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SECTION 1
INTRODUCTION

1.1 PURPOSE OF MANUAL.

The purpose of this manual is to provide the infor‘maﬂon‘ necas=
sary for programming the Control Data Corporation Airborne .
Digital Computer for the AN/AWG-9 Alirborne Missile Control
System. Operating Instructions are found in the Operation and
Maintenance Handbook for the computer. Program loading Is .
accomplished by supponrt equipment supplied with the computer.,’
Program loading information and instructions are found in the
operation and maintenance handbook for the support oqulprﬂent‘.

1.2 ' M cHA TERISTICS

The principle characteristics of the computer are as follows.
See Figure 1-1.

1) General
a) Binary, parallel, general-purpose
b) Integrated circuit logic |
c) ' Random access NDRO and DRO memories
d) Scientitic-type repertoire

2) Organization

a) 24-bit instruction length, one instruction per
word, single address

b) Four index registers
c) 16 external interrupts
d) "Look Ahead!" instruction memory

3) Avrithmetic

a) Fractional, fixed point, twols-complement
organization

b) 12~ and 24-bit arithmetic operations
c) Hardware muiltiply, divide, search instructions
d) Execution times "

Add = 2.5 microseconds minimum,
3.1 microseconds average

B
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Multiply - 12 bit, 15,0 microseconds
, 24 bit, 25.0 microseconds
Divide - 27.5 microseconds

4) NDRO Instruction Memory (thin film)

a)
b)
- c)
d)

e)

Random-access thin film
12,288 24-bit words
2.5-microsecond cycle time
4-word (96 bit) readout

Electrically alterable with support equipment

5) DRO Variable Memory (coincident current mag-
netic core) ’

a)
b)
o)

d)

‘Random-~-access, wide-temperature core
4096 24-bit words
1.0-microsecond access time

2.5-microsecond cycle time

6) Input-Output

a)

b)

t)

One externally-controlled input channel

~ (fully buifered)

One externally-controlied output chapnel
(fully buffered)

One program=~-controlled input channel
One program-controlied output channel

One special input and output channel for
support equipment

Sensing of 16 external interrupts

7) Physical Characteristics

a)
b)
c)

d)

Weight: L.ess than 40 pounds: design goal
Vvolume: 1.1 cubic feet '
Power: 150 watls

Cooling: Cold plate



1.3 TERMS AND SYMBOLS

An explanation of terms and symbols used in this manual follows:

Item Meaning
— ~ Is transferred to
(X) The contents of X if X denotes a

register; the contents of a memory
location if X denotes an address

Bb Index register b jt b = 1,2,3, or 4
XL Bits 0 through 11 of a register or
memory location denoted by X
XR Bits 12 through 23 of a register or |
‘ memory location denoted by X
(X)(Y) Bit-by-bit (logical) product of the
contents of X and Y
o~> A LIf(M )= 1 0 to each individual bit position of A
N N . . cor
if same numerical bit position of M = |
(M9 23) ] Contents of bit positions 9 through 23
- of location denoted by address M ‘
(A)i Initial contents of A
57.%X ' X = s or t of word
DRO Destructive Reaéout Memory
NDRO Non-destructive Readout Memory
Op Code Operating Code (f)

1=4
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SECTION 2
COMPUTER HARDWARE DESCRIPTION

COMPUTER HAR DWARE

A description of computer hardware follows. See Figure 2«1,
CENTRAL PROCESSOR (CP)

The central processor performs the binary operations asso=
ciated with the instructions. It also directs the operations
required to execute instructions and establishes the timing
relationships needed to perform these opanations in proper

sequence,
NONDESTRUCTIVE READOUT (NDRO)

The NDRO memory is thin film and has random access non-
destructive readout. The memory is composed of 3072 words
of 96 bits each. This memory capacity is Ildentical to 12,288
words of 24 bits each.

DESTRUCTIVE READOUT (DRO)

The DRO memory utilizes wide temperature cores in a starid-
ard stack design. It consists of 4096 words of 24 bits each,
aiterable under program control. Thus, it can be used for
temporary storage, subroutine linkage, counting, etc.

lNPuT/OuTPuT SECTION

, Dugntal data is transmitted in parallel to and from the computer

with three independent data channels. The programmed data .
channels transmit or receive data under direct computer pro-
gram control. The 1/O controlied data channel sends and
receives data to and from the computer memor'y lndependent
of computer instruction execution. :

SUPPORT EQUIPMENT (SE)

Support equipment is necessary for program loading butv i»s'
not necessary for program execution,

The main console contains a control panel, a display panol i

and a perforated tape reader,

2-1



An auxiliary console contains a typewriter for operator com-
munication with the computer. The typewriter contains a
perforated tape punch as well as a slower speed tape reader

for oft-lihe operation,

EQUIPMENT RREA“N":;’J READOUT
i ACCESS WORKING
HertoRY MEMORY

—

T SUPPORT
. EQUIPMENT

CENTRAL i INPUT- OUTPUT
PROCESSOR BUFFER

A 4

- SYSTEM

‘F‘iggre 2~1, Computer Hardware Block Diagram



SECTION 3
FUNCTIONAL DESCRIPTION

Functionally, the computer may be divided into four major sections &s
listed in Table 3-1.

TABLE.3-1. COMPUTER SECTION

Section Function
Arithmetic .| Performs the arithmetic and logical eperations required
for executing instructions
Control Coonrdinates and sequences all operations for executing
an instruction by obtaining the instruction from storage
and translating it into commands for the other sections
Storage Provides internal storage for data and instructions
Input/Qutput Provides communication between the computer and the
external equipment
3.1 ARITHMETIC SECTION
3,1.1 OPERATIONAL REGISTERS
The operational registers are: 1) A register and 2) Q
register. Both registers may load into or be loaded from any
of the four index registers (31 to 34) without the use of a '
storage reference. .
3.1.1.1 A Register (Arithmetic)
This. 24-bit register is the main arithmetic register, Its con-
tents may be shifted right or left, separately or in conjunction
with the: Q register to form a 48-bit register.
3.1.1.2 Q Register (Auxiliary Arithmetic)

This 24~bit register is an auxiliary arithmetic register generally.
used in conjunction with the A register. Its contents may be.
shifted right or left, separately or in conjunction with the A
register to form a 48-bit register. o



3.2

3.2.1

3.2.1.1

3.2.1.2

PRINCIPAL SECONDARY REGISTER

The X register (Exchange) is the principal secondary register,
The 24~bit X register is the main exchange register between
the A and Q registers and memory as well as between the
program controlied data channel and the A register, The X
register also contains the muitiplicand. during multipiication
and the dilvisor during division.

CONTROL._SECTION

The control section directs the. operations required to execute

instructions. It also establishes the timing relationships neaded
to perform the operations in the proper sequence, . The con=~
trol section acquires an instruction from storage, translates it,
and sends the necessary commands to other sections,

OPERATIONAL REGISTERS

P Register (Program Address)

The 15-bit P register is the program address counter. The
most signiticant bit of this register is not used. The remaining
14 bits hold the address of the current instruction. The quan=
tity in P is advanced after each instruction is completed, The
amount by which P is advanced is determined by the type ol ’
exit the instruction takes. The exits are:

1) Normal exit = The P register is advanced by one.

2) Skip exit - The P register is advanced by two.

3) Jump exit - The P register is set to a quantity
defined by the execution address of
the jump instruction. '

U Register (Program Control)

The 24-bit U register is the main program control register
and holds the program step while it is being e‘xecuted . Al
operations necessary to execute an instruction are governed
by the upper 9 bits of this register, The lower 15 bits will
contain different types of information depending on the instruc~ .
tion being executed; also associated with the lower § bits is
a counter which is used in reducing this portion of the U om

_count at a time, to zero, for certain instructions. Spocmc

functions of the Ul register are discussed in the lnatrucﬁcm

' repertoire section.
3-2
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3.2.1.3 Registers B1 through B (Index Registers)

The 15-bit index registers hold quantities used as address
modifiers and hold control quantities for certain instructions
as explained in Section 4, Programming.

Computing speed is gained by utilizing the overlap between
instruction executions. That is, the index operation (operand
address modification) for the next instruction s periormed
during the execution of the current instruction, The index
operation is performed by adding the contents of the selscted’
B register to the 15-bit address portion of the instruction In
U. This is possible because the index registers have thelr
own adder, ' -

3.3 W

The PHOENIX Airborne Computer memory is composed of
two modules: a thin-film nondestructive reacout random
access module (NDRO) and a magnetic core destructive
readout module (DRO). The NDRO memory has a storage
capacity of 12,288 words of 24 bits each, while the DRO has
a capacity of 4096 words of 24 bits each., These units
operate together during the execution of a stored program and
can be considered as one 16,384 word storage system,

The location of each word in storage is ldentified by an
assigned number or address. The two modules have the
respective addresses:

1) DRO - 000008 through C)’/'77'78

2) NDRO -100008 through 3‘77778

" The required memory capacity for the NDRO of 12,288 words.
~ with 24 bits per word Is achieved by using 3072 words of 96
. bits each. Computing speed is thereby increased since only '
one memory access is required to obtain four instructions., 4
These four instructions are retained by NDRO sense ampli= .
fiers between storage references. The cycle time or time
for a complete storage reference in the NDRO memory I8
2.5 microseconds. Since four words are acquired with one-
relerence, the average time to acquire each word is- 625mnon ;
seconds. The cycle time for the DRO memory is 3.5 micros
i seconds, - o SR . ‘

3-3



3.4 INPUT/OUTPUT SECTION

Information
is handled

flow to and from the PHOENIX Airborne Computer
by the input/output (1/O) section of the computer,

The program control channel (PCC), support equipment chan=-

nel (SEC),

and the /O controlled channel are three independerit

cdata channels that transmit or receive digital data in parallel,

The programmed data channels (PCC and SEC) transmit or
receive data under direct computer program control, The
PCC provides a 24-bit bidirectional data path between the
computer and the HAC interface, The SEC provides a bi-
directional data path between the computer and the support

equipment,
reader; a

The support equipment contains a paper tape
typewriter, register displays, and switches.

The 1/O controlled channel sends and receives data under con~

trol of the

HAC interface equipment. This bidirectional 24-bit

channel can .transfer data to or from the lower 1024 locations
of DRO memory independent of computer mstrucuon execution,

See Table

32

TABLE 3-2, SPECIAL ALLOCATIONS

L.ocations Use
DRO Special Allocation
00000-01777 1/O Intertace Storage Area ,
02000-02007 Program Address Register Storage, Subroutine Jump |
02010-02017 " + Program Address Register Storage, Interrupt -
» NDRO Special Allocation
10000 Initial Power-up Reset !
10000 Manual Computer Reset.
10001 Power Return Reset |
37774 Real-Time Clock Interrupt 2
37775 Self-Test Interrupt °
37776 External Interrupt
37777 Power Transient Interrupt




3.4.1

3.4.1.1

INTERRUPT FUNCTION

The interrupt control system of the PHOENIX Airborne Com-
puter provides for testing whether or not certain external,
conditions exist independently of the main program. There are
two major types of interrupts in the computer;: 1) special -
(power transient, real-time clock, self-test) and 2) normal
(external) .

Description of Interrupts

-

Each of the four interrupts is provided to the computer by the
HAC interface. " Table 3-3 contains a list of the interrupts,

TABLE 3-3, INTERRUPRPTS

Interrupt When Generated

Power Transient Generated if the prime power to the power sup=

ply has gone out of tolerance

Real=-Time Cliock . Generated if the real-time clock In the HAC

Self-Test

. External

interface overtiows
Generated if the self-test button is depressed

Generated on any one of 16 conditions from the
HAC interface

3.4.1.2

Interrupt F’r*ocess'ing

Processing of both types of interrupts is accomplished in the
following manner, Each interrupt causes the computer to

‘'store the contents of the program address register, P, in a
location unique to that interrupt. Next, a jump is made to a
fixed address unique to that interrupt. See Table 3-2.

This address normally contains a jump to the interrupt routine.
The interrupt routine takes the necessary action for the con-
dition and then jumps back to the last unexecuted step in the
main program. This return to the main program may be
accomplished by using the JPI instruction described in Section 4.

3-5




3.4.1.8

3.4.1.4

3.4.1.5

Computer Interruption

Two times when the computer may be interrupted are:

1) immediately prior to acquisition of a new instruction(s)
from storage or 2) following the search of an itam during
the "execution of any search instruction. o

The following are times when a new instruction(s) is
acquired from storage. Thus an interrupt can be recog=-
nized at these times: :

1) Prior to acquiring a sequential group of four
instructions from NDRO memory.

2) Prior to acquiring an instruction from DRO
memonry

3) After executing an instruction acquired from NDRO .
memory that references an operand in NDRO
memory

4) After execution of any jump, muitiply, or divide
instruction or after execution of an instruction taking
a skip exit, '

Interrupt Priority

The special interrupts (power transient, real-time clock, and
self-test) have priority over the normal (external) interrupt.
A priority also exists within the special interrupts. The
priorities are: '

1) powBr transient - top priority

2) real-time clock, self-test - equal priority
The processing of the power transient interrupt cannot be
interrupted. The processing of all other interrupts can be

interrupted by an interrupt of equal or higher priority.

External Interrupt Register

This 16-bit register is located in the HAC interface and is
used by the interface to interrupt the computer on any one of
16 conditions. T

3«6



3.4.1.6 Interrupt Mask Register

This 17-bit register is Jocated in the PHOENIX Airborne
Computer. The 2~ bit is the interrupt inhibit bit; the remaining
16 bits correspond to the 16 bits in the external interrupt, ‘
register. The programmer can, with the EXF instruction,
choose to honor or ignore an interrupt indication from the exters
nal interrupt register by selectively setting or clearing the cor=
responding bits in the interrupt mask register.

3.4.1.7 Interrupt Inhibit Bit

The interrupt inhibit bit can be set or cleared under hardware
or software control. When an interrupt ‘is recognized, the ’
interrupt inhibit bit is set by hardware, When set, this bit
prevents the recognition of subsequent external interrupts. Thus
the routine processing of external interrupts cannot be inter-
rupted by another external interrupt. '

3.4.1.8 Recognition of External Interrupt

The recognition of the External Interrupt is accomplished auto-
matically by hardware examination at the times given above on
the basis of the logical product of the contents of the external
interrupt register and the conients of the interrupt mask regis-
ter Tr& T bil is found anywhere in the product, condition for
an interruption exists, However, if the interrupt inhibit bit is
set, the condition is ignored untii the inhibit is cleared, Upon
recognition, the interrupt processing as described above begins,

3.4,1.9 Recognition of Special Internupts
The power iransient, real-time clock, and selfi-test interrupts
are examined and recognized automatically by the hardware in
the priority and at the times given above. These interrupts
are special because they are not disabled by the interrupt
inhibit bit but, when encountered, they cause the inhibit bit to
be set. Thus these interrupts will take priority over the nors
mal (external) interrupt. » '

- 3.4.1.10 Sensing Interrupts

The programmer may selectively sense external interrupis
independently of the interrupt mask register by executing EXF
instruction that transfers the contents of the extqnnél interhb'pt |
 pegister to the A register. Executing this instruction auto=
matically - clears the esternal interrupt register, ) o

3.7
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3.4.1,11 Clearing Interrupts

The special interrupts are self-clearing. The external 3nte|~-é' :
rupts are cleared by executing the EXF Instruction that =~
transfers the contents of the external interrupt register to the
L A register. (See paragraph under heading 3.4.1.10,) . -
e 7 . ]

3.4.1.12 Interrupt Rouﬁne.

An Interrupt routine must be programmed. The interrupt
routine typically:

1) Stores the contents of the operational registers ifv
these regcster‘s are to be used In the interrupt
- routine .

2) Processes the interrupt condition(s).
3) Cilears the condition causing the interrupt,

4) Reloads the operational registers upon completing
the routine.

5) Returns control to main program, -

3.4.2 RESET CONTROLS

The three resets provide a way to force the computer pro=-
gram to restart from fixed locations by setting the program
address register, P, to reference these locations, See
Table 3=-2., The three resets are: '

1) Manual computer reset = This reset occurs when the
equipment reset switch is
depressed.

2) Power return reset - The HAC interface provides
this reset when the DC power’

i® within specliied tolerance aftel’
the occurrence of a power
transient interrupt.

3) Initial power-up line -~ The HAC interface provides a
: logic 1 when power Is fmst

turned on in the computer sub-

system. At the termination of |

puise the computer siarts: executidn,




SECTION 4
REPERTOIRE OF INSTRUCTIONS

These instructions pertain to the single address computer which

is sequenced by an internally stored program. This program,

togetner with the data to be processed, is contained in a cen-
tral, random-access memory. Each instruction is a 24-bit
quantity which specifies a certain operation to be performed by

the computer.

STANDARD INSTRUCTION WORDS

Typically standard 24 -bit instruction words are divided into threae
parts: a 6-bit operation code; a 3-bit designator; and a 15-bit

base execution address. The formats of the standard instruction
words are shown in Figure 4-1. Table 4-1 shows the use of

each part of the instruction.

The execution address and designator portions of the instruction
are discussed in paragraph 4.1 .1. The operation codes are
discussed in detail in paragraph 4.1 .5. The input/output instruc=
tions, which have different uses for the lower-order 15 bits of
the instruction, are discussed in paragraph 4.2.

Tables A-1 and A-2 In the appendix contain the instruction re-
pertoire.

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 base execution address may also be modified or left un=-
modiiied depending on the incex designator b. If unmodified,
the execution address is represented by the lower~case symbol,
k, y, or m; If the address is modified the symbols are capi-
talized.® The foliowing examples point out the relationship be-

tween the unmodified and moditied execution address.



fbm |

fby
fbsk
fb
fim

fst

DESIGNATOR

Figure 4-1, Instruction Word Format

r—"
R
¥ OPERAND ADDRESS (m)
5 " .
UNMODIFIED OPERAND (y)
B T (b)
UNMODIFIED
(s) NOT USED
A OPERATION (f) 1 . SHIFT COUNT (k)
NOT USED
} ¥* OPERAND ADDRESS (m)
. NOT USED  {(s) {(1) NOT USED
ojvii2}l3tatstelzieio o Jizlz3 biafistieii?z {is 1o 2021 ]22]23
¥ NOT USED




TABLE 4-1. INSTRUCTION USE

Instruction Numerical Range Uise
~ Word Part (octal)
Operation 00-77 Specifies the operation
f to be performed.
Designator Specifies the index ;
b , designator whose -contentg
‘, are to be referenced. . -
O;'5,6‘; or 7 No address modification, -
1=-4 Relative address modifi-
cation,
i 0-7 Specifies conditions (refer ;
to jump and stop instructions) .t
Base
Execution
Address -
k 00000-00037 Unmodified shift count
m 00000-37777 Unmodified operand address. |
y 00000-77777 Unmodified .perand
Sub-operation
Code For shift instructions:
s 0-1 s = 0, extend sign
s = 1, end-off
For complement instructions
s = 0, CPA :
; s = 1, CPQ
Complement ,
t 0-1 Specifies 1's or 2is ,
t = 0, one's comptomo‘m/,f
t =1, ‘twols cokhp‘lamqlrg' *




1)

2)

3)

The modified shift count K is repres_ented by

, K =k + (8°)
wherae: K = modified shift count
k = unmodified shift ¢ount (base execu-
tion address)
(Bb) = contents of index register b wharyny
b #0, 5, 6, or 7
If the index designator = 0, 5, 6, or 7

then K = Kk

- The modified operand Y is represented by

Y =y + (8°)

where: Y = modified operand A
y = unmodified operand (base execution
address) ‘

(Bb) = contents of index register b where
b #0, 5,6, or 7
if the index designator = 0, 5, 6, or 7

then Y = vy

The modified operand address M is represehted by
M =m + (Bb)

where: M = modified address of oberand
m = unmodified address of operand (base

execution address)

b :
(B”) = contents of index register B where

b /40,5, 6, or?7

If the index designator = 0, 5§, 6, or 7 =~

then M= m



Note that example 3 is the only case in which the execuilon
address is interpreted as an address of an operand.

4.1.2 ADDRESS MODIFICATION

The two po,ésible modes of address modification are identified
by the index designators as follows.

i) b=0, 5, 6, or 7 No Address Modification. ‘In this.
' mode the base exegution address is
) Interpreted without moditication; nething
is added to or subtracte. from it
(Direct Addressing).

2) b = 1 through 4 Relaiive Address Modification. In this
mode tne base execution address is
modified and is equal to the initial exe=~
cution address plus the contents of the
designated index register. x

Examples:

1) No Address Modification { b m
LDA 0 address

This instruction is interpreted as load accumulator {rom
the storage location designated by the sum of tne base
‘execution address and the contents of the specified index
register, BP. Since b = 0, no index register is de-
signated and m speciiies the storage location whose con-
tents are loaded into A.

2) Relative Address Modification

f b m

LDA 1 address (8!) = 00001

in this example, the accumulator is loaded from the
storage location designated by the base execution address
plus the contents of index r*eg!ster;.a1 . herefore, the
contents of the storage location named by the base exe=-
cution address plus 000018 Is loaded into the accqmulator'.
M=m+ (B1). ' o

4.1.3 TIMING
Table A-1 in the appendix shows the time required to execute an-

instruction after a memory reference. Whenever a memory re-
ference is required, the total execution time is 2.5 microseconds



more than that time indicated in Table A-1 with the exception
of the instructions referenced to the footnotes in Table A~1,
Memory referencing Is required:

1) when an instruction is located in DRO,

2). after the last instruction in 2an NDRO word of four:’
instructions is executed, and '

3) when an operand Is read from NDRO.

Typically, instructions are stored in NDRO, and since each NDRq
96-bit word contains four 24-bit instruction words only one memory
reference is required for each four instructions. If an operand ‘
is read from NDRO, the 96-bit NDRO word containing the next
instruction must be again accessed. i instructions are accessed
from the DRO, a memory reference is required for each instruc- |
tion since the DRO word length is 24 bits and each DRO word
contains only one instruction word.

-"he instructions referring to the footnote in Table A-1 (multiply,
divide, jump, and skip exit instructions) acquire the next instruce
tion from storage as part of their normal operation; therefore,
the time to acquire the next instruction is always included in the
execution times given in Table A~-1. It is never necessary to
add 2.5 microseconds for memory referencing when an Instruc-
tion follows an item referred to the footnote in Table A-1.

SEQUENTIAL EXECUTION OF INSTRUCTIONS

In order to decrease instruction execution time, four instructions

are read from storage and then executed sequentially. The '
addresses of the four instructions differ only in the lower-order
two bits; the upper 13 bits of their addresses are identical.

“The lower=order two bits of the address of the last instruction

of the four is ”2‘

Example: - b m
(10300) = LDA 0 00310
(10301) = ADD 1 00210
(8‘) - 001018

(10302) M, s s e e s o o



The P register holds address 10300, The storage refarence is
initiated and the nexi four insiructions are read; the 24-bit
word read from address 10300 is entered into U. Conmputer
operation is now dependcant upon the interpretation of the 24 ~bit
insiruction in U. The execution time for this instruction is 5.0 -
microseconds, since a storage reference was required.

The operation code, LDA, and the index designator, 0, are
translated. The function of the instruction, L.DA, is to load

the A register with the contenis of the designated storage loca«
tion. Because the index designator is 0, the base execution
address is not modified. The translation of the operation code
initiated the sequence of the commands which execute the in-
struction, and the operand in location 00310 is loaded into A.

The contents of P are increased by one, and the next instruction
is the 24-bit word read irom storage location 10301. 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, 5, 6, or 7,
the contents of the index register are added to the base execution
address to form M. Then M = m + (B1) = 00210, + 00101

- 003118.

The contents of storage location 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 instruction

at address 10302 is read from siorage and executed., The
execution time for the ADD instruction is 2.5 microseconds,
since a storage reference was not required to get the instruction.

4.1.5 ANALYSIS OF INSTRUCTIONS

The following paragraphs describe each of the standard instruc-
tions as they are classified in Table A=1. '

4,1.5.1 Shift_Instructions

All modes of address modification apply to all of these instructiond.'-
If the shift count is greater than 31, the shift count modulo 32
is used. (i<, which is held in U, (s reduced by one count for
each shift executed. When K=0, shiiting stops.) Shifting will be
completed before an interrupt request is processed. - The maxi=
mum possible number of shifts Is 31, .. - T



4.1.5.2

(44) SCA b s k Scale

Shifts A left end-off until the number in A is normalized or until
k = zero. ; The contenis of A are normalized when the left two
bits are not alike. The shiit count. k is decreased by one for .
each shift of A, Upon termination the count is entered into. the
designated index register. Since k is a 5-bit quantity the final
contents of the designated index register is less than 25,

Aprithmetic Instructions

e —————————

(00) ADD b m Add

-

Adds a 24-bit operénd obtained from memory location Mto (A).
The contents of memory location M remain unchanged.

(04) SUB b m Subtract

Obtains a 24-bit operand from memory location M and subtracis
it from the initial contents of A, The contents of location M
remain unchanged. '

(20) MUF b m Multiply Fpractional

Forms a 48-bit product of two 24-bit operands., The multiplféh
must be loaded into A prior to execution of the instruction. The
execution address specifies the memory location of the multiplicand,
The product is contained in AQ as a 48-bit quantity. ' |

(23) DVF b m Divide Fractional

Divides a 48-bit fractional dividend by a 24 ~bit fractional divisor.
The 48-bit dividend must be formed in the AQ register prior to
executing the instruction. “The 24-bit divisor is read from the
memory location specified by the axecution address. The quo=-
tient is formed in Q and the remainder is left in A at the end

of the operation. Dividend and remainder have- the same sign.

(51) INA"b ¥ Ingrease A

Adds Y to A. The 15-bit operand Y with its highest=order bit

extended in the remaining nine bits is added to A, ¥ is thus
considered a 15-bit signed operand with sign extended. . o



(42.1) ARE & (42.0) ARS b s k A Right Shiit

Shifts contents of A to the right KX places. The lower bits are
discarded. The largest practical shift count is 23, .. Zeros '
are shifted into the sign bit in the ARE instruction. The sign
bit is extended in the ARS instruction. ‘

(41.1') QRE & (41.0) QRS b s k Q Right Shift

Shiits contents of Q to the right K places. The lower biis are
discarded. The largest practical shift count Is 23, .. Zeiros
"are shifted into the sign bit in the QRE instruction. The sign
bit is extended in the QRS instruction. .

(43.1) LRE & (43.0) LRS b s k Long Right Shift

Shifts contents of AQ to the right K places on one 48-bit
register. The A register is considered as having the leftmost
24 bits and the Q regisier as having the rightmost 24 bits.
The lower-order bits of A replace the higher-order bits of

Q and the lower-order bits of Q are discarded. The largest
possible shift count is 31 __. Zeros are shifted into the sign
bit of A in the LRE instruction. The sign of A is extended
in the L.RS instruction.

(47.1) LLE & (47.0) LLC b s k Long L.eft Shift

Shifts contents of AQ to the left K places as one 48-bit register.
“The higher-order bits of Q replace the lower-order bits of A, -
The largest possible shift count is 31, . Zeros are shilted
into the least significant bits of Q in the LLE Instruction. The
higher-order bits of A replace the lower-order bits of Q in the
LL.C instruction.

(45.1) QLLE &(45.0) Q_C b s k Q Left Shift

Shifts contents of Q to the left K places. The largest practical
shift count is 23, . Zeros are shifted into the least significant
bits of Q in the 31_5 Instruction. The higher~order bits of Q-
replace the lowem-order bits in the QL.C instruction. :

(46.1) ALLE &(46.0) ALLC b s k A Left Shift

Shifts contents of A to the left K places. The largest practical
shiit count is 23, . Zeros are shifted into the least significant
bits of A In the /QL.E instruction. The higher-order bits of A -
replace the lower-order bits in the ALC instruction.

49



(61) INI b y | " Increase Index

Increases (Bb) by the operand y. If the b designator is zero,
five, six, or seven this instruction becomes a pass orn do=-nothing
instruction. Relative address modification does not apply to bthts"ff
instruction. ' a

(30) RAD b m Replace Add

Obtains a 24-bit operand from storage location M and adds it to
the initial contents of A. The sum is left in A and Is also trans-
mitted to location M., '

(03) ADQ b m Add to Q

Adds a 24-bit operand obtained from memory location M to (Q). .
The contents of memory location M remain unchanged. ' s

(01) ADL b m Add L.eft

Adds a 12-bit operand obtzined from the left hali of memory location
M to the left half of A. The conienis of memory location M and
the right half of A remain unchanged. :

(02) ADR b m Add Right

Adds a 12-bit operand obtained from the right half of memory loca«
tion M to the left half of A. The conients of memory location M
and the right haif of A remain unchanged. a

(05) SBL. b m Subtract L eit

‘Subtracts a 12-bit operand obtained from tne left half of n’ierhory
location M from the left haif of A. The conients of memory loca~
tion M and the right half of A remain unchanged.

(06) SBR b m Subtract Right

Subiracts a 12-bit operand obtained from the right half of memory
location M from the left half of A. The contents of memory loca~
tion M and the right half of A remain unchanged. :

(21) MFLL. b m Muitiply Fractional Left

Forms a 36-bit product of a 12-bit muitiplier and a 24-bit mqlﬁpﬂ;-
cand. The 24-bit muitiplicand must be loaded into A prior to

4=-10



4.1.5.3

execution of the instruction. The 12-bit multipiier is obtained from.
the left hall of memory location M. The product is contained in

A and the left half of Q as a 36-bit quantity.

(22) MFR b m - Multiply Eractional Right

Forms a 36-bit product of a 12-bit multiplier and a 24-bit multipli=
cand. The 24-bit muitiplicand must be loaded into A prior to ’
execution of the instruction. The 12-bit multiplier is obiained from
the right half of memory location M. The product is contained in
Al and the left half of Q as a 36-bit quantity.

(31) RSB b m ' Replace Subtract

Subtracts (M) from (A) and places the resuit in both the A
register and location M,

(32) RAO b m Replace Add One

Replaces the operand In storage location M with its original value
plus one. The result is also placed in A, :

(33) RSO b m Replace Subtract One

Replaces the operand in storage location M with its original con~
tents, minus one. Tne difference is also left in A

(07) SBEQ b m Subtract from Q

Obtains a 24-bit operand from memory location M and subtracts
it from the initial contents of Q. The contents of M remain un-
changed.

L_ocical Insiructions

All'modes of address modification apply to these instructions
except CPA and CPQ.

(36) LDL. b m Load Logic Product

l.oads A with the logic product of Q and the contents of the

designated memory location, M. A logic product is a bli=by=-bit
multiplication of two binary numbers: ‘ '

0 x 0 =0 1 x 0 =Q
OxI-QZ‘ 1 x 1 = 1



4.1.5.4

{34} SClL. b m Selective Clear

Individual bits of A are set to O's where there are corresponding
1!'s in the word at memory location M. If the com"espondmg bits
in M are O's, the associated bits of A remain unchanged.

(35) SST b m Selectove Set

Individual bits of A are set to 1!'s where there ‘are corresponding
1's In the word at memory location M, If the corresponding btts
in M are O's, the associated bits of A remain unchanged.

(37) LSS b m Logdical Seiective Set

Individual bits of A are set to 1's where there are corresponding
lis in the logical product of M and Q. If corresponding bits in
the logical product of M and Q are zeros, the associated bits

of A remain unchanged. ‘

(57.0)
(57.1) CPA s t Complement A

This instruction complements the contents of the A register. The
address portion of this instruction, m, is not used. The desig=
nator, b, is ignored. The suboperation code, s, eGuais zero
and specifies the A register for content complementing. The, -
t, bit specifies either one's or two'ls complement.

(57.2)
(57.3) CPQ s t Comrplement Q

This insiruction complements the contents of the Q regisier. The
address portion of tnis instruction, m, is not used. The designator,
b, is ignored. The suboperation code, s, equals one and speci=- "
fies the Q register for content complementing. The, t, bit speci-
fies one'ls or two'!s complement. ~

Iran fer truction

All modes of address modification apply to the full=word trans-
mission instructions except for XAQ, ENI, LDI, - STi, ATI, and
QTl. ' :



(14) LDA b m ; ' Load A

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

(17) LDQ b m Load Q

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

(56) LAC b m Load A Complement -

Replaces the conients of A with the two'!s complement of the 24«
bit operand contained in memory location M.

(10) STA b m , Store A

Replaces the contents of the designated storage location, M, with
the contents of A.. The initial contents of A remain unchanged.

(13) STQ b m Siore Q

Replaces the contents of tne desighated storage location, M, with
the contents of Q. The initial contents of Q remain unchanged.

(67) XAQ b m Exchange A and Q

Places the initial contents of the A register into the Q register
and at the same time places the initial contents of the @ register
into the A register, The result of this instruction is that the
contents of the A and Q registers are interchanged. The m
and. b portions of this instruction are not used.

" (52) ENA b vy : Enter A

The 15-blt operand, Y, is entered into the A register and its
hignest-order bit (sign bit) is extended in the remaining nine
bits. The largest positive 15-bit operand that can be entered
into A is 37777_, (214-1) and the 0 sign bit will be duplicated
in each. of the upper nine bits. : ‘

(53) ENQ b y ‘ Enter Q

The 15-bit operand, Y, is entered into the Q register. The
same conditions as for the ENA instruction are applicable,



(60) ENI b y Enter Index

Replaces (Bb) with the operand y. i b =0, 5, 6, or 7, this
instruction becomes a pass or do-nothing instruction. '
(15) LAL b m Load A Left

Replaces the contenis of A with a 24-bit operand., The left halif
of the 24-bit operand is obtained from the left half of memory
location M. The right half of the 24-bit operand is zero bits.
The contents of M remain unchanged. ~

(16) LAR b m. Load A Right

Replaces tha contents of A with a 24-bit operand. The left haif
of the 24-bit operand is obtained from the right half of memory
location M. The right half of the 24~bit operand is zero bits.
The contents of M remain unchanged. ’

(11) SAL. b m Store A Leit

Replaces the left half of storage location M with left half of A.
The initial contents of A and the right half of storage location M

remain unchanged,

(12) SAR b m Store A Right

Replaces the right half of storage location M with the left half of
A. The initial contents of A and the left half of storage location

M remain unchanged.

(55) STZ b m Store Zero

~ Replaces the contents of storage location M with zero. The
initial contents of A and Q remain unchanged.

(c4) LDl b m Load Index

Replaces the contents of the designated index register with the
address portion of memory location m. if b =0, 5, 6, or 7,
this instruction becomes a pass or do=-nothing instruction. Initial .

contents of m remain unchanged.

(54) STI b m Store Index

Replaces the address portion of storage location m with the
contents of the designated index register. Tha remalning bits
of the word in storage are set to 0. if b =0, 5, 6 or?7,
the word is set to zero. N C T
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(65) ATI b ' A to Indax

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
insiruction. The contents of the A register are unchanged by
this instruction., i b = 0, 5, 6, or 7, this instruction becomes

a pass or do-nothing instruction.

(66) QTI b Q to Index

This instruction transmits the lower-order 15 bits of the Q
register to the index register specified by thre index designator.
The address portion of the instruction, m, is not used, The
contents of the Q reglstier are unchanged as a result of this
instruction. I b = 0, 5, 6, or 7, this Instruction becomes a-
pass or do-nothing instruction.

Storage Search

If b = 0, in the following instructions, only the word at storage
location m is searched. Ili b = 5, 6, or 7, or (8P) = 0, no
search is made. In all of these instructions a test is made for
interrupt conditions after each word is searched.

(24) EQS b m . Ecuality Search

Searches a Jist of operands to find one that is equal to (A).
The number of items to be searched is specified by (8P).
These items are in sequential addresses beginning at location
m + 1. The search begins witn the last address, m + (8P).
Bb) is reduced one count for eacn word that is searched

“until an operand is found that equals (A) or until (8P) equals

zero. If the search is terminated by finding an operand that
equais (A), the next instruction is skipped. The address of

the operand satisfying this condition is given by the sum of m + 1
and the final contents of BP, If no operand is found that equals

{A), the next instruction is taken,

. {25) THS b m Threshold Search

' Searches a list of operands to find one that is greater than (A),

The number of items to be searched is specified by (BbP). These
items are located in sequential addresses beginning at Iocm;on m + ¥a
The search begins with the last address, m + (Bb) Thc oontont
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of the index register is recuced by one for each operand
examined. TThe search continues uniil an operand is re&ched
that is greater than (A) or until (BP) is reduced to zero. If
the search is terminated by finding an operand greater than the
value in A, the next instruction is skipped. The address of the
operand satisfying the condilion Is given by the sum of m + 1
and the final contents of B8P, If no operand In the list is greater
than the value of A, the next instruction is taken.

(26) MEQ b m | . Masked Eguality

Searches a list of operands to find one operand in which the.
logical product of (Q) and (M) is equal to (A). This instr‘uctnon:,:
except for the mask in Q, operates in the same manner as an
equality search.

(27) MTH b m ’ ‘ Masked Threshold

Searches a list of operands to find one operand in which the
logical product of (Q) and (M) is greater than (A). Except
for the mask in Q, this instruction operates in the same manner
as the threshold search.

Figure 4-2 illustrates the four search instructions just described. -

Jumps and Stops

Address modificaiion is used in the UJP and JPI instructions only.
A jump instruction causes a current program seguence to termin-
ate and initiates a new sequence at a different location in storage. .
The program address register, P, provides the continuity be-~
tweeen program steps and always contains the storage location

of the current program step.

When a jump instruction occurs, P is cleared and a new address
is entered into P. In most jump instruciions, the base execution

. address, m, Is entered to specify the new .2ddress for beginning

the new program sequence. [he word at location m is read from
storage, placed in U, and the first instruction of the new sequence
is executed. ' ‘ ’

Some of the jump instructions are conditional upon a register
containing a specmc vaiue or upon the condition of the SE stop
switch. |f the criterion is satisfied, the jump is made to locltlcﬂ

m. If it is not satisfied, the program pr'oceeds In its r‘egular'

sequence to the next instruction.
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(72} AJP | m w

Jumps to m if the condition of the A register specified by the

jump designator j exists. If not, the next instruction is executed.
j=0  Jump if (A) =0 j=6 Jump if (A_) 2 0
=1  Jump it (A) #0 =7 Jump 1f (A_) < 0
j=2 Jump if (A) 2 0 ’
j=3 Jump if (A) < 0
j=4 Jump if (AR) =0
j=5 Jump If ‘AR) # 0

(70) SLLJ j m Selective Jump

Stops at the present step in the sequence if the condition
specified by | exists. Then jumps to m if the condition
specified by | exists.,

The next instruction is executed if the jump conditior. Joes
not exlist,

j=0 Stop if SE connected; jump unconditionally.
] =1 Stop if SZ= connected; jump upon restart if
jump switcn set,
ji™=2 Stop if stop switch is sety jufnp unconditionally.
j=3 Stop if stop switch is set; jump if jump switch set.
(73) AJS | m A Jump Stop

Stops at the present step in the sequence if the stop switch is
set. Jump to m if the condition of the A register specified by
the jump designator j exists,

i=o0 Jump I (A) =0 i=4 Jump it (A_) =0
ji= Jump it (A) # 0 j= 35 Jump If (AR) # 0
i=2 Jump if (A) 2 0 j=6 Jump if (AR) 20
j =3 Jump if (A) < 0 =7 Jump it (AR) <0



.(62) P b m : Index Jump

Examines (Bb) . If this quantity is not zero, the cuantity is re=-
Cuced one count and a jump is executed to program siep m. IJF’
terminates at zero. If (B°) is zero, the present program se=
duence is continued. li b = 0, 5, 6, or 7, this instruction’ be=

comes a pass or do=-nothing mstrucncn.

(71) UJP b m Unconditional Jump

" Jumps unconditionally to address M. M=m + (Bb).
Ifb=0,5, 6, or 7, M= m for the jump. -

(75) JPl b m Jump Indirect

Jumps unconditionally to address specified by the contents of ; ‘

M. lfb=0, 5, 6, or 7, M = m for the jump. if b = 7, the
interrupt inhibit bit in the interrupt mask register is aiso cleared..
The JPI instruction differs from the UJP in that the contents of
the address specified by M is read to obtain the jump address. -

(76) SRJ j m Subroutine Jump

Replaces the contenis of siorage location designated by 2000 +
(j}, 0 < j s 7, with the address of the next instruction, ? + 1,
then jumps unconditionally to m. A subroutine jump, F-'igure 4=-3,
begins a new program seguence at the address specified by m,
for example, 10100. At the same time, tne lower 15 biis (exe-.
cution address) of storage location 002001 are replaced with the
address of the next program step in the main program 10011,
The last instruction In a new program sequence is a Jump in-
direct instruction which enters m stored in 02001 into P to
continue the main program sequence.

(74) JSI b m Jump Unconditional
and Set Index

Jumps unconditionaliy to m. At the same time the (.P) + 1 Is
piaced in index register 8P, i b =0, 5, 6, or 7, only a
jump to m is executed. *

(63) ISK b vy , Index Skip

Compares (Bb) with y. If the two quantities are equal, Bb» is

cleared- and tne next instruction is skipped. If the qyuanmids"mk
unequal, (8P) is increased one count and the next instrucﬁon is
taken, If b = 0, 5,6, or 7, this instruction becomes a pau or
do-np:hing instruction. kS : :
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MISCELLANEOUS INSTRUCTIONS

(77) INT J Interrunst

The INT instructions is forced into the U register when an
interrupt is recognized. The execution of this instruction is
similar to the SRT except that the location of the next mstmc-

tion,

(P)+1, is stored at location 20710+j.

Example: 7The external interrupt forces ihe instruction.
o}

‘INT 6 77776 inio the U register ‘where it

is execuied as the next instruction. (P)+1
is stored at location 02016_ since j=6. Then
a jump is taken to 37776, the lower i4 biis
of 77776.

(40) NO P No Operation

This instruction is a !"do nothing! operation. WNo registers
are aliered and the instruction is effectively a 2.5 rmcr*osecond
delay in the program execution.

EXF

External Function

The External Function instructions (EXF) perform four types of
normal operations (see Table 4-2).

_1)

2)

Activate - activates a channel input/ouiput operation.

The EXF activate insiruction (j=1 or 5, c=02, d=data addmssix,_
loads the program controlied data acdress into the data ad- ) )
cdress register and aclivates the input or output channel by
sending the strobe input (or output) address signal to !ho
external ecuipment,

Transfer - performs a data transfer.

The EXF Transfer instruction (j=0,1,4,5,c=01, d=not used)
transfers data from the external lines to the A register or -
from the A register to the ouiput register. The transfer
instruction also loads the inierrupt mask regisier with the
contents of A(]=0, c=04, d=not used) and allows reading

the external interrupt register into A(j=1, c=4, d=not used),
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3) Sense - senses exiernal condition.

The EXF Sense instruction provides a means lor testing
the system channel input ready line (j=2, c=not used, d=not
used) and also for testing supponrt equipment’discretgg
"(j=6, c=not used, d=support ecquipment discmtes). '

4) Function - selects a function.

Certain functions can also be executed by means of the EXF‘
instructions, TThese functions are: '

-

 a)  Set Console Function(j=4, c=10, d=support ecuipment
functions) This function selects peripheral eqn.ltpmem
on the support ecuipment channel, :

b) Set Interrupt lLockout(j=0, c=20, d=not used)
c) Clear. Interrupt L.ockout(j=0, c=40, d=not used)

/O SEQUENCE

The input and output operations must be performed in the foltowin_g
seguences:

Qutput
Sieop Instruction Operation
1 LDA ‘ L.oad A - Output data transferred to A
2 EXF,j=0,c=01 A transferred to the output register and
d=not used ’ the output lines
3 EXF,j=0,c=02 Data address and the output address

d=data address strobe are transmitted to the external -
. eqguipment

The externai functions in the output routine can be determined
using Table 4-~3. An explantion of the output operation follows.
Numbers in parenthesis refer !0 ilem numbers in Table 4«3,
Step 1 requires the program to load the ouipui data into the A . .
register. In Siep 2 (EXF,j=0, c=01, d=not used) the program
executes an &XF data transier instruction which transmits the
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conter’s of A to the output register where the data is placed on
the output data lines { (A register)—> X register (1) and (X
register)=—> PCC output register (10) )

In step 3 (EXF, j=0, c=02, d=data address), the program execuien
an EXF activate output chennel which tr-ansmtts the cata address io
the external ecuipment along with an output address strobe signal,
The external equipment detects tne ouiput address strobe signal and
reads the output address and the output data. ( (A regis.eh)—-bx
register (1) and PCC output strobe —>1/O unit (13) ). The

output fu- s.ion is then completed,

4.2.1.2 Input

Step Instruction Operation
1 EXF,j=1, c=02, Data address and input address strobe

d=data address are transmiited to the external equipment

2 - EXF,j=2, c=not Sense input data ready. If input data -
used d=not used ready detected skip step 3.

3 UuJdrP Jump to step 2.

4 EXF,j=1, c=01 Input data transfer to A,
d=not used

The preceding input operation uses combinations of function codes |
fromTable 4-3. In the following explanation numbers in parentheses
denote item numbers in Table 4-3.

Siep 1 (EXF,j=1, c=02, d=data address) recuires the computer
program to transmit io the external equipment a data address whicn .
specifies the data word to be used as input. An input address
strobe signal is simultaneously transmitied t6 the external equipment,:
This operation is performed by the execution of an EXF instruction,.
activate input channel. The exteroal equipment detects the input )
address strobe, reads the input address, places the specified data
on thae input data lines, and transmits an input ready signal to the
computer. { (X register)=—>A register (2) and PCC Input addmst

strobe —» 1/O unit (14) ).



The second siep tesis the input ready line for the presance

of the irput ready sign&l by means of an EXF sense instruction.
(Sense PCC input data ready (4) ). ‘ J

When the Input ready signal is detacted. by the EX& sense in- :
struction, a skip condition occurs., Step 3 causes a loop 16 awalt
an input ready signal. -

In step# (EXF, j=1, c=01, d=not used) the program executes an
EXF data transfer insiruction and the data on the in: it lines Is
loaded into the A register. (PCC input data=—>X register (5)
and (X register)—> A register (2) ). Thus, the input sequenca '
is completed. ' ,

4.2,2 EXF _Format

Various functions in Table 4-3 have been combined to form the
more useful functions in Table 4-2 for special purposes, other
useful function codes can be derived from Table 4«3.



TABLE 4-2. BEXTERNAL FUNCTION INSTRUCTION FORVAT

UUUUBUQU Ul Ul u U U U U * U

sT-¥

5 6 7 10 11 12 13 14 15 16 17 ' 23
50 ‘ i unused ] c , d
] Function | : ©_Sub _function d_ ( =1 r‘/TQT’\
Output fo Program Contro!l 01 Data transfer Not used = 22
Channel (24 bits) (j=0,1,4,5) }
Input from Program Control 02 . Activate channel ; Data Addrass
Channe! (24 bits) (j=0,1)
Sense Input Data Read 04 (A)—> Mask Register (j=0) Not used
(Program Control Channel) Interrupts == A (j=1)
Output to Support 10 Set Console Function Support ecuipment
Equipment Channel (7 bits) {i=4)
Input from <Support 20 Set Interrupt Lockout Not used
Equipment Channel (8 bits) (j=0)
Sense Support Equipment 40 Clear Interrupt L.ockout Not used
discretes (7 bits) (j=0) ,
Not Sense Input Rzady line Not used
used
Not Scnse Support o Support Equipment

used Equipment discreies discretes



¥*TABLE 4-3. EXF FUNCTIONS

ltem Function

, A Regisier —>X Register

Cl
[6)]

X Register —>A Register
U .U Sense Console discretes

If U6u7, Sense PCC Iinput Data Ready

1 Gsueu 160 PCC Input Data —>X Register

M ueuw, Interrupts —>X, Interrupt Status Clear-ébl/O“‘U4m;~

If ususuie, Console Data —>X Register

if u6u]5, u17_23--> ~PCC Data Address Register

X Register— nterrupt Mask Regisier

it T U,
i T lgu o,

11. If UGGS’ Typewriier Data Ready—» Console

12 If u6u13, Select Console Function—» Console

13 it T U U, PCC Output Address Strobe—>1/O Unit . - |
68"

O VW O N 0o U0 > W W

X Regisier—» PCC Cutput Register

14 | - d 59
15 If U Set Interrupt Inhibit FF
u

PCC Input Address Strobe —>1/O Unit : | g

12’

16 ity

Clear interrupt Inhibit FF

* o o= instruction format with x being a bit position

0 £ x S 23, beginning with uo as the most left bit positidn

Ex = bit unset (0) and L..l>< - set (1). See diagram In Table'#—%,



ARPPENDIX A

REPERTOIRE OF INSTRUCTIONS

Table A~1 contains a description of the Insiruciions. Table A-2
lists the Instructions In alphabeiical order of the mnemonic.
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, TABLE A-1,
' DESCRIPTION AND EXECUTION TIME OF INSTRUCTIONS

Execution

(MFZ ) unchangecd

Op Code Mnemonic Name Description Time
00 ADD Add (A)+(M) = A » 2.5
01 ADL Add gert (A 1M ) A, ’

' .AR uncha'nged 2.5
37 + —
02 ADR Add Right (AL) (MR) > AL’
AR unchanged
03 ADQ Add to @ (Q)+(M)— Q .5
04 suB Subtract (A)=(M) —> A 2.5
05 sSBsL Subtrect Leflt (A\L)-(ML ) —> Al_ ,
AR unchanged 2.5
06 SBR Subtract Right (AL_)”’( MR) - AL_’
AR unchanged 2.5
07 sSBQ Subtract from Q | (Q)-(M)—> Q@ 2.5
10 STA Store A (A)— M 2.5

N ”  SAL. Store A Left (AL)—-:- ML )

2.5




TABL—E A“"o- .
DESCR!F’TION AND EXECUTION TIME OF INSTRUCTIONS (Cont.)

ze

Execution
Op Code Mnemonlc Name Description ] Time
12 SAR Store A Right (AL)—-;~ MR’
(ML) unchanged 2.5
13 STQ Store Q (Q)—> M 2.5
14 L DA Load A (M) = A . 2.5
| A d A Left — A
15 LAL L.oa e (ML.) >AL.’O AR 2.5
16 LAR L.oad A Right (MR)———> AL,o-e) An 2.5
17 LDQ Load © (M) —Q 2.5
20 MU= Maltiply - Fractional (A )Yx(M)— AQ : 25,01/
21 MFL Mulliply Fractional (A)x(ML)——>- A and 1/
L eft Q 15.0—
L. , ;
22 MFFR Multiply Fractional (A)x(MR)—-> A and o
Right Q i 15.0'—/
L i
23 . DVF Divide Fractional (AQ) (M) Q : '/
, remainder —» A ' 27,5
24 : EQS Equality Scarch Search (Bb) words :
o until (M)=(A) . ~z.s+z.5hl/.
25 THS Threshold Search | Scarch (Bb) words
until (M) 2 A ! 2.5+2.5nl/

jjv- This Includes the atcess time for the next Instruction. If the jurrip is not taken in the
~AJP, AJS, and SLJ instructions the execution time Is 2.5 microseconds. -
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TABLE A-1.
DESCRIPTION AND EXECUTION TIME OF INSTRUCTIONS (Cont.)

Execution
Op Code Mnemonic Name Description Time
26 MEQ Masked Equality Search (Bb) words 1
Search until (Q)e (M)=(A) 2.5+2,5n0
. 27 MTH Masked Threshold | Search (Bb) words 1
Search until (Q) ¢ (M) > (A) 2.5+2.5n
30 RAD Replace Add (A)+{M)—> A Bnd M 5.0
31 RSB Replace Subtract (A)=(M)—> A and M 5.0
32 RAQ® Replace Add One (M)+1—> A and M 5.0
33 RSO Replace Subtract (M)-1— A and M
One 5.0
34 scL Selective Clear 0—> A, lf(Ml\}:l 2.5
35 SST Selective Set 1AL (MN}ﬂ 2.5
36 L.DL l_oad lL.ogical (Q) o (M)—> A
: FProduct 2.5
37 LSS L.oglcal Selective 1—=A_ it (M_)o
. Set (@ )=1 N
N
30 NP No Operation .5
41,0 QRS Q Right Shilt, Shift (Q) right K a1
Sign Extended places 2.5+[ 3 ]x 2.5
1. a1 QRE Q@ Right Shilt, Shiit (Q) right K |
R End Off ' places ‘ 3

[N
n
—t—
i"‘X
wl¥
|
X
N
[3,}
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TABLE A- 1.

Dl.”' CRIPTION AND E‘>\ECUTION Tl'\/)l..... OF INSTRUCTIONS (Con‘.)

7
) Exccution
Op Code Mnemonic- Name Description Time
42.0 ARS A Right Shilt, Shift (A) right K V-H
Sign Extended Places 2,5+ 3 X 2.5
42,1 ARE A Right Shilt, Shift (A) right K ’ err]
End OIff places 2,5+ *—'3"‘ X 2.5
. -
43,0 LRS Long Right Shift, Shift (AQ) right K ey
Signh Extendcd places 2.5+E‘*‘3"‘ x 2.5
43,1 LFRE Long Right Shift, | Shiit (AQ) right K Py
End Off places 2,51 =37 X 2.5
44 SCA Scale A Shift (A) left until !
(A )it (A)) or k-no. 2 e
. bf shifts+1
of ghifIva:Oé k-no. of 2.5% L 03 2 J 1
shifts —- B x 2,5
45,0 QlL.C Q Lelt Shift, Shift (Q) left K -
. K+1
Circular places 2.5+ 3 | % 2.5
s -
45,1 QLE Q Left Shift, Shift (Q) left KK "
K+1}
End OIff places 2,5% 3% 2.5
-
46.0 AlL.C A Left Shift, Shift (A) leit K KK'H.‘
Circular places 2,54 "”“gjx 2.5
ALE A Left Shift, Shift (A) lelt K I’"

4641

End Oif

places
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TABLE A-1. ,.
DESCRIPTION AND EXECLITION TIME OF INSTRUCTIONS (Cont.)

‘ Execution
Op Code Mnemonic Name Description Time
47.0 LLc L_ong L.eft Shilt, Shift (AQ) left K B :
: K+1
Circular places 2.5+L 3 X 2.5
47,1 LLE Long Left Shift, Shiit (AQ) left K o
End Off places 2.54——{x 2.5
L 3
50 EXF External Function 2.5 - 5.0
51 INA Increase A (A)+Y-— A 2.5
52 ENA Enter A Y — A 2.5
53 ENQ Enter Q Y- Q 2.5
54 STI Store Index (Bb)—-> m; if b=0,
5, 6, or 7, then
0—m 2.5
55 STZ Store Zero 0—M 2.5
56 LAC Load A Twos, -
Complement (M)+1—> A 2.5
57.0 CPA,1 Complement A, )
o Ones Complement (A) — A 2.5
- 57.1 CPA,2 Complement A,
‘ Twos Complement | (A)+1-—= A 2.5
87.2 CcPQ,1 Complement Q,
. Ones Complement | (Q) -~ Q 2.5




| . TABLE A-1.
DESCRIPTION AND EXECUTION TIME

OF INSTRUCTIONS (Cont.)

Execution
Op Code Mnemonic * Name Description Time
57.3 CPQ, 2 Complement Q, . -
Twos Complement (Q)+1—Q 2,
60 ENI Enter Index y—> Bb .
61 INI Increase Index (Bb)+y —.gP .
62 1uP Index Jump If gsb);’: 0,
(B )-1—= 8" and 1/
jump to m 5.0
It (B7)=0, take N.I, 2.5
63 ISK Index Skip If (Bb)f- Y, (Bb)-H g 1/
B take N.I.; if (B)= 5.0—
y, 0—=B &skip N.I. 2.5
64 LDl Load Index (Mg 23)-—>Bb 2.5
65 ATI A to Index (A9 23)—-—~>Bb 2.5
66 QTi Q to Index (@ 23)-—-—~>Bb 2.5
67 XAQ Exchange A and Q (A)i-»:aQ (Q)i-—->'A - 2.5 ;
‘ ' 1
70 SLJ Selective Jump Jump to m if condition j 5‘0"/
1
71 uJpP Unconditional Jump . | Jump to M unconditionally 5 -0”/
- . . ! e
_l_/ This includes the access time for the next instruction. If the jump Is not taken in the

AJP, AJS, and SLJ instructions the execution time is 2.5 microseconds..
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TABLE A-1.
DESCRIPTION AND EXECUTION TIME OF INSTRUCTIONS (Cont.)

Execution

Op -Code Mnemonic Nameg Description _Time
72 AJP A Jump Jump to m if condition j 5.0'—/
73 AJS A Jump Stop Stop if stop switch :

sct, Jump to m it
condition j. 5.01/
74 JSI Jump Unconditionally b
Set Index (P)+1—B and Jump
75 JPI Jump Indirect Jump to (m); if b=7 ,
‘ clear interrupt 1/
inhibit bit 5.0—
76 SRJ Subroutine Jump (P) +1->(02000,+)) ; .
Jump to m , 5.0“‘/
77 INT Interrupt (P)+1— (020008+1); 1/
Jump to m 5.0

1/ This includes the access time for the next Instruction.

If the jump Is not taken in the

AJP, AJS, and SLJ instructions the execution time is 2.5 microseconds.
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TABLE A-2, :
LIST OF INSTRUCTIONS IN ALPHABETICAL ORDER OF MNEMONIC

OF-’ Code Mnemonic Name OPF Code -Mnemonic Name
00 ADD Add 52 £ NA én:ep Py
01 ADL - Add Left 60 ENI Enter Index
03 | ADQ Add to Q 53 ENQ Enter Q ;
02 ADR Add Right 24 EQS Equality Sear‘*‘ch;' e
72 AJP A Jump 50 EXF External Funcﬁc}'n'i
73 AJS A Jump Stop 62 JIP Index Jump: |
46.0 ALC A Lelt Shift Circular 51 INA Increase A
46.1 ALE A Lelt Shift, End Cif 61 INI Increcase index
42,1 ARE A Right Shifi, End OIf 77 INT Interrupt
42.0 ARS A Right Shift, Sign 63 IsK Index Skip
. Extended
65 ATI A to Index 75 JPI Jump Indirect ’
57.0 CPA,1 - Complement A, Ones 74 JSI Jump and Sctlnd 2
‘ . Complement
57.1 CPA,2 Complement A, Twos 56 LAC Load A twos
Complement Complement
. 57.2 crPQ,1 Complement Q, Ones - 15 L.AL Load A L.e,‘ﬂ.
Complemer: : ;
(., 1“57‘.3 CcPrQ, 2 Complemeént Q, Twos 16 LAR |Load A Right
e Complement ’ - ‘
| DVF Divide Fractional 14 LDA fLoad A




6=V

LIsST. Of" INSTRUCTIONS IN ALPHABE TICAL ORDER OF MNEMONIC (Cont )

TABLE A-2,

OP Code Mnemonic Name OPF Code Mnemonic Name
64 L Dl ~ Load Index 30 RAD Replace Add |
36 LDL L.oad L_ogical Product 32 RA® Replace Add One:‘z'"
17 LDQ Load Q 31 RSB Rep!ace oubtrac!
47.0 LLC Long Left Shift,Circular 33 RSO Replace oubtract”‘One
47,1 CLe Long L.eft Shift,End OH' 11 SAL Store A Left »
43,1 LRE Long Right Shift,End o 12 SAR Siore A Right
43,0 LRS Long Right Shift, Sign 05 sBL. Subtract Left

Extended v ‘ )
37 LSS Loglcal Selcstive Set 07 sBQ Subtract from &
26 MEQ Masked Equality Search 06 SBR Subtract 'F.Qight;' -
21 MFL Multiply Fractional Left| 44 scA Scale A , .
22 MR Multiply Fractional Right 34 scL Selective csoar«"' |
27 MTHI Masked Threshold. Searfch 70 SLJ Selectlve Jump
20 MUF Multiply Fractional 76 , SRJ ‘)ubr‘ouﬁn’“ Jump
40 NP No Operation 35 SST Selective Set -
45.0 QL.C Q Left Shift, Circular 10 STA Store A |
45,1 QLE Q Left Shift, End Off 54 STI Store Index
4}.1 QRE Q Right Shift, End Off 13 STQ St?re Q
41.0 QRs Q Right Shift, Sign 55 sTZ _siéée z
o Extended | . ‘

Dt A m e itant



ot=-v

LIST OF INSTRUCTIONS IN ALPHABE TICAL ORDER OF MNEMONIC (Cont.)

TABLE A-2.

OF Code Mnemonic Name
25 THS - Threshold Search
71 UJP Uinconditional Jump
67 XAQ Exchange A and ©







	000
	001
	002
	003
	004
	1-01
	1-02
	1-03
	1-04
	2-01
	2-02
	3-01
	3-02
	3-03
	3-04
	3-05
	3-06
	3-07
	3-08
	4-01
	4-02
	4-03
	4-04
	4-05
	4-06
	4-07
	4-08
	4-09
	4-10
	4-11
	4-12
	4-13
	4-14
	4-15
	4-16
	4-17
	4-18
	4-19
	4-20
	4-21
	4-22
	4-23
	4-24
	4-25
	4-26
	A-00
	A-01
	A-02
	A-03
	A-04
	A-05
	A-06
	A-07
	A-08
	A-09
	A-10
	xBack

