681 2682 2683 2684 2685 2686 2687 5570|2936 2937 2938 2939 2940 2941 2942 2943

5200 | 2688 2689 2690 2691 2692 2693 2694 2695 5600 | 2944 2945 2946 2947 2948 2949 2950 2951
5210|2696 2697 2698 2699 2700 2701 2702 2703 5610 {2952 2953 2954 2955 2956 2957 2958 2959
5220|2704 2705 2706 2707 2708 2709 2710 2711 5620 {2960 2961 2962 2963 2964 2965 2966 2967
52302712 2713 2714 2715 2716 2717 2718 2719 5630 12968 29565 2970 2971 2972 2973 2974 2975
524012720 2721 2722 2723 2724 2725 2726 2727 5640 {2976 2977 2978 2979 2980 2981 2082 2983
525012728 2729 2730 2731 2732 2733 2734 2735 5650 {2584 2985 2986 2987 2988 2989 2990 2991
5260 ;2736 2737 2738 2739 2740 2741 2742 2743 5660 | 2092 2993 2994 2995 2996 2997 2998 2999
527012744 2745 2746 2747 2748 2749 2750 2751 5670 {3000 3001 3002 3003 3004 3005 3006 3007

530012752 2753 2754 2755 2756 2757 2758 2759 5700 | 3008 3009 3010 3011 3012 3013 3014 3015
531012760 2761 2762 2763 2764 2765 2766 2767 5710 (3016 3017 3018 3019 3020 3021 3022 3023
532012768 2769 2770 2771 2772 2773 2774 2775 5720 (3024 3025 3026 3027 3028 3029 3030 3031
5330|2776 2777 2778 2779 2780 2781 2782 2783 5730 (3032 3033 3034 3035 3036 3037 3038 3039
5340|2784 2785 2786 2787 2788 2789 2790 2791 5740 | 3040 3041 3042 3043 3044 3045 3046 3047

53502792 2793 2794 2795 2796 2797 2798 2799 5750|3048 3049 3050 3051 3052 3053 3054 3055
5360 | 2800 2801 2802 2803 2804 2805 2806 2807 5760|3056 3057 3058 3059 3060 3061 3062 3063
5370|2808 2809 2810 2811 2812 2813 2814 2815 5770|3064 3065 3066 3067 3068 3069 3070 3071




Octal-Decimal Integer Conversion Table

6000 | 3072
to to
6777 3583
(Octal) | (Decimal)
Octal Decimal
10000 - 4096
20000 - 8192
30000 - 12288

40000 - 16384
50000 - 20480
60000 - 24576
70000 - 28672

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7
6000 | 3072 3073 3074 3075 3076 3077 3078 3079 6400| 3328 3329 3330 3331 3332 3333 3334 3335
6010|3080 3081 3082 3083 3084 3085 3086 3087 6410| 3336 3337 3338 3339 3340 3341 3342 3343
6020 | 3088 3089 3090 3091 3092 3093 3094 3095 6420{ 3344 3345 3346 3347 3348 3349 3350 3351
6030 [ 3096 3097 3098 3099 3100 3101 3102 3103 6430( 3352 3353 3354 3355 3356 3357 3358 3359
6040 (3104 3105 3106 3107 3108 3109 3110 3111 6440{ 3360 3361 3362 3363 3364 3365 3366 3367
6050 {3112 3113 3114 3115 3116 3117 3118 3119 6450( 3368 3369 3370 3371 3372 3373 3374 3375
6060 [ 3120 3121 3122 3123 3124 3125 3126 3127 6460] 3376 3377 3378 3379 3380 3381 3382 3383
6070|3128 3129 3130 3131 3132 3133 3134 3135 6470| 3384 3385 3386 3387 3388 3389 3330 3391
6100 {3136 3137 3138 3139 3140 3141 3142 3143 65001 3392 3393 3394 3395 3396 3397 3398 3399
61103144 3145 3146 3147 3148 3149 3150 3151 6510| 3400 3401 3402 3403 3404 3405 3406 3407
6120|3152 3153 3154 3155 3156 3157 3158 3159 6520( 3408 3409 3410 3411 3412 3413 3414 3415
6130 {3160 3161 3162 3163 3164 3165 3166 3167 6530( 3416 3417 3418 3419 3420 3421 3422 3423
6140|3168 3169 3170 3171 3172 3173 3174 3175 6540 3424 3425 3426 3427 3428 3429 3430 3431
6150|3176 3177 3178 3179 3180 3181 3182 3183 6550( 3432 3433 3434 3435 3436 3437 3438 3439
6160|3184 3185 3186 3187 3188 3189 3190 3191 6560( 3440 3441 3442 3443 3444 3445 3446 3447
61703192 3193 3194 3195 3196 3197 3198 3199 6570| 3448 3449 3450 3451 3452 3453 3454 3455
6200 | 3200 3201 3202 3203 3204 3205 3206 3207 6600 3456 3457 3458 3459 3460 3461 3462 3463
6210 [ 3208 3209 3210 3211 3212 3213 3214 3215 6610] 3464 3465 3466 3467 3468 3469 3470 3471
6220 | 3216 3217 3218 3219 3220 3221 3222 3223 6620|3472 3473 3474 3475 3476 3477 3478 3479
6230 | 3224 3225 3226 3227 3228 3229 3230 3231 6630| 3480 3481 3482 3483 3484 3485 3486 3487
6240 | 3232 3233 3234 3235 3236 3237 3238 3239 6640| 3488 3489 3490 3491 3492 3493 3494 3495
6250 | 3240 3241 3242 3243 3244 3245 3246 3247 6650| 3496 3497 3498 3499 3500 3501 3502 3503
6260 | 3248 3249 3250 3251 3252 3253 3254 3255 6660 3504 3505 3506 3507 3508 3509 3510 3511
62703256 3257 3258 3259 3260 3261 3262 3263 6670 3512 3513 3514 3515 3516 3517 3518 3519
6300 {3264 3265 3266 3267 3268 3269 3270 3271 6700 3520 3521 3522 3523 3524 3525 3526 3527
6310|3272 3273 3274 3275 3276 3277 3278 3279 6710 3528 3529 3530 3531 3532 3533 3534 3535
6320 (3280 3281 3282 3283 3284 3285 3286 3287 6720 3536 3537 3538 3539 3540 3541 3542 3543
6330 | 3288 3289 3290 3291 3292 3293 3294 3295 6730| 3544 3545 3546 3547 3548 3549 3550 3551
6340 | 3296 3297 3298 3299 3300 3301 3302 3303 6740( 3552 3553 3554 3555 3556 3557 3558 3559
6350 | 3304 3305 3306 3307 3308 3309 3310 3311 6750 3560 3561 3562 3563 3564 3565 3566 3567
6360 {3312 3313 3314 3315 3316 3317 3318 3319 6760| 3568 3569 3570 3571 3572 3573 3574 3575
16370 13320 3321 3322 3323 3324 3325 3326 3327 6770] 3576 3577 3578 3579 3580 3581 3582 3583
0 1 2 3 4 5 § 7 0 1 2 3 4 5 6 7
7000] 3584 3585 3586 3587 3588 3589 3590 3591 7400] 3840 3841 3842 3843 3844 3845 3846 3847
w010] 3502 3503 3594 4565 3596 3597 3598 3599 7410] 3848 3849 3850 3851 3852 3853 3354 3855
70200 3500 3801 2602 2602 3604 3605 3606 3607 74201 3856 3857 3858 3859 3860 3861 3862 3863
70201 5608 5609 3610 3611 3612 3613 3614 3615 74301 3864 3865 3866 3867 3868 3869 3870 3871
7040] 3616 3617 3618 3619 3620 3621 3622 3623 7440 3872 3873 3874 3875 3876 3877 3878 3879
7050| 3624 3635 3626 3627 3628 3629 3630 3631 7450] 3880 3881 3882 3883 3884 3885 3886 3887
7065 3632 3633 3624 3635 3636 3637 3638 3639 7460| 3888 3889 3890 3891 3892 3893 3894 3895
670, 3840 5843 3542 3643 3644 3645 3646 3647 7470| 3896 3897 3898 3899 3900 3901 3902 3903
7100] 3648 3649 3650 3651 3652 3653 3654 3655 7500 | 3904 3905 3906 3907 3908 3909 3910 3911
7110| 3656 3657 3658 3659 3660 3661 3662 3663 7510|3912 3913 3914 3915 3916 3917 3918 3919
T7120] 3664 3665 3666 3667 3668 3669 3670 3671 7520 3920 3921 3922 3923 3924 3925 3926 3927
71301 3672 3673 3674 3675 3676 3677 3678 3679 753C| 3928 3929 3930 3931 3932 3933 3934 3935
7140] 3680 3681 3682 3683 3684 3685 3688 3687 7540 | 3936 3937 3938 3939 3940 3941 3942 3943
7150| 3688 3689 3690 3691 3652 3693 3694 3695 7550 | 3944 3945 3946 3947 3948 3949 3950 3951
7160] 3696 3697 3698 3699 3700 3701 3702 3703 7560 3952 3953 3954 3955 3956 3957 3958 3959
7170| 3704 3705 3706 3707 3708 3709 3710 3711 75701 3960 3961 3962 3963 3964 3965 3966 3967
7200( 3712 3713 3714 3715 3716 3717 3718 3719 7600 { 3968 3969 3970 3971 3972 3973 3974 3975
7210| 3720 3721 3722 3723 3724 3725 3726 3727 76101}3976 3977 3978 3979 3980 398r 3982 3983
7220] 3728 3729 3730 3731 3732 3733 3734 3735 7620 | 3984 3985 3986 3987 3988 3989 3990 3991
7230| 3736 3737 3738 3739 3740 3741 3742 3743 7630|3992 3993 3994 3995 3996 3997 3998 3999
7240{ 3744 3745 3746 3747 3748 3749 3750 3751 7640}4000 4001 4002 4003 4004 4005 4006 4007
7250] 3752 3753 3754 3755 3756 3757 3758 3759 7650 | 4008 4009 4010 4011 4012 4013 4014 4015
7260| 3760 3761 3762 3763 3764 3765 3766 3767 7660|4016 4017 4018 4019 4020 4021 4022 4023
7270{ 3768 3769 3770 3771 3772 3773 3774 3775 7670|4024 4025 4026 4027 4028 4029 4030 4031
7300|3776 3777 3778 3779 3780 3781 3782 3783 7700 | 4032 4033 4034 4035 4036 4037 4038 4039}
7310|3784 3785 3786 3787 3788 3789 3790 3791 T710[4040 4041 4042 4043 4044 4045 4046 4047
7320} 3792 3793 3794 3795 3796 3797 3798 3799 7720 {4048 4049 4050 4051 4052 4053 4054 4055
7330|2800 3801 3802 3803 3804 3805 3806 3807 7730 {4056 4057 4058 4059 4060 4061 4062 4063
7340) 3808 3809 3810 3811 3812 3813 3814 3815 7740 {4064 4065 4066 4067 4068 4069 4070 4071
7350] 3816 3817 3818 3819 3820 3821 3822 3823 7950 | 4072 4073 4074 4075 4076 4077 4078 4079
7360| 3824 3825 3826 3827 3823 3820 3830 3831 7760|4080 4081 4082 4083 4084 4085 4086 4087
7370] 3832 3833 3834 3835 3835 3837 3838 3839 777014088 4089 4090 4091 4092 4093 4094 4095

7000
to
7777
(Octal)

3584
to
4095
{Decimal)



Octal-Decimal Fraction Conversion Table

OCTAL DEC. OCTAL DEC, OCTAL DEC. - " OCTAL DEC,
.000 . 000000 . 100 . 125000 .200 . 250000 .300 .375000
.001 . 001953 .101 . 126953 .201 .251953 .301 .376953
.002 . 003906 . 102 . 128906 .202 . 253906 .302 .378906
.003 .005859 . 103 . 130859 .203 . 255859 .303 . 380859
.004 .007812 . 104 . 132812 .204 .257812 .304 .382812
.005 . 009765 . 105 . 134765 . 205 .259765 .305 . 384765
.006 .011718 . 106 .136718 .206 .261718 .306 - .386718
.007 .013671 . 107 . 138671 . .207 .263671 .307 .388671
.010 . 015625 . 110 . 140625 .210 . 265625 .310 . 390625
.011 .017578 .111 . 142578 .21 .267578 .31 . 392578
.012 .019531 . 112 . 144531 .212 .269531 .312 .394531
.013 .021484 . 113 . 146484 .213 .271484 .313 . 396484
.014 . 023437 124 . 148437 214 . 273437 .314 .398437
015 . 025390 L115 - 150390 .215 . 275390 .315 .400390
.016 .027343 . 116 .152343 .216 . 277343 .316 .402343
.017 . 029296 117 + 154296 .217 . 279296 . 317 .404296
.020 .031250 .120 . 156250 ’ . 220 . 281250 .320 .406250
.021 . 033203 121 . 158203 .221 . 283203 .321 . 408203
.022 . 035156 . 122 . 160156 .222 . 285156 .322 .410156
.023 .037109 .123 .162109 .223 . 287109 .323 .412109
.024 .039062 . 124 . 164062 . 224 . 289062 .324 .414062
. 025 .041015 . 125 . 166015 . 225 . 291015 .325 +416015
. 026 .042968 . 126 . 167968 .226 . 292968 .326 .417968
. 027 . 044921 .127 . 169921 ' . 227 .294921 .327 .419921
. 030 .046875 .130 . 171875 .230 . 296875 .330 .421875
.031 .048828 . 131 . 173828 .231 . 298828 ,331 .423828
. 032 .050781 . 132 .175781 .232 . 300781 .332 ,426781
.033 . 082734 .133 137734 . 233 . 302734 .333 . 427734
.034 . 064687 . 134 . 179687 S .234 . 304687 .334 .429687
.035 .056640 .135 . 181640 .235 . 306640 .335 .431640
. 036 .058593 . 136 . 183593 .236 .308593 . 336 .433593
.037 . 060546 .137 . 185546 .237 . 310546 .337 .435546
. 040 .062500 . 140 . 187500 . 240 . 312500 .340 . 437500
.041 . 064453 . 141 . 189453 .241 . 314453 .341 .439453
. 042 .066406 . 142 . 191406 . 242 .316406 ° . 342 . 441406
.043 . 068359 . 143 . 193359 .243 . 318359 .343 . 443359
.044 .070312 ) .144 . ,195312 244 .320312 .344 .445312

'.045 .072265 . 145 . 197265 .245 . 322265 .345 .447265
.046 .074218 . 146 . 199218 .246 .324218 .346 .449218
.047 .076171 . 147 .201171 . 247 . 326171 . 347 .451171
. 050 .078125 . 150 .203125 .250 . 328125 .350 .453125
.051 .080078 . 151 .205078 .251 .330078 .351 .455078
.052 .082031 .152 . 207031 .252 .332031 .352 .457031
.053 .083984 . 153 .208984 .253 . 333984 .353 . 458984
.054 . 085937 . 1564 .210937 .254 . 335937 . 354 .460937
.055 . 087890 . 155 .212890 .255 .337890 .355 .462890
.056 .089843 . 156 .214843 .256 .339843 .356 .464843
. 057 . 091796 . 187 .216796 . 257 .341796 .357 .466796
.060 .093750 . 160 . 218750 . 260 . 343750 .360 .468750
.061 . 095703 . 161 .220703 . 261 . 345703 .361 .470703
.062 . 097656 .162 . 222656 .262 . 347656 .362 .472656
.063 . 099609 . 163 . 224609 .263 . 349609 .363 .474609
. 064 . 101562 . 164 . 226562 . 264 .351562 .364 . 476562
.065 .103515 . 165 . 228515 .265 .353515 ) .365 .478515
.066 . 105468 . 166 .230468 .266 . 355468 . 366 . 480468
.067 . 107421 . 167 .232421 .267 .357421 . 367 .482421
.070 . 109375 .170 . 234375 .270 . 359375 .370 .484375
.07 . 111328 .17 .236328 .27 .361328 .371 .486328
.072 . 113281 172 . 238281 .272 .363281 .372 .488281
.073 . 115234 . 173 .240234 .273 .365234 .373 .490234
.074 . 117187 174 .242187 .274 .367187 .374 . 492187
.075 . 119140 . 175 . 244140 .275 .369140 .375 .494140
.076 . 121093 . 176 .246093 .276 .371093 .376 .496093
.077 . 123046 . 177 .248046 .277 .373046 .377 .498046




Octal-Decimal Fraction Conversion Table

DEC.

OCTAL DEC, OCTAL DEC, OCTAL OCTAL DEC,
.000000 000000 .000100 000244 .000200 = 000488 .000300  ,000732
.000001 000003 .000101  .000247 .000201 000492 .000301  ,000736
.000002 000007 2000102  .000251 .000202  .000495 .000302 . 000740
.000003  ,000011 .000103 000255 .000203 . 000499 .000303  ,000743
.000004  ,000015 .000104 000259 .000204 000503 .000304 ,000747
.000005 000019 .000105 000263 .000205 000507 .000305  ,000751
.000006  ,000022 .000106 000267 .000206  ,000511 .000306 000755
.000007 000026 .000107  .000270 .000207  .000514 .000307 000759
.000010 000030 ,000110 000274 .000210  .000518 .000310  ,000762
.000011  ,000034 ,000111  ,000278 .000211 000522 .000311  ,000766
.000012  ,000038 .000112 000282 .000212 000526 .000312  ,000770
,000013  , 000041 .000113  ,000286 .000213 000530 .000313  ,000774
.000014  ,000045 .000114  ,000289 .000214  ,000534 .000314  ,000778
.000015  ,000049 .000115 000293 .000215 000537 .000315  ,000782
.000016 - ,000053 .000116  , 000297 .000216 000541 .000316  .000785
.000017 . 000057 .000117  ,000301 .000217 000545 ,000317  ,000789
.000020 000061 .000120  ,000305 .000220 000549 .000320 - ,000793
.000021  ,000064 .000121  ,000308 - .000221 ., 000553 .000321  ,000797
.000022 000068 .000122  ,000312 .000222 000556 .000322  , 000801
.000023 000072 .000123  ,000316 .000223 000560 .000323  ,000805
.000024 ,000076 .000124  ,000320 .000224 000564 .000324 - ,000808
.000025 000080 .000125°  ,000324 .000225 000568 .000325 ~ . 000812
.000026 000083 .000126  ,000328 .000226 - .000572 .000326  ,000816
.000027  , 000087 .000127  .000331 .000227 ° ,000576 .000327  ,000820
.000030 000091 .000130  ,000335 .000230  .000579 .000330  .000823
.000031  ,000095 .000131  ,000339 .000231 . 000583 .000331  ,000827
.000032 000099 .000132  ,000343 .000232  , 000587 .000332 000831
.000033  ,000102 .000133 000347 .000233 000591 .000333 . 000835
.000034  ,000106 .000134  ,000350 .000234. 000595 .000334 000839
.000035  ,000119 .000135  ,000354 .000235  ,000598 .000335  ,000843
.000036  ,000114 .000136  .000358 .000236 000602 .000336  .000846
,000037 ., 000118 - .000137  ,000362 .000237 000606 .000337  ,000850
.000040  ,000122 .000140  ,000366 .000240 000610 .000340  ,000854
.000041  ,000125 .000141  ,000270 .000241  ,000614 .000341  ,000858
.000042  ,000129 .000142  ,000373 .000242 000617 .000342 000862
.000043 . 000133 .000143 000377 .000243 000621 .000343  .000865
.000044 000137 .000144  ,000381 .000244 ., 000625 .000344 000869
,000045  ,000141 .000145  ,000385 .000245 000629 .000345  ,000873
.000046  ,000144 .000146  ,000389 .000246 000633 .000346 000877
.000047  ,000148 .000147  ,0003%2 .000247 000637 .000347  ,000881
.000050  ,000152 .000150  .0006396 .000250 000640 .000350  .000885
.000051 . 000156 .000151  ,000400 .000251 000644 .000351  ,000888
.000052  .000160 .000152 000404 .000252 000648 .000352 000892
.000053 ,000164 .000153  ,000408 .000253 000652 .000353  .000896
.000054- ,000167 .000154  ,000411 .000254 000656 .000384  .000900
.000055 000171 .000155  ,000415 .000255 000659 .000355  .000904
.000056  , 000175 .000156 . 000419 .000256  ,000663 .000356  .000907
.000057  ,000179 ,000157  ,000423 .000257  .000667 .000357 - ,000911
.000060 ,000183 .000160  .000427 .000260 , 000671 .000360  ,000915
.000061  ,000186 .000161  .000431 .000261 000675 .000361  ,000919
.000062 000190 .000162  ,000434 .000262 000679 .000362  ,000923
.000063  ,000194 .000163 . 000438 .000263 000682 .000363 000926
.000064 000198 .000164  .000442 .000264 000686 .000364 000930
.000065  ,000202 .000165  .000446 .000265 000690 .000365  .000934
.000066 ;000205 .000166  .000450 .000266  .000694 .000366  ,000938
.000067  .000209 .000167  .000453 .000267 000698 .000367 000942
.000070 000213 .000170 - .000457 .000270  .000701 .000370 000946
.000071  ,000217 .000171  ,000461 .000271  .000705 .000371 - ,000949
.000072  ,000221 .000172  ,000465 .000272 . 000709 .000372  .000953
.000073 000225 .000173  .000469 .000273 . 000713 .000373  ,000957
.000074  ,000228 .000174 000473 .000274 . 000717 .000374 000961
.000075  ,000232 .000175  ,000476 .000275 .000720 .000375  .000965
.000076 000236 .000176  ,000480 .000276  .000724 .000376  .000968
.000077  ,000240 .000177 000484 .000277  .000728 .000377 000972




Octal-Decimal Fraction Conversion Table

OCTAL  DEC. OCTAL  DEC. OCTAL  DEC. OCTAL  DEC. |
.000400  .000976 .000500 001220 .000600  .001464 .000700 001708
.000401 . 000980 .000501 001224 .000601  .001468 .000701  ,001712
.000402 000984 .000502  ,001228 .000602  ,001472 .000702  ,001716
.000403  .000988 .000503 ,001232 .0006063 . 001476 .000703 001720
.000404  .000991 .000504  ,001235 .000604  .001480 .000704 001724
.000405  ,000995 .000505  ,001239 .000605  ,001483 .000705 001728
.000406  .000999 .000506  ,001243 .000606  ,001487 .000706  ,001731
.000407  ,001003 £ .000507  ,001247 .000607 001491 .000707  ,001735
.000410  ,001007 .000510  ,001251 .000610  ,001495 .000710 001739
.000411  ,001010 .000511 001255 .000611  ,001499 .000711 001743
.000412  ,001014 .000512  ,001258 .000612  ,001502 .000712  ,001747
.000413  ,001018 .000513  .001262 .000613  ,001506 .000713  , 001750
.000414  ,001022 .000514  .001266 .000614  ,001510 .000714  ,001754
.000415  ,001026 .000515  .001270 .000615  .001514 .000715  , 001758
.000416  ,001029 .000516  .001274 .000616  .001518 .000716 001762
.000417  ,001033 .000517 001277 .000617  ,001522 .000717  , 001766
.000420 001037 .000520  ,001281 .000620 001525 .000720  ,001770
. 000421 .001041 .000521 .001285 .000621 .001529 .000721 . 001773
.000422  .001045 .000522  .001289 .000622  ,001533 .000722  , 001777
.000423  ,001049 .000523  ,001293 .000623  ,001537 .000723  ,001781
.000424 001052 .000524 001296 .000624  , 001541 .000724  , 001785
.000425  .001056 .000525  ,001300 .000625  ,001544 .000725  ,001789
.000426 001060 .000526  ,001304 .000626  ,001548 .000726  ,001792
.000427  ,001064 .000527  ,001308 .000627  ,001552 .000727 001796
.000430  ,001068 .000530  ,001312 .000630 001556 .000730 001800
.000431  ,001071 .000531  .001316 .000631  ,001560 .000731 . ,001804
.000432  ,001075 .000532 001319 .000632  .001564 .000732  ,001808
.000433  ,001079 .000533  .001323 .000633  ,001567 .000733  ,001811
.000434  ,001083 .000534  ,001327 .000634  ,001571 .00073¢  ,001815
.000435 001087 .000535  ,001331 .000635  .001575 .000735  .001819
000436 . 001091 . 000536 .001335 .000636 *© ,001579 .000736 .001823
.000437 001094 .000537  ,001338 ,000637  ,001583 .000737  ,001827
.000440  .001098 .000540 001342 .000640 . 001586 .000740  ,001831
.000441 001102 .000541  ,001346 .000641  ,001590 .000741  .001834
.000442  .001106 .000542  .001350 .000642  .001594 .000742  ,001838
.000443  .001110 .000543 . ,001354 .000643  ,001598 .000743  ,001842
.000444  ,001113 .000544  ,001358 .000644  ,001602 .000744  ,001846
.000445 001117 .000545  ,001361 .000645  ,001605 .000745 001850
.000446 001121 .000546  ,001365 .000646  ,001609 .000746  ,001853
.000447  .001125 .000547  .001369 - .000647  ,001613 .000747  ,001857
.000450  .001129 .000550  .001373 .000650  ,001617 .000750  ,001861
.000451 001132 .000551  .001377 .000651  ,001621 .000751  ,001865
.000452  ,001136 - .000552  ,001380 .000652  ,001625 .000752  ,001869
,000453  ,001140 .000553  ,001384 .000653  ,001628 .000753  ,001873
.000454  .001144 .000554 001388 .000654  .001632 .000754 001876
.000455 ,001148 .000555  ,001392 5 .000655  ,001636 .000755 001880
.000456  ,001152 .000556  ,001396 .000656  ,001640 .000756 001884
.000457  .001155 .000557  ,001399 .000657  ,001644 .000757  .001888
.000460  ,001159 .000560  .001403 .000660  ,001647 .000760  ,001892
.000461  ,001163 .000561 001407 .0D0661  ,001651 .000761  ,001895
.000462 001167 .000562  ,001411 .000662  ,001655 .000762  .001899
.000463  .001171- .000563  ,001415 .000663  ,001659 .000763  ,001903
.000464 001174 .000564 001419 .000664 ~ .001663 .000764  .001907
.000465  ,001178 .000565 001422 .000665  .001667 .000765 001911
.000466 001182 .000566  ,001426 .000666  .001670 .000766  .001914
.000467  ,001186 .000567  .001430 .000667  .001674 .000767  ,001918
.000470 001190 .000570 001434 .000670  ,001678 .000770  ,001922
.000471  ,001194 .000571  ,001438 .000671  ,001682 .000771  ,001926
.000472 001197 .000572  ,001441 .000672 001686 .000772 001930
.000473  ,001201 .000573  ,001445 .000673  .001689 .000773  .001934
.000474  ,001205 .000574  ,001449 .000674  ,001693 .000774  ,001937
. 000475 .001209 . 000575 . 001453 . 000675 .001697 . 000775 .001941
.000476  ,001213 .000576 001457 .000676  ,001701 .000776  ,001945
.000477  ,001216 .000577  ,001461 .000677  .001705 .000777 001949




SECTION 8

COMMANDS



16-1°

LOAD A EXECUTION pd 2€¢
TIME— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT can | apoREssaBLE REGISTER STATUS
OPERATION MODE OPERATION op OPERAND | INSTRUCTION " y EFFECT OF OPERATION REG BEFORE AFT
CODE CODE ADDRESS O'F?|  REG'S. - ER
LA =N
NORMAL LA do 70 oPA CIT-cis+ 2
. M| BCo (or4) > A -
Load (OPA) into A. oEtaved | &4 -0 | ;470 oPA CIT-0PS+ ¢ ’ (D/zA) 1777777777 | 060000 123¥
0000001 234 NcC
NORMAL A4 Nt -
woexeo | Lg -t | com | °F cr-cit 2.
Load (OPA-(I)) into A, No | BC D Corq-(z)) =4
DELAYED (] -
INDEXED LA -oi 107 OPA CIT-0Ps+ { A 1777777777 | 0oooocir3y
PRI | Gooocor 3y NC.
: ' oPRND ;P A,
Load OPRND,( , into A . .. OPERAND LA -0 | 6%70 | oprND cat-cise 2. | M -
fe} —}45,”,,7 é 17777277277 0080123y 5¢
[2395% N.C.
! ~
UPPER i g ,RNDI'I-I 2 '45,17-/5
Load OPRND,, , into Ay ,. .. FILL LA ~u | 0676 | opmnD carecs+ 2 | s -
) C e Ay 2 A, 1071006952 | 0076006952
OPRND -
ol 740 [ VK
NOTES: )
(1) Registers: B, C, D, I, and X unchanged, (2) If C register addressed: (C) —> A16~1; SO ——> AS 27 1-7.
LOAD B EXECUTION 2 264
TIME— WORD TIMES MICROSECONDS
sYMBoLIC INSTRUCTION NEXT can | ADDRESSABLE REGISTER STATUS
F oP
OPERATION WODE | orERATION S| operae WSTRUCTION | .02 g, EFFECT OF OPERATION REG. BEFORE AFTER
' - PP 5+ 2
NORMAL (4 2 oPA CIT-CiIs+ N
Load (OPA) into B Ne| €D CoP) > & B /7771177777 | 900000123
. DELAYED 8 -0 | ;032 OPA CIT-0PS+ ¢ AT ¥
0d00u0t 23 Y Nc-
NORMAL L& -N oPA CIT-Cis+ 2.
[ -1 ¢o 3
Load (OPA-~(I)) into B. NDEXED | L8 3 Ve | C.0 Copa <) g
DELAYED DI oPA CIT-ops# | R /777777777 | 9co00i 23y
INDEXED LE 1033 f ooy
oot 123y NcC
. ! QPRND, (7 Biev ;
Load OPRND into B . OPERAND LB -0 a¥ 32 | OPRND CIT=CIS+ 2 “o - .
16-1 16-1 H o 285 1747 ] (7777772727 | 0000 123756
! OFRND ; 2375% NC
|
] N ofPRND,, | 286, .. :
Load OPRND into B . UPPER LB -u | 0632 | OPRND ciT-cis+ 2 ¢ - ‘ £
14-1 S, 27-15 FiLL | > 8 L 777 | C51613777
! 24 > 6,4 1777777 5 37777
; 791 GPRND 2372 s
NOTES: (1) Registers: A, C, D, I, and X unchanged. (2) If C register addressed: (C)‘———> B O —




6-1°

S, 27-17°

LOAD C EXECUTION 2 26¢€
TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
bty opmsmucnon el CAN | ADDRESSABLE EFFECT OF OPERATION
MODE
OPERATION OP?:):)EON CODE OPERAND :N:;:gsCSTION O'F? REG'S. REG. BEFORE AFTER
LC =N .
NORMAL LC a3y OPA CIT-Cis+ 2
Load (OPA) , into C. - N,| BD (era) > C - 7
DELAYED | L C =D | f0 3y | oPa CIT-0Ps+ / l6-1 (0%) 3711777 Or23%5
2121345 Ve
NORMAL L< =N .
INDEXED (e o 0035 OPA CIT-CIs+ 2
Load (OPA-(1)) , , into C. T N.| BD (0r4 -(1;2‘.1 2 C
INDEXED LC o (035 OPA CIT-0Ps+ ¢ C 37 7;;77 o:;‘iys
[T %1 Xy
. =0 | 043 OPRND CIT=-Cis+ -
Load OPRND, , , into C. orerano | LC 7 | : 2 N orenp, 2 C < 3712777 12345¢
| OPRND [ 23756 3
NOTES: (i) Registers: A, B, D, I, and X unchanfed.
LOAD D EXECUTION 2 2 €¢
TIME—— WORD TIMES MICROSECONDS
- REGISTER STATUS
SYMBOLIC opmsmuc*nou Xt CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION INSTRUCTION
el COPE OPERAND okl oF? | REG'. REG. BEFORE AFTER
. LD N
NORMAL ) GO 2y OPA CIT=-CiIs+ 2_ B ) D
’ i (0pPa) =
Load (OPA) into D. No [ < - . .
DELAYED LO-° | jo 2y | OPA CIT-0PS+ { (og) 17177777777 | 000ccoia3y
000CcC0 1 23¢ X
NORMAL LD =N -
INDEXED LD 1 ocLy OPA CIT-Cis+ 2 .
Load (OPA-(I)) into D. e No| B C (opAa~1) »D -
LD -0l 2y OPA CIT-0PS+ | 177722722727 0000c0123y
INDEXED /¢ WD) Taoccoo: 273y LA
df/(wo“.' 2Dy -
Load OPRND, . , into D, . OPERAND LD -0 O$ 27 | OPRND cr-cis+ 2 | Na - "
! o D b [0660412571)| 0000 I23%5¢
! g 3,27-17 OPRND ; _
! 123756 N
H
H S PEND -7 0 -
1 - -
U:ER LD -V | céay 1 OPRND ar-cs+ 2 | g - - SIS
i 1 . -
Load OPRND,, into Dg . ;.. . | 0O < Doy D (7777727777 | 08514+37777
! 1 OPRND /2342 N
1 4 .
NOTES: (1) Registers: A, B, C, I, and X unchanged. (2) If C register addressed: (C) —> D, O—> D




LOAD INDEX EXECUTION 2 266
TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
SYMBOLIC INSTRUCTION NEXT CAN | ADDRESSABLE
OPERATION MODE | OPERATION op OPERAND | INSTRUCTION EFFECT OF OPERATION REG. BEFORE FTER
CODE CODE ADDRESS 0'F? REG'S. 3 AFTE!
L oo 2
NORMAL 36 OPA CIT~-Cis+
. LI ¢
Load (OPA),, | into L Mol BCD (OM)“., »T I 797779 Py
- DELAYED LT - 0.3 oPa cIT-opst / 00
/ ¢ (OFAY QO0A0000005™ ‘N.C.
NORMAL LT =N
o INDEXED ‘e o 0637 opa CIT-Cisy 2 )
Load (OPAX(I),  ifto L. : No| BCoD (6PA<y) T
- DELAYED I -Di oPA CIT-0Ps+ | /6=t I (77777 000005
. INDEXED L (037 [~ TOPA)
00000000085 N.&
Load OPRND into 1. OPERAN r -o OPRND ciT-cis+ A/o - [ - T
16-1 o | L 0436 2 OPRND,,_, T 77797 ooo0om
OPRND 000005 N.c
NOTES: (1) Registers:y A,"'B, C, D; and X unchanged.
LOAD X EXECUTION . v 26¢
. . TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
INSTRUCTION
SYMBOLIC ) S NEXT CAN | ADDRESSABLE EFFECT OF OPERATION :
OPERATION MODE OPERATION P OPERAND | INSTRUCTION | .| o0 e REG. BEFORE AFTER
CODE CODE ADDRESS ? .
=N
NORMAL ti 00 22 OPA CIT-CIsS+ 2_
Load (OPA)g_, into X. No | B.cp (0PA)g = X 377 3y
DELAYED LX ~b | /622 OPAk CIT-0PS+ / O 5755597 23 e
NORMAL LX =Nl . -
. moexeo | . x - | 0023 | °* cm-chr2, X
Load (OPA-(D))g_, into X. No B¢cp (OPA’r)g», - -
- ?:;2;:: LX O 4,3 oPA CIT-0PS+ | i X 377 23y
. ORI T poo00eoz 34 Nv.c,
: ' OPRND 2> X
OPERAND -0 | O 22 OPRND CIT=-CiS+ 2 “ - -
Load OPRND,_, into X. Lx 4 0 8-t 377 25%€
OPRUMD / 27 ‘/5—& NC

" NOTES:

(1) Registers:

A, B, C, D, and'I unchanged.

(2) If C register addressed: (C)8 1 > L




STORE A

EXECUTION 2, 266
TIME—— WORD TIMES MICROSECONDS
REGISTER STATUS
OPERATION MODE | OPERATION °’l'mm::m wsTRucTion | CAY |ADDRESSABLE EFFECT OF OPERATION REG BEFORE AFTER
oot CODE ADDRESS oF2|  REG'S. -
: SA N
Store (A) in OPA. NORMAL SA 0076 OPA crcse2 |
’ . No | 6,C.P (A) > 0PA 000000 #0850 NC.
DELAYED SA -0 | /0676 oPA CIT-0Ps+ ¢ ©PAT 1 ho0000 123¢ | cooooo¥oso
NORMAL SA -Ni OPA CIT~Cis+ 2
Store (A) in OPA{). INDEXED s - g077 : (T
No |BC.D | (A) » oPA-(D)
DELAYED sA o | ,4q OPA CIT-0ps+ | A 0000006 #0506 - NC.
INDEXED 7 |~ OPAIY | 000/ 23958 | 0doooovoso
NOTEs: (1) Registers: A, I, and X unchanged; B, C, and D unchanged, unless addressed.
(2) I C register addressed: (A)lvl >C.
EXECUTION 2 +(x) 26€ +133(x)
STORE A REPEAT TIME— WORD TINES MICROSECONDS
. REGISTER STATUS
OPERATION MODE ::g% OPM‘RUCE:M :‘:s’;;ucnm' CAN | ADDRESSABLE EFFECT OF OPERATION REG. i
ObE 1 TRUC] orr | Re's. EG. BEFORE AFTER
N 0000000600 .C.
Store (A) in OPA and in all NORMAL i:: 0176 oA cIT-csege2 (A) » 0Pa, 0mr2 A ,/VV é
consecutive sectors up to /\/6 Bcp 4 ﬁ‘) . X {77 .C.
OPA+(X). crv—ops ( ¢ @M+/70) | 195€701234 | 00oge0s0 a0
DELAYED SAR -0 | s 74 orA -oPsH()4 (x) 2x PR | sysdzoi 0¢doadaco0
Store (A) in OPA-(I) and in all NoRMAL SAR N o 77 | om om-css(xpea| (A) > 0pA-@), 0m-@)+1, A | oo0coocsoo Ne.
consecutive sectors up to AR - Na gcD- ' X o1z NC
OPA-(D+(X). DELAYED SAR -DI oPA cIT—opse 141 (] 0PA-(D) HX KoPa-B)r12) | 000000723 % vooccoe 0€ 0
INDEXED 177 . (X =X ) 1777777777 20000 cC odo
NOTES:

Registersﬁ

(1)

A, B, C, D, I, and X unchanged; although B, C, and D registers are addressable, this command wpuld not be used to address them.




STORE B EXECUTION 2 266
TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
SYMBOLIC OP'NSTRUCT‘ON NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
MODE
OPERATION DPE%?’EON CObE OPERAND nggggm oF | ReG's. REG. BEFORE AFTER
S =N
Store (B) in OPA. NORMAL sg Q0 €4 oA cIT-cis+ 2.
Ms| C,D (B) » ora -
DELAYED S8 -0 10.6¢€ OPA CIT~0PS+ | . 00000064050 ~.C.
000000 i 134 Q600004050
. NORMAL SB -NI
Store (B) in OPA-{}. s sg Nl ooer | oo CIT-Cis 2
: No| CD (B) — omD
DELAYED sg -0 . oPA cIT-0Ps+ | B 000006 4050 N.C.
INDEXED 1067 TOPAD]
000000I23Y | 0000004050
NOTES: (1) Registersi A, B, I and X upchanged; C and D unchanged, unless addressed.
(2) If C register addressed: (B)/( , >,
STORE D EXECUTION 1(‘
TIME— WORD TIMES MICROSECONDS
- REGISTER STATUS
SYMBOLIC NSTRUCTION NEXT CAN |ADDRESSABLE
OPERATION MODE OPERATION oP OPERAND | INSTRUCTION EFFECT OF OPERATION R
ERAT CODE ki oF? | REG'S. EG. BEFORE AFTER
sp N ) ,
Store (D) in OPA. NORMAL sD SOTL | o clT-chr2 AR (D) —> Opa
(o]
DELAYED Ky > ~D /e 72 OPA CIT~-0PS+ | ¢ (OEA) 0000004059 /VC
. 060000 [273 4 066 a00 Yosu
NORMAL Sp =N OPA CIT-Cis+
Store (D) in OPA-). INDEXED sp - 0c¢ 73 ' 2 Yo%
No| B < (D) —» 0PA<D £
DELAYED sp bl OPA CIT~OPS+ | GOAHoscoon LA
INDEXED 16732 GPAY -
) QOAECG ) 3y O 050000

NOTES: (1)

(2)

Registers: A, D, I, and X unchanged; B and C unchanged, unless addressed.
If C register addressed: (D),‘F, -




EXCHANGE AB

EXECUTION R EE
TIME—— WORD TIMES MICROSECONDS
REGISTER STATUS
SYMBOLIC INSTRUCTION NEXT CAN | ADDRESSABLE
OPERATION MODE OPERATION cgsz OPERAND | INSTRUCTION o | Rrees EFFECT OF OPERATION REG. © BEFORE AFTER
CODE ADDRESS ? .
EAB N ) 000000123% | 1777777777
NORMAL 4R do 42 O35-NNN | CIT=Cls+ 2 . (/Q) — B 4 -
) £ : N - A 1777777277 0000 00 1239
." Exchange (A) with (B). 0 @B A
DELAYED EAB o | jo42 | d35-0p5 | CIT-OPs+ | TOPAY
i NOTES:: (1) 'Registers: C, D, I, and X unchanged.
.
EXECUTION - < 26¢
EXCHANGE AC TIME-— WORD TIMES MICROSECONDS
REGISTER STATUS
1
SYMBOLIC ISTRUCTIEN NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION cggs OPERAND | INSTRUCTION oF? | REG'S REG. BEFORE AFTER
CODE ADDRESS ? -
c =N - 777000/7 Q000 12395€
wormae | 24 Cod2 | O3[-An | cr-cis+ A - C /9 / 2
EAC N _ 76~/ C /2395¢ 000i77
Exchange (A)16-1 with (C). o (C) —> A,‘,.,
DELAYED | EAC =D | /042 031-0P5 | CIT-OPS+ 0 2 As 217 TOPAY — -
NOTES: (1) Registers: B, D, I, and X unchanged.
EXCHANGE A EXECUTION 2. 2 6€
G D TIME~— WORD TIMES MICROSECONDS
REGISTER STATUS -
SYMBOLIC INSTRUCTION NEXT CAN | ADDRESSABLE
OPERATION MODE OPERATION op OPERAND | INSTRUCTION EFFECT OF OPERATION REG. BEFORE AFTER
CODE CODE ADDRESS O'F?| REGS. ) :
£4D -N . ceceeer2 3 / 17777
NORMAL | pap 0G| 030-MMN | ciT-ciss 2 (a) —>D A Ceoerz 3 7777 7
- Exchange (A) with (D). : o - 54 D 1747777727 | €000 23y
o —
DELAYED £4D -0 let2 | 030-0P5 | CIT-0PS+ ’ © TOPAY N =
'
NOTES:

{1} Registers:

B, C, I, and X unchanged.




-

EXECUTION = 2 €¢
EXCHANGE Al TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
1 .
SYMBOLIC OPINSTRJCWN :"fs’%u CTION CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION OPERAND . REG. BEFORE AFTER
CODE CODE ADDRESS O'F?|  REGS.
EAT -N -~ A /777006777 90012356
-, - —
NORMAL EAT C0%2 |OR5-awy | ciT-Cis+ 2 N ~ (/4),6-, L a 12395¢ 000/77
Exchange (A) with (T). E ; 4} ﬂ .
16-1 . () —= /e
-D 2 57 CIT - OPS+
DELAYED | EAT Jo¥2 .o 5-0PS° { 0 —>As 2147 —(OPA) — —
NOTES: (1) Registers B, C, D, and X unchanged.
EXECUTION . 2 26¢
REPLACE A WITH I TIME—— WORD TIMES MICROSECONDS
- NSTRUCTION REGISTER STATUS
SYMBOLIC NEXT CAN |ADDRESSABLE :
EFFECT OF OPERATION
PERATION MODE OPERATION opP OPERAND | INSTRUCTION . \ REG. BEFORE AFTER
OPE CODE CODE ADDRESS O'F? |  REG'S.
L -N _ Vel (777777777 | ©000 990277
. . NORMAL A;’e/::l" Ol 925 -NW | cim-cis+ 2. (_27 —> A/‘_/ 7 000277 W C
“Transfer (I)sinto A16"-1' ,VO — 0 > A L C.
S 27-1
DELAYED | RAT -0 | [J42 (025-0Ps | CIT-OPs+/ @ -1 ? TOFAY = .
NOTES: (1) Registers: B, C, D, I, and X unchanged.
] EXECUTION 24¢
REPLACE I WITH A TIME = WORD TIMES MICROSE CONDS
INSTRUCTION REGISTER STATYS .
OPERATION MODE 5;’@‘,52%.‘& op OPERAND WoTrucrioy | AN [ADPRESSABLE EFFECT OF OPERATION REG. BEFORE AFTER
CODE CODE - ADDRESS O'F? |  REG'S. .
- d000e0e 350 Ne
RIA =N ) A .
NORMAL R4’ 0242 | O25-NWN| cCIT-Cis+ 2 /\/ _ (/4)/‘_/ = ra 723 75% Zoo 350
/Transfer (A)l‘é-i into. I. - o] ‘) > A
DELAYED RIA -D /242 Q25-0Ps | CiT-0PS+ | TOPA) = ~

NOTES: (1) Registers: A, B, C, D, and X unchanged.




EXECUTION 26¢
EXCHANGE AX TIME—— WORD TIMES MICROSECONDS
REGISTER STATUS
INSTRUCTION
0 TION MODE 3}3.?2%,’3., op 5 ::Es%ucnon CAN | ADDRESSABLE EFFECT OF OPERATION
PERA OPERAND REG. BEFORE AFTER
CODE CODE ADDRESS O'F?|  REC'S. 3
EAx =N : JQ00007220 0000000377
NORMAL CaY2 | Opy-wwn| ciT-cist 2 (/9) > X
/' Exchange {A); ', with (X) EA% A/ - 8-1 X 377 220
ge {Alg.y : 2 &) —> Ag
DELAYED | EAX -0 | /042 | O2%-0FS | CIT-0Pst ( 0 > As 27-9 TOPAY — Z
NOTES: (1) Registers: B, C, D, and I unchanged.
> EXECUTION. 2 266
EXCHANGE AX LOW B I TS TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
. INSTRUCTION
SYMBOLIC o8 NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE | OPERATION op OPERAND | INSTRUCTION oF? | ReG's REG. BEFORE AFTER
: CODE CODE ADDRESS - ? -
EAXL -~ : 02/2006660| 0212006620
: . NORMAL 0442 (O2%-NNN | cim-cis+ 2 (X)7_, - /47_, A >
Transfer (A), , to X, and (X), ,. EAxL - - A X 029 2
8-1 7-1 No A)s 29-8 = As,278
to Ay - DELAYED | EAYL -D | /472 |024-PPP | ciT-opse ‘ (g —> X TP
REPLACE A WITH X EXECUTION Z 266
TIME-— WORD TIMES MICROSECONDS
REGISTER STATUS -
INSTRUCTION
SYMBOLIC NEXT CAN | ADDRESSABLE EFFECT OF OPERATION .
OPERATION MODE OPERATION opP OPERAND | INSTRUCTION o2 o REG. BEFORE AFTER
CODE CODE ADDRESS F?| RECS.
RACX =N A 1777777777 GoCo0aC 120
QIf2 | 0z% MMV cT-cis+ 2 "y A :
NORMAL . P ~
Transfer (X) into Ag_y- RACx No -~ <K) > ey X /R¢ v C.
DELAYED | RACK =D | /74> 024 -0PS | CIT-0Ps+ | ()?) = ‘/‘is‘ 2244 o
i =X = Z

NOTES:

(1) Registers:

B, C, D, I, and X unchanged.




—

REPLACE A WITH X LOW BITS EXECUTION = 2¢¢€
TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
SYMBOLIC INSTRUCTION NEXT CAN | ADDRESSABL!
OPERATION MODE | OPERATION op OPERAND | INSTRUCTION \ OLE EFFECT OF OPERATION REG BEFORE AFTER
CODE CODE ADDRESS O'F?1 " REG'S. )
Ak =N _ o 55¢s S 000 5" b
NORMAL ‘, QTY2 | OLy-MAN]| ciT-cCis+ 2 (K)7_ -2 ,'77_, A (000555055 | /000555477
Transfer (X) into A_ . KA HL /1/\ - ! X 177 ias
7-1 7-1 ' o (A5 206 = A5 0205
DELAYED RAKX =D /52 é Q24 -GPS CIT-0PS+ ¢ Q() > X (GPAY — -
NOTES: (1) Registers: B, C, D, I, and X unchanged.
2 266
X WI A EXECUTION
REPLACE TH TIME—~ WORD TIMES MICROSECONDS
REGISTER STATUS
SYMBOLIC INSTRUCTION NEXT CAN | ADDRESSABLE
OPERATION MODE | OPERATION op OPERAND | INSTRUCTION 5 EFFECT OF OPERATION REG BEFORE AFTER
CODE CODE ADDRESS O'F? | REG'S. , -
RxA -N . COPcre02.77 N C
NORMAL Q1A é2y e O2% -Amn | CIT-Cls+ 2L , ('4)8-/ 7 X f /20 ) 4
Transfer (A)B-l into X. A’d - (4) — A =
DELAYED RXA =D | rz272 | O2¢-0py | CIT-0PsH| ‘ ’ —OPAT — —
.
NOTES: (1) Registers: A, B, C, D, and I unchanged.
EXCHANGE AM EXECUTION 2 Ré6
TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
SYMBOLIC INSTRUCTION NEXT CAN | ADDRESSABLE
OPERATION MODE OPERATION op OPERAND | INSTRUCTION , EFFECT OF OPERATION REG BEFORE AFTER
CODE CODE ADDRESS O'F? REG'S. .
NORMAL .:_: A OGY2 { 020 -MAN| CIT-Cis+ 2 (/‘?) ’7 M A 1673726075 RAI LR 2L
FA44 i ! - 5 A Vad] [776 29973 /673726095
Exchange (A) with (M). ! - - (m) —7 /
DELAYED | £AM =D | sy | 020 15| cim-ops+ | TOPAY
| - Z

NOTES: (1) Registers:

B. C, D, I, and X unchanged.
corresponding bits are exchanged; upper bits of A recirculate.

priority interrupt lines}):

M Register Bits

Register Designations

(2) M register may be 8, 16, or 28 bits long.

If M is less than 28 bits, only
(3) Up to four M registers may be used (up to 112

Operand Track Addresses

1-28
29-56
57-84
85-112

M1
M2
M3
M4

020
060
120
160




MASKED EXCHANGE AM EXECUTION 2 2 6¢
TIME—— WORD TIMES MICROSECONDS
- REGISTER STATUS
INSTRUCTION
‘ N op el CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE | OPERATION opeRaND | INSTRUCTION | |7 REG. BEFORE AFTER
CODE CODE ADDRESS ’ .
E484 N A 1777772777 [1775777777
Exchange corresponding bits between NORMAL | = 4 g Cqyq2 1020-NMNN | ciT-cis+ 2. B B a ()Z 00000 -
A and M for which there is a '"{' in . NO — SEE NOTES _0 — __N <
the corresponding bit position in the CELAYED | E4BM-D | Jyg2 | 020-0PS cIT-opst | M 1755776777 1757776777
B register. : ! (OPA)

NOTES:

(1) See "Exchange AM'".
in M, and vice versa; 0-bits in B register mask corresponding bit positions in A and M registers from being written into, and those bit positions in A and M are unchanged.

(2) B register used as a mask: 1-bits in B register permit corresponding bit positions in A to be written into corresponding bit positions

EXECUTION 264
REPLACE A WITH M TIME—— WORD TIMES MICROSECONDS
REGISTER STATUS
INSTRUCTION
SYMBOLIC NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION opP OPERAND INSTRUCTION P REG'S. REG. BEFORE AFTER
CODE CODE ADDRESS O'F? EG'S.
R4Mm N A Coaoco yege | | 177676967
NORMAL G121 OO0 MM | ciT-cist m) = A
RAY 2 N - (M) M 1777676467 A4
‘ \ ¢ (m) =M
Transfer (M) into A, DELAYED RAM =0 | /142 | O20-<P5 | CIT-0Pst ) OPAY — —
NOTES: (1) See "Exchange AM'.
-
REPLACE M WITH A EXECUTION < 2ec
TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
INSTRUCTION
SYMBOLIC " NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION o OPERAND | INSTRUCTION ofr | Ree's REG. BEFORE AFTER
CODE DE ADDRESS : :
Rovid =N 4 1717777 A<
L2 AN - y R —
NORMAL | oy, 020 ciT-cis+ 2 No (A) =M o 177177777
i | . ‘o .
Transfer (A) into M. DELAYED Wovid D | jaga | 020-CF5 | cmoopss | (,1) e T - S——

NOTES:

(1) See "Exchange AM',




MASKED REPLACE M WITH A EXECUTION 2 266

TIME-~ WORD TIMES MICROSECONDS
oPERATION wone g;g:ﬂalg" opIN$'I’RUC'I'IOM :‘:s).(rT " caN | ADDRESSABLE CerECT OF OPERATION REGISTER STATUS
el CoDE OPERAND ADDggg' o'F2 | REGSS. REG. BEFORE AFTER
Replace corresponding bits in M from NORMAL Kmag =N C6q2 1 020-NNN CIT-CIs+2 '4 17777717777 n.C.
A, for which there is a "1 in the RMAg Ne - SEFE NOTES B 0002000000 N.C
i:;:setsel:;cjnding bit position in the B oELAYED | RM48 -0 /692 loza-ops | cim-oess | . (/‘:PM 1758776 177 | 17577767717
NOTES: (1) See "Exchange AM'". (2) B register used as a mask: !-bits in B register permit corresponding bit positions in A to be written iﬁto corresponding bit positions in M;

0-bits in B register mask corresponding bit positions in M register from being written into, and those bit positions in M are unchanged, (A and B are unchanged.)

2 2 66
E EXECUTION
XCHANGE AQ TIME—— WORD TIMES MICROSECONDS
. REGISTER STATUS
INSTRUCTION
MODE SYMBOLIC op > NeTRUCTIO CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION OPERATION UCTION } .
‘ CODE CODE OPERAND | DRESS 0F?|  REG'S. . . REG. BEFORE AFTER
FAQ N . QOO00o0Co oY)
NORMAL. - 0042 | OUI-NAA| CIT-Cis+ L (ﬁ?) — { A < Q| Q09000iool
FAQ i A//‘ _ ) Q CAOO00 100 e NEO 00000
Exchange (A) with (Q). ' R Q) —7 A
DELAYED | £49C =D 16Y%2 ; 02t~ CIT-0PS+ & O
NOTES: (1) Registers: B, C, D, I, and X unchanged. (2) Q register may be 8, 16, or 28 bits long. If Q is less than 28 bits, only
corresponding bits are exchanged; upper bits of A recirculate. (3} Up to four Q registers may be used (up to 112
priority interrupt lines):
Q Register Bits Register Designations Operand Track Addresses
1-28 Q1 021
29-56 Q2 061
57-84 Q3 121
85-112 Q4 161
- - Y -
REPLACE A WITH Q EXECUTION 2 2 &4
TIME —— WORD TIMES MICROSECONDS
REGISTER STATUS
e ovaTRUCTION TR CAN | ADDRESSABLE EFFECT OF OPERATION !
OPERATION MODE OPERATION INSTRUCTION " ! H .
CO0E CODE OPERAND | DORESS OF?|  REG'S. REG. BEFORE ; AFTER
(S Y2 o ra | CiT—cis . N CCCea 2 37 B N A e
< - -CiS+ - N R
NORMAL R4 2L - A 2 ; <\,) w4 O YT 7
Transfer (Q) into A, ' i A:’(i - . ( s
DELAYED | fiyc. =D | jgup [ORI-CF5 | CIT-0Ps+ | ) (Y 7 W S roEAT .

NOTES:
(1) See "Exchange AQ".




26¢

; , EXECUTION 2
REPLACE Q WITH A TIME—— WORD TIMES MICROSECONDS
REGISTER STATUS
INSTRUCTION
OPERATION MODE gg?:ﬂﬁgn op :‘:sxr:zucnon CAN | ADDRESSABLE EFFECT OF OPERATION
OPERAND s , REG. BEFORE AFTER
CODE CODE ADDRESS O'F?|  REGS.

RRA =N A 0000000000 nV.C.

NORMAL 0242 | 02i-NNMN | cIT-cCls+ 2 —

, RGA . A/o _ (/4) Q Q 0000020 000 0000900 oo
Transfer (A) into Q. p—
(4) io DELAYED R@A -b [242 O2(-0PS | CIT-0PS+ | @) A TOPAY

NOTES:

(1) See "Exchange AQ'",




EXECUTION 2 2 €6
C L E A’ R' A B TIME—— WORD TIMES MICROSECONDS
INSTRUCTION REGISTER STATUS
SYMBOLIC NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION op OPERAND | INSTRUCTION oF? | Rec's REG. BEFORE AFTER
CODE CODE ADDRESS ? -
ZAB N | 00 g2 © 36 ~-NNN .
o .
NORMAL | 748 cr-cis+2 W o >A A (777772777 | ©6a00e0000
Set (A) and (B) to zero. p 036- 0Ps ] o - 1333333337 soocancead
DELAYED ZAg _p /0‘_’2’ CIT-OPS# 0 >8 (GPAT = —
NOTES: (1) Registers: C, D, I, and X unchanged:
EXECUTION 2 zZ 66
COMPLEME NT A TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
SYMBOLIC BSTRUCTION NEXT CAN | ADDRESSABLE EFFECT OF OPERATION '
OPERATION MODE OPERATION op OPERAND | INSTRUCTION o'F? | REG'S REG. BEFORE AFTER
CODE CODE : ADDRESS ? -
CMP N |00 g2 | ozé-wun A 000000123¢ 1777776594
CIT=Cls+
o NORMAL cCMP Z , 2's commement en (A) » A
Replace (A) with its 2's complement yES - i
DELAYED | CMP =D | /OH2 | 026-0fs| CIT-0Ps+ | TOPAT — -
NOTES: (1) Registers: B, C, D, I, and X unchanged.
) EXECUTION 2 26¢
MERGE TIME— WORD TIMES MICROSECONDS
INSTRUCTION REGISTER STATUS
SYMBOLIC NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION * MODE OPERATION oP OPERAND INSTRUCTION o'F? REG'S REG. BEFORE AFTER
CODE CODE ADDRESS ? -
. MG N
o0 6y OPA CIT-cis+ 2
NORMAL
Take logical sum of (A) and (OPA). Ma _ A/O B‘ (S} (A) @® (oPd) 7 A
OPA CIT-0PSH { ' 0000001234 0000005335
/ -D -
DELAYED MaG 1064 {OPAY o0c0c73at N
NORMAL MG N OPA CIT=CIs+ 2
MG -l cdes
Take logical sum of (A) and INDEXED MG s N B o ) (/4) @ (0rPA -(I)) > A
(OPA-(D)). DELAYED MG -t oPA CIT—0OPS+ o » A 00O I23Y 0006005335
INDEXED XX OPAD) T pae oo #321 NS
|
Take logical sum of {(A) and 1 -> A .
) - 196Y | OPRND CIT-Cis+ - A) @ 0PRND, /e - - - —
OPRND, . ,- OPERAND | MG -0 | a7éy 2 | Ne ( ;s- ’ﬁ/_) ! A J110611239 | 1111 7/5335
‘; (A)S,‘2.7~/7 S 27417 OPRND 119 321 N
| ] .
v i N ('4)5'17,,5-@OPR"’”W,,‘?/’;U.,S
UPPER . |
Take logical sum of (A) and MG ~U | g6¢Y4 1 OPRND CIT-Cls+ 2. e - L -
OPRND, ¢- S 21715 e 3 (/‘3)“1’/ hed f/,q_, foqitei2asy | 1217190239
- | OPRND 23 X
NOTES: (1) Registers: B, C, D, I, and X unchanged. (2) If C register addressed: (A)l_(a—i @ (C) —> Aié-l; (A)S, 2717 T AS, 27.17°




EXECUTION a 266
EXTRACT . TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
TION
SYMBOLIC MIRUENT NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION or OPERAND | [NSTRUCTION oF? | Rreg's REG. BEFORE AFTER
CODE CODE ADDRESS ’ g
Ex N
NORMAL Ex o RO OPA CIT-Cis+ 2. .
Take logical product of (A) and ' No 6 ) (A) ® (oPA) > A
(OPA). L A GO I23y Qccoopo e
-0 : ora CIT-ops+ 1
DELAYED EX /102¢ TOPAY Seae00 732y “N.C
NORMAL Ex M e opA cv-cis+ 2
Take logical product of (A) and WNDEXED | Ex - Nel Bep (A) ® (epr@) 2 A
(OPA-(I)). DELAYED Ex -0l | ,4ay oPa CIT—0PS ¢ © ' A G000 123y Ocococorz o
INDEXED WPA T ocr0 oo ¥321 N C
Take logical product of (A) and M (/9),6\ . ®(“PRND,‘A' > /4,‘4
- aYy 20 OPRND CIT-Cis+ -
OPRNDy ¢ _¢- OPERAND Ex -0y o4 ! 2 ° 0 7452949 A 111001239 | 0000000220
1 .7
! ’ OPRND 014321 N
i (A) &) orrmo . FA
i | e PRRRALRL Y
Take logical product of (A)S, 27-15 U:::ER Ex - 0¢za | OPRND CIT—Cls+ 2 Mo - S, 2745 ey 4
and OPRND,, - - ' A, 7 A, ) 1777777777 | 0576231777
! OPRND /239y N.C,
NOTES: (1) Registers: B, C, D, I, and X unchanged. (2) If C register addressed: (A)ib-l ® (C) —— Aié-l; o — AS 27-17°
. EXECUTION 2 26¢
REDUCE INDEX TIME—- WORD TIMES MICROSECONDS
REGISTER STATUS
T
SYMBOLIC S TRUCTION NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE | OPERATION op OPERAND | INSTRUCTION | . | oo REG. BEFORE AFTER
- CODE CODE ADDRESS .
NE KR
NORMAL T oo 26 oPA CIT-Cis+ 2 ) T
~ T} -(¢r -
Subtract (OPA), , from (. . arover | No B.co (7 -(cr),., I3 cocore 0000¢r7
- YED N ~D g -
DELAYE R i 26 {OPAY et “NC.
NORMAL REL ':" e 27 opa cr-cise 2 -
' mpEXED | gy -l | CCZ No | BCD (D) -@ea~) > 4
Subtract (OPA-(I)) from (I). 9. ) — — -
16-1 DELAYED i =Dt . OPA CIT-0PS¢ | I aaece cooee7
INDEXED i je27 I TOPA{ coneacoccr N
1
1
i . N, .
Subtract OPRND, , , from (I). OPERAND RI -0 o2l | oernp CIT~Cis+ 2. ¢ - (I') ~UrRN Drm - 4 Py > ;
] 4 e » far ST
. ! L. -
‘ OPRND e N

NOTES: (1) Registers: A, B, C, D, and X

unchanged.




ADD EXECUTION 2 L 66
TIME=— WORD TIMES MICROSECONDS
REGISTER STATUS
SPERATIO OPINSTRUCTION ok CAN { ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION INSTRUCTION
co?,; CODE OPERAND ADDRgscsT o O'F? REG'S. REG. BEFORE AFTER
AD =N cc co
NORMAL ) 3 | opa CIT-Cls+ 2_ ) ) )
A fes| C D | (:3)r (ora) > A ’
Add (OPA) to {(A). DELAYED AD o (¢ 6o opA CIT-0Ps+ / (:I”A) c‘t‘(“-"(\u(':-co GAOCOBOEO0
CAcoe 0 en NcC.
NORMAL AD N
INDEXED AD - CcCet OPA CIT-Cis+ 5 7{
’ : es| B.CD ‘A) + (oPA-I) » A
Add (OPA-(I)) to (A). DELAYED AD =D ¢ oPA cIT-ops+ ' () ) A HACOA0 23 | ©0Cea0 201
INDEXED 1¢éd TOPA=TY ; ;
: 17271772775 Ac.
H
| 't (A) ¢ cerrip, 7 A
, : 55 PRA 7
Add . OPERAND D=0 | 64 &G | OPRND CIT-Cis+ 2 £y - A)t . ‘
OPRND ¢ _y to (A) A E ol A 1771777720 |1177777205%
: OPRND covossy XS
NOTES: (1) Registers: B, C, D, I, and X unchanged.
"SUBTRACT EXECUTION y 2 6¢
TIME~~ WORD TIMES MICROSECONDS
- REGISTER STATUS
ODE Ml OPINSTRUCTION heath CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION M OPERATION OPERAND | INSTRUCTION ! REG. BEFORE AFTER
CODE CODE ADDRESS OF?|  REG'S.
Su =N .
NORMAL SO C0 3¢ | opa CiIT-Cis+ 2. R . ) ( 4
- Ve Cp | (A) -(crr) - /
5 ‘ -
Subtract (OPA) from (A). ) £ ot DeeecGo SO Qe ete 6y el
) A DELAYED SU -0 | 4o 26 oPA CIT-0Ps+ | (Q’A) he “ — geeece "'
O CCOOOIOC ILC
NORMAL S NI
INDEXED ’St o T OPA CIT=Cis+ 2. ) } 4
Yes| B¢ D 4) ~ (craqD) -
Subtract (OPA-(I)) from (A). ?:;E“;’:: se O g oPA CIT-0Ps+ J C (4) =« ) A Ceeococ e | ceoceco 700
i ORI 1 777777600 L.
: P ,
. OPERAND ie -0 ! OPRND cr-cse 2 | YES - (#) - oPruD,, l_,A 3 7
1 - / (71777717170 7999Y
Subtract OPRNDM_1 from (A)ié-l' S OPRND g R 2
f4sss xS
NOTES: (1) Registers: B, C, D, I, and X unchanged.




- ¢ 3990
2 EXECUTION 3 )
MULTIPLY 7 TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
INSTRUCTION
SYMBOLIC e NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION op OPERAND | INSTRUCTION | o 1 oo REG. BEFORE AFTER
CODE CODE ADDRESS ! .
M2 N . 4 g A GAro0MIL3Y e cocnaca
T30 cIT-cis+ 3¢ (A) < (0r4q) 27+ 2+ ;
. NORMAL 417 [ ora ; R 271 20e1 t27 ~ 2er7z2e
Multiply (A) x (OPA). Ne|BCD Ca)s % (0PA) —> A5 16, g - S — :”
<. ’
27 o oPA CIT-0PS+ 3§
DELAYED 27 -0 | 301 3 (A 2 C TOPRY 1 goaceco7sy v
NORMAL 7 1-7 =Ni 0303 oPA crT-cis+ 3¢ (1) x(oPAy v N "nA,KL‘I-I A deoooclialy oecCconocn
INDEXED | 4927 = N ) 234 YT I3 - coo0r33as e
tiply (A) % (OPA~(D) ol CD (A, < oPi-ay, 2A; s
Multiply (A) x ( m). DELAYED R [ s c - ootz 3y
27 0| yape opA CIT-0Ps+ 35 ey > € .
INDEXED ' Yre~y [ (OPAQ) QOU00iCE neC
E (A),,., ¥ opcwo, 7Ry, 821 2 GooocnrL3y 0'0(-'000;'“ ¢
i 8 - acCeo dcéry
y . I _ ¢ i - /9, > A, 76,
Multiply (A) x OPRND, , . oreranc | M27-0 | 703 | OPRND cir-cis+3 N %r’ "4:“_) c oori3y
1
| Alpger > € OPRND 0000:3 N
) R s R+S
NOTES: (1) Registers: D, I, and X unchanged. (2)  Scaling: (A) at 2 x (OPA) at 2" = (A) (B) at 2 .
G
) EXECUTION 29 3192
MULTIPLY 21 TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
SYMBOLIC [NSTRUCTION NEXT CAN { ADDKESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION oP OPERAND INSTRUCTION oO'F? REG'S REG. BEFORE AFTER
CODE CODE ADDRESS : .
Mzi N s 3 (A)yq., <0P3),, 42, B, A Qecwe0r23y | ¢ eoovueao
NORMAL M2t (&S oPA cit-cis+ 30 | Be (A xP), >3, ¥ A R GAQCaaeood W2Q72000
Multiply (A) x (OPA)S 21-1° CIT-0PS A”:’ =D 0P, 7B, [ - ©oix3y
’ - - e - OPA - +2. .
DELAYED W2) -0 | sze2 27 Yy = C TOPAY Goovcad 1Sy A<
NORMAL |t N g 1 oPa cIT-Cis+ 2 Ay Xora@), DA, 8,99 A QAo00cre sy seg oo ceca
WOEXED | M1 A Ne ECD (A, s 0P > A ¥ B B gcaee/200t 13325000
Multiply (A) x (OPA-()g - T — p~ PR Y (o, y 7 By < — Y
INDEXED | - reas (A, > C O | voocccecsog A e
E (7.)17-1 » QFRNO, | 7A,, B, -7 A Lo 2ly Gncccecgac
! 2 A, »A, F B, fdocee 2o oo Seke YOO
) OPERAND | .21 =0 | {62 | OPRND cIT-cis+ 3G - kfa - 44 P oa /’) -
Multiply (A) x OPRND , . Ws Za0g < Ceexdy
- e, » < OPRND e 3 Lo
R s R+S+6
NOTES: (1) Registers: D, I, and X unchanged. (2) Scaling: (A) at 2" x (OPA) at 2 .

= (A) (B),, ;at2




] EXECUTION I zz €l
. MULTIPLY 14 . TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
SYMBOLIC NS TRUCTION NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION op OPERAND | INSTRUCTION oF? | RECS REG. BEFORE AFTER
CODE CODE ADDRESS ! -
2N proa | oea ar-cis+24 | Azr4 <0y, > Aos 52ty A 000900/23Y | 000200002y
) NORMAL | e . - Y A5 x (0PY; > As ¥ 5; I} 09000000000 | 3036400000
Multiply (A) x (OPA)g 4 4 ) o| BcD C@rz7p5 > Biz-y c - — 00/23Y
. . ) -D OPA CiT - 0OPS+
DELAYED | /MY Ji.02x Ap-172 < OPAT 1 0g0c00075Y AC.
NORMAL | A7/ =Ni oA cIT=cist 2/ Aq.y xCOP@Y), 245 Carry A 000000/23Y | 0000060600 -
o ) o INDEXED | st =t | 0103 No| gep s « (opa~@). 2 As € Es B 0680000000 | 66£2.5000 00
Multiply (A) x (OPA-(I){ ‘44 4, DELAYED | p/e g oPA CIT-0Pst2g e Ny oD,y 452 B3¢ < - 0023y
INDEXED o3 CAyeq > < OPAD T 6ag0000/0¢ NS
(/‘Uz.,_, x 0"”";~_,:'4,9.,Ez1-/y /; 000 aou/ozzv 0000060000
o . A >As 7B d000o00adad 0614 S coooo
: N - - 2 -
Multiply (A) x OPRND, .. OPERAND | MI¥ —0 | 0502 | oPrND cIT-Cis+2( No gjpf > Pyrs — — 001137
OPRMD, ;e B,y OPRND
(A1 2 C 000023 A C
: R+S+ 13,
NOTES: (1) Registers: D, I, andX.unchanged. / (2) Scaling: (A) at R x (OPA) at 25 - (A) (B)yp 442t 2
" EXECUTION 10 /330
MULTIPLY 7 TIME— WORD TIMES MICROSECONDS
NSTRUCTION REGISTER STATUS
SYMBOLIC o> NExTU TN CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION OPERAND INSTRUC o'F? REG'S. REG. . BEFORE AFTER
CODE CODE ADDRESS ! . : '
MT N v o ‘CI“ (ﬂ)]g-, <(0Pﬂ}7_' —7/12_’-’ el-"l-ll A 000000234 0000001063
NORMAL M7 Qoo | ora ~Cis+/2. 8 A 0Pl 7 A; 16 B 0000000000 0500000000
) Mu{;iply:(A) x (OPA)S, 7.1 i . /Vo ‘Cl ) (",fﬁ)u_a > Brooy [ - . 001234
DELAYED M7 > | joon | P4 CIT-0Ps+ 4/ Gy > C P | ponooo0 757 hC
lwauu. m17 -:u 0ao3 orA cIT-cist 2 (A)z3., x(oPa-09), A2 Bz A4 0000001234 0000000555
- v NDEXED | pgg = No |l Be D (A)s x C0PA-®Y_ > Ag 78 8 0000000000 0240000000
Muiti OPA-(I)); . -
iply {4) = ( Mg 7.4 oeLaveo [, . oPA CIT~OPS4 £ S (0pA~CH)y7.8 7 Bro-t [ - 00123¢
INDEXED 7 1603 (A > C | PR | pavoocso o6 rC
(A, x 0PRNO,, 24 5 By, A 000000:123% | 0000000/%3
3 . talels] 0126000000
! . _ (4), » As ¥ 8 9’,«;27. . 3 00000 G<
Multiply (A) x OPRND7-1; OPERAND M7 -0 o¥ox : OPRND CIT=CIS+ /2 Na 5 o ranogn > Byl 8 c — cari3y
:| ("')15»/‘ »cC OPRND Qoeos3 VAN
. R+S+20
NOTES: 1) Registers: D, I, and X unchangéd. (2) Scaling: (A) at ZR x (OPA) at ZS = (A) (B) at 2 .
(1) g g 1i%027.21




DIVIDE 27 EXECUTION 31 4723
TIME— WORD TIMES MICROSECONDS
‘ y ] REGISTER STATUS
SYMBOLIC INSTRUCTION NEXT CAN | ADDRESSABLE : . A
OPERATION MODE OPEC%AI;LION OB OPERAND L!:)S;gél;:snon oFr|  Rees. EFFECT OF OPERATION REG. BEFORE AFTER
D27 =N 000060/ ¥
) NORMAL 027 0312 | ora ciT-cis+ 37 (”%am) 2> A g 9 f /33 3:::;:2:;:
Divide (AY by (OPA). N YES 8. ¢n fermuoen —> B Y - Cooavo
DELAYED 27 ~D 312 OPA CIT-0PS+ - 1
7 134 36 (0P C O 1 60000002 70 V..
NORMAL 27 NI _ ) 4 ) s5
) ' NoRwAL g,r’ 2 ogiz | oom cir-ciss 37 ¢ ”%om-(r)) > A A 0000000 /¢ oo«:o::c;:o e
Di¢ide (A) by (OPAL(D). - Yes| B¢,D Remawoer => B £ 991 999
DELAYED D27 -0 ) oPA CIT-0Ps+ 3¢ ' Q - 000000
INDEXED 1313 L PR PR | 9330800000 M.e.
ol o A 0000000/63 005000000 -
4 : - d000 000000
. > = oP 27 =0 /2 GPRND cart-cis+37 . B
Divide (A) by OPRND, (. . - ERAND b27 o7 VES- - T C - 002940
¢f£lvp,‘_l—? C ND 002400 M.C.

NOTES: (€3}

(2)
(b)
(<)

(d)

Registers: :D, I, and % unchanged, (2) Scaling: {A) at ZR/(OPA) at Zs = (A) at 2

on ratio between absolute magnitudes of dividend and divisor:

If (A)/(OPA < {, quotient is correct as genera&;ed.
Overflow is indicated whenever (A)/(OPA) > 1.

If 1 < (A)/(OPA) < 2, quotient as generated is missing its most significant bit. Correct quotient can be reconstructed in thi

R-S

; Rernainder = (B) at ZS (scaled from B

(changes scaling) and replacing the missing bit in A27: a """ if AS is "0'; a "O" if AS is ",

If (A)/{OPA) > 2, quotient as generated is meaningless and cannot be reconstructed.

27)'

(3) Correctness of quotient depends

s case, however, by shifting right one place

" 5 23
2 EXECUTION 2 25
DIVIDE i TIME— WORD TIMES MICROSECONDS
‘ REGISTER STATUS
N 10N
A OPERAND , .
CODE CODE ADDRESS oF2 | REGs. REG, BEFORE AFTER
D21 N ) 000000033 | COOY43/443
o . NORMAL Dot ol OPA ciT-cis+ 3¢ (’434/(0—/;»4)/’9 AJ, P /l; — oooooco‘:yo
Divide (A) by (OPA). . » . VES g (1[ D P s ,‘__7;2.,_
21 - oPA CIT-0Ps ! FMalvoER c - 0002410
DELAYED D21 -0 /1272 . +30 Corm) s AT
76~} 000000 02 Y0 A<
:ﬁ;::; D2 -:” 0213 oPA CiT-cis+ 3§ @)/(d/'/’-(ﬂ) >As5 20 A 9000097190 0000000133
Divide (&) by (OPA<(1). b VeEs| 80,0 As=> Azgan 8 - 01000000 00
?:;:::3 D2l D | s5 43 oPA CIT-0PS+39 ! REMsmoER —> c — 000 00
CoPA~(TY,, , 2 < PR | y50000 0000 p.C.
O’)/amw,‘-, 2 As, 20 A 0000008710 Q002663143
Divide (A) by OP’RND'16_1- OPERAND Dzl -0 | 0612 OPRND cIT-cis+3} YES - As =2 Azgaz & - ©000090/00¢.
Remsvosr —> B [ - 00260
0PRND ¢ —> € PRND Q02462 N.c

NOTES:

(1) Registers: D, I; and X unchanged. (2) Scaling: (A) at ZR/(OPA) at 25 = (A) at 2R-S

' deépends on ratio between absolute magnitudes of dividend and divisor:

{a) If (A)/(OPA) <'t, quotient/is correct as 'generated.
(b) Overflow is indicated whenever (A)/(OPA) > 1.

-6; Remainder = (B) at ZS {scaled from B27).

(3) Correctness of quotient

(::) LIf 1 < (A)/(OPA) <2, quotient as generated is missing its most significant bit. Correct quotient can be reconstructed in this case, however, by replacing the missing
bit in AZ?.: a " if AS is "0'; a 0" if AS is "1,

(d) If (A)/(OPA) > 2, quotient as generated is meaningless and cannot be reconstructed.




on ratio between absolute magnitudes of dividend and divisor:

(a)
(b)

If (A)/(OPA) < 1, quotient is correct as generated.
Overflow is indicated whenever (A)/(OPA) > 1.

D DE {4 EXECUTION /8 2394
v I TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
STMBOLIC opINSTRUCTION hotd CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION INSTRUCTION
~ODE CODE OPERAND ADDRESS O'F? REG'S. REG. BEFORE AFTER
Drv -N 00000013 0000022/96
NORMA L DIy Stz OPA CIT-Cls+ 22 ("‘U/{&/’ﬂ)ﬂ"9 AS’ //4‘/-/ A <] 3
Divide (A) by (OPA). y BaD s =" Aagus B - 000000alao
] ) £s| 5,5, Remswoee —> B o - 000240
DELAYED Dty -p e OPA CIT-0Ps+ 2 o) {OPAY
(0P 4 =2 ’ B0Cc0000LY0 N.C
NORMAL -Ni
IN([))REXED g:: -1 013 oPA CIT-Cis+ 22, (,4)/(0,’,,_(3;) = As, rvy A 0000001770 | 0000000052
» [V S -
Divide (A) by (OPA-(T]). VESs g' ¢, D As —> /7;7%; B 0000 ¥ 00000
| e | om | s || e Rewscos = < - 000000
: CopA-tY,,., >C€ OPRE) T hoor#00000 AC,
4 000000 0/ 3.
(/4)/”‘,,‘/0/‘_, 2 A5 14 /1 000 33 00040 : ::z
. ) — 0000
Divide (A) by OPRND, . OPERAND DI4 =0 | ©5/2 | OPRND CIT-cis+ 2.2 YEY - As = Teris B e
t6-1 i Remamoer —2 C - ogozvo
! aPrND = C OFRND 000240 nN.C.
NOTES: (1) Registérs: D, I, and X unchanged. A2) Scaling: (A) at ZR/(OPA) at ZS = (A) at 2R—S-13; Remainder = (B)at ZS (scaled from B..). (3) Correctness of quotient
; 27
depends on ratio between absolute magnitudes of dividend and divisor:
(a) If (A) /(OPA) < 1, quotient is correct as generated.
{b) Overflow is indicated whenever (A)/(OPA) > 1.
(c) If1 < (A)/(OPA) < 2, quotient as generated is missing its most significant bit, Correct quotient can be reconstructed in this case, however, by replacing the missing
bitin A, _: a"{"if A_is "0"; a "O"if A_ is "1,
15 S S
(d) If (A) /(OPA) > 2, quotient as generated is meaningless and cannot be reconstructed.
D EXECUTION [/ /463
I VIDE 7 TIME—— WORD TIMES MICROSECONDS
; REGISTER STATUS
INSTRUCTION
SYMBOLIC hth CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATICN op OPERAND | INSTRUCTION 'Eo ) REG. BEFORE AFTER
CODE CODE ADDRESS O'F? | REGS. .
D7 N QQ0C0O0/33 | 300 0A6a 1o
NORMAL G012 | opa CIT=Cis+ /3 - (A)fcord) —7 As 7, A /3
f D7 y B cD As—=>A,9.8 B - 0000000200
Divide (A) by (OPA). b Es V! Remaivosr —> Q - Q002LY0
' DELAYED -0 : oPA CIT-0PS+ /2. !
7 (012 CoPA) e, > C O [ p00000270 Wc.
NORMAL p7 -m opA CIT~Cls+ (A) fcom-@) =215, 7 A (777777645 | /777777470
INDEXED 07 - 0or3 3 . )
Yes| B<,D As — Aarg 8 - 1727777650
Divide (A) by (OPA-(I)). ?:;:;53 57 o ors oPh CIT-opst/g \ Pemamwoer — B c _ 0002 40
CoPA-@), 2 C PR T so0g 0002 40 V.C.
(@/dfkhﬂ,‘,/ = Ay A 00000003%Y | 0000000024
’ — 000 602000
OPERAND p7 -0 O4/2 | OPRND cT-cis+ {3 YES - As—> Asq.g B . 9999002
! LREMAINOER —F C - 02400
! erewp,, ,—> C OFRRND 002409 N.C
. . R s R-5-20 . S :
NOTES: (1) Registers: D, I, and X unchanged. (2) Scaling (A) at 27 /(OPA) at 27 = (A) at 2 ; remainder = (B) at 2~ scaled from B27). ) (3) Correctness of quotient depends

(c) If 1 < (A)/(OPA) < 2, quotient as generated is missing its most significant bit, Correct quotient can be reconstructed in this case, however, by replacing

the missing bit in A

(d)

8:
If (A)/{OPA) > 2, quotient as generated is meaningless and cannot be reconstructed.

a'"1"if AS is "0'"; a MO" if AS is "1,




SQUARE ROOT EXECUTION /€ 2428
TIME— WORD TIMES MICROSECONDS
B REGISTER STATUS
INSTRUCTION
OPERATION MODE ggg:fhgn op rNEsxT;ucmN CAN | ADDRESSABLE EFFECT OF OPERATION
A .
£ el CObE OPERAND | WSTRUC oF? | Recs. REG. BEFORE AFTER
SQRT ~N - ] _ o .
NORMAL QO oPA CIT=-Cis+ 2.0 ?(oﬂﬂ)z —?/92.,_, - C:x-/ A 9090740000
sqRT ! 7-2 s 8 - Q000000002
£ (OPA) Not B, ¢D REMAMOER —> D27 -2, Q di79a0
Take square root o P. . . = OPA CIT~OPS+ §- -
27-2 DELAYED | SQRT =P | jog¢ 1 O —>A5,194785, P Crery PR Tooeoocoo 3t N.C
I:c;l:p;:; ?2:; -:u 0007 oPA CIT=CIs+ 2.0 7(0/% Ty 7 Araus ™ Ci3¢ A - Jd746240000
» ~ . : [3 — 0000054116
Take square roo: of (OPA—(I))27 2 DELAYED SQRT oI oPA crroorst (7 NO E, C, D REMAIMvOER > By9.2 3 — 017195
- INDEXED 1¢07 O ——;>/4 s ,q,,? 85,‘ "? C/G‘“I TOPA) 0716 000900 .C
! 7/ VP A - 000 5500000
| OFRNG 3 *Pra-ts 7S 7 — 000 0000246
Take square rous ve wenaD, 5. OPERAND | SQRT =0 | 0406 | OPRND cr-cs20 | No - REMAmoER —> Biga C - 000(31.
1 "
i O > Aszr-2300 7Bz P OPRND 177776 N.C.

NOTES:
(1) Registers:

D, I, and X unchanged.

(2) Scaling: I (OPA) at w’R, then "WOPA) = {(a) at 2% = (C) at 28" 1% (assuming C, scaled at 2°%7 Remainder = (B) at 2°X.

2R




SHIFT A LEFT ARITHMETIC

EXECUTION SEE ASTE
TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
SYMBOLIC INSTRUCTION NEXT CAN | ADDRESSABLE
OPERATION MODE OPERATION op OPERAND | INSTRUCTION o \ EFFECT OF OPERATION REG. BEFORE AFTER
CODE CODE ADDRESS 0'F? REG'S.
SLA =N SHiET ; Q012300001 0230000/00
NORMAL py Qo4z | OH-PPP | ar-cs+35 (/4)274 <= PPP PiAcss A o oy
Shift (A),. , left PPP places. - VES‘ - o,
DELAYED SLA-D /942 O ll-PPP CIT = CIS#PPRY

NOTES: (1) Registers: C, D, I, and X unchanged; for ""Shift A" instructions, B unchanged.

or 3724 microseconds; in delayed mode, execution time= PPP + 1 word times, or 133 (PPP + 1) microseconds.
execution time = 2 word times, or 266 microseqonds.

o

(2) Maximum PPP = 034.

(3) In normal mode, execution time = 28 word times,

(4) In delayed mode, if PPP = 0, NIA = CIT-CIS + 2;
. {5) For left arithmetic shifts, overflow is indicated if any bit shifted out of A27 # AS.

SHIFT A RIGHT

‘ARITHMETIC

EXECUTION SEE NoTE
TIME—~ WORD TIMES MICROSECONDS
REGISTER STATUS
OPERATION MODE ggg:f#gu °PIN$TRUCT|ON qusgucnon CAN | ADDRESSABLE EFFECT OF OPERATION
‘ CODE cope | OPERAND | ORESS oF? | REGS. REG. BEFORE AFTER
s =N SHIFT
NORMAL g do¢2 | 010-PFP | cit-cis+ 35 (/4) — PPP PLACES A 0123000177 00907230004
) SRA 274 PP
N —_ A ,jé‘lﬂ;q_/’ PPP= 00§
: : fo) 27
Shift (A)27_‘ right PPP places. DELAYED SPA -D 1oy olo-PPP CIT - cisefPP®i 5
NOTES: (1) See "Shift A Left Arithmetic'.
SHIFT A LEF o AL EXECUTION SEE NOTE
I T LOGIC TIME— WORD TIMES MICROSECONDS
REGISTER STATUS -
SYMBOLIC INSTRUCTION NEXT CAN | ADDRESSABLE ,
OPERATION MODE OPERATION op OPERAND | INSTRUCTION X , EFFECT OF OPERATION REG BEFORE AFTER
CODE CODE ADDRESS O'F?|  REG'S. . .
SeL N - i SHIFT Es A /1239500077 O4500077¢0
} OO42 | 007-PP - 5 -« PPP PLAc
NORMAL e 7-PPP | cit-cis+35 N ~ (/‘]) ey PPP oo
Shift (A) left PPP places. Y O's =4
DELAYED SeL.-D | fO42 | 007-PPP CIT-QIS+PPPEL

NOTES:

(1) See 'Shift A Left Arithmetic'.




SHIFT A RIGHT LOGICAL

EXECUTION SEE NOTE
TIME =~ WORD TIMES MICROSECONDS
REGISTER STATUS
uCTI
SYMBOLIC NSTRUCTION NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION opP OPERAND | INSTRUCTION 0'F? REG'S, REG. BEFORE AFTER
CODE CODE ADDRESS ? -
SRL =N SHIET /22 4500077 | Oor2245000
NORMAL 0042 | 006-PPP | cit-cis+35 (,4) —w-  PPP PLACES A
, ; SRL : N _ . PPP =006
snift \A) right PPP places. - a O <Ay
’ DELAYED JRL =D | o042 | oog-PPP | CIT-QstFiPe! .
NOTES:. (1) See "Shift A Left Arithme.ti;f;"u
. ED EXECUTION. SEE NoTE
SHIFT A LEFT LOGICAL CLOS TIME-—— 'WORD TINES MICROSECONDS
REGISTER STATUS
SYMBOLIC ~ INSTRUGTION NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION op OPERAND | INSTRUCTION o'F? | REG's REG. BEFORE AFTER
CODE CODE ADDRESS ? . ‘
SLC-N SHFET pp { ACES 0123000456 /000456051
NORMAL Sic GO0%2 | 005-PPP | cT-cs+35 | (A) peP P A
Shift {A) left ena-around PPP places. N - (_ Enrer a PPP= 0/t
Je) /q s 5 1
DELAYED Secep | Jd42 | 005-PPP | CIT-CistfPPH .
NOTES: (1) See "Shift A Left Arithmetic",
- - —
EXECUTION SEE MoTE
SHIFT AB LEFT ARITHMETIC TIME— WORD TIMES MICROSEZONDS
REGISTER STATUS .
1 TI
SYMBOLIC HETRUCTION NEXT CAN | ADDRESSABLE EFFECT OF OPERATION :
OPERATION MODE OPERATION op OPERAND | INSTRUCTION | .t oo REG. BEFORE AFTER
CODE CODE ADDRESS : - . !
‘ we | 2N ous {orr-pre CiT-cis+ 35 (A),,. (B) &L ppp praces A 0000612395 | 03/12345234
Shift (A) and (B) left PPP NOR SBA ; - T rer g 1234500777 | /:00 777500
27-1 27-1 € ES O's TS B, PPP- all
places. DELAYED | SBA =D | jo42 | 017=PPP | CIT-CIS-PPPs

NOTES: See "'Shift A Left Arithmetic"




SHIFT AB LEFT ARITHMETIC/LOGICAL

EXECUTION SEE WNoT &
YIME— WORD TIMES MICROSECONDS
REGISTER STATUS
SYMBOLIC OP'NSTRUCTIUN NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION INSTRUCTION .
ERAT OB OPERAND IeTRUC oFr | ReG's. REG. BEFORE AFTER
S8L - sy N
NORMAL 55-8 " QY | 0F-PPP | citocise3s (’4)17-, (B) 2ET per piaces A 90000 /2345 | 00/123¢5 514
Shift (A) ,,_, and (B) leit PPP places. 8L ; rES - O EER B, 8 /23yS cecaf Q500091000
oELavED | SEL =D | faya | OIF-PPP | cv-gusierry PPP:- ot
NOTES: (1) See "Shift A Left Arithmetic"
SHIFT AB RIGHT ARITHMETIC/LOGICAL EXECUTION. SEE WNoTE
TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
SYMBOLIC Opmsmucnon NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION OPERAND | INSTRUCTION REG. BEFORE AFTER
CODE CODE ADDRESS O'F? | REG'S. E
hY -N o 2] oo i
_ NORMAL st cogr |0M4-PPP | civocse3s (4),,., (& & prp Piaces A |/eeo0 o(/’:.w 17717 :.oo:a
Shift { A) and (B) right PPP places No - !y, ugr A g 0123090777 0770123
27-1 As's =" Az PPP= aif
DELAYED S8R -0 /072 at-PPP CIT - QIStPPPy1
NOTES: (1) See "Shift A Left Arithmetic'.
A THMETIC EXECUTION 28 3724
FLOAT SHIFT A LEFT RI 1 TIME— WORD TIMES MICROSECONDS
REGISTER STATUS -
SYMBOLIC INSTRUCTION NEXT CAN | ADDRESSABLE ,
OPERATION MODE | OPERATION |  OP OPERAND | INSTRUCTION | , BFFECT OF OPERATION REG. BEFORE AFTER
CODE CODE ADDRESS O'F? REG'S.
- o o () A 1R ¢ GHTGoT 000
Shift (A),, , leftuntil A, # Ag NCRMAL TFELA Oy Qff-fl | CT=Cls+ 35 N Yy " P ne s
and count number of shifts. ¢ - :
| ) '
) i i S
NOTES: (1} Registers: B, C, D, and I unchanged. {2} No shiit if: (A",Z,L1 =0; or (A)27 # (A)s.




- EXECUTION 24 3724
FLOAT SHIFT A LEFT LOGICAL TiME-— WORD TIHES MICRCSECONDS
REGISTER STATUS
SYHBOLIC INSTRUZTION NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATEwN cgge OPERAND LN')S;:E;T‘ON o'F? REG'S REG. BEFORE AFTER
[ : -
sniFr = A 0000006 00 1000006 ecc
. 5 . - 2 A ﬁ)‘ =/
Shift (A) left until Ag = 1, and count NoRMAL | SFLL |02 | 007-NAW| CIT-Ci+ 35 N _ ) A X oec 372
o s '
numbgt of shifts. ()() -(r/\NF”) > x
NOTES: (1) Registers: B, C, D, and I unchanged. (2) No shift if: (A)s =1; or (A) =0,
EXECUTION 28 37249
FLOAT SHIFT A LEFT LOGICAL CLOSED TIME— WORD TIMES MICROSECONDS
REGISTER STATUS
) SYMBOLIC INSTRUCTION NEXT CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPE:%AHON cggs OPERAND rgggé’g"’" O'F? | REG'S REG. BEFORE AFTER
DE ’ -
SHET N A 0002340000 11640 600 000
! A ! NORMAL SELC [eL 2 PX QA5 CT-Cls+ 35 (/4) onrie S !
. X co7 377
Shift (A) left end-around until Ag = 1 Ne -~ W, —> A, >
and count number of shifts, (x) -~ (SHIFTS) -2 X
NOTES: (1) Registers: B, C, D, and I unchanged. (2) No shift if; (A)S =1; or (A) =0,
EXECUTION 28 372y
FLOAT SHIFT AB LEFT ARITHMETIC TIHE—e WORD THES MICROSECONDS
REGISTER STATUS
INSTRUCTION
SYMBOLIC NEXT CAN
OPERATION MODE | OPERATION ap OPERAND | INSTRUCTION ADDRESSABLE EFFECT OF OPERATION REG BEFORE
CODE CODE ADDRESS O'F?|  REG'S. . F AFTER
SHIF -

] ) ] . 3 S » ~ 7 bl A Q0023IF V00 | 047000077
Shift (A);_y and (B),,  left until NORMAL | STFBA vy [ OITWMAY aT-cie 35 No - A € )1‘:'/ ¢ Iz /76 6co0cos | jo00accoac
AZ7 # AS, and count number of shifts, : 05") BI X 0r5 00¢

: i X) —(sHFT) =2 X
!
NOTES: (1) Registers: C, D, and I unchanged. (2) No shift if: (A)27__1 =0; or (A)27 # (A)s.
. PO
FLOAT SHIFT AB LEFT ARITHMETIC/LOGICAL EXECUTION 28 372
TIME-— WORD TIMES MICROSECONDS
REGISTER STATUS
INSTRUCTION
SYMBOLIC NEXT CAN | ADDRESSABLE
OPERATION MODE | OPERATION op OPERAND | INSTRUCTION | o 17 EFFECT OF OPERATION REG. BEFORE AFTER
CODE CODE ADDRESS ’ -
) LMET 4 Coc23vdcon CHTCCO0! 76
L _ . . - e _ (A),, (8) == ,417#/45 s %
Shift (A),, _, and (B) left NORMAL | S FBC 7L o/s v er-ese3s Al’» - T [ N ‘[L’ - 8 176 CoaGaco Craeacendd
[,

until AZ? # AS’ and count numbers Os—= £, X iy 006
of shifts {x) ~(sHIFD) ~=> x

NOTES:

{1) Registerr C, D, and 1unchanged.

(2) No shift if: (A),

27-

| 0; or (A)27 # (A)S.




in C register,

JE(A) =6

s EXECUTION OFS-CIS /33 (0F5-cs)
JUMP UNCONDITIONALLY TIME— WORD TIMES MICROSE CONDS
SYMBOLIC INSTRUCTION NEXT : : :
OPERATION MODE OPERATION oP OPERAND INSTRUCTION NOTES: (1) Registers: No change.
CODE CODE ADDRESS ADDRESS -
]
JUN - : .
NORMAL 0o6oc | OPA
/Jump to OPA. JUN H
. OPA
NORMAL JoN | opa
. ) [eXe] [}
Jump to OPA-(I). - INOEXED JUN =1 o / !
OPA-(T)
i
i
B - 1
Jump to address shown in OPERAND JUN 0 | g¢o0 | OPA
register. H
C register E v C7’7'7=J‘::
‘ —= : EXECUTION 2 2 €€
JUMP A ZE RO TIME— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION ° MODE OPERATION oP OPERAND INSTRUCTION NOTES: (1) Registers: No change.
CODE CODE ADDRESS ADDRESS
JZE n H /1FA) # o,
. : NORMAL CoYy | ora CIT-cis+2
If (A) = 0, jump to .OPA. JZE . H
: ! /1F(A) =0,
O PA
(F(A) #0,
JZE -N 1 CIT~CIS+2
If (A) = 0, jump to OPA-(I). NORMAL QoYs | oPA i
’ INDEXED JZE - i IF CA) =g, .
:
i APA- (D
. ) 1F (A) # 4,
: | CIT-Cis+2
If (A) = 0, jump to address shown OFERAND JZE=0 | Qyyy | oPa
' i
1
1
1
1

Crrressr




CTT?-SSS

; . . EXECUTION =z 268
JUMP A NEGATIVE TIME— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION op OPERAND INSTRUCTION NOTES: (1) Registers: No change.
CODE CODE ADDRESS ADDRESS
ING N f 1£A) 2 0, ’
. B IT-CH
If (A) <0, jump to OPA. NORMAL Ooso : oP kil
v; yNa F(A) <0,
dPA
JNG N el C(IA) 29,
- CIT=-CIS+2
If (A) < 0, jump to OPA-(I). NORMAL Qo051 | OFA
;o INDEXED JNG H 1F CAy <0,
: i P4~ (T)
i 1€ (A) Z O,
., If (A) <0, jump to address shown | OPERAND JNG -0 | o450 1 OPA CiT-Cls+2
in C register. v i F (4) < C)’
i CCrrr-sss
- EXECUTION 2 266
JUMP A LOW BIT TIME— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION op OPERAND INSTRUCTION NOTES: (1) Registers: No change.
CODE CODE ADDRESS ADDRESS
JLE : /F(A), = ¢,
‘ Lo CIT-Cis+2
If (A)l =1, jump to OPA. NORMAL v /1666 | ora A
JLR ; R =,
: C PA
Jeg =N ! JECA) =g,
S - i H CIT-CK+2
It (A), = 1, jump to OPA-(D. NORMAL o (GG . OPA
INDEXED JEE - | A =,
!
: d PA-(T)
» i IFCA) =0,
CIT=Cis+2
It (A)i =1, jump to address shown OPERAND JLE 0 /700 i opa
in C register. i IF Ay =,
1
]




to address shown in C register.

1F OF on,

EXECUTION 2 2€¢6
JUMP INDEX ©OTIME— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION op OPERAND INSTRUCTION NOTES: (1) Registérs: No change.
CODE CODE ADDRESS ADDRESS
. H /F(T) =0
NORMAL JIN N a0/ E oPA CIT-(Clsiz ’
If (I) # 0, jump to OPA. _ ary: ‘
JIN ! /F (L) # 9
i A LA
1
| /F (T)=d
JIN -t H CiT-cisi2
(1) £ 0, jump to OPA-(I). NORMAL o0 (&5 oA
woexeo | JIAL | IF B # 0,
: Q FPA-(I)
5 /F (F) =0,
If (I} # 0, jump to address shown OPERAND JIN -0 HIY | opa CIT-cls+2
in C register. ’ | 1F (D) #9,
t
] - Crrr-sss
; EXECUTION 266
JUMP OVERFLOW TIME— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION op OPERAND INSTRUCTION NOTES: (1} RegiSters: No change.
CODE CODE ADDRESS ADDRESS
! /F O'F oFF, (2) Overflow indicator turned off on jump.
If overflow indicator is on, jump NoR NOF N ! o‘PA CIT=Cls+2
to OPA. - NORMAL Qas7:
JOF ! IF O'F an,
O PA
1F 0'F OFF
JUF =N H CiT-Cls+2
If overflow indicator is on, jump NORMAL JCs5 | OFA
to OPA-(I). INDEXED JoF - H (F o0'F oN,
i
i OLA (L)
] H 1F 9 'F 9FF,
o . . o CIT-CIS+2
If overflow indicator is on, jump OPERAND JOF -0 OFSY 1 OPA
5
i

CTTT- S8y




in C register.

Crrrsss

EXECUTION 266
JUMP PARITY ERROR TIME—— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION oP OPERAND INSTRUCTION NOTES: (1) Registers: No change.
CODE CODE ADDRESS ADDRESS .
: " — ; s .
~ wva PE (2) Parity error indicator turned off on jump.
If parity error indicator ‘is on, JPE -x E /cl.l:’-msn £,
jump to OPA. NORMAL adie o oPa :
JPE . F AE,
g PA
/F Ao PE
X i ; JdPE N | CIT=CIS+2 4
If parity error indicator is on, NORMAL ool | oPA
jump to OPA-(D). INDEXED JPE - ! JF PE,
|
) ; OPA-(D)
i /F no FE,
. CIT=Cls+2
If parity error indicator is on, OPERAND JPE-° | g¥/0 E oPA
jump to address shown in C registef. ! IF FE,
i Srrr-sss
STOP «-JUMP RESUME
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION oP OPERAND INSTRUCTION NOTES: (1) Registers: No change.
. CODE CODE ADDRESS ADDRESS
i
STP -n !
Stop. When RESUME button is NORMAL QO YG | OPA
pressed, jump to OPA. STP H
; OPA
E
: STP -Nt !
Stop. When RESUME button is NORMAL cags | or
pressed, jump to OPA-(I). INDEXED STP -1 |
‘ E OPA-(T)
i
i
. 1
Stop. When RESUME button is H
pressed, jump to address shown OPERAND STP -0 | goyvo | oPA
|
H




S g

JUMP RECORD ADDRESS 0

o
e

EXECUTION
TIME—

SE!D TIMES

MICROSECONDS

SYMBOLIC INSTRUCTION NEXT
MODE OPERATION op OPERAND INSTRUCTION NOTES: (1) Registers: No change. (2) Re-entry address -- CIT-CIS + 2 -~ is automat-
CODE CODE ADDRESS ADDRESS ically stored in one of the fast-access tracks; track and sector selected is determined
T automatically by sector in which current instruction appears. Jump can be made into
JRAO -N 1 any sector of any track, but fezsashufastes weelethere is an optimum sector for .7
NORMAL 0256 i OPA 4 hi i i, e ji e b . ’ wr ‘x A
JRAG ! ; / ; imurn i ctd)
! O pA If CIS is CIT-CIS+2 stored in Optimum jump sector
i 177-036 060-040 041
s, . JRAO —Ni ! 037-076 061-100 101
. Store re-efxtry/f NORMAL 0257 | oea 077-136 062-140 141
T sectdt of fast woexeo | JRAG -1 : 137-176 063-000 001
1
: OPA-(T)
! (3) Note that operation code stored with re-entry address is 0000; thus the instruction
stored is an unconditional jump.
EXECUTION WW
JUMP RECORD ADDRESS 1 TIME— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT ) . )
OPERATION MODE OPERATION oP OPERAND INSTRUCTION NOTES: (1) Registers: No change. {2) Re-entry address -- CIT-CIS+2 --is automat-
CODE CODE ADDRESS ADDRESS ically stored in one of the fast access tracks; track and sector selected is determined
= 1 automatically by sector in which current instruction appears. Jump can be made into
l JRAL —n H any sector of any track, but for each fast-access track there is an optimum sector for
%ddres%' #gn 7 NORMAL O356 | opa machine running time.
o !
degess track, 4nd JRAL | O /’)/4 If CIS is CIT-CIS+2 stored in Optimum jump sector
177-036 060-041 042
e 3 , JRAL NI 037-076 061-101 102
Store re-entE{y addres 1 NORMAL ’ 0357 | oPa 077-136 062-141 142
sector of fas}-ac track; and JRAL - 1 137-176 063-001 002
. g5 INDEXED !
i
i

jump to OPA%

QPA~(T)

(3) Note that operation code stored with re-entry address is 0000; thus the instruction’
stored is an unconditional jump.

/33(0Ps5-Cisre

- EXECUTION s -C
JUMP RECORD ADDRESS C TINE— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION oP OPERAND INSTRUCTION NOTES: (1) Registersr No change.
CODE CODE ADDRESS ADDRESS !
) (2) Note that operation code for an instruetion stored in C register
Store re-entry address in C regis- NORMAL JRAC-N 0056 ! opn &n \th:h! op'etratlton ;;)(.le bits are ;r?if;s:nlg)' is read /as 0000; th{us’
ter, and jump to OPA. 5 ! e m's ruction stored is an unconditional jump.
JRAS OPA '
. JRAC -N1 '
Store re-entry address in C NORMAL Qos 7+ OPA
. . 1
register, and jump to (OPA-(I)). INDEXED JRAC =t i
i

OFA-(T)




BLOCK TRANSFER

INSTRUCTION

SYMBOLIC NEXT CAN
OPERATION MODE OPERATION OPERAND | INSTRUCTION (.
, CODE ApDpeEss—~._ | O'F?
BT -N s )
OPA T-Cls+
Transfer information to specified NORMAL BT -fjfi . }/ W
track % g /9
. Ax S H
DELAYED gr -o oPA {%-Ople ]
] [ 3
NORMAL Br -Ni 1 57
oPA i cmagse D
INDEXED BT -! 3 }%
Transfer information {o specified
track. DELAYED- o OPA
INDEXED gr -

g,

NOTES: (1) Registers: B, C, D, I, and X unchanged. (2) The D register may be
addressed by this command, (3} This instruction transfers the contents of sectors of
the OPT (operand track of the OPA, or, if indexed, of OPA-(I)) with corresponding sectors
plus one of CTTT (the track designated by the track field of the C register). Thus,
OPT-OPS (or OPA, or OPA-(I}) is transferred to CTTT_OPS+1, OPT-OPS+2 is transferred

to CTTT-OPS+2 is transferred to CTTT-OPS+_3’ and so on. Since transferring is by

alternate sectors, two drum revolutions are required for transfer of an entire track.

Also, two instructions are required to transfer a group of consecutive sectors less than
128. (4) Block transfer starting address is OPA (or OPA-(I). The stopping address
is on the track designated in the C register, at the sector equal to the sum of OPS and
Cggg (addition is carried out modulo 200g). A full track is transferred if Cggg equals

ZETOo.




L

SCAN TABLE -€&REAFER THAN

SYMBOLIC INSTRUCTION NEXT . .
OPERATION MODE OPERATION op OPERAND INSTRUCTION NOTES: (1) Registers: B, C, D, and I unchanged, (2) The D register may be
CODE CODE ADDRESS ADDRESS addressed by this command. (3) These instructions compare the contents of sectors
n = f the OPT (operand track of the OPA) with corresponding sectors plus one of C {the
] s F o P
;jgﬁm!ﬂ ' UN C"’;’;"_ESS ve, track designated by the track field of the C register), Thus, OPT-OPS (or OPAT?S
its - . . gt ~-000 i - i i
tS}fan fo;' masl;e:i:ts on OPT gzeatel NORMAL SQ NG g6 : OPA . compared with CTTT-OPS+1’ OPT-OPS+2 is compared with CTTT-OPS+3' and so on.
an reterenc * H SUCCEST FUe, Since comparison is by alternate sectors, two drum revolutions are required for com-
2 CiT-00t parison of an entire track. Also, two instructions are required to compare a group of
consecutive sectors less than 128. (4) The contents of the B register are used
- - as a mask, Only those bit positions are compared in which there is a 1-bit in the corre-
,f"f\ £ v i r Wl N spondmg bit position in B. All bits will be compared if B contains 1777777777. {5) Scan
. S starting address is OPA, The stopping address, for an "unsuccessful' scan, is on the
s C A N T A B L E L—E—SS T HA N track designated in the C register, at the sector equal to the sum of OPS and CSSS
] SYMBOLIC INSTRUCTION NEXT (addition is carried out modulo 200g). A full track is compared if Cgsg equals zero.
OPER“TIONQ, . MODE OPERATION oP OPERAND L’:’SJRR:C'”ON (6) Scan starts at starting address and continues until: (a) an "unsuccessful'' scan is
* / CODE CODE ADDRESS 58 completed, i.e., the stopping address is reached without finding the condition scanned forj]
4 fj ! ONSUCCESS FUL or {b) a "successful" scan is completed, i.e., the condition scanned for is found.
; ! ’ e e " essful’ s the A register contains the contents of the
Scan for masked bits on OPT&&S o 1 T-000 (7) At the end of an "unsuccessfu can, gister ¢ e
than re;erence bits. NORMAL SCANL | OR62: oPa ¢ o stopping sector on the track designated in the C register. NIA of an "unsuccessful" scan
| SUCCESSF UL, is CIT-000. (8) At the end of a ""successful' scan, the A register.contains the contents
:L Crr-o0l of the last compared sector on the track designated in the C register; the X register
contains the address of the last compared sector, NIA of a '"successful" scan is CIT-001.
SCAN TABLE EQUAL
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION op OPERAND INSTRUCTION
CODE CODE ADDRESS ADDRESS
i UNSUCCESS Fue,
:
Scan for masked bits on OPT equal NORMAL SCeNE [ COéZ E oPA c/r-009
to reference bits. ) ! SUCCESS Fue,
' CrT-060¢
SCAN TABLE NOT EQUAL
SYMBOLIC INSTRUC TION NEXT v
OPERATION MODE OPERATION op OPERAND INSTRUCTION
CODE CODE ADDRESS ADDRESS
ONSYCCESTFue,
: - . . C/T-000
Scan for masked bits on OPT not NORMAL | SCNAN | 0362 of

equal to reference bits.

SUCCESs Fue,
CIT-00




SCAN ANALOG

SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION op OPERAND INSTRUCTION
CODE . CODE ADDRESS ADDRESS
- ! ONSUCCcESSFUL,
Scan analog inputs for hi-low limits. . ; C/T-000
NORMAL SCNA O¥62 OPA . - .
) ! SUCCE SSFYe,
‘ i CIT-00]
{1) Registers: B, C, D, I, and X unchanged. (2) The B or D registers may be addressed by this command,. - (3) This instruction compares the contents of sectors

NOTES:

of the OPT (operand track of the OPA) with corresponding sectors plus one of CpT (the track designated by the track field of the C register). Thus, OPT-OPS (or OPA) is
compared with Cyrp_opgsyr OPT-OPS+2 is compared with Cprpr._ops+3s and so on. Since comparison is by alternate sectors, two drum revolutions are required for com-
parison of an entire track. Also, two instructions are required to compare a group of consecutive sectors less than 128, (4) When analog signals are converted to digital
form and recorded on the drum, the binary data is written twice in the appropriate analog input sector, first in bits 1 through 10, then again in bits 15 through 24, In the
corresponding reference sechor, the upper and lower limits of this analog input value are written in corresponding bit positions; a 1-bit in bit position 14 or 28 specifies that
half of the reference word is the lower limit, while a 0-bit in 14 or 28 specifies that half as the upper limit. In the example shown here, Input Lower Limit Reference, and
Input Upper Limit Reference is an ''unsuccessful' scan, which means the input is within limits,
N N (5) Scan starting address is OPA. The stopping address, for an '"unsuccessful" scan, is on the
r r track designated in the C register, at the sector equal to the sum of OPS and Cggg (addition is
| i carried out modulo 2008)‘ A full track is compared if CSSS equals zero. (6) Scarf'starts at
starting address and continues until: (a) an "unsuccessful" scan is completed, i.e., the stopping
address is reached without finding an input that has exceeded limits; or (b} a ''successful' scan

Converted Analog Input

T T T i T T T
20'18! ‘16'15 ; . i3ipt
201¢ 1‘8 17 16 5t 10. ?.;8 7i6°5 47 3:2°1 Input

;28'27225f25‘24§23F22]21
{1/1:0/0°0.00;,1°00 Sector

is completed, i.e., an input outside limits has been found. {7) At the end of an "unsuccessful"
scan, the A register contains the contents of the stopping sector on the track designated in the
C register. NIA of an '"unsuccessful” scan is CIT-000, (8) At the end of a '"successful'' scan,
Reference the A register contains the contents of the last compared sector on the track designated in the
Sector C register; Ajg specifies whether "successful'' comparison was made on lower or upper half of
word, with a 1-bit in A28 indicating upper half, NIA of a '"'successful" scan is CIT-001,
Upper Limit Lower Limit |
SCAN DIGITAL INPUT
T SYMBOLIC INSTRUCTION NEXT
OPERATION ‘ MODE OPERATION oP OPERAND INSTRUCTION
CODE CODE ADDRESS ADDRESS
g i UNSUYCCESSFUL,
. i
Scan digital input group bits for NORMA L Sca D [10€2 ! opa C!T-000
inequality with reference bits. E SuccESSFUL,
! C17-00} ’
NOTES: (1) Registers: C, D, and I unchanged. (2) The D register may be addressed by this command. (3) This instruction compares the contents of digital input groups

(up to 28 input lines per group) with reference sectors of Copor (the track designated by the track field of the C register). Digital input groups are taken successively, starting
with that group having the same group number as OPT (operand track address of the OPA); the sectors of CppT are alternate sectors starting with OPS+1 (where OPS is the
sector address of the OPA). Thus, digital input group OPT is compared with Cyrp_ops+1» digital input group OPT+1 is compared with CrT7.0ops+3, and so on.

(4) Scan starting address is digital input group OPT. The stopping address, for an ''unsuccessful" scan, is on the track designated in the C register, at the sector equal to

the sum of OPS and C {addition is carried out modulo 2008)“ (5) Scan starts at starting address and continues until: {a) an "unsuccessful'! scan is completed, i.e.,
an inequality is found. (6) At the end of an ''unsuccessful'' scan, the A register contains the contents of the stopping sector on the track designated in the C register.
NIA of an "unsuccessful' scan is CIT-000. (7) At the end of a "successful” scan, the A register contains the contents of the last compared sector on the track desig-

nated in the C register; the X register contains the address of the last compared sector; the B register contains 1-bits in those bit positions where the compared digital
inputs and the bits in the comparing sector are not equal. NIA of a "'successful' scan is CIT-001,
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TERRUPT ON EXECUTION 2 a
INHIBIT IN UPT TIME—~ WORD TIMES MICROSECONDS
B REGISTER STATUS
SYMBOLIC op'NSTRUCTION Nex CAN | ADDRESSABLE EFFECT OF OPERATION
OPERATION MODE OPERATION OPERAND INSTRUCTION . REG. BEFORE
CODE CODE ADDRESS O'F? |  REG'S. AFTER
Turn on interrupt-inhibit flip-flop. NORMAL IZoN Qloo oPA OPA Set "Interrupt Inhibit" i\T /,\
/VJ - flip-flop on~-preventing
interrupts--and jump to OPA, I U » \ s
TOPAY M A
P OFF EXECUTION 2 2. 6¢
IN HIB IT INT ERRU T TIME-—— WORD TIMES MICROSECONDS
REGISTER STATUS
WODE | oYMBOLIC oplNSTRUCTlON MrRucTion | CAN |ADDRESSABLE EFFECT OF OPERATION
OPERATION OPERATION OPERAND uc gy y REG. Bl
ERAT COBE eTRUC oF2 | ReGs. EFORE AFTER
Turn off interrupt-inhibit flip-flop. normal | T OF 0200 | ora oPA Set "Interrupt-Inhibit" \ / Y
AII - flip-flop off--enabling
] interrupts~-and jump to \ (
OPA. {OPAY O I
SET ANALOG SEQUENCE EXECUTION 2 2 6¢
TIME~— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION Cg;E OPERAND | INSTRUCTION NOTES: (1) Registers: No Change. (2) This command resets sequence counter to sector
CODE ADDRESS NNN which directs the analog input system to interrupt its reading sequence and begin reading
SAS -N analog inputs according to control track locations 064~-NNN, 064~-NNN+2, etc. (where track
Reset sequence counter. NORMAL S4s o2 032-pwvn | cIT-cis+ 2. 064 is the analog input control track). :
DELAYED JAS -0 | fo¥2 | d32-NNN| C1T-0Ps+ |
EXECUTION 2. 2 66
ACTIVATE CONTROL SIGNAL TIME— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION op OPERAND INSTRUCTION NOTES: (1) Registers: No Change.
CODE CODE ADDRESS
. ACsS =N - 2R .
Emit a 130-microsecond pulse. NORMAL ACS cote {0 CiT-Cis+ 2.
DELAYED | 4C35 =D | 7072 (22-0P§ | ciT-ops+ (




DIGITAL INPUT: FLEXOWRITER EXECUTION 2 =z 466
TIME—- WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION oP OPERAND INSTRUCTION NOTES: (1) Registers: B, C, D, I, and X unchanged, (2) Each tape frame contains six
CODE CODE ADDRESS Pits, or channel.s, of in(fo)rmation. Channels containing punches are read as 1-bits. No-punch
E N - is read as a O-bxt.. 3) Tape frame ~rea.ds into A, _ In Normal and Delayed, 0's read into
Read in one tape frams NORMA L e D052 | OcO-NNN | CIT-Cis+ 2. unused bits of A; in Operand, unused bits of A recixécullate. (4) Flex punch and print must
from Flexowriter. DiIF be off during DIF command.
DéLAYED DyiF - /052 000-0Ps CIT~0PS+ |
OPERAND DIF -0 | 0442 [ 000-ANw | C'T-CIs+2
DIGITAL INPUT: TOGGLE SWITCHES EXECUTION 2 2 65
TIME~— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION ch OPERAND INSTRUCTION NOTES: (1) Registers: B, D, I, and X unchanged. (2) Toggles in the "up' position are
CODE DE ADDRESS read as l-bits. ~ (3) Toggle switches T18~T1 read into A, .. In Normal and Delayed, 0's
DIT N _ read into unused bits of A; in Operand, unused bits of A recircilate.
Read in toggle switch settings NORMAL DiT 0052 | OOI-NWNN | CIT-Cls+ )
from computer control panel.
) DELAYED DIT =0 | jos2 |Oof-opPs | cir-opst
OPERAND DiT=e | 0¥5. (00i-NNN CIT-CIs+ 2.
DIGITAL INPUT: TELETYPE READER EXECUTION 2 2 €4
TIME-— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION op OPERAND INSTRUCTION NOTES: (1) Registers: B, C, D, I, and X unchanged. (2) 5-bit teletype reader character
CODE CODE ADDRESS reads into A?-l' In Normal and Delayed, 0's read into unused bits of A; in Operand, unused bits
. DiIx N _ ] of A recirculate.
Read in one character NORMAL DX GCs52 | QO2-NNN | ciT-cis+ 2
from teletype reader.
DELAYED DiX =D [052 | 002-0PS | CIT-0Ps+ f
OPERAND Dix -0 | oysa |o0o2-ANu | CIT-Cs+2
|

DIGITAL INPUT:

HIGH-SPEED TAPE READER

2€6¢

MICROSECONDS

EXECUTION 2
TIME— WORD TIMES

NOTES: (1) Registers:

B, C, D, I, and X unchanged.

(2) Each tape frame contains

six bits, or channels, of information.

Channels containing punches are read as 1-bits,

SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION oP OPERAND | INSTRUCTION
CODE CODE ADDRESS
DIR N -
Read in one tape frame from NORMAL DIR QG52 1003-NUN | cIT-Cis+2
high-speed tape reader. ‘
DELAYED DIR =0 | 052 (003-0OFS | CiT-0Ps+/
OPERAND Dre -0 | o452 | goz-Amw | S-Sl 2

No-punch is read as a 0-bit.

(3) 6-bit tape frame reads into A In Normal and

Delayed, 0's read into unused bits of A; in Operand, unused bits oP-A recirculate.
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DIGITAL INPUT: CONSOLE SWITCHES EXECUTION 2
I TIME—— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION op OPERAND INSTRUCTION NOTES: (i) Registers: B, C, D, I, and X unchanged. {2) These switches are the
CODE CODE ADDRESS seven one-bit selector switches, S1-87, and the two octal function select switches, Sit
DiS N ) and S12, used to reference the function matrix. (3) Switch S12 reads into Al3-1l’
NORMAL | < 0052 | 00%-NNN | CIT-Cis+ 2, S1i1 into Ayqg_g, and S7-S1 into A7_j. In Normal and Delayed, 0's enter Ag 27_14; in
Read in console switch positions. - Operand, (A)S 27-14 recirculates. | ’
ceLaYED | DIS ~P | 1052 | 00%-ops | CIT-ops+ / ’
OPERAND | DS -0 | 0452 |0o¥-ann | CT-C5+2
28)27|26125124 2322121/ 2011911817 15‘;5}14 13)12:11}10 g‘is steislais]2i1
' | =
AR | RN
S12] Sit S§7-5t
H ES EXECUTION z 266
DIGITAL INPUT: DIGITRAN SWITCH TIME— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION oP OPERAND INSTRUCTION NOTES:
CODE CODE ADDRESS .
(1) Registers: B, C, D, I, and X unchanged.
DD N - : 2 inf tion f digit itches 526-S21 is read into A In Normal
52 -NNN _ {(2) BCD information from digitran switches g
. . . : NORMAL pio 09 006~ cr-csr2 and Delayed, 0's enter the unused bits of A; in Operand mode, Zt‘ixeiurmsed bits of
Read in BCD information from six A recirculate i
digitran switches. DELAYED oid ® | jos 2 006-0PS .| cirr-ops+ ‘/
oPErAND | Dip -0 | 0452 | cog-naN | CT-CBH2 )
28|27|26 20 19'18/17|16,15 14}13}12 110l o] 81 7‘.6, 5,43 l 2i1
- Tl St S S ol s [t i
REEERERREERRRREEE
B2 24 | 523 2 21
j2s | Fae [p2 | g2 5B




A H A EXECUTION 2 264 ,
DIGITAL INPUT DIGITRAN SWITCHES TIME— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION op OPERAND INSTRUCTION NOTES: (1) Registers: B, C, D, I, and X unchanged. {2) Switches S36-531 are BCD
CODE CoDE ADDRESS switches. In reading into the A register, however, the X8 bit of each switch is read in
DiID -N separately from the X4, X2, and X1 bits. The latter three bits are read into A as octal
NORMAL | p ) p 0052 005=NNN | ciT-cis+2 numbers.  (3) The X8 bits of §36-S31 read into A,, 0 the X4-X2-X1 bits are read
Read in split BCD information from in octally as follows: S36 into Ala 16 S35 into A15 L":’ %34 into A12 10° S33 into A9 7
digitran switches. - . - - - -
gitran DELAYED | DID -0 | [0 52 | 005 0PS | CIT-0Ps+ | §32 into A, _,, and 531 into A, ,. In Normal and Delayed, 0's enter the unused bits of
A; in Operand, the unused bits of A recirculate.
OPERAND DID -0 | 0952 | gosann | CIT-Cs+ 2
28]27]26 25|24 23] 22] 21 20%19'13[17 16/151a)131212 |10} 9| 8] 7 s{s%aﬁs 211
i RN
I
x8 bits of [ I
536-S31 S36 S35 S34 833 S32 S31
'DIGITAL INPUT: DIGITAL CLOCK EXECUTION 2 26¢
IGI LI I TIME— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION Cg;E OPERAND TI)STRI';)S(:STION NOTES: (1) Registers: B, C, D, I, and X unchanged. (2) Clock records in Navy
CODE DR
DIC time notation: 0000-2359. It can read in hours/minutes or hours/minutes/seconds.
Read in BCD information from NORMAL Dic 0052 |007-NNN | ciT-cis+ 2 (3) BCD information from clock is read into A, , (hours/minutes clock) or into Ayoy
digital clock. (hours /minutes/seconds clock). In Normal and Delayed, 0's enter unused bits of A; in
DELAYED Dic -v /05 2 | 007-0PS CIT-0PS+ / ,
Operand, unused bits of A recirculate.
OPERAND DIC -0 | 0452 (007-NNyN | CT=CS 2
‘ Hours Minutes
x10, x{i - x10 x1

28!27126125{24{23122121{20]19]{18[17[16|15(14]13:12]11110! 9187615143 211

1
i

x10] x %10 %1 x10 x1

Hours Minutes Seconds




DIGITAL INPUT: GROUP INPUTS ExecuTiON , :
TIME- MICTOSECONDS i
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION ngE CPERAND INSTRUCTION NOTES: (1) Registers: B, C, D, I, and X unchanged. (2) Operand track addresces from i
CODE ADDRESS 010 up designate specific groups of 28 digital input lines. The numbers and functions of these :
DA =N inputs are determined by the particular installation. (3) The 28-bit group reads into the |
Read in selected digital input group. NORMAL DiN COS2 | 0io-NN CIT=Cis+ 7 A register, §
L DELAYED DIN =0 | o552 | Gro-cPS | ciT-opse | |
DIGITAL OUTPUT: FLEXOWRITER ExECuTION o R K¢
IME == DT TIME i
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION op OPERAND INSTRUCTION NOTES: (1) Registers: No Change. (2) Output to Flex printer or punch frem (A)G-l'
CODE CODE ADDRESS (3) An automatic 110~-millisecond delay occurs between successive OUF commands.
QuF =N o,
Output one frame to Flexowriter, NORMAL duF ceqé CCC-NMEN | ciT-cis+ 2.
DELAYED AUF ~D 1CYE GaeG-Ps CIT-0PS+ |
T i
DIGITAL OUTPUT: OUTPUT BUFFER iEXTE’(":‘;}T?’.,N ;
i _—
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION op OPERAND INSTRUCTION NOTES: (1) Registers: No Change. (2) This command directs the digital output buffer to
CODE CODE ADDRESS begin reading out from consecutive sectors beginning at sector OPS, (3) The output device
SGE N itself must previonsly have been selected by an OUSN command; if not, the buffer will attempt
Start digital output buffer. NORMAL o CEYE ) 001-aPs CIT-Cist 2 an output. (4) After the OUB cecmmand has been given, the computer is free to continue
aui 1 executing its program. (5) Characters in the buffer track are contained in bits 24 through 1.
' (6) Output buffer information is decoded as either four 6-bit characters or six 4~bit characters,
' DELAYED Sug -o /1 6%€ | 00l-GPs CIT-0Ps+ | depending on the output device selected. (Flexowriter and IBM logging typewriter are 6-=bit
i character devices.) (7) Words are unpacked and read out from high~order bits first.
(8) A full or partial track can be read out; the end-of-message is flagged for the output buffer
by setting a 1-bit in the sign position of the final message word. (9) More than one of the

same type of output device may be read to simultaneously.

DIGITAL OUTPUT:

SINGLE=-BIT OUTPUTS ON

| EXECUTION 2 2 4¢
| TiME— WORD TIMES MICROSECONDS

SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION OP OPERAND | INSTRUCTION
CODE CODE I ADDRESS
NN .
Turn on designated devices. NORMAL in oAb Ca2 AN T CIT-Cist 2
DELAYED Gusn =D /24%¢€¢ Qe-d¢'3 CIT-0Ps+ |

NOTES: (1) Registers: No Change, (2) Simultaneously, each 1-bit in A turns on selected
device(s): Al’ Flex motor; AZ’ Flex punch; A3, Flex printer; A4, Select Flex for OUB; etc.




DIGITAL OUTPUT: SINGLE-B TS OFF 1 EXECUTION 2 26¢€
: . IT OUTPU TIME—— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION op OPERAND | INSTRUCTION NOTES: (1) Registers: No Change. (2) Simultaneously, each l=bit in A turns off
CODE CODE ADDRESS designated device(s): Ay Flex motor; A,, Flex punch; A3, Flex print; A,, Select Flex
, OUSE =N ) for OUB,; etc.
Turn off designated devices. NORMAL ousE 00 ¢ G02-NEN | ciT-cise 2
DELAYED QUSF-D | [g4¢ 002-gps | CIT-0Ps+ |

DIGITAL OUTPUT: HIGH-SPEED TAPE PUNCH EXECUTION 2 2646
N TIME—— WORD TIMES MICROSECONDS
, SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION oP OPERAND INSTRUCTION NOTES: (1) Registers: No Change. (2) 6-channel frame directed to high~speed punch
CODE CODE ADDRESS from (A),_, - :
e . , AuP -N .
Output one frame to e NORMAL aup 00 %6 AI3-NNN | CiT-Cls+ 2
high~speed punch. -
DELAYED | QUpP -D | [0¥#€ | 003-0PS | ciT-ops+ |
DIGITAL OUTPUT: MULTIBIT OUTPUT EXECUTION z 2 6€
TIME—— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT
OPERATION MODE OPERATION cg;E OPERAND | INSTRUCTION NOTES: (1) Registers: No Change. (2) This command, OUM track 4, directs output to
CODE ADDRESS the visual display on the operator's console, (3) BCD information from A _ directed to
gure -N ) display: AZ to character D5; A _13 to D4; A to D3; A8- to DZ;an%oA to D1.
Output BCD characters to display. " NORMAL GUM feX<X 43 JOY-uNN | CIT-Cls+ 2. (4) Additio&8T JuM tracks are available'ss options; &hen other t858ks are. used,4f-lbits from
. ’ the A register turn devices on and 0-bits turn devices off,
DELAYED auUm -p 10 %4 GOY-0Fs CIT-0PS+ |

DIGITAL OUTPUT: LOGGING TYPEWRITER EXECUTION 2 2¢6
TIME— WORD TIMES MICROSECONDS
SYMBOLIC INSTRUCTION NEXT .
OPERATION MODE OPERATION oP OPERAND INSTRUCTION NOTES: (1) Registers: No Change. (2) Ag_y is decoded and printed on logging typewriter,
CODE CODE ADDRES$S <07
’ auL N

Output one character NORMAL TR OCY4E | 005-NNN | cit—ciss 2
to logging typewriter. -

DELAYED due b | joyg | 905-0FPS | ciT-ops+ |

)




CONVENTIONS, ABBREVIATIONS, AND SYMBOLS

A Working Register A, ~ A=l Bits 7-1 of A register
or Accumulator :
. . A . . . .
B Working Register B S Sign bit of A register, or A28
c Working Register C Ps, 14-1 Sign bit (B, g) and bits 14-1 of
B register "
D Working Register D
, NIA Next Instruction Address
I Working Register I, or Index
CIT Current Instruction Track
X Working Register X
CIS Current Instruction Sector
M Interrupt Register M : v :
- (M1, M2, M3, and M4) CIA Current Instruction Address,
\ . equals CIT-CIS :
Q Interrupt Register Q
(Q1, Q2, Q3, and Q4) OPT Operand Track
-N Normal Mode - OPS Operand Sector
-NI Normal Mode, Indexed OPA Operand Address, equals OPT-OPS
-D Delayed Mode C Track Field of CRegister,
TTT
equals C16-8
-DI Delayed Mode, Indexed
-0 Operand Mode CSSS Sector Field of C Register,"
equals (3.7_1
-U Upper Fill, version of
Operand Mode PPP Number of Places Shifted
SYMB Symbolic OPRND Number contained in bits 16-1
» (or 14-1) of an instruction
NNN Numbers not effective in
instruction, except in Set .
Analog Sequence
NOTE that the track address for the EXAMPLES: If NIA equals CIT-CIS+2,
next instruction can be changed only computer will find its next instruction in the
by Jump Instructions, or by Inhibit current instruction track, at the sector
Interrupt On or Off Instructions. numbered two greater than the current
‘ sector; thus, if CIA (CIT-CIS) equals
NOTE that operation codes, operand 042-016, NIA equals 042-020, If NIA equals
addresses, and next instruction CIT-OPS+1, and CIT equals 063 and OPS
addresses are given in octal notation. equals 177, then NIA equals 063-000 (note

that track address is not incremented;
sectors are added modulo 2008) o



