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924 INSTRUCTIONS

ADD
ADL
AJP
ALS
ARS
ATI
CMA
cMQ
DVI
ENA
ENI
ENQ
EQS
EXF
IJP
INA
INI
INQ
ISK
LAC
LDA
LDL
LDQ
LIL
LLS
LQC
LRS
MEQ
MTH
MUI
PTS
QJP

Add

Add Logical

A Jump

A Left Shift

A Right Shift

A to Index
Complement A
Complement Q
Divide

Enter A

Enter Index
Enter Q
Equality Search
External Function

Index Jump

Increase A
Increase Index
Increase Q

Index Skip

Load A Complement
Load A

Load Logical

Load Q

Load Index

AQ Left Shift

Load Q Complement
AQ Right Shift
Masked Equality
Masked Threshold
Multiply

Pattern Search

Q Jump

14
45
22
05
01
2
521
522
25
10
50
04

74
55
11
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13
12
44
16
53
07

03
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24
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QRS
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RAD
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SCQ
SIL

SKH

SKL
SLJ
SLS
SSH
SSK
SST
ssu
STA
STL
STQ
SUB
TAL
THS
uJP
UR]
XAQ
XEC

Q Left Shift

Q Right Shift

Q to Index

Replace Add
Replace Add One
Replace Subtract
Replace Subtract One
Substitute Address
Subtract Logical
Scale A

Selective Clear
Selective Complement
Scale AQ

Store Index

Skip High

Skip Low

Selective Jump
Selective Stop
Storage Shift
Storage Skip
Selective Set
Selective Substitute
Store A

Store Logical

Store Q

Subtract

Tally

Threshold Search

Unconditional Jump

Unconditional Return Jump

Interchange A and Q

Execute
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The Control Data 924 Computer is a general purpose digital computer designed to solve
both business and scientific problems. The reliability of high-speed transistor amplifier
circuits and the efficiency of parallel operations are combined in the 924 to produce
exceedingly fast computation and transfer speeds. Greater speed, reliability, and
efficiency coupled with modular construction and large storage capacity results in an
extremely versatile and powerful computer having highly flexible systems applications.

PHYSICAL DESCRIPTION

The basic 924 installation consists of two units; the console and main computer cabinet.
An installation may also include, as optional equipment, any input-output devices
capable of communication with the 160 and/or 1604 computer such as the 1607 Magnetic
Tapei ' : ; :

the 1

The console contains the operator's display panel, controls, paper tape punch and paper
tape reader,

The main cabinet holds four chassis hinged for easy access (figure 1-1). Each chassis
holds part of the core storage assembly and the pluggable printed circuit cards. Cabinet
dimensions, to the nearest inch, are: Height 5 feet 8 inches, Depth 2 feet 2 inches,
Length 5 feet 2 inches, and Weight approximately 1430 pounds.

1=1



Main Cabinet Interior

Figure 1-1.
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924 CHARACTERISTICS

Stored-program, general-purpose
digital computer

Parallel mode
24-bit word, 1 instruction per word

Single-address logic
Operation code 6 bits
Index designator 3 bits
Execution address 15 bits

Six index registers
Indirect addressing

Magnetic core storage
8,192 24-bit words , /€K, 32K
Two independent 4096 word b‘a ks
> -]
alternately phased < i
5. 3 usec effective cycle time
(representative program)

6. 4 usec total cycle time

Input-output

Three 48-bit buffer input channels,
compatible with 1604 peripheral
equipment, 12 lower-order bits
compatible with 160 peripheral
equipment.

Three 48-bit buffer output registers,
compatible with 1604 peripheral
equipment, 12 lower-order bits
compatible with 160 peripheral
equipment,

Program interrupt

Console, includes:
Photoelectric paper tape reader
Paper tape punch
Register contents displayed in octal

Flexible 64 instructions

Fixed point arithmetic

Logical and masking operations

Indexing

Input-output

Conditional and unconditional

Jumps and stops

Multiple precision capability
(accumulator and auxiliary register
operate as a single double-length
register)

Storage searching

Binary arithqutéc
Modulus 2%%-1 (one's complement)
Parallel addition in 1. 2 usec without

access

Real-time clock

Completely solid-state
Diode logic
Transistor amplifiers
Magnetic core storage

Small size
Less than 400 square feet of floor
space required

Low power consumption

Optional features
Increase standard 8, 192 words of
magnetic core storage to 16, 384 or
32,768 words

Prire Mew Price
2esk T 190K

300 A6
370 27 iz "

£ Reat
g: ! ’ ﬂ/ﬂnﬂ
I/ T
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LOGICAL DESCRIPTION

The computer performs calculations and processes data in a parallel binary mode
through the step-by-step execution of individual instructions which are stored internally
along with the data.

Functionally, computer operationmay be divided into four major sections. INPUT-OUTPUT
provides communication between the computer and the external equipment; ARITHMETIC
performs the arithmetic and logical operations required for executing instructions;
STORAGE provides internal storage for data and instructions; and CONTROL coordinates
and sequences all operations for executing an instruction by obtaining the instruction
from storage and translating it into commands for the other sections.

The registers in the computer are identified by letters. The operational registers
(table 1-1)usually hold the end result of an opération, Their contents are displayed on
the console and may be manually changed by the operator. The arithmetic properties
of these registers are detailed in table 1-2. The transient registers used in formulating
the result are secondary registers. They are not displayed and cannot be manually
changed,

STORAGE SECTION

The magnetic core storage section of the 924 Computer provides high-speed, random
access storage for 8,192 words. It consists of two independent storage units each with
a capacity of 4096 words, These units operate together during the execution of a stored

program and thus are considered as one 8, 192 word storage system.

A word is 24 bits in length and is used as a 24-bit instruction or a 24-bit operand (data
word). The location of each word in storage is identified by an assigned number or

address. When a word is taken (read) from or entered (written) into storage, a refer-
ence is made to the storage address which holds the word. All odd storage addresses

are located in one storage unit; all even addresses in the other.

The cycle time, or time for a complete storage reference, is 6.4 microseconds. Since

the storage cycles of the two sections overlap one another in the execution of a program,
the average effective cycle time for random addresses is about 5.3 microseconds.



TABLE 1-1,

OPERATIONAL REGISTERS OF THE COMPUTER

Register Function
A Arithmetic
Q Auxiliary
Arithmetic
Bl
Index registers
thro%gh (six)
B
P Program Address
u Program Control

TABLE 1-2. ARITHMETIC PROPERTIES OF REGISTERS
Register No. Modulus Complement Arithmetic Result
of stages Notation*
A 24 224—1 one's subtractive signed*
Q 24 224—1 one's signed
1 15 215 two's additive unsigned
u 15 215 two's subtractive unsigned
B'- gt 15 Iz A Vo e g |

* Refer to Appendix

#%The result of an arithmetic operation in A satisfies A < 223—1 since A always is

treated as a signed quantity. When the result in A is zero, it is always represented
by 000...00 except when 111...11 is added to 111...11.

is 111...11 (negative zero).

In this case, the result




INPUT-OUTPUT

The input-output section of the computer handles the flow of information to and from the
computer. Prior to executing a program, the data and instructions which comprise the
program (input) are loaded into computer storage. After computation is completed, the
results (output) are transmitted from storage to an external equipment. All information
is transmitted in 24-bit words.

The computer communicates with external equipment through six independent buffer
channels which provide for the normal exchange of data (figure 1-2).

Input: Channel 1 Output: Channel 2
Channel 3 Channel 4
Channel 5 Channel 6

The input and output buffer channels are paired, channels 1 and 2, channels 3 and 4, and
channels 5 and 6. Every external equipment is connected to one of these pairs. It is
possible to connect as many as five different equipments to any given pair of channels.

All six buffer channels may be concurrently transmitting information. However, only
one external equipment can use any one buffer channel at any given instant.

In the 924 computer, input-output operations are independent of the main computer
program. When data is transmitted, the main computer program initiates an automatic
cycle which buffers data to and from computer storage. The main computer program
then continues while the actual buffering of data is carried out independently and auto-
matically.

This process of asynchronous input-output operations will be termed a buffer. Buffer
transmissions employ independent access to computer storage so that computation
continues while the external equipment is loading or unloading information from com-
puter storage. The rate of exchange is, in most cases, dictated by the external

equipment.
ARITHMETIC SECTION

The arithmetic section of the 924 computer consists of two operational registers, A
and Q, and several secondary registers. '

The A register (accumulator) is the principal arithmetic register. Some of the more
important functions of A are:
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1) All arithmetic and logical operations use the A register in formulating a result.

The A register is the only register with provisions for adding its contents and
the contents of a storage location or another register.

2) Shifting - A may be shifted to the right or left separately or in conjunction with
Q.l Right shifting is open-ended; the lowest bits are discarded and sign

( extended. Left ;}m&r; the highest order bit appears in the lowest
order stage after each shift; all other bits move one place to the lefg

3) Control for conditional instructions - A holds the word which conditions jump

and search instructions.

The Q register is an auxiliary arithmetic register and is generally used in conjunction
with the A register. The principal functions of Q are:

1) Providing temporary storage of contents of A while A is used for another
arithmetic operation.

2) Forming a double-length register, AQ or QA.

3) Shifting to the right or left, separately or in conjunction with A,

Both A and Q may load, or be loaded from, any of the six index registers without the
use of storage references, Similarly, the contents of A and Q may be interchanged to
permit the use of Q as an auxiliary accumulator,

CONTROL SECTION

The control section directs the operations required to execute instructions and to
exchange data with external equipment. It also establishes the timing relationships
needed to perform the operations in the proper sequence.

The control section acquires an instruction from storage, interprets it, and sends the
necessary commands to other sections. The composition of a 924 instruction is shown

below,



Instruction Format

f b m, y, or k or unused
(6 bits) (3 bits) (15 bits)
operation index base execution
code designator address

Each of the 64 instructions has an operation code which specifies the operation to be

performed. This code is usually written as a 2 octal digit numeric code or as a

mnemonic code (see appendix).

The index designator generally is used for address modification; it specifies one of the

six index registers whose contents are to be added to the base execution address, The

index designator may also condition jump and stop instructions, specify indirect address-

ing, or further distinguish between two unlike instructions having the same operation

code,

The execution address may be used as an address of an operand, m; as an operand,

¥; or as a shift count, k.

The eight operational registers in the control section are P, U and B! through Bs.

The program address counter (P) is a two's complement additive register. It provides

program continuity by generating in sequence the storage addresses which contain the

individual instructions.

Usually at the completion of each instruction, the count in P

is advanced by one to specify the address of the next instruction.

The program control register, U, holds an instruction while i

"';

MY

fam

41

t is executed. After

executing an instruction, an exit, jump exit or skip exit is performed. An exit advances

the count in P by one and executes the next instruction specified by the contents of P,

A jump exit executes the instruction at the storage location specified by the execution \bo b
address of the jump instruction. The execution address is, in this case, entered into P )

and specifies the starting location of a new sequence of instructions.

A skip exit advan-

ces the count in P by two, bypassing the next sequential instruction and executing the

following one,

1~9
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Each of the six index registers, B1 through BB, provides storage for quantities which
are used in a variety of ways, depending on the instruction. The B registers have no
provisions for arithmetic operations. In the majority of instructions the B registers
hold quantities to be added to the execution address. All address modifications are
performed in A, For search instructions, the contents of a B register indicate the
number of words to be search. This quantity is transmitted to U, and reduced one
count for each word searched.



Description of Instructions




WORD FORMAT

A computer word consists of 24 bits and may be interpreted as a 24-bit instruction

or data word. Each instruction is composed of three parts or codes: operation code,

index designator, and execution address.

bi bit
2 00
T
Operation | Index Execution
(Function) Designator Address
Code
f b m, y, k
l 6 a3 B 15
| bits T hite bits
Code Range Pesc,
Operation 01 - 76 Specifies the operation to be performed. Codes
8 00, 52.3-52.6 and 177 are interpreted as faults
f which stop computer operation,
Execution 00000 Used imene-of-three ways?
Address through -+) as a shift count k, o"
T as an operand address, m
m, y, k 8 3—; as an operand, y . B
0 No address modification
1=8 Relative address modification
Index Specifies the index designator whose contents
Designator are to be added to the execution address.
b (Refer to jump and stop instructions for
exceptions. )
7 Indirect addressing (Refer to 22, 23, 74-76
instructions for exceptions)




Execution Address

The base execution address may be used as: (1) a shift count, k; (2) an operand, y;

(3) an address of an operand, m, in storage. The execution address may alsobe modified
or leftunmodified depending on the index designator. If unmodified, the address is repre-
sented by the lower-case symbol k, y, or m; if the address is modified the symbols are
capitalized. The following examples point out the relationship between the unmodified

and modified execution address.

The modified shift count K is represented by:

1) K& k+ (Bb) where: K modified shift count
k unmodified shift count (execution address)

(Bb) contents of index register b.
If the index designator = 0, then K = k.

The modified operand Y is represented by:

2) Y=y+ (Bb) where: Y = modified operand
= unmodified operand (execution address)
(B ) = contents of index register b.

If the index designator = 0, then Y = y.

The modified operand address M is represented by:

3) M=m+ (Bb) where: M modified address of operand

my unmodified address of operand ( execution address)
(B”) = contents of index register b.

If the index designator = 0, then M = m. Note that (3) is the only case in which the
execution address is interpreted as an address of an operand.

nnu

Address Modification

The three possible modes of address modification are identified by the index designators
as follows:
1) b=0 No Address Modification. In this mode the execution address is
interpreted without modification; nothing is added to or subtracted
from it. (Direct addressing.)



2) b=1-6 Relative Address Modification. In this mode the execution address
is modified and is equal tothe initial execution address plus the

contents of the designated index register. One's complement

arithmetic is used in determining the modified execution address.

3) b=1 Indirect Addressing. In this mode a storage reference is made to
the location designated by the execution address. The lower-order
18 bits of the 24-bit word are read from storage and interpreted as
the b designator (3 bits) and execution address (15 bits) of the
present instruction. The new index designator may refer to any

one of the three modes.

Examples:

1)

2)

3)

£ b m
No Address Modification LDA 0 address

This instruction is interpreted as load accumulator from the storage location
designated by the sum of the execution address and the contents of the specified
index register, Bb. Since b = 0, no index register is designated and m specifies
the storage location whose contents are loaded into A,

. e Eniae i 6
Relative Address Modification LDA 6 address (B”) = 000018
In this example, the accumulator is loaded from the storage location designated
by the execution address plus the contents of index register 6. Therefore, the
contents of the storage location named by the execution address plus 000018 is
loaded into the accumulator. M = m + (Bb).

Indirect Addressing

f b m
Current = :
Instruction LDA 7 00100
Ty

(00100) = STA" 6 00200

(BS) = 000018

When the b designator of the current instruction is 7, the mode is indirect addressing.

The lower 18 bits of the contents of the storage location designated by the execution

address, 00100, are read from storage into the U register where they are interpreted

as the index designator and execution address of the current instruction.

2-3



The index designator is inspected again and because it is not 0 or 7 the relative
address mode exists. (Note that the new index designator could reference any one of
the three modes of address modification.) The execution address, 00200, plus the con-
tents of BB, 00[)(]1B specify the storage location whose contents will be loaded into the
accumulator. M = 002008 +(000018) = 00201,

Sequential Execution of Instructions

Example: f b m
(00300) = LDA 0 00310
(00301) = ADD1 00210

81 = 00101

(00302) = ...... 8

The P register holds address 00300 (an even lowest bit indicates the address of the
program step is in the even storage unit). The storage reference is initiated; the 24 -
bit word is read from address 00300 and entered into U . Computer operation is now
dependent upon the interpretation of the 24-bit instruction in U,

The operation code, LDA, and the index designator, 0, are translated. The function of
the instruction, LDA, is to load the A register with the contents of the designated
storage location. Because the index designator is 0, the execution address is not
modified. The translation of the operation code initiates the sequence of the commands

which execute the instruction and the operand in address 00310 is loaded into A.

The contents of P are increased by one and the next instruction is read from storage
address 00301. This instruction is now translated in U. The ADD instruction causes
the quantity in storage location M to be added to the contents of the A register. Since
the index designator is not 0 or 7, the contents of the index register are added to the
execution address toform M. M = m + (Bb) - (.')021{]8 + 001018 = 0031 18‘ The contents
of storage address 00311 are added to the contents of the A register completing the
instruction. The contents of the P register are again increased by one and the instruc-
tion at address 00302 is read from storage and executed. This sequence is continued

unless a jump or skip instruction is executed (see page 1-9),
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INSTRUCTIONS

The 64 computer instructions are described on the following pages, (EXF instructions
are discussed in detail in chapter three). The title line contains the mnemonic code and
format, name, and average execution time of the instruction. Abbreviations and
symbols are defined as follows: X

A A register (accumulator)

An The binary digit in position n of the A register
- Transmit to

b Index designator

BP Designated index register

Exit Proceed to next instruction

The condition designator for jump and stop instructions
Unmodified shift count

Modified shift count. K =k + (B®)

Unmodified operand address

Modified operand address. M = m + (Bb)

Contents of a register or storage location

One's complement contents of a register or storage location
Final contents of a register or storage location

e e
L]

fir

Initial contents of a register or storage location
Auxiliary arithmetic register

Unmodified operand

Modified operand. Y = y + (Bb)



Instruction Execution Time

The time needed to execute an instruction varies from application to application be-

cause of the following factors.

If consecutive storage references are made to the same storage unit (even-even or odd-

odd) the read access time from storage will be maximized.

If the base execution address is to be modified, the instruction execution time will be
increased if consecutive instructions and operand addresses are used. There will be
no increase in execution time if non-consecutive addresses are used for instructions
and operand words.

If indirect addressing is specified, at least one additional reference will be needed to
complete the instruction. (The new index designator may itself specify indirect
addressing. )

If an input-output request exists, the request will, in most cases, be processed before

the next instruction is executed. (Refer to chapter three.)

If a storage reference is made at the end of the preceding instruction, execution of the
next instruction may be delayed.

The instruction execution times listed on the following pages were compiled by aver-
aging the times for a long list of the same instructions. The list was arranged for
typical values of the factors.
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Code
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/6
17
0
2.1
£2 0

53
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p A
a7
50

e
S

PR

A5
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Mnemonic

Code

ORDER OF INSTRUCTIONS

Name

FULL-WORD TRANSMISSION

LDA
LAC
LDQ
LQC
STA
STQ
XAQ

LOAD A

LOAD A COMPLEMENT
LOAD Q

LOAD Q COMPLEMENT
STORE A

STORE @
INTERCHANGE A AND Q

ADDRESS TRANSMISSION

LIL
SIL
SAL
ENA
ENQ
ATI
QTI
ENI

LOAD INDEX

STORE INDEX
SUBSTITUTE ADDRESS
ENTER A

ENTER @

A TO INDEX

Q TO INDEX

ENTER INDEX

FULL-WORD ARITHMETIC

ADD
SUB
MUI
DVI
TAL

ADD
SUBTRACT
MULTIPLY
DIVIDE
TALLY

* Timing is average execution time in usec

* n = Number of ones in multiplier
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I
S
56

yo
$2
g1

73

vy
qs

76
¥7
554

Sa

ol
o2
03
on
o6
05
34
35

ORDER OF INSTRUCTIONS

ADDRESS ARITHMETIC

INA
INI
INQ

LOGICAL

SsST
SCM
SCL
55U
LDL
ADL
SBL
STL
CMA
CMQ

SHIFTING

ARS
QRS
LRS
LLS
QLS
ALS
SCA
sSCQ

INCREASE A
INCREASE INDEX
INCREASE Q

SELECTIVE SET
SELECTIVE COMPLEMENT
SELECTIVE CLEAR
SELECTIVE SUBSTITUTE
LOAD LOGICAL

ADD LOGICAL

SUBTRACT LOGICAL
STORE LOGICAL
COMPLEMENT A
COMPLEMENT Q

A RIGHT SHIFT
Q RIGHT SHIFT
AQ RIGHT SHIFT
AQ LEFT SHIFT
Q LEFT SHIFT

A LEFT SHIFT
SCALE A

SCALE AQ

* 8 = Number of places shifted

2-8
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Ldgx*
. 4s*
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. dg*
L4



ORDER OF INSTRUCTIONS

REPLACE
70 RAD REPLACE ADD
nt RSB REPLACE SUBTRACT
na RAO REPLACE ADD ONE
73 RSO REPLACE SUBTRACT ONE

STORAGE SEARCH

A EQS EQUALITY SEARCH
bs THS THRESHOLD SEARCH
GL MEQ MASKED EQUALITY
6" MTH MASKED THRESHOLD
63 PTS PATTERN SEARCH

STORAGE TEST

3¢ SSK STORAGE SKIP

37 SSH STORAGE SHIFT
SKIP

s ISK INDEX SKIP

30 SKH SKIP HIGH

31 SKL SKIP LOW

JUMPS AND STOPS (Normal)

A% AJP A JUMP

23 QIP Q JUMP

3 5 SLJ SELECTIVE JUMP

¢ SLS SELECTIVE STOP

22 UJP UNCONDITIONAL JUMP
55 P INDEX JUMP

r = Number of additional words searched

2-9

15.9
15.9
15.9
15.9

6.9 + 5.2r*

-6+-8-+-8--0r*_,

6.9 + 6.01%
6.9 +6,0r*

6.8 + B.0r*

9.2
15.9

o
6.4
6.4

7 (54
9.7
7.9
7.9
4.8

" 7.0

J



ORDER OF INSTRUCTIONS

JUMPS AND STOPS (Return)

- e e i |
_.QTD (A RS SEVEs) L L A
St=F e e | -
=5 SECEFCTIVE STOP —a
a3 URJ UNCONDITIONAL RETURN JUMP 48
te XEcC EXECUTE 8.2 + x usec for
instruction at M
nY  EXF EXTERNAL FuNCTION



FULL-WORD TRANSMISSION

1) In Full- Word Transmission instructions, a 24-bit operand or

data word is used in executing the instruction.

2) All modes of address modification apply to the full-word
transmission instructions (except XAQ).

3) With the exception of XAQ, one storage reference is made
during the execution of full-word transmission instructions.
If indirect addressing is designated, at least two storage
references are made. No storage reference is made during
the execution of the XAQ instruction.

LDAb m Load A 9.9 us

Replaces the contents of A with a 24-bit operand contained in storage location M.
The contents of M remain unchanged.

LACb m Load A complement 9.9 us
Replaces the contents of A with the complement of a 24-bit operand contained in
storage location M. The contents of M remain unchanged.

LDQ b m Load Q 9.9 us
Replaces the contents of Q with a 24-bit operand contained in the storage location
M. The contents of M remain unchanged.

LQC b m Load Q Complement 9.9 us
Replaces the contents of Q with the complement of a 24-bit operand contained in
storage location M. The contents of M remain unchanged.

STAbm Store A 9.8 us
Replaces the contents of the designated storage location, M, with the contents of
A. The initial contents of A remain unchanged.
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STQ bm Store Q 9.8 us
Replaces the contents of the designated storage location, M, with the contents of Q.
The initial contents of Q remain unchanged.

XAQ Om 6.2 us

Places the contents of the A register into the Q register and at the same time
The result of this
The

Interchange A and Q*

places the contents of the Q register into the A register.
instruction is that the contents of the A and Q registers are interchanged.

m portion of this instruction is not used.

* If the index designator does not have the indicated value, the instruction will not be

executed.

Instruction
inU
,l XAQ
Sl Place (A)
odify in @. Place
LDA s
1ae | WM Q) tn A
LDQ
LQC 1
l 1 STA STQ
LAC
Complement LQc Read (M) Store (A) Store (Q)
from at address at address
Storage M M
l LDQ, LQC LDA, LAC‘.—l
Place Place
Quantity Quantity
in @ in A
Execute
Next "
Instruction

LDA, LAC, LDQ, LQC, STA, XAQ, and STQ




ADDRESS TRANSMISSION

1) In the Address Transmission instructions, only the address
portion (the lower 15 bits) of the word is used.

2) One storage reference is made during LIL, SIL, and SAL
instructions. If indirect addressing is designated, at least
two storage references are required. If indirect addressing
is designated in the ENI instruction, one storage reference
is required. No storage references are made for the re-
maining instructions.

3) Address modification applies to the SAL, ENQ and ENA
instructions only.

LILb m Load Index 9.3 us
Replaces the contents of the designated index register with the address portion of
storage location m. If b = 0 this instruction becomes a pass (do nothing) instruc-
tion. Initial contents of m remain unchanged.

SILbm Store Index 9.8 us
Replaces the address portion of storage location m with the contents of the
designated index register. The remaining bits of the word in storage remain
unchanged. If b = 0, the address portion of m is set to all 1's. Initial contents
of Bb remain unchanged; initial contents of m are changed.

SALbm Substitute Address 9.8 us
Replaces the address portion of M with the lower order 15 bits of A. Remaining
bits of M are not modified and the initial contents of A are unchanged.



Instruction

inU

Read(m)from
storage

SIL

(m14 - mOO)

Replace

with (BD)

—

LIL

Replace
(Bb) with

(my 4 = mpq)

L—,

Execute
next

instruction

LIL and SIL

Instruction
inU

Modify m to
M

Replace
EMM - MOO} wit

(Aj4-Agp)

Execute next
Instruction




ENA b y Enter A 7.0 us
The 15-bit operand, Y, is entered into the A register and its highest order bit
(sign bit) is extended in the remaining 9 bits. The largest positive 15-bit operand
that can be entered into A is 37777, (2'*-1) and the "0" sign bit will be duplicated
in each of the upper 9 bits. Negative zero will be formed in A if:
1) (Bb) = 777778 and y = 777778 or
2) b=0andy = 777778.
ENQ b y Enter Q 7.0 us
The 15-bit operand, Y, is entered into @Q and its highest order bit (sign bit) is
extended in the remaining 9 bits. The largest positive 15-bit operand that can be
entered into Q is 37777, (214-1) and its ""0'" sign bit will be duplicated in each of
the upper 9 bits. Negative zero will be formed in Q if:
1) (@P) = 77777 and y = 777774 or
2) b=0andy = 77777,.

Instruction
in
U
Modify
yto¥
[ ENQ - JENA
Extend sign Extend sign
of Y and place of ¥ and place
in @ register in A register
Execute
next
instruction
ENA and ENQ
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ATl b m A to Index 7.0 us

This instruction transmits the lower order 15 bits of the A register to the index
register specified by the index designator. The address portion of the instruction,
m, is not used in this instruction. The contents of the A register are unchanged by

this instruction.

QTI b m Q to Index 7.0 us

This instruction transmits the lower order 15 bits of the @ register to the index
register specified by the index designator. The address portion of the instruction,
m, is not used in this instruction. The contents of the @ register are unchanged as

a result of the instruction.

ENI b y Enter Index 6.2 us

Replaces (Bb) with the operand y. If b = 0, this instruction becomes a pass or do

nothing instruction.

Instruction
e 1
| ENI ATI { QTI
Transfer i PlacAe Q PIE_ICQPO
B - 14 0
ytoB }: b L in B?
Execute
Next
Instruction

ATI, QTI, and ENI
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FULL- WORD ARITHMETIC

2)

3)

4)

ADD b m Add

In Full-Word Arithmetic instructions, a 24-bit operand is
used in executing each instruction. The TAL instruction is
unique in this category in that an operand, as such, is not
used, The TAL instruction examines a 24-bit quantity in

the A register.

All modes of address modification apply to these instructions
except TAL.

One storage reference is made for each instruction except
TAL unless indirect addressing is designated. In this case,
at least two references are made,

If the capacity of the A register + (223-1) is exceeded during
the execution of the instructions an arithmetic overflow fault
is produced. When executing the DVI instruction, if the
result exceeds the capacity of the A register + (223-1] a
divide fault is produced. (Refer to appendix.)

9.9 us

Adds a 24-bit operand obtained from storage location M to (A). A negative zero

may be produced by this instruction if (A) and (M) are initially negative zero. The

contents of storage address M remain unchanged.

SUBbm Subtract 9.9 us
Obtains a 24-bit operand from storage location M and subtracts it from the initial

contents of A, A negative zero will be produced if the initial contents of A are

negative zero and that of storage location M are positive zero. The contents of

address M remain unchanged,

Instruction Modify
inU mto M
Add Execute
A0 (M) and (A) next
Instruction
SUB
Complement

(M)

ADD and SUB
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MUI b m Multiply 27.9 + . 8n¥*
Forms a 48-bit product from two 24-bit operands. The multiplier must be loaded
into A prior to execution of the instruction. The execution address specifies the
storage location of the multiplicand. The product is contained in QA as a 48-bit
quantity., The operands are considered as integers and therefore the binary point
is assumed to be at the lower-order (right hand) end of the A register.

Instruction
inU
Modify
mto M
{multiplicand)
negutd Blgn | HEG. Complement
o Multiplier
Multiplier P
POS. I
Set Multiply Complement
count to 2410 Multiplicand
NEG.
Place R d Si
Multiplier Sen it e
inQ Multiplicand
Mult, Count = 0 | Mult, Count # 0 POS.
Did Multiplier Shift AQ Reduce
Complement and Multiplicand right 1 TR RS
Product have same sign lace Q,a=0 by 1
iy p 00 Y
initially?
Qpp=1
Yes Add
Multiplicand
to Partial
Product in A
Execute
Interchange next
(A) & (Q) Instruction
Mmui

* n = Number of ones in multiplier



38.0 us

The 48-bit dividend
If a 24-bit
dividend is loaded into A, the sign of the dividend in A must be extended throughout

DVI b m Divide
Divides a 48-bit integer dividend by a 24-bit integer divisor.
must be formed in the QA register prior to executing the instruction.

Q. The 24-bit divisor is read from the storage location specified by the execution
address. The quotient is formed in A and the remainder is left in Q at the end of

the operation. Dividend and remainder have the same sign.

Instruction
inU

!

Modify
mto M

J

Record Sign
Complement i of Complement |
Dividend Dividend Divisor
Pos. Pos.
Set Divide Record
Count Interchange Sign of
to 24, A and Q Divisor
Count = 0 Count ¥ 0 Neg.
| A<X
i A Complement \ ! Raduse
Q;g:;i?;;er Remainder if =¥ Quotisn) St g Divic?e l(ljcount
to Q Dividend is Neg. (Q23=1)° Left One by 3
Negative
Yes A2X ]
\
Did Dividend e
and Divisor Complement SetF]z;vl:de Add Divisor
havii,ist?;{l];-? an i Indicator to A
Yes I
Execute :
Nest | Set"Q'QD Count # 0
Instruction Count =0 to "1
DviI



TALb m Tally 14.8 us
This instruction counts the number of ones in the A register and stores the count

in the index register specified by the designator b; the contents of the A register

remain unchanged.

The m portion of the instruction is not used.

Instruction
in U

|

Tally num-
ber of 1's
in A regis-
ter

Store count
in B

|

Execute
next in-
struction

TALLY

ADDRESS ARITHMETIC

1)

2)

3)

In the Address Arithmetic instructions, only the lower 15-
bits (or the address portion) of the operand or data word are

used.

All modes of address modification apply to the INA and INQ
instructions. In executing the INI instruction, indirect

addressing may be used.
No storage reference is made during these instructions
unless indirect addressing is designated. In this case, at

least one storage reference is made.

2-20



| .

™

(

- o B el

[

INAby Increase A 7.0 us
Adds Y to A. The 15-bit operand Y with its highest order bit is extended
in the remaining 9 bits and added to A. Y is thus considered a 15-bit signed
operand, with sign extended.

INI b y Increase Index 7.0 us
Increases (Bb) by the operand y. If the b designator is zero, this instruction
becomes a pass or do nothing instruction.

INQ b y Increase Q 7.0 us
Adds Y to Q. The 15-bit operand Y, with its highest order bit extended in
the remaining 9 bits, is added to Q. Y is thus considered as a 15-bit signed
operand, with sign extended.

Instruction
inU

Modify INI Clear
ytoY B

INA ]{ INQ INI

Extend Y14 Extend Y14 Place Y

and Add and Add i PR
Y to (A) Y to (Q)

I

Execute
Next
Instruction

INA, INI, and INQ
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LOGICAL

SSThm

at storage location M.

2)

3)

Selective Set = LOF'¢

Sets the individual bits of A to "'1" where there are corresponding "'1's

All modes of address modification apply to these instructions
except CMA and CMQ.

The LDL, ADL, SBL and STL instructions achieve their
result by forming a logical product. A logical product is a
bit by bit multiplication of two binary numbers.

0x0=0 1x0=0
0x1=0 1x] =1

nou

A logical product is used, in many cases, to select specific
portions of an operand for entry into another operation.

For example, if only a specific portion of an operand in
storage is to be added to (A), as the operand passes through
the exchange register (X, a secondary register) it is sub-
jected to a mask comprised of a predetermined pattern of
"0's'" and "'1's". Forming the logical product of (X) and the
mask causes X to retain the original contents only in those

stages which have corresponding '"'1's" in the mask. When
only the selected bits remain in X, the instruction proceeds
to conclusion.

cal Sum . A 9.9 us

1}

in the word
"0" bits in the word at storage location M do not modify the

corresponding bits in A. In a bit by bit comparison of (A) and (M) there are four

possible combinations of bits.

1) () -
(M), =
(), =
() =

SCM b m

1
1

1
1

2) (A) =1 3) (A), =0 4) (Ay =0
(M), =0 (M), = (M); =0
(A)f =1 (A)f =1 (A)f =0
(M)f =0 (M)f =1 (I\.J'{)f =0

Selective Complement « [ od &-V™ g gug

Individual bits of A are complemented where there are corresponding ''l's" in the

word at storage location M. If the corresponding bits at M are ''0's'' the associated
bits of A remain unchanged.



1) (A}i =1 2) {A)i = 3) (A}i =0 4) (A)i =0

(M), = 1 (M), = 0 (M), = 1 (M), = 0

(A); = 0 (A) = 1 (A) = 1 (A) = 0

(M)f =1 (M)f =0 (M)f =1 (M)f =0
SCLbm Selective Clear 9.9 us

Clears individual bits of A where there are corresponding ''1's" in the word at
storage location M. If the corresponding bits at M are "0's'"' the associated bits of

A remain unchanged.

In a bit by bit comparison of (A) and (M) there are four possible combinations of

bits.

1) (A)i =1 2) (A)i =1 3) (A)i =0 4) (A)i =0
M), = 1 (M), = 0 (), = 1 (M), = 0
(A) =0 (A); = 1 (4); = 0 (A); = 0
(M)f =1 (1\‘{)f =0 (1\'1)f =1 (l\al}f =0

Instruction
inU
Modify j | |
mto M
™
Read (M)
from
storage
sCM SST lSC‘L
Superimpose (M) Superimpose (M) Superimpose (M)
and (A). 1's in and (A), 1's in and (A), 1's in
(M) complement (M) result in 1's (M) result in0's
corresponding in (A) in (&)
bits in (A).
Execute
Next
Instruction

SCM, SST, and SCL
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SSUbm Selective Substitute 9.9 us
Substitutes selected portions of an operand at storage address M into the A register
where there are corresponding ''l's" in the Q register (mask). The portions of A

n

not masked by '"1's" in Q are left unmodified.

M- f‘
LDL b m Load Logical a-n 9.9 us

Loads A with the logical product of Q and the designated storage location, M.

1M+ A +* 5818

e

ADL b m Add Logical
Adds to A the logical product of Q and the quantity in location M. Once the logical

product is formed addition follows normal rules.

M
SBLbm Subtract Logical . ﬁ.t-:/\'-‘" el 9.9 us
Subtracts from A the logical product of the Q register and the quantity in storage
location M. When the logical product is formed, the subtraction proceeds in the
normal manner.

> M
STL b m Store Logical ( Q' i 9.8 us

Replaces the bits in location M with the logical product of Q and A registers.
Neither (A) or (Q) are modified.

Instruction
in
u
Store Form Logical Clear bits in
at address pack OF sTL| Modily 58U | A which will
— M 1 (Q) & (A) fe—o mta M > receive mask=-
ed M (Q =1)
Mask (M) for 0's
Form Logical Read (M) in A. This clear:
product of [g from S5Ulits of (M) which
(M) & (Q) Storage will not be placed|
l in A
SBL 1 ADL lLDI,
ubfra Add Load [Substitute
from to in masked (M) fo
tA) {A) A cleared bits o
A
[ |
Execute
Next
Instruction

ADL, LDL, SBL, 55U, and STL
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CMA 1 m Complement A* 6.2 us
This instruction complements the contents of the A register. The address
portion of this instruction, m, is not used.

CMQ 2 m Complement Q#* 6.2 us
This instruction complements the contents of the Q register. The address
portion of this instruction, m, is not used.

Instruction .
in U
jcMa 1 cvmQ
Complement Complement
(A) Q)

| g |
f

Execute
Next
Instruction

CMA and CMQ

# If the index designator does not have the indicated value, the instruction will not be

executed.



SHIFTING

All modes of address modification apply to all these instruc-
tions, except SCA and SCQ.

2) If the modified shift count, K, is greater than 6310, a fault
indicator is set. Regardless of the magnitude of count, how-
ever, the required number of shifts is executed. (K is
reduced by one count for each shift executed and when K = 0,
shifting stops.)

3) Shifting will be completed before an input, output or interrupt
request will be processed. (See chapter three.)

ARS b k A Right Shift 6.2 + .4g%
Shifts contents of A to the right K places. The sign is extended and the lower bits
are discarded. The largest practical shift count is 2310 since the register is now

an extension of the sign bit.

QRS b k Q Right Shift 6.2 + .4s*
Shifts contents of Q to the right K places. The sign is extended and the lower bits
are discarded. The largest practical shift count is ‘2310 since the register is now
an extension of the sign bit.

LRS b k Long Right Shift 6.2 + ,4s%*
Shifts contents of AQ to the right K places as one 48-bit register. The A register
is considered as the leftmost 24 bits and the Q register as the rightmost 24 bits.
The sign of A is extended. The lower order bits of A replace the higher order bits
of Q and the lower order bits of Q are discarded. The largest practical shift
count is 4710 since AQ is now an extension of the sign of A.

LLS b k Long Left Shift 6.2 + ,4g%
Shifts contents of AQ to the left K places, left circular, as one 48-bit register.
The higher c;rder bits of A replace the lower order bits of Q and the higher order
bits of Q replace the lower order bits of A. The largest practical shift count 4810
returns AQ to its original state.

# s = Number of positions shifted



QLS b k Q Left Shift 6.2 + .4s%
Shifts contents of @ to the left K places, left circular. The higher order bits of Q
replace the lower order bits. The largest practical shift count 2410 returns the

register to its original state.

ALS b k A Left Shift 6.2 + . 4g*
Shifts contents of A to the left K places, left circular. The higher order bits of A
replace the lower order bits. The largest practical shift count 2410 returns the

register to its original state.

Instruction
inU
Modify k to K Set shift fault
K=Shift Count indicator if
K > 6310
ARS i Bi QRS TALS LLs QLS
Shift (A) RT Shift(Q) RT Shift (A)Left Shift(Q)Left
1 Position 1 Position 1 Position 1 Position
Count # 0 Reduce Shift Count = 0

| Count by 1 l

Exit to Next
Instruction

Shift Instructions
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