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CHAPTER 1
INTRODUCTION

1-1. Purpose

The purpose of this manual is to provide infor-
mation pertaining to the operation, instructions,
structure, and organization of the AN/GYK-12
computer (hereafter referred to as the computer).
This manual, in conjunction with the AN/GYK-
12 Assembly Manual (document number 586017-
361), provides programmers with the information
necessary to write programs for the computer.

1-2. Applicable Documents

This manual is a basic prerequisite for the
following manuals concerning the AN/GYK-12
computer system. '

599101-903 AN/GYK-12 Inter-
preter/Simulator Man-
ual

586017-361 AN/GYK-12 Assembly
Manual

1-3. Description

Chapter 2 specifies the purpose of the manual,
the applicable documents, and provides descrip-
tions of the various sections comprising this man-
ual. Chapter | presents general information per-
taining to the computer and consists of descrip-
tions of the computer, computer organization, and
the hardware sections comprising the AN/GYK-
12 computer. Chapter 3 discusses the memory
communication characteristics and defines the
program level .concept. A detailed discussion of
the special purpose registers is also included.
Chapter 4 presents a discussion of the input/
output (I7/0) function of the computer. Chapter 5
presents general information pertaining to the
data and instructions of the computer. Chapter 6
provides detailed descriptions of each of the com-
puter instructions.

1-1/(1-2 blank)
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CHAPTER 2
DESCRIPTION

Section |. AN/GYK-12 COMPUTER

2-1. Introduction

This section provides general information per-
taining to the AN/GYK-12 computer. A discus-
sion of the AN/GYK-12 computer organization
and the main elements contained in the computer
is presented. -

2-2. The AN/GYK-12 Computer

The computer forms the nucleus of the AN/
GYK-12 computer system. The computer is a
high-speed, general purpose, microelectronic digi-
tal computer which makes use of the latest ad-
vances in circuits and packaging, in combination
with an efficient system organization. The com-
puter is a versatile machine with very extensive
capabilities which allow it to be efficiently and
economically employed in a vast array of system
applications, including the sophisticated and ad-
vanced real-time command and control systcm
function. The characteristics of the computer are
as follows:

a. Thirty-two bit instruction word.

b. One, eight, sixteen, thirty-two or sixty-four
bit data word.

¢. 2.0 microsecond memory read/write cycle.

d. Memory expandable in banks: each bank
consists of 8192 thirty-three bit words (four 2,048
thirty-three bit word pages).

e. Memory access control and protection, and
internal parity checking.

/- One hundred basic instructions plus 50 ex-
tended mnemonic instructions.

g- Nine addressing mode combinations.
h. Sixty-four program levels.

i. Sixteen 32-bit multipurpose process registers
‘and 18 additional special purpose registers per

program level (ull of the 16 process registers are
usable as accumuiators and seven are usable as
index registers).

J- Four additional special purpose registers.

k. Up to 126 input/output channels each with
program initiated but independently operating
data transfers of up to 32-bits in parallel.

[. High input/output transfer rates of up to
400,000 thirty-two bit words per second on one
channel or 180,000 thirty-two bit words per sec-
ond when several channels are operating simulta-
neously. A queue word for each program level
provides stacking of interrupts.

m. Automatic priority and high-speed mul-
tiprogram switching.

n. Single or multiple -processor configuration.

o. Compatible with the complete array of in-
put/output devices, including the following:

(1) Other computers for direct couple or on
line satellite use.

(2) Card and paper tape readers and
punches.

(3) Printers.

(4) Tape drives.

(5) Drums.

(6) Discs.

(7) Displays.

(8) Remote input/output units.

(9) All types of displays and special purpose
military and systems equipment and devices.

These features combine to give the computer
impressive capabilities. These capabilities and
how they function are explained in.the text of this
manual.
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Section Il AN/GYK-12 COMPUTER ORGANIZATION

2-3. General

The AN/GYK-12 computer is a high-speed,
general-purpose digital computer and contains
threc main elements; the central processing unit

(CPU), the input/output unit (IOU), and the 8K

memory banks. The computer provides advanced
features that are found in the most modern large
scale computing systems. These features include:
multiple program level control, memory cxpand-
able in 8K banks, multiple general purpose regis-
ters, and indcpendently controlled input/output
communication. Small size, light weight, and low
power requirements are achieved by microelec-
tronic integrated circuits.

2-4. Central Processing Unit (CPU)

The central processing unit (CPU) of the com-
puter system is responsible for the arithmetic and
control functions of the system. The functional
block diagram shown in figure 2-1 illustrates the
functional operation of the CPU. There are five
major blocks in the organization with communi-
cation among the blocks carried on primarily via
a data bus. The five major blocks are as follows:

Instruction controller
Program level controller
Arithmetic section

Memory interface controller
Process registers

The technique of communicating via the data
bus iminimizes the number of connections between
blocks shown in figure 2-1. This technique has the
effect of shortening the signal line lengths, thus
reducing propagation delays and decreasing sus-
ceptibility to noise.

a. Instruction Controller. The instruction con-
troller (see figure 2-1) controls the sequence of
operations within the CPU and contains the indi-
cator register and the instruction location counter.
The indicator register contains flags which indi-
cate the program status of the data processing

system. The instruction location counter keeps
track of the current instruction address.

b. Program Level Controller. The program level
controller (sce figure 2-1) contains the logic which
controls the operation of one of the kcy real-time
leaturcs in the computer. It is within the program
level controller that the registers, which represent
the priority queuc are updated and checked, to

2-2

determine whether the highest priority program
available to be run, is actually running. In addi-
tion, the control for switching program levels is
contained in the program level controller.

c. Arithmetic Section. The arithmetic scction
(sec ligure 2-1) contains a high speed 32-bit par-
allel adder as well as ficld extraction and align-
ment logic which makes possible the variable ficld
operations of the computer system.

d. Memory Interface Controller. The memory
interface controller (see figure 2-1) contains the
memory address register and logic; memory data
register and logic; page control and address regis-
ters and logic; bit, byte and half-word selection
logic. The memory address and memory data
registers are normally associated with a memory-
CPU interfacc. The page control and address
registers contain the 16 page addresses associated
with the active program level. Each page address
accesses up to 2048 thirty-two bit words. The
pages may be ordered in any sequence, thercby
providing extensive flexibility in the organization
of program and data. The bit, byte and half-word
selection logic is used to select regularized short
fields for processing by the arithmetic section or
for transfer to another block. This capability to
dircctly select 1, 8, or 16 bits from a 32-bit word,
complements the variable field capability of the
arithmetic block and permits complete flexibility
in the storage and processing of data files.

e. Process Registers. Sixteen 32-bit process reg-
isters (see figure 2-1) are available to the active
level program. The process registers are held in 32
sixteen-bit random access integrated circuit pack-
ages which operate with a cycle time of 200
nanoscconds. These high-speed elements may be
used as accumulators, index registers, or to hold
instructions during the execution of program
loops.

2-5. Input/Output Unit (IOU)

The input/output unit (IOU), independent of
the CPU, largely controls communication between
the memory and the peripheral equipments. The
10U is comprised of the following items:

a. Input/output controller (10C).

b. Maintenance and status panel logic.
¢. Input/output exchanger (10X).

d. Real-time clock.
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Figure 2-1. AN/GYK-12 Computer Central Processing Unit, Functional Block Diagram



USACSCS-TF-4-3

8K ax eK
MEMOELY MEMORY MEMORY
MEMOEY
BUS
8
MEMOR Y I
V-7 1
T |
MEMORY <7 =
DATA MEMORY COMPYTER
INTERFACE 7 “f,"o",':; il ADDEESSING CONTROL
coGre _ | 1wrERPEE TATION AND CONTEOL fgg%
) yPDAVE ¢ 061C LoG/c
CENTRAL INPYTOUTPYT Pe/oRITY) RELL -TIME
PLOCESSING COASMAND ADDRESS cLockK
T INTEEPEE TATION DETERMINATION cAcL-uP
LoG/C LoGric L0G/C
BY7E/ WorL D INTERFAC E DEVICE
ASSEMBLY ol Conreocs PEQUEST,
DISASSEMBLY GENERATION SELEC
L06G/C LOG/IC LOG/C
[
INPUT SOUTPUT
BUS (pc)
i
wPyT/ INPUTS | INPUTS
ovrrPvr ourrPIr ouTrrPyTr
EXCHANGE EXCHANGE cwawce |
rox Tox | rspaee) |
—_—— e e
NG ~ P—
INPUT/OYTPYT
BUSES (AC)

2-4

7O PERIPHWERAL DEVICES

Figure 2-2. AN/GYK-12 Computer Input/Output Unit Functional Block Diagram
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The functional block diagram shown in figure
2-2 illustrates the functional operation of IOU. A
general discussion of the functional operation is
presented in the subsequent paragraphs.

a. Input/Output Controller (10C). The 10C
(sce figure 2-2) receives its instruction from the
key word interpretation logic and from the CPU
via the input/output (I/0) command interpreta-
tion logic. Either of these control sources controls
the interface controls generation logic. Data
transferred across the 1/0 DC bus is assembled or
disassembled into words or bytes in the byte/
word assembly-disassembly logic. The direct in-
terface request for service from external devices
or commands to devices are transmitted by the
device request/select logic. The priority/address
determination logic and the memory addressing
and control logic, control priority and memory
addressing. The memory data interface logic ad-
ministers the actual reading and recording or data
in memory. ‘

b. Maintenance and Status Panel Logic. The
function of the maintenance and status panel
logic is to provide the format and display of
intcrnal memory and status control information
from the IOU to the maintenance and status
panel. o

USACSCS-TF-4-3

c¢. Input/Output Exchanger (10X). Data may
be exchanged with peripheral devices cither di-
rectly from the DC bus or through the 10X (sce
figure 2-2) which provide an AC long-line driving
capability. Each 10X may have as many as cight
independent peripheral devices attached to it.

d. Real-Time Clock. The real-time clock is
included in the IOU merely for design conve-
nience. Program cognizance of real-time passage
is provided by the real-time clock. A primary
function of this clock is to define the time-of-day
or intervals of fixed or variable duration. Other
functions are to monitor the responsiveness of
IOU and program execution.

2-6. 8K Memory Banks

The hardware implementation of the 10U is
complete to the point that it operates almost in
parallel with the CPU. The 8K word-memory
banks (see figure 2-2) reduce the probability of
conflict for access between the CPU and the 10U,
and the occasional command from the CPU is the
only interplay. The 8K memory banks store and
read out information used by the computer.

2-5/(2-6 blank)
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CHAPTER 3
AN/GYK-12 COMPUTER SPECIAL FEATURES

Section |

3-1. General

This section discusses the special features of the
computer. The method of addressing memory in
the computer is discussed along with the concept
of the program level and related topics. The
program activity register function and the pro-
gram level auction function for controlling pro-
gram level activity are explained. A discussion of
the registers duplicated for each program level
(multi-purpose process, indicator, instruction loca-
tion, mask, trap, page control and address, privi-
lege and level link, and queue registers) is pre-
sented. In addition, a discussion of the query,

executive link and program registers (only one of.

each in the computer) is included.

3-2. Memory Addressing

The computer may have up to 16,384 memory
pages of 2,048 thirty-two bit (plus parity) words
each. However, only 16 of these pages may be
physically active and addressable by the computer
at any one time. Pages may be activated and
deactivated under control of software by placing
or overstoring the page address in one of the 16
page control and address registers for each of the
64 program levels.

a. Page Control and Address Register. A set of

sixteen 16-bit half-words assigned to each of the
64 program levels are used to determine memory

access control and memory page addressing. The
page control and address registers are located in
fixed memory locations as shown in figure FO-1.
The page control and address registers for the
active program level are changeable by instruc-
tions on that program level, only if the program
level is privileged. The format of the page control
and address register is shown in figure 3-1. There
are two fields in the page control and address
register.

b. PC, Page Control Field, Bit Positions () and
/. Access to the memory page designated by the
page address ficld is controlled by these two bits

ADDRESSING

as shown in table 3-1. When an access violation
occurs, the memory is not accessed, the appropri-
ate bits in the indicator and query registers are
set, and an automatic transfer to program level 2
is initiated.

c. PA, Page Address Field, Bit Positions 2 to
15. This field addresses the unique 2048 thirty-
two bit word page of the 16,384 possible memory
pages. The 14-bit page address field is appended
to the 11-bit address field (A) of a memory refer-
ence to form the actual 25-bit memory address.
The final addresses 0000 to 003F,¢ do not select a
special address depending on the program level,
but always refer to the actual locations in mem-
ory whose real addresses are 0000 to 003F.

d. Mechanism of Memory Addressing. The op-
erand address field in the instruction word or any
other memory reference address is 16 bits in
length. Figure 3-2 illustrates this 16-bit address.
The four most significant bits (D field) of the 16-
bit address specify one of 16-page control and
address registers for the active program level. The
14-bit page address, consisting of the bank ad-
dress (12 most significant bits) and the page
address (two least significant bits), is appended to
the 11-bit memory address (field) to form a 25-bit
full word address (a full word is 32 bits). The
least significant bit of the memory reference ad-
dress (W ficld) indicates the most or least signifi-
cant half word (16 bits) of the full word ad-
dressed which are desired. Figure 3-3 shows the
half word selected when W = 0. Figure 3-4
shows the half word selected when W = 1. Fig-
ure 3-5 illustrates the addressing mechanism.

3-3. Memory Communication
Characteristics

The computer provides for communication with
multiple memory banks for mformatlon exchange
and data exchange.

a. Information Exchange. The computer pro-
vides two independent communication networks
with multiple memory banks. One network is used

3-1
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BIT POSITIONS
e 1.2 k 15

pC PA

PC: PAGE CONTROL FIELD
PA: PAGE ADDRESS FIELD

44-48-003

Figure 3-1. Page Control and Address Register Format

for program controlled operations and the other is
used for automatic input/output operations. In-

formation exchange includes data, address, and
control.

b. Data Exchange. All data and instruction
words are stored in or received from memory as
33-bit words, of which 32 bits represent informa-
tion and one bit is such that the total number of
one-bits is always an odd number. Correct. parity
is thus generated for all data words prior to

storage in memory. Parity is cxamined for alt
data words received from memory. The detection
of a memory parity error causes the following to
occur:

(1) The operation is not performed.

(2) Memory is not changed.

(3) For program operations, bit 9 of the
active indicator register and bit 0 of the query
register are set. During program level changes, bit
I of the query register is set. The page designator
which relates to the detection of an error is set
into bits 6 through 9 of the query register.

(4) For automatic input/output operations,
bit 11 or bit 12 of the monitor register is set. The
addressed memory bank number is set into bits
21 through 24 of thc monitor register and the
device address is set into bits 25 through 31.

(5) A program level change to program level
two is automatically initiated.

c. Addressing. A capability of addressing up to
33,554,432 words of 33-bits each is provided for
program operations. The capability of addressing
131,072 words of 33-bits each is provided for
automatic input/output operations.

" Table 3-1. Page Access Control Bits Operation

Page
Access
Control Bits ; . .
Name Action Permitted Action Inhibited

00 Read-write’ Fetch Read Write
aceess instruction operand operand

0l Read Ietch Read Write
access instruction operand

10 Read Data Read letch Write
aceess operartd

11 No Ietch Read Write

ACCeSS

3-2

12012-46



USACSCS-TF-4-3

BIT POSITIONS
0 3 4 14 15

D: PAGE CONTROL AND ADDRESS REGISTER DESIGNATOR
(PAGE DESIGNATOR)

MEMORY ADDRESS (WORD ADDRESS)

HALF-WORD DESIGMATOR (HALF<WORD ADDRESS)

£>

44-48-004

Figure 3-2. Memory Reference Address Format

BIT POSITIONS

0 1516 31

Figure 3-3. Half Word Selected From Mecmory When W =0
(Zero)

BIT POSITIONS
16 31

44-48-006

Figure 3-4. Half Word Selected From Memory When W = |
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MEMORY REFELENCE ADDRESS
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Figure 3-S. Mechanism of Memory Addressing
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Section il. PROGRAM LEVELS

3-4. Definition of a Program Level

The computer ‘is designed in such a manncr
“that the hardware may control the activation and
execution of up to 64 routines, one at a time. The
computer hardware automatically administers a
priority activation scheme and maintains the en-
try points for each of the 64 program levels in a
set of 64 instruction location registers. Each entry
point is assigned a number on a priority scheme.
This number is called a program level. There are
64 such program levels; with program level 63 the
lowest priority, and program level 0 thc highest
priority. Each program level operates only if that
level is the highest priority active level or if pro-
gram control has been explicitly set to that pro-
gram level. A program level may be designatcd
active either. by program action or by interrupts.
The priority program level scheme allows cntry
points (levels) to be stacked and compete for
activation. When a program level (entry point) is
activated, the computer hardware retains the per-
tinent status information of the previously active
program level, and begins execution of the new
program level by executing the instruction at the
address in the instruction location register for that
program level. The control mechanism for the
activation of the entry points which makes up the
program levels is the status and enable bits in the
program activity registers. Once an entry point
has been activated, the hardware keeps track of
“its active state and the program level may be
deactivated at any time. A program level is said
to be active when both the corresponding status
and enable bits of the program activity register,
are set to one and the entry point has been
activated by the hardware. A program level may
be inactive, waiting, stimulated, suspended, or
operating as shown in table 3-2. A program level
may also be interrupted. An interrupt occurs
whenever a program level with a higher priority
becomes activated by the hardware.

3-5. Mechanism of a Program Level
Change Operation

Table 3-3 contains a program level change data
summary. When a level change is initiated, the
computer performs one or a combination of the
following actions, depending upon the initiation
of level change:

a. Detects conditions that cause a program
level change.

b. Executes program level change by storing
the process registers of the current program level
in allocated memory addresses as specified in
figure FO-1.

c¢. Transfers process registers. page control and
address registers, and the privilege and level link
register of the new program from the allocated
memory address specified in figure FO-1 to the
CPU’s active registers.

d. Proceeds with program execution at thc
location taken from the instruction location regis-
ter of the new program level.

e. Stores process registers, which are controlled
by the program level change (LC) indicator bit
for the call program level and link, call executive
program level and link, tie program level and
link, and device command and exit instructions.
Loading of registers 1s controlled by the C-bits in
the privilege and level link register.

/- Stores and loads registers, which are control-
led by C-bits in the privilege and level link regis-
ter in the event of an interrupt.

g- Stores all process registers in the event of
power turn off or error sequence.

h. A program level change will occur in a time
period of from 20 to 150 microseconds depending
upon how many registers are stored and how
many registers are loaded.

3-6. Special Program Levels

Program levels 0 to 63 are reserved for the
special functions discussed in the subsequent par-
agraphs. :

a. Level 0, Power Off Level. Detection of a
system or power failure causes program level 0 to
be selected. The registers for the previous pro-
gram level are stored in their normal memory
locations; the registers corresponding to special
addresses 0034,; and 0035, are stored in the base
memory bank at those respective locations. At the
completion of the store operation, the CPU auto-
matically halts. 1/0 requests are not serviced.
Special address 0034,; and 0035, are not stored
for a power off condition occurrmg in program
level 1.

35
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Table 3-2. Program l.evel Condition Due to Program Activity Register

Situation PE Bit : PS Bit Description

Inactive 0 0 Program level is disabled and idle.

Waiting 0 : 1 Program level is enabled and ‘is waiting for response from an

) external equipment or another program level.

Stimulated | 0 Equipment responded or program level was stimulated but the
program level has not been enabled.

Suspended 1 - ] Program level suspended because program level of higher priority
is currently being excceuted or program level change lock has been
set.

Opcrating 1 ‘ | Program level is operating.

PS:  Program level status bit
PE: Program level enable bit

b. Level I, Automatic Start Level. When power
is applied, the computer does not load the regis-
ters represented by special addresses 0034, and
0035, from the base memory bank, but enters
and executes program level 1. Input/Output re-
quests are serviced.

c. Level 2, Error Level. Program level 2 is
entered automatically for a detected memory par-
ity error, memory access violation, privilege viola-
tion, memory time out, device time out (I0C
only) or real-time clock time out. The information
available to the program includes (where applica-
ble) the page designator, error type, device station
address and prior program level. Input/Output
requests are serviced. There are two device time
outs:

(1) Programmed instruction, sets the DT
indicator.

(2) Automatic mput/output sets bit 9 in the
monitor register.

d. Level 3. Trace Level. Program level 3 is
cntered automatically and temporarily when a
program level change is attempted and the switch
on the computer test set (CTS) is in the ON
position. The query register contains the tentative
program level which represents the destination

36
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program level. An exit from this program level
does not change the prior program level field in
the query register. All process registers and PCA’s
0 to 3 are loaded when entering level 3.

e. Level 63, Bootstrap Program Load Level.
Program level 63 is entered after execution of a
bootstrap load.

3-7. Changing Program Levels

There are three basic reasons for program level
changes to occur in the computer: a machine
instruction is executed which causes a level
change to take place; an internal or external fault
occurs an 1/0 operation comes to a conclusion

a. Level Changes Caused by Instruction Execu-
tion. Level changes can be programmed by ma-
chine instruction. Two instructions (TXP and TIE)
call for level changes and specify the program
level to which the change is to take place. Three
instructions (TCP, TQR and DEX) call for level
changes and create an ‘auction’. An ‘auction’
means that, rather than go to a directly specified
program level, a scan of the program activity
register takes place. The program level that will
be activated by the scan of the PAR is the highest



Table 3-3. Program Level Change Data Summary

usfMy 142 4

L1 RST STB L2 SET STB L3 AUC PAR L4 STR GRS LS FCNPLL L6 LOA PAG L7 STR QRR
Storing of Fetch ) )
Instruction Reset Set Reset Set Auction Process Privilege Loading of Store
or Level Level Status Status of PAR Registers and Control Page and Process Registers Query
Operation Lock Lock Bit Bit Pertormed Based on For New Level d on Register
Instruction
TXP, Call Executive Yes 1 (Yl" =0 Yes No. positive LC(ONOT) Yes C field of XPL PLL register.
Program Level and change 0 unused pages unchanged
Link XPL
TIE, Tie Program Yes Yy, =0 Yes No. positive LC(ONOT) Yes C ficld or CP1 PPL register.
Level and Link change to unused pages unchanged
CPL $
TCP. Call Program Yes If lY)" =0 Yes Yes LCAONOT) Yes C ticld of PLL registers tor ‘
Level and Link new level. unused pages
inacvessible
TQR. Test and Cond.} If(Q) 0 ir Yes LC(ONOD) Yes C ficld of PLL registers tor
Reset/Skip (0648) =0 new level, unused pages
inaceessible
DEX, Device Yes Yes Yes LC (ONEH) Yes C ficld of PLL registers for
Command and Exit new level. unused pages.
inaccessible
LLO, Level Lock Yes
Set
LLR, Level Lock Yes -
Reset
Opcration
Power Off Yes All process No Loading not performed Yes
registess
are stored
Error Exit Yes Yes, tor Ne. positive All process Yes. for C field of PLL registers tor
Program change to registers Program Program Level 02 unused
Level 02 Program are stored Level 02 pages inaccessible
Level 02
1/0 Interrupt Set by 10C Yos C tbit 08) Yes
of PLL
register
for previ-
ous level *
Power On Yes Nu.PV = 10 Al registers koaded
Bootstrap Entry No. PV =it ° All registers lugded
) 1201248

3-7/(3-8 blank)



priority program level with program status and
program enable bits both set to one.

b. Level Changes Caused by Fault Detection. A
level change caused by the detection of a fault is
an interrupt. Interrupts can be caused by software
errors (programming errors) or by errors detected
in the hardware. Almost all of these detected
errors result in an automatic level change to pro-
gram level 2. These include memory access viola-
tions (CPU/IOU), privilege violations (CPU), op-
erational errors (IOU), memory parities (CPU/
[IOU), device time outs (IOU), real-time clock
time outs (IOU) and memory time outs (CPU/
10U).

c¢. Level Changes Resulting From the Conclu-
sion of 1/0 Operations. The conclusion of an 170
operation always causes an interrupt whether the
operation was successful or unsuccessful. A suc-
cessful 170 operation interrupts the current pro-
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gram operation with a transfer to the normal
program level (NPL) which is designated prior to
the initiation of the 1/0 operation. The unsuccess-
ful conclusion of an 1/0 operation can cause an
interrupt to program level 2 or to an error pro-
gram level (EPL). The EPL is designated prior to
the initiation of the 1/0 operation. It should be
noted that if the C-Control bit in the termination
word is set to one then the 10U initiates the level
change (channel interrupt). Otherwise, the periph-
eral device must perform the interrupt (device
interrupt).

NOTE

If the program level lock is set, all non-
level 2 interrupts are posted and processcd
when the program level lock is reset. Level
2 interrupts will occur regardless of the
setting of the program level lock. Power
off will cause a locked-in program level to
be inicrrupted.

Section lll. SPECIAL PURPOSE REGISTERS

3-8. Genefal

There are a number of special purposc registers

in the computer. These registers are located in”

memory in permanently assigned locations as

shown in figure FO-1. Some of them are common.

to all program levels and there is only one of each
in the computer. Others are duplicated for each
program level.

3-9. Common Registers

There is one of each of the following special
registers in the computer:

a. Query register.

b. Executive link register.

c. Program activity register.
3-10. Query Register

The query register contains information per-
taining to recognized error conditions in program
cxecution and stipulates the currently active pro-
gram level. The query register is common to all
program levels and is assigned base memory bank
addresses 0034, and 0035,.. Access to the qucry
register is reserved for privileged programs. The
word format is as shown in figure 3-6.

a. IPE, Instruction Parity Error, Bit Position ().
This bit is set when a memory parity error is

detected during instruction cxecution. The detec-
tion occurs during instruction access, indirect ad-
dress access, and operand access. The instruction
experiencing the parity error is not executed.

b. LPE, Level Change Parity Error, Bit Posi-
tion . This bit is set when a memory parity error
is detected during the course of exchanging pro-
gram level registers in a program level change.

c. IV, Instruction Violation, Bit Position 2. This
bit is set when an instruction privilege violation,
or a special address privilege violation occurs
during program cxecution.

d. MV, Memory Access Violation, Bit Position
3. This bit is set when memory access violation
occurs during program execution.

e. MTO, Memory Time-Out, Bit Position 4.
This bit is set when a memory bank has failed to
respond in 60 microseconds to a memory request
during program execution.

/- SV, Specification Violation, Bit Position 5.
This bit is set when an instruction is detected for
which M = 0 is excluded, or when the address
refers to an excluded special address.

g. D, Page Designator, Bit Positions 6 to 9.
This four-bit field designates the page control and
address register which is related to the detection
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BIT POSITIONS

0 1 2 3 4 5 6 10 16 17 18 23 24 31
r{Ll1|{mimis L .
PIPIVIV|T]|V [i] PPL L TPL APL
l E|E (4] 1 .
IPE: INSTRUCTION PARITY ERROR . D: PAGE DESIGNATOR
LPE: LEVEL CHANGE PARITY ERROR PPL: PRIOR PROGRAM LEVEL
IV: INSTRUCTION VIOLATION LLI: LEVEL LOCK INDICATOR
MV: MEMORY ACCESS VIOLATION TPL: TENTATIVE PROGRAM LEVEL

MTO: MEMORY TIME QUT APL: ACTIVE PROGRAM LEVEL

SV: SPECIFICATION VIOLATION

44-48-008

Figure 3-6. Query Register Format

of a memory parity error, access violation, or no
response time out.

NOTE

When any bit, 0-5 is set, the D field is
inhibited from being changed by any sub-
sequent error condition. '

h. PPL, Prior Program Level, Bit Positions 10
1o 15. This six-bit field indicates the program level
that experienced an error condition or the prior
active program level. This field is not changed
when entering the trace program level.

i. LLI, Level Lock Indicator, Bit Position 16.
This bit is set with the level lock set, call executive
program level and link, or tie program level and
link instruction. This bit is reset with the level
lock reset, or call program level and link, or
device command and exit instruction, and condi-
tionally reset with the test and conditionally re-
set/skip. The level lock indicator is not set by
crror conditions, power on, power off, or boot-
strap program load. :

J- TPL, Tentative Program Level, Bit Positions
/8 1o 23. This six-bit field indicates the program
level which represents the destination program
level when the trace program level is entered.

k. APL, Active Program Level, Bit Positions 24
to 31. This cight-bit field indicates the currently
active program level.

3-11. Executive Link Register

The executive link register contains information
pertinent to program linkage with the executive
program lcvel. This register is common to all
program levels and assigned base memory bank
address 0036y, The executive link register is used
by the call exccutive program level and link in-
struction. Program access to the addressable cxec-

3-10

utive link register requires a privileged status. The
word format is as shown in figure 3-7. The six-bit
field XPL specifies the executive program level to
which a transfer is called for by a call executive
program level and link instruction.

3-12. Program Activity Register

The control and status of program levels is
maintained by the program activity register
(PAR) which is addressable. This register contains
128 bits, consisting of eight 16-bit half words.
Four half words represent the program level
status (PS), and four half words represent the
program level enable (PE). The contents of a pair
of status-enable bits determine the operating con-
dition for a program level as indicated in table
3-2. The bit position in the PAR is as specified in
figure 3-8. The lower the program level number,
the higher the priority. Status bits and enable bits
are set or reset by the execution of computer
instructions in privileged levels only. Status bits
are also sct as a result of any one of the following
conditions:

BIT POSITIONS
0 10 15

XPL

XPL: CALL PROGRAM LEVEL (TO EXECUTIVE)

44-48-009

Figure 3-7. Executive Link Word Format



a. Terminated input/output operation.
b. Call program level and link instruction.

c. Call executive program level and link in-
struction.

d. Tie program level and link instruction.
e. Power on (program level one).

/- Error condition (program level two).
g Trace (program level three).

Status bits are also reset by the device com-
mand and exit instruction and conditionally reset
by any one of the following instructions:

(1) Call program level and link.

(2) Call executive program level and link.

(3) Tie program level and link.

(4) Test and conditionally reset/skip.
3-13. Level Associated Registers

There is one or one set of each of the following
special registers for each program level.

a. 16 process registers.

USACSCS-TF-4-3

b. Priviledge and level link register.
¢. Queue register.

3-14. Process Registers

A set of sixteen 32-bit words are assigned to
each of the 64 program levels and are used for
index registers, accumulators, and special control.
The process registers for the active program level
are addressed using the special addresses 00-1F;.
Table 3-4 represents the address configuration
and dcsignators for the active process registers.
The following process registers arc reserved for
special functions.

a. Indicator register.

b. Instruction location register.
¢. Mask register

d. Trap register.

(1) Indicator register. The 16 most signifi-
cant bits of process register 0 (half-word address -
0) contain the indicators and flags for thc pro-
gram level. Figure 3-9 represents the indicator
register format with the functions defined in the
subsequent paragraphs.

LOCATION PROGRAM LEVEL STATUS BITS PROGRAM LEVEL ENABLE BITS
. 0 1 2 3 4 5 6 7 8 9 1011 12 13 14 15|16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
0038 R e e e e — e
01 2 3 4 5 6 7 8 9 101112131415{0 1 2 3 4 5 6 7 8 9 10 11 12 13 .14 15
003A 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31|16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
003C 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47|32 33 34 35-36 37 38 39 40 41 42 43 44 45 46 47
003E 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 6348 49 50 51 52 .53 54 55 56 57 58 59 60 61 62 63
HALF-WORD 0 HALF-WORD 1
NOTE:

PROGRAM LEVEL 0 IS HIGHEST PRIORITY

PROGRAM LEVEL 631S LOWEST PRIORITY

44-48-010

Figure 3-8. Program Activity Register Format
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Table 3-4. Use of the 16 Process Registers (32 Bits Each)

Halt-Word ‘
Address H
- (Hexadecimal) (Decimal) S Number of Bits Function
0 0 16 Indicator register
! 0 16 Instruction location register
3 1 16
S 2 16
7 3 16
9 4 16 Index registers
B S 16
b 6 16
b 7 16
0,1 0 32 (Do not use)
2.3 1 32
4,5 2 32
6.7 3 32
8.9 4 32
A. B 5 32
D 6 32
lml " ; gg Accumulators
12,13 9 32
14,15 10 32
16, 17 I 32
18. 19 12 32
1A, 1B 13 32
1C, 1D 14 32 Mask register
1K, 1F 15 32 Trap instruction

(a) OT. Overflow trap override, bit position
0. 1f this bit is a ZERO and a fixed-point arithme-
tic overflow occurs, the instruction traps by exe-
cuting the instruction which has been previously
stored in process register 15. If this bit is a ONE,
trap on overflow does not occur.

(b) LC. Level change, bit position I. This
bit is sct when a program level is activated.

(¢) MT. Memory test, bit position 6. This

bit is set when the acceptance line on the memory

communication network is not activated, indicat-
ing an crror during a memory bank assignment or
test operation.

12012-49

(d) PV, Privilege violation, bit position 7.
This bit is set by the occurrance of a privileged
instruction violation, special address privilege vio-
lation, memory access violation, mode 0 excluded
violation, or an excluded special address violation.
An automatic transfer to program level 2 is also
initiated.

(e) IE, Input parity error, bit position 8.
This indicator bit is reset at the start of each
input to register instruction. This bit is set when a
parity error on the 170 communication network is
detected during the execution of an input-to-
register instruction.



BIT POSITIONS

0 1 6 7 9 11 13 15
0] L MIPlI|IM|DIN|CIO]E|L
T|¢ T|VIE|E|{TY|F|F|F|F]F

OT: OVERFLOW TRAP OVERRIDE (OT =1, NO TRAP

LC: LEVEL CHANGE

MT: MEMORY TEST

PV: PRIVILEGE VIOLATION

IE: INPUT PARITY ERROR

ME: MEMORY PARITY ERROR

DT: DEVICE TIME-QUT

NF: NONIMPLEMENTED INSTRUCTION FLAG (TRAP)

CF: CARRY FLAG

OF: OVERFLOW/GREATER FLAG (AlID IF 0T=0, TRAP)

EF: EQUAL/EXCESS FLAG

LF: LESS FLAG 44-48-011

. Figure 3-9. Indicator Register Format

(f) ME, Memory parity error, bit position
9. This bit is set whenever a memory parity crror
is detected during a non-1/0 and non-level
change operation. This may occur on a memory
read operation or on a memory store operation
when the quantity to be stored is less than 32 bits
and the remaining word is to remain unchanged.
An automatic transfer to program level 2 is also
initiated.

(g) DT, Device timeout, bit position 10.
This bit is reset each time an I70 instruction is
.executed. It is set if the indicator signal on the
[/0 communication network is not detected
within the allotted 5-microsecond response pe-
riod. (Level 2 not affected, monitor register, bit 9,
not affected.)

(h) NF, Nonimplemented instruction flag,
bit position 11. This bit is set when a nonimple-
mented instruction code is detected. The instruc-
tion traps by executing the instruction located in
process register 15.

(i) CF, Carry flag, bit position 12. This bit
is reset at the start of jan arithmetic instruction
and is set if there is a carryover from the most
significant bit (sign) position in an arithmetic
operation.

(j) OF, Overflow greater flag, bit position
13. This bit is reset at the start of arithmetic and
compare instructions. It is sct when the final result
is not within the numerical range of a word. An
overflow flag is not set when a temporary over-
flow occurs. If the OT bit is a ZERO, a trap is
initiated. This bit is set when a compare instruc-
tion finds a greater condition; no trap occurs.

(k) EF, Equal/excess flag, bit position 14.
This bit is reset at the start of compare instruc-
tions and is set when the instruction finds an
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cqual condition. This bit is also sct as specified by
the individual instructicn, when a numerical value
cxcecds 16 bits (bit positions O through 16 are not
all ZEROS or not all ONES).

(I) LF, Less flag, bit position 15. This bit

is resct at the start of compare instructions and is

set when the instruction finds a less condition.

(2) Instruction location register. The 16 least
significant bits of process register 0 (half word
address 1) contains the address of the next in-
struction in sequence (except when modified by
the current instruction) for the program level.
Figure 3-10 represents the instruction location
register format with the functions defined as fol-
lows:

\
(a) D, Page designator, bit positions 16 to
19. These four bits select one of the 16-page
control and address registers associated with the
program level. Page designation does not apply
whenever a special address is encountered.

(b) A, Word designator, bits 20 to 30.
These eleven bits select one of 2048 words in a

page.

(c) W, Half-word designator, bit 31. This
bit is ignored.

(3) Mask regzster Process register 14 is the
register which contains the information to be used
in an instruction requiring a mask.

(4) Trap register. Process register 15 is the
register which contains the instruction to be exe-
cuted when a trap condition occurs. The trap
condition occurs on an attempt to execute a
nonimplemented instruction, or an arithmetic _
overflow when the overflow trap override bit of -
the indicator register is equal to zero.

BIT POSITIONS
16 20 31

PAGE DESIGNATOR
WORD DESIGNATOR
HALF-WORD DESIGNATOR

2016 TO 3714 SPECIAL REGISTER ADDRESSES,

EXECUTED AS NOI INSTRUCTIONS
DAW: =40,, USE PAGE CONTROL AND ADDRESS (PCA)

TO ADDRESS MEMORY

???9

44-48-012

Figure 3-10. Instruction Location Register Format
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3-15. Privilege and Level Link Register

Each of the 64 program levels has been as-
signed control register which contains level link
information and privilege status. These control
registers arc allocated to the basc memory bank
half-word addresses 0030, and 0031,, of cach
program level. Direct program modification of
these addressablc control words requirc a privi-
leged status. The privilege and level link word is
required specifically in the exccution of the call
program level and link, call exccutive program
level and link, and tic program level and link
instructions. The word format shown in figurc
3-11 is defined in the subsequent paragraphs.

a. P, Privilege, Bit Positions () and I. These
bits. if cqual to a ONE-ZERO, indicatc that the
associated program lcvel is permitted to cxccute
privileged instructions and access all registers rep-
resented by the special address (refer to table
3-5). The associated program level is permitted to
execute semi-privileged instructions (scc scction 6)
when the bits arc equal to ZERO-ONE.

b. LPL, Link Program Level, Bit Positions 2 to
7. This six-bit ficld contains the number of the
program level (link) that initiated thc associated
program level by’ cxecution of a call program
level and link, call executive program level and
link, or a tie program level and link instruction.

c. C, Level Control, Bit Positions 8 and 9.
When a program level change takes place in
response to an interrupt, these two bits control the
storing and loading of registers as specified in
tablc 3-6. When a program level change takces
place in responsc to a call executive program level
and link instruction or by a tic program level and
link instruction, these two bits control the loading
of the registers as specified in table 3-7.

NOTE

The storing of thc process registers is un-
der control of the LC-bit in the indicator
register for the call program level and
link, call exccutive program level and link,
tic program level and link, and the device
command and exit instruction.

d. CPL, Call Program Level, Bit Positions [0
to 15. This six-bit ficld specifies the program level
to which a transfer is called for by a call program
level and link or tie program level and link in-
struction.

e. A, Link Argument. Bit Positions 16 to 31.
Information is communicated to a called program
from the calling program by use of this 16-bit
ficld. The half-word operand addressed in a call
program level and link call executive program
level and link or tie program level and link in-
struction is placed in the link argument field of
the called program level’s privilege and level link
word.

(1) For call and tie instructions, bit 16 of
the operand is tested, and if equal to ZERO, the
status bit corresponding to the operating program
level is reset.

(2) For the call program level and link
instruction, bit 17 is checked and if equal to one,
program level 63 is stimulated.

(3) For the call program level and link
instruction, bit 18 is checked and if equal to one,
a bit is set in the queue register of the called
program level. The bit position to be set in the
queue register is specified by bit positions 19
through 32 of the A field.

BIT POSITIONS

16 . 31

[ LPL c cPL

P PRIVILEGE STATUS

LPL:  LINK PROGRAM LEVEL (FROM)
C:' LEVEL CONTROL

CPL: CALL PROGRAM LEVEL (T0)
A:- LINK ARGUMENT (CA FIELD)

44-48-013 .

Figure 3-11. Privilege and Level Link Word Format
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Table 3-5. P Field Program level Privileged Status

P Field
Bit 0 Bit | Program Level Privileged Statns
0 0 Non privileged
0 1 Semi-privileged
] 0 Privileged
1 1 Not assigned

3-16. Queue Register

Each of the 64 program levels has an assigned
control register which contains 32 bits used in
program level communications. A bit position in
this register is set as specified in the call program
level and link instruction. A bit position is also set
as specified in the termination word. A bit posi-
tion is reset as specified in the test and condition-
ally reset/skip instruction when address 32, is
specified. '
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3-17. Cause and Effect of Error Conditions
and Interrupts

Table 3-8 lists the error conditions and inter-
rupts that can be encountered during program
execution. Also listed in the table is the cause of
the condition (software or hardware) and the
effect the condition has upon the continuation of
program execution.

Table 3-6. Control of the Storing and Loading of Registers in Response to an Interrupt

Bit Bit
Position Position
8 9 Interrupted Program Level Interrupted Program Level
(Value) (Value) (Out) (In)
0 0 Store all process registers of Load all process registers and afl
the current program level program control and address
registers of the new program level
0 1 Store all process registers Load all process registers and page
of the current program level control and address registers
0 to 3, sct page control and
address registers 4 to 15 to all ones
for the new program level
| 0 Store process register 0 of Load process register 0 and all
the current program level page control and address
registers for the new program level
1 | Store process register 0 of the Load process register 0 and page
h current program level control and address registers 0 to
3, set page control and address
registers 4 to 15 to all ones for
the new program level

12012-51
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Table 3-7. Comirol of the Loading of Registers in Response ts a Call Executive Program Level and Link, or Tie Program l.evel and link

Instruction

Bit Bit
Position Position
! 9 Called Executive Program Level Process Register
(Value) (Value) or Tied Program Level Storage
0 0 Load all process registers and all page
control and address registers for the The LC bit in the indi-
new program level. cator register deter-
mines the storing of
0 i Load all process registers and page process registers for
control and address registers 0 to 3 the-current program
for the new program level. level.
Page control and address registers
4 to 15 are left unchanged.
I LC - O store all
1 0 Load process register O and all page process registers of
control and address registers for the current program
the new program level. level,
1 1 Load process register () and page

control and address registers 0 to 3
for the new program level.

Page control and address registers
4 to 15 arc left unchanged.

IWLC - 1 store
process register ()
of the current
program level.

3-16
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Table 3-8. Cause and Effect of Error Conditions and. Interrupts
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Name of Violation, Trap
Interrupt or Error | Software | Hardware | Level 2 | Normal Program | Error Program | to Process | Results in a
Condition Caused Caused Error Level Exit Level Exit Register 15 | No Operation
Device Time Out (I0U) X X
Device Time Out (CPU) X X
Divide Fault X X*+* X
1/0 Conclusion X X
(successful)
1/0 Conclusion X X* X*
(unsuccessful)
Memory Access X X
Violation
Memory Parity X X
Memory Time-Out X X
Non-lmplemented X X
Instruction
Overtlow X N Hs
Privilege Violation X X
Real Time Clock 0 X X
Time-Out
Replace Square X X** X
Root Fault ’
Specification X X
Violation
*Most 1/O crrors are level 2 crrors (see Section 4).
**Trap only occurs if the OT indicator is set to zero.
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CHAPTER 4
AN/GYK-12 COMPUTER INPUT/OUTPUT CHARACTERISTICS

Section |

4-1. General

This chapter presents detailed information
pertaining to the input/output (1/0) characteris-
tics of the computer. Mcthods employed by the
computer to control the execution of data com-
munication with peripheral devices are discussed.
A simplified block diagram showing the interface
between the computer and the peripheral devices
is presented. The programmed I/0 communica-
tion class, automatic 1/0 communication class,
modes of operation, types of operation, I/O mem-
ory access control, real-time clocks, typical periph-
eral device operation, diagnose logic, and the
maintenance and status panel are also discussed.
Two classes of operation are used to enable the

computer to provide control for the execution of

data communication with peripheral devices. The
two classes of operations are:

a. The programmed input/output (I/0) com-
munication class.

b. The automatic input/output (I/0) commu-
nications class.

Programmed /O communications are provided
by four computer instructions (discussed in para-
graph 4-5). Automatic 1/O communications are
independent of instruction execution, take place
at the peripheral device rate, and are controlled by
special I/O control words. The control words are
the key word and the termination word (discussed
in paragraph 4-6). Automatic I/O communications
are initiated by programmed instructions.

NOTE

All references herein to input, is input to
the computer and reference to output, is
output from the computer.

4-2. Input/Output Unit (I0U)

The input/output unit (IOU), independent of
the CPU, largely controls communication between
the memory and the peripheral equipments. The
10U is comprised of the following items:

INTRODUCTION

a. Input/output controller (I0C).
b. Computer control panel logic.
¢. Input/output exchanger (10X).
d. Real-tinic clock.

4-3. Schematic Arrangement

Figure 4-1 is a simplified block diagram show-
ing the external interface between the computer
and the peripheral devices via the input/output
controller (I0C) over its input/output data ex-
change (I0X) communication channel. Six 10X’s
may be connected to the computer to provide a
total of up to seven communication channels;
each capable of handling eight peripheral devices.
Thus 56 remote devices plus the internal real-time
clocks and computer control console can be ac-
commodated. A special multiplexer can be pro-
vided to accommodate an additional 64 devices.
The peripheral device address selection and pe-
ripheral device priority are discussed in the subse-
quent paragraphs.

a. Peripheral Device Address Selection. Each
peripheral device has a device address select
switch which permits the selection of onc of the
eight substation addresses. The station address of
the peripheral device is determined by the switch
setting and upon the communication channel to
which it is connected. The station address is a
two-digit-octal number; the most significant digit
represents the communication channel numbers
and the least significant digit represents the de-
vice address switch setting. For example, when
the switch in a peripheral device is set to position
3 and the device is connected to an 10X which is
set to position 6, the station address will be 63
(octal).

b. Peripheral Device Priority. The servicing of
the peripheral devices is based upon a priority
scheme. The execution of an input/output instruc-
tion is included in the priority scheme. The hi-
crachy of priority is as follows:

4-1
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Figure 4-1. 1/0 Interfaces Between the AN/GYK-12 Computer and the Peripheral Devices

Highest to Lowest Priority.

(1) Device 8 to 15 (station address octal 10
to 17).

(2) Device 0 to 7 station address octal 0 to 7
(special 1/0 address, see table 4-2).

(3) 170 instructions.

(4) Device 16 to 23 (station address octal 20
to 27).

(5) Device 24 to 31 (station address 30 to
3N.

4-2

(6) Device 32 to 39 (station address 40 to
47). _

(7) Device 40 to 47 (station address 50 to
57).

(8) Device 48 to 55 (station address octal 60
to 67).

(9) Device 64 to 127 (station address 100 to
177).

(10) Device 56 to 63 (station address octal
70 to 77).



4-4. Programmed |/O Communication
Class

Input/output instructions enable the computer
to provide control for 170 data communication.

a. Input/Output Instructions. 1/0 instructions
have the following general characteristics:

(1) Executed in privileged levels only.

(2) Executed when automatic 1/0 communi-
cation is not being performed or requested from
device 0-15 station address (octal) 0 to 17.

(3) Timing is independent of the peripheral
device; however, an indicator signal from the
device is required within five microseconds of the
command sequence to indicate the acceptance of
the command data or that data has been trans-
mitted, otherwise the device tlme out bit of the
indicator register is set.

The programmed 1/0 communication is
performed by the computer instructions specified
in table 4-1.

b. Device Command (DEYV). Execution of the
DEV results in the following actions:

(1) The eight most significant bits (bit posi-
tions 16 to 23) of the instruction operand, as

USACSCS-TF-4-3

shown in figure 4-2, are transmitted to the periph-
eral device addressed by the eight least significant
bits (bits 24 to 31) of the operand.

(2) The H field of the mstrucuon word is
not used.

(3) All address modes arc allowed.
NOTE

For instruction word format, refer to
Chapter 5. '

¢. Device Command and Exit (DEX). The
DEX instruction operates the same as the DEV
instruction (refer to paragraph 4-5a) with the
following additions:

(1) The DEX instruction causes the status
bit in the program activity register corresponding
to the operating program to be reset.

(2) The level change lock indicator in the
query register is reset and a program level change
occurs.

(3) When the level change (LC) indicator is
set, only process register zero is saved.

d. Input to Register (ITR). The ITR instruction
operates as follows:

Table 4-1. AN/GYK-12 Computer Instructions

Acronym Definition General Purpose

DEV Device command Commands a peripheral device to perform one of its spu,ml functions, e.g., rewind a
magnetic tape.

DEX Device command and Used as a DEV. Additionally the operating program level is terminated.

exit

I'TR Input to register Used to interrogate a status message from a peripheral device or to produce pro-
grammed input of a discrete word of one to four 8-bit bytes. (Parity is checked for
cach byte. At least once bit of cach byte or the parity bit must be one.)

OFR Output from register Used to set indicators or to provide a programmed output of a discrete word of four

8-bit by tes, such as the starting address to a memory device. Parity is added to cach byte.

12012-54
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BIT POSITIONS

6 - 24 31

DEVICE ADDRESS

44-48-01%

Figure 4-2. DEV and DEX Instruction Operand Format

(1) The peripheral device addressed by the
eight least significant bits of the instruction oper-
and (see figure 4-3) transmits one to four, 8-bit
bytes to the computer.

(2) The transmitted data is stored in the
process register specified by the H field of the
instruction.

(3) All address modes are allowed.

(4) The input parity error (IE) bit, in the
indicator register, is set when parity is incorrect.

NOTE

For instruction word format refer to
Chapter 5.

e. Output From Register (OFR). The OFR in-
struction operates as follows:

(1) The eight least significant bit positions
of the instruction operand select the penpheral
device.

BIT POSITIONS
16 24 ' 3

NOT USED DEVICE ADDRESS

44-48-016

Figure 4-3. ITR and OFR Instruction Opcmnd Format

4-4

(2) The contents of the process register,
addressed by the H ficld of the instruction word,
arc transmitted to the device as four 8-bit bytes.

(3) All address modes are allowed.

4-5. Automatic Input/Output (1/0)
Communications Class

Automatic 1/0 communication is controlled by
thc contents of two 1/0 control words that arc
initially set by the computer program. The control
words arc the 1/0 keyword and the 1/0 termina-
tion word. The keyword contains the mode of
operation, the block length, and the data address
is memory; it is used during cach data word or
byte transmission. The termination word is used
at the end of a block of transferred data by
device interrupt, or upon fault detection. It is used
to specify status and program level to be acti-
vated at the completion of the 1/0 operation.
One-hundred twenty-six key words and one-hun-
dred twenty-six termiination words are stored in
reserved locations of the base memory bank; each
pair corresponding to a device address (see figure
4-1). Device addresses O through 7 are rescrved
for special computer functions as specified in
table 4-2. .

Prior to an automatic input or output communi-
cation, the 170 control words must be initialized.
The selected peripheral device must be prepared
to transmit or receive as commanded by a DEV,
DEX, or OFR instruction. The data communica-
tion then takes place at the rate of the peripheral
device until the specified block length of data has
been transferred. The termination word for this
device is then used to indicate the status of the
communication and the program level to be acti-
vated. Automatic I/0 communication takes place
at a rate not to exceed 400,000 words or bytes per
second, and is independent of program execution.
The determination of 1/0 communication, by
word or by byte, is a function of the M field
setting in the keyword.

NOTE

I/0 key and termination words are not

related to program lcvels in the memory

map.

The key and termination words are fur-

ther defined in paragraphs a and b below,

respectively.

“a. Keyword. The keyword contains three fields
(see figure 4-4) to specily the block length (in
words or bytes) or the transmission, the 1/0 mode



Table 4-2. Special Input/ Quiput Addresses
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Output
Device Device Input to from Key
Address Command Register Register Termination
(Octal) Name DEV or DEEX (ITR) (OFR) Words
00 1/O memory Sets 1O None
aceess memory
control ACCCSS
control
bits
01 Mon{tor --- Read Set bits None
register - monitor in monitor
register register
02 Monitor --- Read Reset Interrupt from
register maintenance bits in maintcnance
and panel monitor’ and status
mainte- controls register pancl
nance
controls
03 Real-time ON/OIF Count
clock control of
(RTO)0 RTCO, 1,
and 2
04 RTC 1 --- Count
05 RTC 2 .- Count
06 Not used --- -
07 Not used -

of communication, and the current data memory
address.

(1) BL, Block length, bit positions 0-10. This
I'l-bit field specifies the number of words (up to
32-bits) or number of bytes (up to eight bits) in a
block transmission or the number of time events
in the alarm (clock) mode. A ZERO block length
indicates the maximum block length of 2048
words, bytes or events. Blocks larger than 2048
words are obtained under the control of the pe-
ripheral device. For each data transfer or time
event, the block length field is decremented.
When this field is decremented to zero, the end-
of-block (EOB) command is automatically sent to
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the device and the block transmission is termi-
nated if the channel end bit in the terminate
word so specifies, or if the device initiates a device
interrupt sequence after receiving the EOP com-
mand.

(2) M, Mode bit positions 11-13. This three-
bit field specifies one of the modes of operation
indicated in table 4-3.

(3) CA, Current address, bit position 14-3].
This 18-bit field specifies the half-word address of
the memory location related to the current data
transfer. For 32-bit word by byte transfers, the
least significant bit is ignored.
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BIT POSITIONS

o 101 13 14 31
BL boom CA
BL: BLOCK LENGTH
M: MODE
CA: CURRENT ADDRESS
44-48-017

Figure 4-4. Input/Output Keyword Format

Table 4-3. Modes of Operation

Mode Field

(M) Mode of Operation
0 Inactive
1 Qutput, full word by bytes
2 Alarm (clock)
3 Input, full word by bytes
4 Output, upper by te in half word
5 Output, lower by te in half word
6 Input, upper byte in half word
7 Input, lower byte in half word

12012-56

b. Termination Word. The termination word is
uscd to indicate conditions of transmission and to
specify the program level to be activated at termi-
nation of a block data transmission or receipt of a
device interrupt. The format of the termination
word is as shown in figure 4-5.

(1) F, Block complete, bit 0. The F bit is set
followmg the completion of a block of data trans-
fer in word or byte modes. This is detected when

0o 1 2 7.8 9 10

15 16 17 18 23 24 31

the block length field of the associated key word
has been decremented from ONE to ZERO. The
F bit is also set in the alarm (clock) mode when
the block length field reaches ZERO. If the F bit
is a ONE and bits E and R, are ZERO, it indi-
cates that no error was detected during transmis-
sion or receipt of words or bytes.

(2) 1, Interrupt, bit 1. The I-bit is set when-
ever an interrupt is received from a peripheral
device. The indicator signal represents a device
interrupt.

(3) NPL, Normal (termination) program
level, bits 2 to 7. This six-bit field defines the
program level to be activated if the I bit of the
termination word is set and the E and R bits are
ZERO, or if the F bit of the termination word is
set and the E and R bits are ZERO, and the
channel end bit C is a ONE.

(4) E, Transmission error, bit 8. The E bit is
set whenever the computer detects a parity error
on the 170 communication network during an
automatic data transfer operation.

BIT POSITIONS

Fll NPL E|R EPL

P Q DEVICE STATUS

BLOCK COMPLETE

INTERRUPT

NORMAL ( TERMINATION) PROGRAM LEVEL
TRANSMISSION ERROR

OPERATIONAL ERROR

ERROR ( TERMINATION) PROGRAM LEVEL
CHANNEL END

PARITY TERMINATION

QUEUE TABLE CONTROL

2
o

m
el
fvor®moc T

44-48-018

Figure 4-5. Termination Word Format
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(5) R. Operation error, hit 9. The R bit is sct
when:

(a) A request for service is received from
a device and inactive mode 0 is stipulated in the
key word.

(b) A device fails to respond within five
microseconds when being serviced.

(c) A memory parity error occurs during
access of key word or data word.

(d) A memory access violation occurs.

(e) The computer does not service an ac-
tive real-time clock within approximately one mil-
lisecond at its request.

(6) EPL, Error (termination) program level,
bits 10 to 15. This six-bit field defines the program
level to be stimulated if the I bit and the E bit are
sct and the R bit is ZERO; or if the F bit and E
bit are set and the R bit is ZERO. and the
channel end bit C is a ONE.

(7) C, Channel end, bit 16. The C bit con-
trols the activation of the termination program
level. When the C bit is ONE and the block

Section Il

4-6. Modes of Operation

The M field of the I/0 key word determines
the mode of control that the computer executes
whenever it processes a request from a peripheral
device. The modes of operation are discussed in
the subsequent paragraphs.

a. M = 0, Inactive Mode. If the computer
detccts that the mode field is all ZEROS in the
key word, it sets the R-bit of the corresponding
termination word, issues a stop signal to the de-
vice, and initiates a program level change to
level 2.

b. M = 2, Alarm (Clock) Mode. In the alarm
mode, the block length (BL) field of the key word
is decremented by one each time a request from
an external source is serviced. The current address
(CA) field is not used, not modified and no data
transmission occurs.

c. M = 1 or 3, Full Word Output or Input.
These modes arc for transmission of full 32-bit
words, transmitted by four bytes plus parity. The
BL ficld is decremented by one for each word
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length field of the associated key word has been
decremented from ONE to ZERO, the termina-
tion program level is activated. When the € bic is
ZERO, the termination program level is not acti-
vated and normally the device will interrupt the
computer with a subsequent indicator signal (mul-
tiple block length).

(8) P, Parity termination, bit 17. This bit
when set to a ONE by software causes the error
termination program level to be activated when a
parity error is detected on the information lines in
the automatic input mode.

(9) Q. Queue table, bits 18 to 23. When bit
position 18 is ZERO, then bit position 19 through
23 are ignored and no action takes place. When
bit position 18 is ONE, bit positions 19 through
23 cause a bit to bc set in the queue register
corresponding to the termination program level.
The bit position in the queue word is specified by
bit positions 19 through 23. This action takes
place only when a termination program level is
activated.

(10) Device status, bits 24 to 31. The data on
the information lines during a device interrupt
sequence is stored into bit positions 24 to 31.

OPERATION

transmitted or received. The CA field is incre-
mented by two for each word transferred.

d M = 4 or 6, Upper Byte in Half Word
Output or Input. Data is transmitted or received as
bytes, cight bits plus parity. This data is unpacked
from the eight most significant bits in a 16-bit
half word on input, as addressed by the CA field.
The CA field is not changed. The M field is
automatically changed from 4 to 5 or 6 to 7 so
that the next byte transmitted is the lower byte.
The BL field is decremented by one.

ee M = 5 or 7, Lower Byte in Half Word
Quiput or Input. Data is transmitted or reccived as
bytes, eight bits plus parity. This data is unpacked
from the eight least significant bits in a 16-bit
half word on output and packed into the eight
least significant bits in a 16-bit half word on
input, as addressed by the CA field. The CA field
is incremented by one and the M field is automat-
ically changed from 5 to 4 or 7 to 6 so that the
next byte transmitted is the upper byte. The BL
field is decremented by one.

4-7
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4-7. Types of Operation

When the computer operates in the automatic
1/0 communication class, communication with
external devices is established by the following
operations: block of words by bytes or bytes
transmission (block transmission); burst of words
by bytes or bytes transmission (burst transmis-
sion), alarm (clock) operation, device -interrupt,
bootstrap program load. The type of operation is
determined by the peripheral devnce via transmit-
ted control signals.

a. Block Transmission. Block transmission is a
type of 1/0 operation where blocks of words or
bytes are transmitted singly or in distinct groups
and is activated by the following actions in the
sequence specified.

(1) A DEV, DEX, or OFR instruction may
signal the interface buffer of a peripheral device
to transmit or receive data. The program loaded
kecyword will determine the block length, mode,
and data memory address which will be effective
for the transmission of the data.

(2) The computer may accept a request for
a scrvice signal to transfer data from the periph-
eral device. The rate of such requests is deter-
mined by the capability of the device to handle
the data.

(3) On acknowledgement of the request, the
proper keyword may be obtained from memory,
modified, and returned to memory. The word or
byte is transferred within five microseconds if the
associated memory banks are not being used for
programmed operations.

(4) When the block length is decremented
from one to zero, the termination word is ac-
cessed and the F bit is set to ONE. In addition,
and end-of-block (EOB) command sequence is
sent to the device. As a result of this action,
tcrmination of communication will occur if the
channel end bit is set to ONE or if the device
responds with a device interrupt sequence. If bit
18 in the termination word is set to ONE, (speci-
fying qucucing option), the queue table will be
accessed prior to termination of communication.
Abnormal conditions occurring during data trans-
fer are indicated in the monitor register and
displayed on the maintenance panel and include
the following:

(a) The E bit of the termination word is
set when the computer detects a parity error on
the 1/0 nctwork during data transfer. Data trans-
fer continues when the P bit is ZERO. When the
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P bit is ONE, a stop signal is sent to the device
and the EPL is stimulated.

(b) The R bit of the termination word is
set, a transfer to program level 2 occurs and the
computer transmits a stop signal to the device
under the following conditions:

1) A response to an enable for service is
not received within five microseconds.

2) Memory parity error is detected ‘in
data or key word access.

3) A violation of memory access occurs.

(c) Detection of a parity error during
access of the termination word causes a transfer
to program level 2 and the termination word
remains unmodified.

NOTE

For instruction word format refer to
Chapter 5.

b. Burst Transmission. Burst transmissions oc-
cur as previously specified for block transmissions
with the following differences:

(1) The keyword is updated but not restored
in memory until the transmission is terminated,
therefore, more than one word or byte is trans-
mitted for a single key word access.

(2) The burst transmission is initiated by the
device by responding to enable-address sequence
with the special burst line.

(3) The burst transmission is terminated or
not initiated when:

(a) An 10X with a higher priority has
requested service.

(b) The dcvice in the burst mode activates
its indicator line.

(c) The keyword block length has been
decremented to zero or an error condition has
been detected by the computer.

(4) The computer is capable of receiving or
transmitting data at a maximum rate of 400,000
words or bytes per second conmdermg the follow-
ing times:

(a) The first word or byte requires 3.9
microseconds if the associated memory banks are
not being used for programmed operations.

(b) Each successive word or byte requires
2.5 microseconds.



(¢) The last word or byte requires 3.6
microseconds.

c. Alarm (Clock) Operation. The alarm opcra-
tion is the same as specified for block transmis-
sion except that data is not transmitted and the
CA field is not used.

d. Device Interrupt. When the computer ac-
knowledges a request for service and the indicator
signal is active, the following actions occur:

(1) The 1 bit of the transmission word is set.

(2) The program level specified by the NPL
field is activated if the E and R bits are ZERO.

(3) The program level specified by the EPL
is stimulated if the E bit is a ONE.

e. Bootstrap Program Load. The computer has
the ability to bootstrap program load with the
depression of a push button. A specified device
will input a program into core memory and the
central processing unit (CPU) will then perform a
level change to program level 63,, and begin
program execution. The computer control panel
has two momentary push buttons under program
load. One is associated with device channel 10,,
the other with channel 11,. When either button is
pressed, the device associated with that channel is
defined as the loading device. The loading se-
quence will begin upon release of the pressed
button. The first action which occurs upon button
release is the legend of the pressed button is
illuminated. This notifies the operator that the
computer is commencing a program load. A mas-
ter reset signal is sent to all devices (including
program loading device); thus, all peripherals will
be in a standby mode. This is also true for the
real-time clocks. The CPU is not stopped and no
instructions will be accessed from memory until
the program load is accomplished.

NOTE

The CPU is not master reset. If a CPU
reset is desired, the operator should push
the restart button on the computer control
console (CCC) prior to pressing a program
load button.

The 10C now sends a command to the loading
device to cause it to send information to the
computer. This command consists of onc byte,
00001100,. The loading device will begin to input
data in its normal modec, that is, either by byte or
word by byte. In cither case, the 10C accepts the
first bytc of a group only. This means that in the
case of a byte transmitting device, each byte is
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accepted. In the case of a word by hyte transfer,
only the first byte of a word is accepted. (This is
truc for the first seven transfers to the computer.)
The first seven bytes of input to the computer will
control the remainder of the program load func-
tion. These bytes define:

(1) Starting location for rest of load.
(2) Total number of words or bytes to load

(a) A byte loading device can load 8192
words. .
(b) A word-by-byte loading device can
load 32,768 words.

(3) Mode of input, byte or word by byte.

(4) The first seven bytes from the program
loading device are presented in the following
chart,

Check Byte and
Byte Content Reflected Check Byte
MSB LSB
1 Check byte [ooto1111]
MSB LBS
2 Reflected check byte [t 101000 0]
3-6 Key word
7 Block length extension | Most significant four
bits of the bvte
12012-113

Byte | is a check byte while byte 2 is reflected
check byte. Byte 1 should always contain the
value 2F¢ and byte 2 should always contain the
value DO, (the complement of 2F,). The two
bytes are used by the IOC in automatic diagnostic
checks to determine if 1/0 data transmissions are
correct. Bytes 3 through 6 form the keyword to be
used by the 10C to control the remaining pro-
gram load input past byte 7. Byte 3 is the most
significant byte while byte 6 is the least significant
byte. Byte 7 loads a block-length extension regis-
ter (used only in bootstrap-program load) to en-
able to loading of more than 2048 words or bytes.
An end-of-block (EOB) signal is not sent to the
loading device until the keyword block length
field and extension register goes to ZERO. The
keyword is maintained in a hardware register
rather than core during program load. Thus, the
base memory location associated with the loading
device may be loaded without altering the load-
ing process. Upon completion of the program
load input the CPU performs an automatic diag-
nostic check, and the computer makes a level
change to program level 63,, and begins accessing
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instructions. The light associated with the boot-
strap button is not automatically extinguished,
but must bc programmed off by resetting the
appropriate bit of the monitor register. While in
level 63,0, error exits (to level 02) or 170 termina-
tion exits will not be honored. This effective level
lock is reset once a program initiated cxit from
level 63,, occurs. In the case of a pending crror
exit to level 02, the flag bits of the indicator and
query register are set, the program will not enter
level 02; however, the indicator will remain set. In
the case of an 170 interrupt while in level 63,, the
program activity register (PAR) status bit remem-
bers the interrupt and it will be honored once
level 63,, exits. It should be noted that while 170
opcrations arc not locked out while in level 63,
nonc should occur (unless commanded by level

63,,) duc to the master reset initially broadcast by
the 10C.

4-8. Input/Output Memory Access Control

The 1/0 memory access control applies to
memory data transfers associated with automatic
I70 operations as follows:

a. 1/0 memory access control is defined by
two control bits for each of ‘the 64 pages of 2048
words per page within the memory addressing
capability associated with automatic 1/0 opera-
tions. These two bits control memory access as
indicated in table 4-4. When an access violation
oceurs, the computer does not access memory, it
scts the appropriate bits in the monitor register
and a transfer to program level 2 is initiated. The
computer has read and write access to the key-
word and termination word regardless of the
access control bit configuration for the related
portion of memory.

b. OFR instructions to special device address
00 loads the memory access control circuits; the
least significant 16 bits of the selected accumula-
tor definc the memory access for each 2048-word
page of the stipulated 8, 192-word memory bank
as shown in table 4-5; the remaining bits arc
unused.

4-9. Real-Time Clocks

The real-time clocks are a function of hardware
interval timers and programmed counters which
operate in the alarm mode as follows:

a. Three device addresses, 3, 4, and 5 are
assigned to these clocks called RTC 0, RTC I and

RTC 2.

b. The clocks initiate service requests at inter-
vals of 1024 +0.2 microseconds when activated.

¢. When the BL field of the key word for clock
RTC 0 is decremented to zero, the M field is set
to ZERO.

d. When a clock issues a request for service
when the M field is ZERO, a program hang-up
condition occurs and is indicated by the two
following settings: the setting of the R bit of the
associated termination word; the setting of bit 15
of the monitor register and automatic transfer to
program level 2.

(1) Real-time clocks on/off control. Real-
time clocks O, I, and 2 are assigned device ad-
dresses, 3, 4, and 5, respectively. These three real-
time clocks are deactivated whenever a bootstrap
program load is initiated or the power is turned
off. The occurrence of these clocks is under pro-
gram control. A decvice command (DEV) and

Table 4-4. 1/0 Memory Access Conirol

1/0 Memory
Access
Control Bits Name Action Permitted Action Inhibited
00 All access ~ Read Write
o1 Qutput only Read Write
10 Input only * Write Read*
11 No access Read Write

12012-57
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Table 4-5. 1/0 Memory Access Control Fields for OFR Instruction to Device Address 00

Memory . .
Bank Bit Position
Address
(Octal) 16 17118} 19 |20 23124 25126 27128 29 |30 31
00 0 0 0 0
01 0 0 0 1
02 0 o0 1 0
03 0 0 1 1
3 , 5
04 0 1 0 0 3 5 3 E
5 . B o 3
05 : 3 © E ©
0 1 0 1 2 I o g
2 S 2 s
06 0 I 1 0 & 5 ph 3
G [%]
5} a“p 2 Y
D ~ I
07 (N Not Used 2 3 H =
2 S 2 5
10 I 0o o0 o0 & 3 £ 2
1 1 0 0 1 2 2 $ :
3 3 3 B
12 I T 0 S E 2 I
= =t = -]
13 R T T S S S S
2 2 2 2
14 | 1 0o o 2 2 < <
15 1 1 0 1
16 1 ] i 0
17 i 1 1 1

device command exit (DEX) with device address
3, determines whether any or all of these clocks
are to be active. After a clock is activated, the
first request for service occurs no later than 1024
microseconds and no sooner than one microsec-
ond. The format of the instruction operand is as
shown in figure 4-6; the fields are defined as
follows:

(a) The ON control bits 16, 17, and 18
control the activation of real-time clocks 0, 1 and
2. If the bit is a ONE, the clock will be activated;
if the bit is a ZERO, it will be ignored.

(b) The OFF control bits 20, 21, and 22
control the deactivation of real-time clocks 0, 1,
and 2. If the bit is a ONE, the clock will be
dcactivated; if the bit is a ZERO, it will be
1ignored.

(c) Device address 03 must be in bits 24
to 31, see table 4-2.

12012-58

(2) Real-time clock operation. The real-time
clocks operate in the automatic input/output
communication -class and are controlled by the
key word and termination word. Both control
words are to be initialized by the program prior
to the activation of the clocks by a device com-
mand instruction. The block length in the key
word contains the number of time events (1024
microsecond intervals) to be counted. The mode
field is 2. The current address field is not used.
The termination word contains the program level
to be activated when the block length is decre-
mented to zero. If the computer fails to process a
request for service (interval counting) from a real-
time clock within 256 microseconds, a time-out
error results. This time-out error causes the audi-
ble alarm and an indicator light on the computer
control console (CCC) to be activated. Bit 14 of
the monitor register is set and an automatic trans-
fer to program level 2 occurs.

4-11



USACSCS-TF-4-3

BIT POSITIONS IN HALF WORD

0 4 10 o 15

16 20 24 31
ON OFF DEVICE ADDRESS

RIR|R RIR|R ’

TITT T|T )T :

cleclec clecle (BINARY 00000011)

01| 2 0}(1]2

44-48-019

Figure 4-6. Real-time Clock Activity Control Command Format

4-10. Typical Peripheral Device Operation

Use of the interface between the computer and
its peripheral devices is dependent upon the func-
tions to be performed by the peripheral device(s)
and the instructions the device(s) receive from the
computer. Functions performed by the computer
and the peripheral devices, as a result of inter-
face, are: DEV or DEX command; OFR com-
mand. ITR command, an automatic 170 (A),
external interrupt (I), end of block (EOB), stop
signal. The functions specified may be used in
any combination. However, certain conventions
should be observed. For example, an automatic
input or output requires that the software in the
CPU has sct up a key word and a termination
word in the base memory. Otherwise, the 170
communication could fail because of an improp-
erly specified mode, block length, or memory
address in the key word. Some typical sequences
of these functions are as follows:

a. DEV Sequence. The computer commands a
device to perform specified function, such as mag-
netic tape to rewind or to close a contact.

b. DEV - I. The computer commands a device
to perform specificd function, such as a magnetic
tape to rewind. Device interrupts the computer
when the function is performed.

¢. DEV - ITR. The computer commands a
device to perform specified function, such as turn
on motor in a punch. Status of device is interro-
gated with ITR.

d. DEV-A-DEV. The computer commands a
device to perform specified function such as paper
tape punch to punch data on tape. Data is auto-
matically exchanged between memory and the
device. The computer can stop the tape punch

4-12

with the second DEV, which can override the first
command.

e. DEV-A-Stop. An automatic input or output
operation is stopped by thc computer when it
detects certain error conditions. The device resets
its logic.

[ DEV-A-1. A peripheral device operating in
the automatic input mode and using variable
length formats may recognize a special character
such as cnd-of-message (EOM), it can notify the
software in the computer with an interrupt.

g DEV-A-EOB. When the computer com-
mands a device to input or output a fixed length
message, it notifies the peripheral device with an
end-of-block (EOB) signa! when the last byte is
exchanged during the automatic data transfer.
The EOB signal will notify the software in the
computer with a program interrupt if the C bit of
the terminate word is a ONE.

h. A. The peripheral device inputs or outputs
data automatically. When this mode is used sin-
gularly, the appropriate software must provide
reinitiation of the key word before the next block
transfer takes place. It is recommended that a
DEV-A-1 or DEV-A-EOB sequence be used in-
stead of an A operation only.

i. OFR. The computer commands a device to
perform specified functions or to set up discrete
settings in a device.

J- OFR-A-EOB. Computer commands a device
to perform a spccific function such as to write
data on a memory device. The OFR includes the
starting address or block address in the device.
The device automatically writes the data until the
computer transmits the EOB signal.

k. OFR-A-I. The peripheral device performs
the commanded function. Upon completion, it
interrupts the computer signifying the completion.

l. OFR-I-DEV-A-EOB. The computer com-
mands a memory device to perform a seek opera-
tion. Com pletion of the seek operation is indi-
cated with an external interrupt. The computer
then commands the device to perform a write
function. The automatic data output function is
completed with an EOB.

m. ITR. The computer inputs a single word
from a device which can be used to interrogate
the status of the device or to input discrete data.

n. 1. A single peripheral device. such as a
switch contact, can interrupt the computer.



o. I-ITR. The peripheral device interrupts the
computer. The computer can interrogate the de-
vice with an JTR to dctermine the rcason for
interruption.

4-11. Peripheral Device Options

During the transfer of data, several options
may be used by the peripheral devices to activate
different program levels. These options are: the
channel-end option, queue register option.

a. The Channel-End Option. The channcl-end
option bit in the termination word, when set to a
ONE, is used to activate a program level when
the block length in the key word is decremented
to ZERO. Peripheral devices which have the ca-
pability to transfer data in larger blocks than
2,048 will usc the option with C equal to ZERO.
The peripheral device will activate the program
level with an interrupt after receiving a preset
number of EOB signals from the computer. Each
time the computer decrements the block to
ZERO, it will send an EOB to the device. Periph-
eral devices may also be designed to use the
option with C equal to ZERO for single or multi-
ple block transfers when the devices use time
after the last data transfer and before being
available for the next operation; for example,
when a magnetic tape has stopped or a device has
to perform error checking after the last data has
been transferred.

b. Queue-Register Option. The queue-register
option is used when several peripheral devices
have to bc assigned to activate the same program
level. The devices can be identified by setting of
the selected bit in the queue register. The acti-
vated program level can test the queuc register
with the test and conditionally reset/skip instruc-
tion.

4-12. Diagnose Logic

Built-in error detection and isolation hardware
has been incorporated into the computer design.
The incorporation of this hardware provides the
computer with a built-in, self-test capability. This
self-test hardware will function automatically
when the computer undergoes bootstrap. Program
load operation self-test status is indicated to the
operator via the DIAGNOSE STATUS panci on
the cenral processing unit (CPU). The successful
complction of the built-in self test indicates that
the computer is able to perform basic functions
and that the bootstrap program is in memory.
The built-in self test is initiated when the opera-
tor presses either onc of the two bootstrap but-
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tons; Bootstrap random access memory (RAM),
Device 10, Bootstrap tape. Device 11, These are
momentary pushbuttons, and upon their release,
the input/output control (I0C) is dirccted to the
bootstrap mode. If the 10C enters the bootstrap
mode, the legend of the pressed pushbutton is
illuminated. At this point, indicator lights 10
through 18 and the two PROGRAM LOAD
STATUS indicator lights (CPU and I0U) are
illuminated (see figure 4-7). The DEV command
byte 00001100, causes the 10C to broadcast a
master reset on all I/0 channels and commands
the device (on channel 10 or 11) to start inputting
data to the computer. The bootstrapping device,
upon recognizing the above mentioned command,
raises its request line and starts a normal data
transmission to the computer. The first seven
bytes of input to the computer contro! the re-
maining bootstrap input and shown in the follow-
ing chart. '

Check Sum and
Byte Content Reflected Check Sum
MSB LSB
1 Check sum 00 1LO 11 1 1]
MSB LSB
2 Reflected check sum (1010000
3-6 Key word
7 Block length extension
(most significant four
bits of the byte)

Byte 1 is a check sum while byte 2 is a reflected
check sum byte. Bytes 3 through 6 form the key
word to be used by the IOC. Byte 3 is the most
significant byte while byte 6 is the lcast significant
byte. Byte 7 loads a block-length extension regis-
ter (used only in bootstrap program load).

NOTE

Numbers above each indicator light on
the DIAGNOSE STATUS panel (figure
4-7) are used for reference purposes in the
corresponding text and do not appear on
the actual panel.

Byte 1 enters the IOC in bit positions 23-31.
The acceptance of byte 1 is determined by the
I0C. If byte 1is not correct, indicator lights 10
and 11, located on the DIAGNOSTIC STATUS
panel, will remain illuminated and the [0OC
hangs up. However, if byte 1 is correct, indi-
cator lights 10 and 11 will be extinguished.
If byte 1 is correct, the IOC will accept byte
2 from the bootstrapping device. Acceptance
or rejection of byte 2 is determined by the 10C. If
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Figure 4-7. Diagnose Panel

byte 2 is not correct, indicator lights 12 and 13,
located on the DIAGNOSE STATUS panel (see
figurec 4-7) will remain illuminated and the 10C
hangs up. However, if byte 2 is correct, indicator
lights 12 and 13 will extinguished. If byte 2 is
correct, the I0C will accept the next five bytes
from the bootstrapping device. The 10C will as-
semble the five bits into the key word register and
the block length register. The key word is used to
control the remainder of the bootstrap input.

NOTE

If the inputting device is the RAM, the
mode field of the key word should be

- 414

normal word input. If the device is the
tape, the mode field should be normal
byte input.

The I0C, under key word control, will accept
the next byte or word from the bootstrapping
device and place it in memory. If the 10C
starts a - memory access cycle, DIAGNOSE
STATUS indicator light 14 (see figure 4-7)
is extinguished. However, if indicator light 14
remains illuminated, the IOC hangs up. When the
memory cycle is completed, indicator light 15 is
extinguished. The IOC will continue to input data



from the bootstrapping device until the block
length register (including extension) goes to
ZERO. At this point, the JOC accesses the termi-
nation word from memory associated with the
bootstrapping device. The contents of this loca-
tion must be[D O D O D O D O}s. The suc-
cessful comparison of this location to the above
bit configuration causes indicator light 16 of the
DIAGNOSE STATUS panel (see figure 4-7) to be
extinguished. If the comparison fails, the 10C
hangs up. If the comparison is successful, the IOC

will activate the CPU to commence opcration and
the PROGRAM LOAD STATUS indicator light
labeled IOU will be extinguished. The CPU will
now perform an automatic diagnostic which is
similar to the diagnose option | instruction com-
mand explained in subparagraph a below. If a
failure is detected during this sequence of checks,
the CPU hangs up and DIAGNOSE STATUS
indicator lights 17 and 18, the PROGRAM
LOAD STATUS CPU indicator light, and the
CPU indicator lights will remain illuminated.
Other DIAGNOSE STATUS panel lights will be
illuminate’. for detailed fault isolation purposes.
If this forced diagnostic sequence passes, indica-
tor light 17 is extinguished and the CPU under-
goes a level change to program level 77,. The
successful completion of this sequence indicates
that the computer is able to perform basic lunc-
tions and that the bootstrap program is loaded.
Refer to the subsequent paragraphs for a discus-
sion of diagnose option command instructions 1
through 3. '

a. Diagnose Option 1. The first instruction
command to be obeyed in level 77, following the
bootstrap sequence should be a diagnose option
I. See figure 4-8 for the diagnose option 1 com-
mand instruction format.

The diagnose option | instruction command
has opcrations similar to those performed in the
forced diagnose sequence except that it is fetched
from memory and its decode is out of the com-
mand (CC) register.
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(1) If an error occurs during the cxccution
of this instruction, the following shall occur:

(a) Indicator light 18 will remain illumi-
nated. Refer to figure 4-7.

(b) Indicator light 17 will remain extn-
guished. Refer to figure 4-7.

(c) PROGRAM LOAD STATUS CPU in-
dicator light will remain illuminated. Refer to
figure 4-7.

(d) The CPU will halt and other diagnos-
tic lights will be illuminated for fault isolation
purposes. Refer to figure 4-7.

(2) If no error occurs, indicator lights 18
and DIAGNOSE STATUS CPU panel indicator
will remain illuminated and the instructions
DAW field becomes the address of the next in-
struction.

b. Diagnose Option 2. If no error is detected
during the execution of diagnose option | com-
mand instruction, the next instruction should be
diagnose option 2 command instruction. See fig-
ure 4-9 for the diagnose option 2 command in-
struction format. Bits 9, 10, and 16 through 31
control indicator lights (DIAGNOSE STATUS
panel) 17, 18, and | through 16, respectively (see
figure 4-7). A ZERO placed in bit 10 of the above
instruction will extinguish indicator light 18 and
the PROGRAM LOAD STATUS CPU indicator
light. The execution of the diagnose option 2
command instruction concludes the hardware di-
agnostic.

NOTE

Bit 10 = I turns on indicator 18 only; bit
10 = O turns off indicators 18 and PRO-
GRAM LOAD STATUS CPU.

c. Diagnose Option 3. The diagnose option 3

- command instruction will begin the software di-

agnostic. The software program may illuminate or
extinguish any of the 18 indicator lights located
on the DIAGNOSE STATUS panel (see figure

BIT POSITIONS

12 13

15 16

31

0 0

0

OP. CODE S

44-48-021

Figure 4-8. Diagnose Option 1 Command Instruction Format
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BIT POSITIONS

0 ; 6 7 8 9 10 11 12 13

15 16 31

o 1 1 1 0 1 1}j0 O0}lX Xt1 00 0

0

OP. CODE M H S

44-48-022
Figure 4-9. Diagnose Option 2 Command Instruction Format
BIT POSITIONS
0 6 7 8 9 12 13 15 16 29 30 31
o1 1 1 0 1 1/f0 0f{0 O 1 1f0 0 O 0——————0 CPUjtOU
0OP. CODE M H S -4——D A w —>
44-48-023

Figure 4-10. Diagnose Option 3 Command Instruction Format

4-7) by the use of the diagnose option 2 com-
mand instruction. DIAGNOSE STATUS indica-
tor lights labeled CPU and IOU are controlled by
the diagnose option 3 command instruction. See
figurc 4-10 for the diagnose option 3 command
instruction format. A ONE in bit 30 will illumi-
nate the program load indicator light labeled
CPU (sce figure 4-7). A ZERO in bit 30 will
extinguish the CPU indicator light. It should be

noted that during the software diagnostic, the
CPU is still in level 77;. As long as the CPU stays
in level 77, the computer system is in a bootstrap
cenfiguration which results in the following:

(1) The input/output is inhibited in level
77s.

(2) The program load indicator light labeled
CPU will remain illuminated until a level change
occurs. -

Section lll. MAINTENANCE AND STATUS PANEL

4-13. General

The maintenance and status panel of the com-
puter control console contains the controls and
-indicators required by an operator to initialize
and monitor system operation. The controls and
indicators are arranged in functional groups for
rapid identification of individual switch functions.
The maintenance portion of the maintenance and
status pancl is shown in figure 4-11. Table 4-6

4-16

identifies and specifies the functions of the control
switches and corresponding indicator lights lo-
cated on the maintenance portion of the mainte-
nance and status panel.

The status portion of the maintenance and
status pancl is shown in figure 4-12. Table 4-7
identifies, describes, and specifies the functions of
the control switches and corresponding lights lo-
cated on the status portion of the maintenance
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Figure 4-1!. Maintenance Portion of the Maintenance and Status Panel

and status control panel. A discussion of the
functional operation of the maintenance and
status panel is presented in the subsequent para-
graphs.

a. Setting and Resetting of the Maintenance
and Status Panel Control Indicators. Many of the
maintenance and status control indicators to be
discussed will be programmable. All such indica-
tors have a bit in the monitor register associated
with them. In all cases, when the bit in the moni-
tor register is ZERO, the monitor register indica-
tor light is extinguished. However, if the bit in the
monitor register is a ONE, the monitor register
light remains illuminated. All bits of the monitor
register are programmable. The bits of the moni-
tor register are set and reset as specified in table
4-8.

BIT POSITIONS

01 678 1213 16 3

0] OFR 000 000002

SO

0100

E P M H S D A W

PROCESS REGISTER 4 = {00010000000} 8
12012-129

b. Program Interrogation of the Maintenance
and Status Panel. All controls and corresponding
indicator lights on the maintenance and status
panel have either a flip-flop circuit in the monitor
register associated with them or they have an
inhcrent storage capability of their own. In either
case, all controls and corresponding indicator

4-17
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Table 4-6. Maintenance Panel Switch and Indicator Functions

Switch/Indicator

Function

CPU Intertace

DATA EXCHANGE CHANNEL (3)
and DEVICE CHANNEL (3) 1/O
indicators

Used to indicate device address when 1/O error
detected. Normally hardware set by 10C

Bits 26-31 of the monitor register drive
these indicators

/O CHANNFEL FAULT CON-
TINUITY indicator

Indicates cables to 10C not connected

The light is illunminated when cable not con-
nected. ITR instruction device address 02,
bit 15 is a ONLE when cable is not connected

I/O CHANNEL FAULT PARITY
indicator

Set by 10C on device parity crror

Bit 08 of the monitor register is set by 10C
on device parity error

I/O CHANNEL FAULT
TIMEOUT indicator

If a device fails to respond to the 10C within
5 microscconds, this indicator light is
illuminated

Monitor register bit 09 is set to a ONI when
device times out. The bit is normally set by
the 10C

MEMORY CHANNEL
indicators (3)

Present the address of the failing memory bank

Monitor register bits 22-24 drive these
indicators

MEMORY FAULT
CONTINUITY indicator

Indicates a memory cable is improperly
terminated

ITR device address 02, bit 15 will be a ONE
when the cable is improperly terminated

MEMORY I'AULT PARITY
indicator

This indicator light is illuminated when a
memory parity crror occurs

Monitor register bits 11 or 12 set to a ONLE
will cause this indicator light to illuminate

MEMORY FAULT TIMEOUT
indicator

A memory timeout ¢cither by the 10C or CPU
illuminates this indicator light

Monitor register bit 13 is set when 1OC
memory timeout oceurs

TIMEOUT IFAULT 10C
indicator

This indicator illuminates when the 10C fails
to honor a real-time clock request in
250 microscconds

Monitor register bit 14 is sct to a ONF on
10C timeout

FIMEOUT IFAULT PROGRAM
indicator '

Indicator is illuminated when program fails
to obey real-time clock 0 keyword in

1024 microseconds or when a mode 0 key-
word is encountered

Monitor register bit 1§ is set toa "1™ on
10C timcout

ACC ADDRESS thumbwheels

Defines to CPU which device address is
assigned to the ACC

ITR instruction device address 02. bits 26-31
are set by these thumbwheels

DATA EXCHANGE CHANNEL
SELECT (10X) indicators (3)

Determines which major CPU/IOC channel
will be used by internal 10X devices

Switches read directly by 10C logic

12012-59

lights can be interrogated by the computer pro-
gram using the ITR instruction (refer to table
4-8).

¢. Maintenance and Status Panel Initiated In-
terrupts. Certain controls on the maintenance and
status panel are defined as interrupting the com-
puter. In all cases, these controls have a monitor
register flip-flop circuit associated with them. The
interrupt is associated with device address 02. The
key word and termination word associated with
device address 02 are located as specified in table
4-9.

4-18

d. Monitor Register. Table 4-10 identifies and
specifies the function of each bit of the monitor
register. Input to register (ITR) instruction, ad-
dress 01, reads the monitor register. Output from
register (OFR) instruction, address 02, resets bits
in the monitor register.

e. Special Input/Qutput (I/0) Addresses. Table
4-11 is a list of special 1/0 addresses and specifies
thc computer instruction commands associated
with each. Table 4-12 specifies the functions of
the special 1/0 addresses listed in table 4-2.
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Table 4-7. Status Panel Switch and Indicator Functions (Cont)

Control Indicator

Description

Function

POWER

Alternate action toggle switch, green indicator -

Activation of this switch applies power to the com-
puter and illuminates the indicator light

CPU STOPPED

Amber indicator

‘This indicator light iIlum_inutc§ when the CPU is in
a stopped condition

COMPUTER
RISTART

Momentary action switch

Activation of this switch causes a restart condition
to occur in the CPU similar to a power failure
restart. (Interrupts CPU to program level 0O1)

ALARM RESET

Momentary action switch

The setting of monitor register bits 01 and 02
sounds an alarm. Depression of the ALARM
RESET switch turns the alarm off

I'AULT
COMPUT!:

Red indicator

Associated with bit 02 of the monitor register.
Bit 02 hardware set by:
1. Memory time out

2. 10C time out
3. Memory parity error

I'AULT POWER

Red indicator

This indicator illuminates when a fault is detected
in the computer power supply.

I'AULT SYSTEM

Red indicator

Associated with bit 01 of the monitor register. ¢
Bit 01 hardware is set by:

1. Memory time out

1/0 time out (set by 10C)
10C time out

Program time out
Memory parity error

1/0 parity error

A

PROGRAM LOAD
CHANNEL 10

Momentary action switch with white switch
cap

Bit 04 of the monitor register is associated with
the switch cap light.

This bit is sct when the switch is depressed and
must be reset by the program. Depression of this
switch causes the CPU to enter the bootstrap mode
and activate the ram on device address 10

PROGRAM LOAD
CHANNEL 11

Momentary action switch with white switch
cap

Bit 03 of the monitor register is associated with the
switch cap light. This bit is set (turning on light)
when this switch is depressed. Program must turn
light off. Depression of this switch causes the CPU
to enter the bootstrap mode and activate the tape
drive on device address 11

COMPUTER
INTIRRUPT

Momentary action switch with white switch
cap

Depression of this switch causes bit 00 of the
monitor register to be set and interrupts the CPU
on device channel 02. The switch cap light follows
bit 00 of the monitor register and is reset by the
program

4-20
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Table 4-7. Status Panel Switch and Indicator Functions (Cont)

Control Indicator

Description

Function

FEST START

Momentary action switch with white switch
cap

Depression of this button sets bit 05 of the
monitor register and interrupts the CPU on device
address 02. This switch cap light follows monitor
register bit 05 and is reset by the program

Two thumbwheel switches. Most significant

TEST ' ITR instruction device address 02, bits 16-21 arc

thumbwhecls (2) switch goes from 0-7. Least significant switch associated with these switches allowing si\ bits
goes from 0-7. of information to be read by the program

LAMP TEST Momentary action switch Activation of this switch will cause power to be

applied to all indicator lights of the maintenance
and status panel

12012-61

Table 4-8. Monitor Bit Set and Reset

*Computer Instruction

Device Address (01)

Device Address (02)

OFR

ITR

Sets bits in the monitor register

A ONL in bit position N of (H)
scts a one in the corresponding
bit position of the monitor
register

Reads monitor register into speci-
ficd process register

Resets bits in the monitor register

A ONE in bit position N of (H)
resets to ZERO to corresponding
bit of the monitor register

Reads maintenance and status
panel controls into specificd
process register

*Refer to example of OFR instruction.

12012-63
Table 4-9. Device Address Key Word and Termination Word
Base Memory Location
Device Address Key Word Termination Word
02 0170g 0172g
12012-64
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Table 4-10. Monitor Register Bit Identification and Bit Functions

Bit Function

0O** *Computer interrupt

ol *System fault indicator

02 *Computer matfunction indicator

03 *Program load (channel 11)

04 *Program load (channel 10)

05 *Start test indicator

06 Not used

07 Not used

08 Device input parity crror
(set by 10C)

09 Device response time out - § microseconds
(device hung up, set by 10C)

10 1/0 memory protect violation
(set by 10C)

11 1/0 memory parity error on control word
(set by 10C)

12 1/0 memory parity error on data word
(set by 10C)

13 Memory time out — 60 microseconds
(set by 10C)

14 10C time out — 250 microseconds
(10C failed to honor real-time clock request)

15 Program time out
(sct by 10C) - Set when the key word block length field for real-time clock
(device address 03) is not reinitialized within 1024 microseconds after it has
decremented to ZERO. ’

16-20 To be defined by the program

21-24 Memory bank address when 1/Q parity error or privilege violatioh occurs, or time
out (bit 21 is ZERO, bit 22 is MSB of memory address)

25-31 Device address when any device error occurs (bit 25 is ZERO, bit 20 is MSB of
device address)

*Maintenance and status panel.

**Depression of these buttons causes an interrupt.

4-22
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Table 4-11. Special 1/0 Addresses and Associated Commands

Device Key word and Termination word
Address Name Input to Register Output from Register address
00 1/0 memory None Set I/O access control None
access control bits
01 Monitor register Recads monitor Sets bits in monitor None
register register
02 Monitor register | Read maint. panel Resct monitor register Key word (0078) - not used
and maintenance | controls bits Termination word (007A) intcrrupt fromn
controls monitor register
03 Real-time clock None None Key word (007C)
(00) Termination word (007E)
04 Real-time clock None None Key word (00OB8)
1) Termination (272) (00BA)
05 Real-time clock None None Key word (00BC) i
02) Termination word (00B:)
12012-66
Table 4-12. Special 1/0 Device Address Functions
Device
Address Function

00 The OI'R instruction with device address 00 is used to set the memory access control bits
for input/output. The OIR instruction is further defined in table 4-5.

01 Device 02 has two commands associated with it. An ITR instruction with address 01 reads
the monitor register. An OI'R instruction with address 01 sets flip-flops in the monitor
register

02 Using an OI'R instruction with address 02 allows the monitor register to be reset. Using
an ITR instruction with address 02 allows the maintcnance panel to be rcad (refer to
table 4-13). The status panel interrupt occur on device address 02. The key word should
be all zeros for channel 02.

03 Device address applics to real-time clock zero. A device command with address 03 will
allow the program to turn on or off real-time clock zero, as well as real-time clocks one
and two. The format for the DEV instruction command for control of the real-time clocks
is shown in figure 4-6. All three real-time clocks are controlled by sending the command to
device address 03. The key word for this channel and device addresses 04 and 05 should use
the alarm mode (mode 2)

04 and 05 Device addresses 04 and 05 are associated with real-time clocks one and two respectively.
The tormat for the DIV instruction command for control of the real-time clocks is shown
in figure 4-6.

12012-67
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Table 4-13. ITR instruction, Device Address 02

Bit Position Indicator Remarks
0-14 Not used
15 Discontinuity All cables terminated, bit = 0
16-21 Maintenance thumbwhecl Bits 16-18 associated with most significant thumbwheel, bits 19-21 associated

with least signiticant thumbwheel (64 selections)

22-24 All bits are ZEERO Defines memory bank to be base memory

25-31 ACC address thumbwheel Defines to which device address the ACC is connected (bit 25 is ZERO, bits 26-28
associated with most significant thumbwhecel and bits 29-21 associated with
least signiticant thumbwheel)

12012-68
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CHAPTER 5
DATA AND INSTRUCTIONS

Section |. DATA WORD FORMAT

5-1. Introduction

This chapter provides information pertaining to
the computer data word and instruction word
format. Formats representing data and instruction
words are presented and explained.

5-2. Data

The programmer may select data words of a
single bit, a ‘byte’ of eight bits, a half-word of 16
bits, a word of 32 bits and, on some instructions,
a double word of 64 bits (see figure 5-1). Within
limits, the data word size is a function of the
programmer’s option on-the instruction to be
executed. On arithmetic and logical instructions,
either half word or word operations are allowed.
Special instructions are provided for test and
modification of single bits within a half word.
Special byte handling instructions are also pro-
vided. Double-word products are generated on
multiply instructions; double-word dividends are
used in divide instructions; and double-word reg-
ister pairs are allowed in shift instructions. Mem-
ory addresses are considered as half-word ad-
dresss because the operand address field of the
instruction word contains a single bit (in bit posi-
tion 31) called the W field. This bit will select
either the leftmost 16 bits of a selected word if it
is ZERO (W = 0), or it will select the right-most
16 bits of a selected word it is ONE (W = ).
Therefore, all word addresses ‘are even numbers.
On word operations, the W bit of the instruction
is ignored, and the address is treated as an even
number. Bytes of eight bits are selected on half-
word instructions as either the upper byte or
lower byte by the operation code of the instruc-
tion. Single bit positions of a half-word are se-
lected by use of the H field of the instruction
word. Double words must be located in memory
with a half-word address that is evenly divisible
by four. Whenever double words are -addressed,
the least significant two bits of the address are
assumcd to be ZEROS. The storage of partial
words and double words within memory is shown

in the illustration defining integral boundaries for
data formats (figure 5-1). A data word may con-
tain a numerical or logical quantity. Numerical
quantities are treated as signed integers. Logical
quantities include unsigned numbers (e.g., ad-
dresses) or collections of individual bits and fields.

a. Numerical Word Formats. The computer is
capable of operating on half-words, full words
and double words as shown in figures 5-2, 5-3,
and 5-4, respectively. Numerical words have the
following characteristics:

(1) Half words contain 16 bits, full words
contain 32 bits, and double words contain 64 bits.

(2) Numbers are processed as binary inte-
gers with negative numbers in two’s complement
form.

(3) Bit positions are assigned sequentially,
left to right, with the most significant bit (MSB)
in the left-most position.

(4) The. sign bit (S) is ZERO for positive
numbers and ONE for negative numbers and is
located at the most significant bit position of the
data. ’

b. Two’s complement Arithmetic Notation.
Arithmetic operations within the computer
process numbers as binary integers in two’s com-
plement form. Two’s complement form differs
from one’s complement only in negative number
representations. In-a 16 bit half word, positive
values have a range of +0 to +32,767,. This
includes a sign bit (always ZERO for positive
values) and fifteen magnitude bits to represent
the value. The range is the same for both one’s
and two’s complement form.

(1) In one’s complement form (for reference
only), negative values for the same 16 bit half
word have a range of -0 to -32,767,. This in-
cludes a sign bit (always ONE for negative num-
bers) and fifteen magnitude bits to express the
value. To find the one’s complement of a value all
that is required is the changing of ONE bits to

5-1
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BINARY m)on:ss—1 l——an POSITIONS
(XX = =X00) (XX= = = X01) (XX = -X10) (XX- - = XIi)
0 78 15 16 23 24 0 .18 1516 23 24 31
LS I 1 '
! | ! I
o | | !
! | I !
oy I | !
- " 1
DOUBLE WORD
fe——————————  WORD WORD —————‘{
EVEN 00D . EVEN 00D
HALF WORD HALF WORD HALF WORD HALF WORD

BYTE BYTE BYTE BYTE
UPPER - LOWER UPPER LOWER

BIT POSITIONS
EVEN HALF-WORD

16 15 .
0 31

S~ BIT POSITIONS
s 0DD HALF-WORD

44-48-027
Figure S5-2. Numerical Half Word Format - 16 Bits

ZERO bits and ZERO bits to ONE bits in the
binary notation.

EXAMPLE: +200,,=

000000001 1001000,

To obtain the one’s
complement of the
above value merely
change the ZERO
bits in the binary no-
tation to ONE bits

BYTE BYTE BYTE BYTE
UPPER LOWER UPPER LOWER

Figure 5-1. Integral Boundaries for Data Formats

44-48-026

BIT POSITIONS .

44-48-028

Figure 5-3. Numerical Word Format - 32 Bits

and the ONE bits to
ZERO bits. Thus:

'20010=
TTLIEL1100110111,

(2) In two’s complement form, negative val-
ues for a 16 bit half word have a range of -1 to
-32,768,,. This includes a sign bit and fifteen
magnitude bits to express the value. Notice there
is no negative ZERO. A word of all ONE bits
represents minus one. Since there is no negative



EVEN-0DD FULL WORD PAIR - BIT POSITIONS ]
0 [ 31 0 .\ 31

44-48-029

Figure 5-4. Numerical Dowble Word Format - 64 Bits

ZERO, the largest possible negative number
(-32,768,,) equals -2'°, one greater than the com-
plement of the largest possible positive number
(+32,7675), +2°-1. To obtain the two’s cornple-
ment of a binary number, invert each bit within
the number (as in one’s complement) and add
one to the low order (least significant) bit
position.

EXAMPLE: #2004 =000000001 1001000,

One’s Complement -200,0 = HITITETI00110111,

+ 1

Two’s Complement -200,o H11111110011 1000,

In a 32 bit word the largest possible nega-
tive number is -2* (-2,147,483,648,,). The largest
possible positive number is +2%-1 (+2,147,483,-
647,,).

c. Logical Word Formats. The computer is
capable of performing logical operations on data
in the form of full words, half words, and eight-
bit quantities (bytes). Figures 5-5 and 5-6 repre-
sent the logical word formats and figures 5-7 and
5-8 represent the byte positions in each half word.

USACSCS-TF-4-3

BIT POSITIONS, EVEN HALF-WORD

BIT POSITIONS, 0DD HALF-WORD\
\ \ 15

16 31
44-48-030
Figure 5-5. Logical Half Word Format - 16 Bits
BIT POSITIONS —
0 31
44-48-031
Figure 5-6. Logical Word Format - 32 Bits
BIT POSITIONS, EVEN HALF-WORD
BIT POSITIONS, 0DD HALF-WORD \
16 23
44-48-032
Figure 5-7. Upper Byte Position - 8 Bits
BIT POSITIONS, EVEN HALF-WORD
8IT POSITIONS, ODD HALF-WORD
8 %5
24 31
44-48-033

Figure 5-8. Lower Byte Position - 8 Bits
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Section IIl. INSTRUCTION WORD FORMAT

5-3. Introduction

The computer uses a 32-bit instruction word
with the format shown in figure 5-9. The normal
use and definition of each instruction word field is
provided in the subsequent paragraphs. Special
uses made of an instruction field are as specified
in the descriptions of the instructions.

a. E, Operand Size, Bit Position 0. This one-bit
field generally specifies a 16-bit half word opera-
tion or a 32-bit word operation; E = 0 - full
word operation, E = | - half word operation.

b. F, Operation, Bit Positions | to 6. This six-
bit field specifies the basic operation to be per-
formed by the instruction. The E and F fields
‘together represent the Function Code.

c. M, Addressing Mode, Bit Positions 7 and 8.
This two-bit field provides four basic addressing
modes, literal, direct, relative, and indirect; which
are expanded to nine modes according to the
S-field value.

d. H, Accumulator, Bit Positions 9 to 12. This
four-bit field selects one of 16 process registers to
be used as an accumulator.

e. S, Index, Bit Positions 13 to 15. This three-
bit field selects one of seven, 16-bit process regis-
ters to be used for operand address indexing.
These process registers are also addressable as
accumulators with the H-field. S = 0 defines the
nonindexed addressing modes.

J- CA, Operand Address, Bit Positions 16 to 31. '

The operand address field, CA, is a 16-bit field

that is either an operand itself in the literal ad-
dress modes, a special address (refer to paragraph
5-3f(1) below) or a memory address, in which
case, it is divided into three subfields, D, A, and
W (refer to paragraphs 5-3f(2) through 5-3f(4)
below).

(1) Special addresses. For final operand or
transfer addresses in the range of 0000 to 003F,.
the operand is located in selected registers as
indicated in table 5-1 and described in Section 3.
Privilege status is required to modify registers
selected by the special addresses as indicated in
table 5-1.

(2) D, Page designator, bit positions 16 to 19.
This four-bit field selects one of 16 page control
and address registers.

(3) A, Word address, bit positions 20 to 30.
These 11 bits select one of 2048 words within a
page selected by the page address.

(4) W, Half word address, bit position 31.
This bit is used in half word operations to sclect
the most significant 16 bits or the 16 least signifi-
cant bits of a 32-bit word as an operand. Even
address, W = 0, selects bits 0 to 15 of the mem-
ory word or special address register. Odd address,
W = |, selects bits 16 to 31 of the memory
word or special address register. In full word
operations this bit is assumed to be ZERO and its
setting is ignored.

5-4. Address Modes

The M field and S field in the instruction are
used to select address mode. These modes are

defined as follows:

BIT POSITIONS

9 12 13

15 16

19 20 30 31

w

m

J

OPERATION FIELDS

OPERAND SIZE DESIGNATOR
OPERAND CODE

FUNCTION CODE .

ADDRESSING MODE SELECTOR
ACCUMULATOR DESIGNATOR

INDEX DESIGNATOR

OPERAND ADDRESS FIELD

PCA REGISTER DESIGNATOR

WORD ADDRESS DESIGNATOR

HALF WORD ADDRESS DESIGNATOR

m

o
Eror0rInamz

E

T

CA

44-48-034

Figure 5-9. Instruction Word Format
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a M = 0, S = 0 - Literal. The operand
address field of the instruction is used as a 16-bit
operand. No memory cycle is required to obtain
an operand. It is possible to use this half word as
an operand, a transfer address, a format instruc-
tion command, a shift instruction command, or
an input/output command. Using this mode with
fuil-word accumulators, the half word is assumed
to be right-justified with the sign bit extended 16
bits to the left or ZERO extended depending
upon the instruction.

b.M = 0, S = I to7 - Literal with Indexing.
The operand address field of the instructions is
used as a 16-bit operand as specified in para-
graph £-3a, except that the contents of the
process selected by the S field are added algebrai-
cally to this 16-bit quantity initially. Overflow is
detected on this addition for algebraic instruc-
tions.

c. M = 1, § = 0, Direct. The CA. field of the

instruction word directly specifies an operand ad-
dress. On transfer instructions or full 32-bit oper-
and addresses, W is assumed to be ZERO.

d M= 1,8 = 1to7 - Direct with Indexing.
The operand address field of the instruction is
added as an unsigned 16-bit quantity to the con-
tents of the process register (index) that is selected
by the S field. Overflow on this addition is dis-
carded. The sum is used as the new operand
address as in the direct mode.

e M = 2§ = 0 - Relative. The relative
address mode causes the contents of the instruc-

USACSCS-TF-4-3

tion location register to be added unsigned to the
operand address of the instruction. Overflow on
this addition is discarded and an operand address
that is relatively located with respect to the next
instruction in normal sequence results.

S M = 2,8 = | - Relative with Indexing. The
operand address field of the instruction is added
to the contents of process register (index) onc and
this 16-bit sum is added to the contents of the 16-
bit instruction location register. This final sum is
used as the operand address. Overflow on these
unsigned additions is discarded.

g M= 28§ =2to7 - Direct with Double
Indexing. The operand address field of the in-
struction is added to the contents of process regis-
ter (index) one. This 16-bit sum is added to the
contents of the process register (index) that is
selected by the S field of the instruction and this
final sum is used as the operand address. Over-
flow on these unsigned additions is discarded.

hM = 3, 8 = 0 - Indirect. The CA field
specifies a half word location. The contents of this
half word location specifies the address of the
operand.

i.M = 3,8 = 1to7 - Interest, Indexed. The
CA field specifies a half word location. The con-
tents of this half word location is added to the
contents of the process register (index) specified
by the S field. The sum specifies the address of
the operand. Overflow on this unsigned addition
is discarded. The possible operand and transfer
addresses that can be generated with the nine
modes are summarized in table 5-2.

Table 5-1. Special Operand Addresses

Special Address (Hex)

Register Selected

Privilege Status

0032 0033

0000 - 0011 Active process registers Not required
0020 - 0021° Active page control and address registers Required
0030 0031 Privilege and level link register Required

Queue register

0034 003s ‘ Query repister Required
0036 Executive link register Required
0037 . Unused Required
0038 - 0031 Program activity registers Required

Not required
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5-5. Instruction Execution Times

The nominal execution times for the instruction
set described in Chapter 6 applies for the direct
addressing mode and when there is no conflict for
use of a memory bank due to an 170 data trans-
fer. Execution times will vary with specific condi-
tions as follows:

a. Instruction execution time will be increased
by not more than the following specified times:

(1) 0.8 microsecond when using the indexed
address mode.

(2) 0.8 microsecond when using the relative
address mode.

(3) 2.2 microseconds when using the indirect
address mode.

(4) The time required to cdmplete the 170
data transfer which requires the use of the same
memory bank as the instruction.

b. Instruction execution times will be de-
creased by more than 0.9 microsecond when using
the literal addressing modes and operands which
address process registers.

5-6. Instruction Functions

Table 5-3 is a list of the major functions for the
instructions arranged by classes. The definition of
the columns and the symbols used in the columns
are as follows:

a. Modes: Refers to the addressing modes.

xfer = Transfer Instruction Address ap-
plicable

Operand = Operand applicable

0 excluded = Mode 0 is excluded

Other = Other addressing mode
- X = Applicable

# = See instruction description

5-6

b. Special Addresses: Refers to addresses in the
range 0000 to 003F,

N/A = Not Applicable
PR only = Process Registers only
PR = Process Registers

PCA = Page Control and Address regis-
ters

PLL = Privilege and Level Link register

Queue = Queue register

Query = Query register

EXL = Executive Link register

PAR = Program Activity registers

X = Applicable

P = Privilege required

S = Semiprivilege or privilege required
# = See instruction description

# = See instruction description, privilege
required

c. Indicators:
CF = Carry Flag
OF
EF = Equal/excess flag
LF = Less flag
Others = See instruction description
X = Affected
- = Not affected

Overflow/greater flag

R = Reset

L = May be set by Mode 0

i = May be set by Mode 0 indexed
# = See instruction description

d. Trap:

X = Trap on overflow occurs when OT -
indicator is ZERO

R = Trap never occurs
# = See instruction description



Table 5-2. Data Operand and Transfer Instruction Addresses
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Mode Action
Indirect Transfer
Operand Instruction
M-Field S-Field Name Operand Address Address Opcerand Address
0 0 Literal CA=12 CA=7¢
0 1-7 Literal CA+(S)=1Z CA+(S)=2*
indexed
1 0 : Direct CA=Y Y)=12 (Y)=127*
1 1-7 Dircct CA+(S)=Y (Y)=12 (Y)y=27*
indexcd
2 0 Relative CA+ILR=Y (Y)=2 Y=2*
2 1 Relative CA+ILR+(S=1)=Y (Y)=2 Y=2*
indexed
2 27 Dircect CA+(S=1)+(S)=Y Y)=2 Y=2*
double
indexed
3 0 Indirect CA=X X)=Y ()=2 (Y)=27*
3 1-7 Indirect CA=X X)+(S)=Y (Y)=2 (Y)=2*
indexed
NOTES:
CA: Instruction address field Y: Dircet operand address
ILR: Instruction location register rA Operand
M. Mode designator Z*:  Transfer address
S: Index designator ( ): Contents of
X: Indirect operand address
12012-70
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Table 5-3. Instruction Functions

Modes Special Addresses Indicators
2
E —-g‘; 5 g 3 - S c
S »® L = 2
Mnemonic Name i §' g g ; E E n§- E é é 5 :é. ‘i‘)‘ 3 & o 3 (2
DATA HANDLING INSTRUCTIONS
E X F Exchange ‘Full X X # P X # P P R R X 'R R
E XH Exchange Half D ¢ X R R. X R -4 R
L AF Load Absolute Full X X i X X R X
L AH Load Absolutc f-ull X X i X X R™ X
LCF Load Two’s Complement Full X X i X X R - X
L CH Load Two’s Complement Half X X i X X R X
LDt Load I'ull X X # X X X X X i i i R i
L DH Load Half X X # X X X X X i i i R i
LDL Load from Lower Byte X X i i i R i
L DU Load from Upper Byte X X i i i R i
L MH Load Most Half X X i i i R i
MI L Move Into Lower Byte & X # P X # P P ~ - R
M1 U Move Into Upper Byte # X # P X # P P - - - - R
MZF Move All Zerous Full X X # P X # P P - - - R
MZH Move All Zeroes Half X X # p X # p P - - R
1S b F Store l-ull X X- # P X # P P R R X R R
4S b H Store Half X X # P X # P P R R X R R
S DL Store Into Lower Byte X X - R
S bU Store Into Upper Byte X X R
S M H Store Most Half’ X X = P X # P P R

12012-71
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Table $-3. Instruction Functions (Cont)

Maodes Special Addresses Indicators
z
2 3 =
s 202 2|22 L5208 f 2ol .. . E|s
Mnemonic ~Nuame X & o 8|z & & & ® &8 & & X O O W O O} &=
ARITHMETIC INSTRUCTIONS
A Db Add t-ull X X X X X R - X
A D H Add Half X X X X X R - X
AL F Add Logicai Full X X g X X X R -l R
AL H Add Logical Halt X X X X X R - R
VD |G Divide 'uli X X i X X R - X
D1 H Divide Halt X X i X X R - X
MP Muttiply Fuli X X X X X R - X
MP H Multiply Half X X X X X R - X
R A} Replace Add Full X X X X X R - X
R AH Replace Add Half X X X X X R -1 X
R QI Replace Square Root IFull X X R X X R - X
RS F Replace Subtract Fuli X X X X X R -1 X
R S H Replace Subtract Half X X X X X R - X
S B I Subtract Full X X X X X R - X
S B H Subtract Half X X X X X R - X
S LI Subtract Logical Full X ‘X X X X R - R
S L H Subtract: Logical Half X X X X X R - R
TRANSFER INSTRUCTIONS
Xbo Test, Conditionally Decrement| X X - - R
by Onc and Transfer
12012-72

£-v-41-8380VsSn



ULk™

Table 5-3. Instruction Functions (Cont)

Modes Special Addresses Indicators
-
o
o 3 =
S 5 £ w > .
3 2 S o 3 = o e
- o x 2 <« < - O ) - -4 2 =
. Q. o - > [+ 4 <4 —d =) x < 69 49 L e - R
Mnemonic Name s O o oOo|Z & o £ & 5 O w o jo O m - O b=
TRANSFER INSTRUCTIONS (Continued)
XDbDT Test, Conditionally Decrement] X X - - - - - R
“by Two and Transfer
X EF Transfer if Process Register X X - - - - - R
is Zero
X L X Execute X X - - - - - R
X I R Transfer Unconditionally X X - - - - - R
X1 N Transter On Indicators X X - - - - - R
X1 O Text, Conditionally Increment | X X - - - - - R
by Onc and Transter
X1 T Test, Conditionally Increment X X - - - - - R
by Two and Transfer
X L K Transfer and Store Link X - - - - - R
X NI Transter it Process Register X X - - - - - R
is Negative
X P I Transter it Process Register X X - - - - - R
is Positive
XS w Transter on Test Switches X X - - - R
X U I Transter it Process Register X X - - - - R
is.not Zero
SHIFT INSTRUCTIONS
S H I Shat't I-ull (or Doublce) X X i i i R ~ R
S HH Shit't Halt' X X i i 1 R - R

12012-73
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Table 5-3. Instruction Functions (Cont)

(15

Modes Special Addresses Indicators
2
ER T s = 51 -
S 2 g - @ <3
Mnemonic Name i cgf g 5: ; g g é = é’; S Zg = S 8 el g E
COMPARE INSTRUCTIONS
C G Compare Gated Full X X i X X X R
C G H Compare Gated Halt X X i X X X R
CLF Compare Logical IFull X X i X X X R
C L H Comparce Logical Half X X i X X X - R
CL L Compare Logical Lower Byte X X i X X X - R
cCiLu Compare Logical Upper By te X X i X X X - R
CMF Compare Algebraic Full X X i X X X - R
C MH Compare Algebraic Half X X i X X X - R
C S ¥ Compare Selective Full X X i X X X - R
CS H Comparc Selective Half X X i X X X - R
MTH Modify and Test Half X X X X X X - X
LOGICAL INSTRUCTIONS
A NI Logical AND Full X X i i i R - R
ANH Logical AND Half X X i i i R - R
E O r Exclusive OR Full X X i i i R - R
E OH Exclusive OR Half X X i i i R - R
I Ot Inclusive OR Full X X i i i R - R
I OH Inclusive OR Half X X i i i R - R
R k¥ Replace Exclusive OR Full X X - - - R
R & H Replace Exclusive OR Half X X - . -~ - R
120124
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k) Table S-3. Instruction Functions (Cont)
S
Modes Special Addresses Indicators
-]
L
o = Bl
5 3 5 S s 2 S =
. 5 X% 8| « < 4 2 g = < s
: = = | = &£ - 3 b < ‘3 e 8 = 3
Mnemonic Name 2 & o 8|z B £ & 2 8 8 % |8 &5 5y 5|&
LOGIC INSTRUCTIONS (Continued)
R1 F Replace Inclusive OR Full X. X - - - - R
R I H Replace Inclusive OR Half ‘ X - X - - - - R
R NF Replace Logical AND Full X X - - - - 'R
R NH Replace Logical AND Haif X X - - - - R
S S F Sclective Substitute Full X X - - - - R
BIT INSTRUCTIONS
RBT Reset Bit in Half Word X X # P X # P P - - - R
S BT Set Bit in Half Word X X #* P X # P P - - - R
TS 1 Test and Conditionally X X - R
Insert/Skip
TS O Test Bit in Halt Word for X X -3 X X X X X - - - R
Onc, Skip on Match
TS Z Test Bit in Half Word for X X X X X X - - - R
Zero, skip on Match
FORMAT INSTRUCTIONS
I EF I‘ormat Extract Full X X i i i R R
F EH Format Extract Half X X i i i R R
| D I‘ormat. Insert Full X X i i i R R
F'1l H Format Insert Half X X i i i R R
PROGRAM LEVEL TRANSFER
INSTRUCTIONS
T CP Call Program Level and Link X R

~
(=4
]

n
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Table 5-3. Instruction Functions (Cont)

(dueiq pL-G)/gL-S

Modes Special Addresses = Indicators
=)
3
] =2 >
S 3 . 8 TR 5| -
- 8 X 2|« < 4 3 & o o 2 =
. - o - > & - 3 > 4 . 9 U T8 = s
Mnemonic Name ¥ & o |l Zz o g & = & & & £ O w A4 O}
PROGRAM LEVEL TRANSFER
INSTRUCTIONS (Continued)
T1 E Tie Program Level and Link X S R
T QR Test and Conditionally X X X R
Resct/Skip
T X P Call Executive Program Level X X : 7 R
and Link
INPUT/OUTPUT INSTRUCTIONS
DEV Device Command X P #* R
D E X Device Command and Exit X P - 1 R
I TR Input to Register X P % R
O R Output from Register X P #] R
MISCELLANEOUS INSTRUCTIONS
DI G Diagnose #| x R
HLT Conditional Halt X X - R
LLO Level Lock Set X X - R
L LR Level Lock Reset X X R
LoD Local Call Destination X X R
MB A Memory Bank Assignment or X X # R
Test
N Ol No Operation X X R
T R I Trap Instructions X X - = =
(Unused Codes)
1201276
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CHAPTER 6
INSTRUCTION DESCRIPTIONS

Section I. INTRODUCTION

6-1. General

This chapter presents detailed information
about the operation of the instructions of the
computer. Detailed information, along with cod-
ing cxamples, is provided for each of the instruc-
tions. Additional information concerning the op-
eration of the input/output instructions can be
found in Chapter 4. The instructions are listed by
classes as follows:

a. Data Handling Instructions
(1) Load Register Instructions
(2) Store Register lnétniétions
(3) Move Instructions
(4) Exchange Instructions
b. Arithmetic Instructions
c. Transfer Instructions
(1) Control Transfer Instructions
(2) Index Test Instructions
(3) Process Register Test Instructions
d. Shift Instructions
e. Compare ln.structions
[f- Logic Instructions

g Bit Instructions

h. Format Instructions
i. Program Level Transfer Instructions
J. Input/Output Instructions

k. Miscellaneous Instructions

6-2. Instruction Notation

Certain symbols and notations are used fre-
quently in the subsequent definitions of the in-
structions. Table 6-1 specifies the symbols used
and their corresponding definitions. Table 6-2
contains definitions of notes frequently used in
the instruetion descriptions. -

6-3. General Information

In the following instruction descriptions it is
assumed that all addressing modes are permitted
with the given instruction unless otherwise stated.
The instruction times shown for the computer
assume direct mode (mode 1) with no operand in
the base page of memory. In all computer instruc-
tions a process register may be used in the oper-
and of the instruction. Therefore it is possible to
load or add one register to another. This is ac-
complished by using the address 0-15 as the

- contents of the operand field. This will access the

process registers for the active program level.
Therefore the only method that can be used to
access absolute locations 0-15 in memory is to
specify these locations through the page control
and address registers on level zero or by using the
execute (XEX) instruction.
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Table 6-1. Instruction Symboly

Symbol Definition

H The four-bit ficld of an instruction word which generally references a process
register

H, The reference to an even number process register by the instruction’s H field

H, The reference to an odd numbered process register by the instruction’s H ficld

Rig The reference to process register 14 by the instruction’s H field

Rys The refercnce to process register 15 by the instruction’s H ficld

ILR The designation for the instruction location register

NOTE
Contains the address of the next instructions in sequence except
when modificd by the current instructions.

Y The general representation for the instruction’s effective operand address

YA The general representation for a transfer address

) The representation for the contents of the register or memory location that is
referenced by the quantity within the parentheses

€ Imen The field representation tor the contents of a ficld of the designated register or
memory location. Subscripts m and n specify the left and right boundaries of the
field, respectively

(Y) The representation for the contents of the upper by te of the memory halt word

U PP

addressed by Y

Y)p The representation for the contents of the lower by te of the memory halt word
addressed by Y :

(g The representation for the contents of a sign extended, 16-bit designated
quantity

) The representation for the contents of the ith bit position of the designated
quantity

) The representation for the one’s complement of the contents of the designated
quantity

] The symbol designating the absolute value

v The symbol designating the logical operation of inclusive OR

A The symbol designating the logical operation of exclusive OR

A The symbol designating the logical operation of AND

6-2
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Table 6-2. Explanatory Notes

Note

Definition

Addressing Modes - Mode 0 Excluded

The applicability of the general addressing modes specified by the instruction’s M field is
stated. When mode zero is encountered and is excluded a specification violation occurs.

Special Addresses

The allowed sct of hardware registers is stated for effective operand addresses in the range
0t 0000} ¢ to 003F | ¢. Access to addresses 20 610 3F ¢ is only permitted when specified
in the instruction and the program level is privileged.

Mode 0 with Indexing

The occurrence and consequence of carry out of the sign position or overflow during
literal indexing addressing mode is stated. The index register is treated as a 32 bit quantity.

Deficient Result

Refers to the 32 bit result that occurs when the overflow indicator is set on an algebraic
operation. The 31 value bits of the result are correct; the sign bit of this result is the com-
plement of the correct result.

Lixcess halt word

Refers to a numbcr which exceeds the range of a 16-bit half word. A 32-bit word represents
a half word number in its 16 least significant bit positions when the most significant 17 bits,
bit positions 0 through 16 contain all ZEROS or all ONES.

Sign extended

Refers to a half word operand expanded to a word. The sign of half word, bit position 16,

is cxtended into bit positions 0 through 15.

Not sign extended (or zero extended)
ZEROS.

Reters to a half word operand expanded to a word; bit positions 0 through 15 are all

12012-78

Section Il. DATA HANDLING INSTRUCTIONS

6-4. General

The data handling instructions are those in-
structions which transmit words or bits of data
from one location to another. The several catego-
ries of transmissive instructions are presented
below.

6-5. Load (Register) Instructions

The following paragraphs describe the load
instructions.

a. Load Full. Initially, the carry, overflow, and
excess indicators are reset.

Func- Operand ‘
tion Operation Construc-  Symbolic Time
Code Mnemonic tion Operation (usec)
20 LDF Y.H (Y) > H 44

(1) The operand (Y) replaces the contents of
the process register H. (Y) is not changed.

(a) In mode 0, the CA operand is sign
extended.

(b) The carry indicator is set only in mode
0 with indexing.

(¢) The overflow indicator is set only in
mode 0 with indexing.

~ (d) The excess indicator is set only in
mode 0 with indexing.

(2) Trap on overflow occurs only in mode 0
with indexing and only when OT indicator is zero.

(a) All address modes are permitted.

(b) Special addresses: process registers,
privilege and level link register, query register,
executive link register, and program activity regis-

“ter (word).

(c) Mode 0 with indexing: carry indicator
is set by carry out of word sign position. If index-
ing exceeds a word, then overflow indicator is set
and deficient result is loaded into H.

6-3
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Addressing

Example Mode Action

LDF YBLT.12 Direct The 32 bit content of  address
YBLT is loaded into Process Regis-

ter 12.

b. Load Half. Initially, the carry, overflow, and
excess indicators are reset.

Func- Operand

tion | Operation | Construc- | Symbolic Time

Code | Mnemonic tion Operation | (usec)
60 LDH YH (Y)s *H 4.4

(1) The operand (Y) with extended sign
replaces the contents of the process register H. (Y)
is not changed.

(a) In mode 0, the CA operand is sign
extended.

(b) The carry indicator is set only in mode
0 with indexing.

(¢) The overflow indicator is set only in
mode 0 with indexing. ‘

(d) The excess indicator is set only in
mode 0 with indexing.

. (2) Trap on overflow occurs only in mode 0
with indexing and only when OT indicator is zero.

(a) All address modes permitted.

(b) Special addresses: half words of
process registers. privilege and level link register,
query register, executive link register, and pro-
gram activity register.

(c) Mode 0 with indexing: carry indicator
is set by carry out of word sign position. If index-
ing exceeds a word, then overflow indicator is set
and deficient result is loaded into H.

Addressing

Example Mode Action

LDH = 1559 Literal The sign extended decimal literal is

loaded into Process Register 9.

¢. Load Most Half. Initially, the carry, over-

flow, and ¢xcess indicators are reset.

6-4

Func- Operand

tion | Operation | Construc-|  Symbolic Time

Code| Mnemonic tion Operation | (usec)
24 LMH Y.H ‘Y) k¢ H() 1% 44

(1) The operand (Y) replaces the contents of
bit positions 0 through 15 of the process register
H. Bit positions 16 through 31 of (H) are not
changed. (Y) is not changed.

(a) In mode 0, the CA operand is sign
extended.

(b) The carry indicator is set only in mode
0 with indexing.

(c) The overflow indicator is set only in
mode 0 with indexing.

(d) The excess indicator is set only in
mode 0 with indexing.

(2) Trap on overflow occurs only in mode 0
with indexing and only when OT indicator is zero.

(a) All address modes permitted.

(b) Special addresses: process registers
only.

(c) Mode 0 with indexing: carry indicator
is set by carry out of word sign position. If index-
ing exceeds a word, then overflow indicator is set
and deficient result is loaded ‘into H.

Addressing
Example Mode Action
LMH § +10.14 Relative The cffective address is  the

ILR + 10 (this instruction address
+12). The 16 bit content of the
cflective address is loaded into
bits 0 - 15 of Process Register 14.
Bits 16 - 31 arc not changed.

d. Load From Upper Byte. Initially, the carry,
overflow, and excess indicators are reset. The
most significant eight bits (0 to 7 or 16 to 23) of
the (Y) operand replace the contents of the least
significant eight bits (24 to 31) of the process
register H. Bits 0 to 23 of (H) are set to ZERO.
(Y) is left unchanged.



Func- Operand
tion | Operation | Construc-| Symbolic Time
Code | Mnemonic tion Operation (usec) -
21 LDU Y.H (Y)u * Haan 44
0 * Hpa2s

(1) In mode 0, the CA operand is sign
extended.

(2) The carry indicator is set only in mode 0
with indexing.

(3) The overflow indicator is set only in
mode 0 with indexing.

(4) The excess indicator is set when the
result exceeds a half word.

(5) Trap on overflow occurs only in mode 0
with indexing and only when the OT indicator is
zero.

(a) All address modes are permitted.

(b) Special addresses: process registers
only (half).

(c) Mode 0 with indexing: carry indicator
is set by carry out of the word sign position. If
indexing exceeds a word, then the overflow indi-
cator is set and deficient result is loaded into H.

Addressin'g

Example Mode Action

LDU CN+R'6’.8 Direct The contents of the most signif-
with icant 8 bits (upper byte) of
indexing modified address CN arc loaded
into bits 24 - 31 of process reg-
ister 8. Bits 0 - 23 of process
register 8 arc sct to ZERO.

e. Load From Lower Byte. Initially, the carry,
overflow, and excess indicators are reset. The least
significant eight bits (8 to 15 or 24 to 31) of the
(Y) operand replace the contents of the least
significant eight bits (24 to 31) of the process
registcr H. Bits 0 to 23 of (H) are set to ZERO.
(Y) is left unchanged.

Func- Opeiand
tion | Operation | Construc-|  Symbolic Time
Code | Mnemonic tion Operation | (usec)
61 LDL Y.H (). > Haaap; 4.4
. 0 > Hozs

USACSCS-TF-4-3

(1) In mode 0, thc CA opcrand is sign
extended.

(2) The carry indicator is set only in mode 0
with indexing.

- (3) The overflow indicator is set only in
mode 0 with indexing.

(4) The excess indicator is set when the
result exceeds a half word.

(5) Trap on overflow occurs only in mode 0
with indexing and only when the OT mdncator is
zero.

(a) All address modes are permitted.
(b) Special addresses: process registers

~ only (half).

(c) Mode 0 with indexing: carry indicator
is set by carry out of word sign position. If index-
ing exceeds a word, then overflow mdlcator is set
and deficient result is loaded into H.

Addressing
Example Mode Action
LDL (TINT),5 Indirect | The contents of address TINT are

a second address. The contents of
the least significant 8 bits of the
second address are loaded into bits
24 - 31 of process register 5. Bits
0 - 23 of proccss register 5 arc sct
to ZERO.

f- Load Absolute Full. Initially, the carry, over-
flow, and excess indicators are reset. The operand
(Y) replaces the process register H if it is positive
or zero. If (Y) is negative it is converted to the
equivalent positive number (two’s complement)
and replaces (H).

Func- - Operand
tion | Operation | Construc-{ Symbolic Time
Code | Mnemonic tion Operation | (usec)
22 LAF Y.H k)l » H 4.6

(1) In mode 0, the CA operand is sign
extended.

(2) The carry indicator is set only in mode 0
with indexing.

(3) The overflow indicator is set when the
operand (Y) is the maximum negative number, or
in mode 0 with indexing; the result is stored in
deficient form in H.

6-5
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(4) The excess indicator is sct when the
result exceeds a half word. :

(5) Trap on overflow occurs only in mode 0
with indexing and only when the OT indicator is
Z€ro. .

(a) All address modes are permitted.

(b) Special addresses: process registers
only.

(c) Mode 0 with indexing: carry indicator
is set by carry out of word sign position. The
overflow indicator is set when the result exceeds a
word.

Addressing
Example Mode Action
LAF $+R’I’.15 Relative The cffective address is ILR +

with the contents of index register 1.
indexing The absolute value of the con-
tents of the effective address is
loaded into process register 15.

8- Load Absolute Half. Initially the carry, over-
~ flow, and excess indicators are reset. The operand
(Y) with extended sign replaces the process regis-
ter H if it is positive or zero. If (Y) is negative it is
sign extended and converted to the equivalent
positive number (two’s complement) and replaces
(H).

Func- Operand

tion | Operation | Construc- | - Symbolic Time

Code | Mnemonic tion ~ Operation | (usec)
62 LAH Y.H sl > H 4.6

(1) In mode 0, the CA operand is sign
extended.

(2) The carry indicator is set only in mode 0
with indexing. :

(3) The overflow mdlcator is set only in
mode 0 with indexing.

(4) The excess indicator is set when the

result exceeds a half word.

(5) Trap on overflow occurs only in mode 0
with indexing and only when the OT indicator is
7Cro.

(a) All address modes permitted.

(b) Speccial addresses: process registers
only.

(c) Mode 0 with indexing: carry indicator
is sct by carry out of word sign position. Overflow
indicator is set when result exceeds a word.

Addressing|

Example Mode Action

LAH = X'FA00".7 Literal  } The absolute value of the sign
1 extended hex literal is loaded

into process register 7.

h. Load Two’s Complement Full. Initially, the
carry, overflow, and excess indicators are reset. If
the operand (Y) is a negative number, the posi-
tive equivalent is loaded into the process register
(H). If the operand (Y) is a positive number, the
negative equivalent is loaded into (H). The -(Y)
represents the two’s complement of (Y). A ZERO
operand stays ZERO.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
23 LCH Y.H -Y) > H 4.6

(1) In mode 0, the CA operand is sign
extended. An operand exceeding a half word sets
the excess indicator.

(2) The carry indicator is set only in mode O
with indexing.

(3) The overflow indicator is set when the
operand (Y) is the maximum negative number, or
in mode 0 with indexing; the result is stored in
deficient form in H.

(4) The excess indicator is sect when the
result exceeds a half word.

(3) Trap on overflow occurs only in mode 0
with indexing and only when the OT indicator is
zero. '

(a) All address modes are permitted.

(b) Special addresses; process registers
only.

(c) Mode 0 with indexing: carry indicator
is set by carry out of word sign position. Overflow
indicator is set when result exceeds a word.
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Addressing
Example Mode Action
LCF WWR+D'3'8 Direct The cffective  address s
with WWR as modified by the
double contents of index registers |

and 3. The two’s complement
of the contents of the cffec-
tive address is loaded into
process register 8.

indexing

i. Load Two’s Complement Half. Initially, the
carry, overflow, and excess indicators are reset. If
the operand (Y) is a negative number, -the posi-
tive equivalent with extended sign is loaded into
the process register H. If the operand (Y) is a
positive number, the negative equivalent with
extended sign is loaded into (H). -(Y) represents
the two’s complement of (Y). A ZERO operand
stays ZERO.

Func- | Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
63 LCH Y.H (Y)s > H 4.6

(1) In mode 0, the CA operand is sign
extended. : :

(2) The carry indicator is set only in mode 0
with indexing. ,

(3) The overflow indicator is set only in
mode 0 with indexing.

(4) The e'xcess indicator is set then the result
exceeds a half word.

(5) Trap on overflow occurs only in mode 0
with indexing and only when the OT indicator is
2€ro.

(a) All address modes permitted.

(b) Special addresses: process registers
only.

(c) Mode 0 with indexing: carry indicator
is set by carry out of word sign position. Overflow
indicator is set when result exceeds a word.

Addressing

Example Mode Action

LCH = 50+R'4'9 Literal The two's complement of the

‘ with sign cxtended modificd deci-
indexing mal litcral is loaded into
process register 9.

6-6. Store (Register) Instructions

The following paragraphs describe the store
(register) instructions.

a. Store Full. Initially, the carry, overflow, and
excess indicators are reset.The process register (H)
is stored in address Y. (H) is not changed.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
26 SDF Y.H (H) > Y 4.5

(1) If the program activity register is ad-
dressed, a program level change is not attempted.

(2) The carry indicator is never set.
(3) The overflow indicator is never set.

(4) The excess indicator is set when (H)
exceeds a half word.

(5) Trap never occurs.
“(a) Mode 0 is excluded.

(b) Special addresses: process registers
and, if privileged, executive link register, and
program activity register.

Addressing

Example Mode Action

SDF FIXD.11 Direct The contents of process register 11
arc storcd into memory address

FIXD.

b. Store Half. Initially, the carry, overflow, and
excess indicators are reset. The contents of bit
positions 16 through 31 of process register (H) are
stored in address Y. (H) is not changed. If the
rrogram activity register is addressed, a program
evel change is not attempted.

6-7



USACSCS-TF-4-3

Func- Operand »

tion | Operation | Construc-| Symbolic Time

Code | Mnemonic tion Operation (usec)
66 SDH Y.H (Hyea > Y 4.5

(1) The carry indicator is never set.
(2) The overflow indicator is never set.

(3) The excess indicator is set when (H)
exceeds a half word.

(a) Mode 0 is excluded.

(b) Special addresses: half words of
process registers and, if privileged, executive link
register, and program activity register.

Addressing

Example Mode Action

SDH R’8'.10 Direct The contents of bits 16 - 31 of
process register 10 are stored in bits

0 - 15 of process register 8.

c. Store Most Half. Initially, the carry, over-
flow, and excess indicators are reset. The contents
of bit positions 0 through 15 of the process regis-
ter H are stored into address Y. (H) is not
changed. If the program activity register is ad-
dressed, a program level change is not attempted.

Func- Operand | .
tion | Operation | Construc-| Symbolic Time
Code | Mnemonic tion Operation (usec)
64 SMH Y.H (H)s > Y 4.5

(1) The carry indicator is never set.
(2) The overflow indicator is never set.

(3) The excess indicator is set when (H)
exceeds a half word.

(a) Mode 0 is excluded.

(b) Special addresses: half words of
process registers and, if privileged, executive link
register, and program activity register.

6-8

Addressing
Example Mode Action
SMH (TD+R'7").2 Indirect | The contents of modified ad-

with dress TD are a sccond address.
indexing The contents of bits 0 - 15 of
process register 2 are stored in
the second address.

d. Store Into Upper Byte. Indicators are not
affected. The least significant eight bits (24 to 31)
of the process register (H) are stored in bit posi-
tions (0 to 7 or 16 to 23) of address Y. Bit
positions (8 to 15 or 25 to 31) in address Y are
left unchanged. (H) 1s left unchanged.

Func- Operand
tion | Operation | Construc- Symbolic Time
Code | Mnemonic tion Operation | (usec)
25 SDU Y.H (Hhen > Yu 4.7
Y, unchanged

(1) Mode 0 is excluded.
(2) Special addresses: process registers only.

Addressing

Example Mode Action
SDU BNT-$,13 Relative The effective address is address

BNT minus the ILR. The con-
| tents of bits 24 - 31 -of process
‘register 13 are-stored in the most
significant 8 bit positions of the
cffective address. The least signif-
icant 8 bits arc unchanged.

e. Store Into Lower Byte. Indicators are not
affected. The least significant eight bits (24 to 31)
of the process register H are stored in bit positions
(8 to 15 or 24 to 31) of address Y. Bit positions (0
to 7 or 16 to 23) in address Y are left unchanged.
(H) is left unchanged.

Func- Operand
tion | Operation | Construc-|{  Symbolic Time
Code | Mnemonic tion Operation | (usec)
65 SDL Y.H (Hzam > Yo | 47
Yy unchanged

(1) Mode 0 is excluded.
(2) Special addresses: process registers only.



Addressing
Example Mode Action
SDL (FLT6),10 Indircct The contents arc address FLT6

arc a sccond address. The contents
of bits 24 - 31 of process register
10 arc stored in the least signifi-
cant 8 bits of the second address.
The most significant 8 bits arc un-
changed.

6-7. Move Instructions

Move instructions are described in the follow-
ing paragraphs:

a. Move All ZEROS Full. Indicators are not

affected. The content of address Y is reset to all
ZEROS (32 bits). If the program activity register
is addressed, a program level change is not at-
tempted. The H field is not used.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
27 MZF Y 0->Y 4.5
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(1) Mode 0 is excluded.

(2) Special addresses: half words of process
registers and, if privileged, query register, cxecu-
tive link register, and program activity register.

(3) Memory word parity is checked prior to
the storage of the ZERO half word.

Addressing

Example Mode Action

Relative with | The cfiective address is the
indexing ILR+ 16 +the contents of in-

: dex register 1. The 16 bit con-
tent of the cffective address is
reset to ZERO.

MZH $+16+R'V

~¢. Move [nto Upper Byte. Indicators are not
affected.

Func- Operand
tion | Operation | Construc- { Symbolic Time
Code | Mnemonic tion Operation (usec)
2D MIU Y, 1 h > Yy 4.7
' Y. unchanged

(1) Mode 0 is excluded.

(2) Special addresses: process registers and,
if privileged, program activity register (word).

(3) Memory word parity is not detccted |

prior to the storage of the ZERO word.

Addressing |
Example Mode Action
MZF SINCO Direct The 32 bit content of address
SINCO is resct to ZERO.

b. Move All ZEROS Half. Indicators are not
affected. The contents of the half word addressed
by Y is reset to all ZEROS (16 bits). The adjacent
half word is not changed. If the program activity
register is addressed, a program level change is
not attempted. The H field is not used.

Func- Operand ,

tion | Operation | Construc- | Symbolic Time

Code | Mnemonic tion Operation | (usec)
67 MZH Y 0>y 45

, (1) The contents of the immediate field (bit
positions 8 through 15 of the instruction word)
are inserted in the upper byte of the half word,
bit positions 0 to 7 to 16 to 23, of address Y. Bit
positions 8 to 15 or 24 to 31 in address Y are left
unchanged. 1 has a range of 0-255 decimal.

(2) Figure 6-1 illustrates the immediate
field for both the Move Into Upper Byte and
Move Into Lower Byte instructions.

(a) No address mode modifications. Di-
rect address (without indexing) mode is assumed.

(b) Special addresses: half words of
process registers and, if privileged, executive link
register, and program activity register.

Addressing
Example Mode Action
MIU FLGHT, 74| Dircct The contents of the immedi-
(The direct ‘| ate ficld of the current in-

mode is always
assumed with
the MIU
instruction.)

struction word arc placed in
the most significant 8 bits of
address FLGHT. The least
significant 8 bits arc un-
changed. (1 ficld = 74 deci-
mal).




USACSCS-TF-4-3

CURRENT INSTRUCTION WORD

—— e s

MIU (1) - YU

MIiL (- YL

44-48-035

Figure 6-1. Move Into Upper Byte and Lower Byte Instructions

d. Move Into Lower Byte. Indicators are not
affected. The contents of the immediate field (bit
positions 8 through 15 of the instruction word)
“are inserted in the lower byte of the half word,
bit positions 8 to 15 or 24 to 31, of address Y. Bit
positions 0 to 7 or 16 to 23 in address Y are left
unchanged.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
6D MIL Y. 1 M »> Y. 4.7
Yy unchanged

(1) No address mode modifications. Direct
address (without indexing) mode is assumed.

(2) Special addresses: half words of process
registers and, if privileged, executive link register,
and program activity register.

Addressing
Example Mode Action
MIL X'1000°.200| Dircct The contents of the immediate

(The direct
modc is always
assumed with
the MIL
instruction.)

ficld of the current instruction
word arc placed in the lcast
significant 8 bits of address
hex 1000. The most significant
8 bits arc unchanged. (I ficld
= 200 decimal.)

6-8. Exchange Instructions

Exchange Instructions are explained in the fol-
lowing paragraphs:

a. Exchange Full. Insiially, the carry, overflow,
and excess indicators are reset. The process regis-
ter (H) is stored into address Y. The operand (Y)
is loaded into the process register (H). The ex-
change is performed in a split memory cycle
which is not interruptable. The carry indicator is
never set. The overflow indicator is never set. The
excess indicator is set when-the initial value of the
contents of (H) exceeds a half word.

Func- Operand
tion | Operation | Construc- { Symbolic Time
Code | Mnemonic tion Operation (usec)
2E EXF Y. H (H) *> Y, 49
(Y) > H

(1) Mode 0 is excluded.

(2) Special addresses: process registers and,
if privileged, query register, executive link regis-
ter, and program activity register (word).

Addressing
Example Mode Action
EXF ARCTAN.11 Direct The 32 bit content of address

ARCTAN is placed in process
register 11 and the 32 bit con-
tent of process register 11 is
placed in address ARCTAN.

b. Exchange Half. Initially, the carry, overflow,
and excess indicators are resct. The contents of
bit positions 16 through 31 of process register (H)
are stored into address Y. The operand (Y) with
extended sign replaces the contents of the process
register (H). The exchange is performed in a split



memory cycle which is not interruptable. The
carry indicator is never set. The overflow indicator
is never set. The excess indicator is set when the
initial (H),s 5 exceeds a half word.

Func- Operand
tion | Operation | Construc-| Symbolic Time
Code | Mnemonic tion Operation (usec)
()E EXH Y, H (H)]G-3l > Y, 4.9
(Y)s * H

USACSCS-TF-4-3

(1) Mode 0 is exciuded.
(2) Special addresses: process registers only.

Addressing

Example Mode Action
EXH (FORET).4 Indircct The contents of address FORE |

arc a sccond address. The 16 bu
content of the sccond address is
sign cxtended and placed in
process register 4. Bits 1o - 31
of process register 4 arc placed
in the sccond address.

Section lll. ARITHMETIC INSTRUCTIONS

6-9. General

Arithmetic instructions perform the addition,
subtraction, multiplication and division functions
of the computer in fixed point notation. There are
seventeen instructions in this group.

6-10. Fixed Point Arithmetic Instructions

An extensive sct of instructions is provided for

accomplishing the full complement of binary
arithmetic operations: add, subtract, multiply,
and divide. Several variations of the basic binary
addition and subtraction instructions are included
for versatility in operand handling and sclection.
The two items in the operand field in each arith-
metic instruction are the contents of the process
register H and the contents of the memory loca-
tion specified by the word address designator A as
modified by the addressing mode selector M.
Treatment of signs, placement of the result, and
operand length selection are all discussed under
the particular instruction. The correct positioning
of operands is to be programmed prior to instruc-
tion cxccution. During all arithmetic operations
the overflow, excess and carry indicators are reset.
The results of the operation, if one or more of
these indicators are set,. are explained under that
particular instruction.

a. Add Full. Initially the carry, overflow, and
excess indicators are reset. The operand (Y) is
algebraically added to the process register (H).
The sum replaces H. In mode 0, the CA operand
is sign extended. The carry indicator is set by
carry out of word sign position. The overflow
indicator is set when result exceeds a word, and
the deficient result is stored in H. The excess
indicator is set when the result exceeds a half
word. Trap on overflow occurs only when the OT

" indicator is zero.

Func- Operand .

tion | Operation | Construc-|  Symbolic Time

Code | Mnemonic tion Operation | (usec)
o8 ADF Y. H (H) +(Y) > H 46

(1) All address modes are permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: overflow is
accommodated.

6-11
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Addressing

Example Mode Action

ADF = 6009 Literal Add the sign cxtended literal. 600
decimal; to the contents of process
register 9 and storc the result in

process register 9.

b. Add Half. Initially the carry, overflow, and
excess indicators are reset. The operand (Y) with
extended sign is algebraically added to the
process register (H), the sum replaces H. In mode
0, the CA operand is sign extended. The carry
indicator is set by carry out of word sign position.
The overflow indicator is set when the result
exceeds a word, and the deficient result is stored
in H. The excess indicator is set when result
exceeds a half word. Trap on overflow occurs only
when the OT indicator is zero.

Func- Operand

tion | Operation | Construc-|  Symbolic Time

Code | Mnemonic tion Operation (usec)
48 ADH Y. H (H) + (Y)s >H 456

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: overflow is
accommodated.

Addressing
Example Mode Action
ADH R’5".4 Direct Takes the contents of the left most 16

bits of process register 5. sign cxtends
the value for another 16 bits. adds the
resulting value to the contents of
process register 4 and stores the result
in process register 4.

¢. Add Logical Full. Initially the carry, over-
flow, and excess indicators are reset. The operand
(Y) is logically added as a 32 bit unsigned quan-
tity to the process register (H). The sum replaces
H. In mode 0, the CA operand is zero extended.
The carry indicator is set by carry out of word
sign position. The overflow indicator is set when
the result exceeds a word, and the deficient result
is stored in H. The excess indicator is set when
result cxceeds a half word. Trap never occurs.

6-12

Func- Operand

ton | Operation | Construc- Symbolic Time
Code | Mnemonic tion “Operation (usec)
0A ALF Y. H (H)y + (Y) > H 4.6

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator.

Addressing
Example Mode Action
ALF =X'FA10.13 Literal Adds the zero extended un-

signed hex literal, FA10, to the
signed contents of process reg-
ister 13 and stores the signed
result in process register 13.

d. Add Logical Half. Initially the carry, over-
flow, and excess indicators are reset. The operand
(Y) is not sign extended and is logically added as
an unsigned 16 bit quantity to the 32 bit process
register (H). The sum replaces H. In mode 0, the
CA operand is zero extended. The carry indicator
is set by carry out of word sign position. The
overflow indicator is set when result exceeds a
word, and the deficient result is stored in H. The
excess indicator is set when result exceeds a half
word. Trap never occurs.

Func- Operand

tion | Operation | Construc{ - Symbolic Time
Code | Mnemonic tion Operation (usec)
4A ALH Y. H (H)y + (Y) > H | 456

(1) All address modes permitted.

(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator.

Addressing
Example Mode Action
ALH ABCA4 Dircct Takes the 16 bit unsigned contents of

register ABC. adds ‘it to the signed
contents of process register 4 and
stores the signed result in process
register 4.




¢. Replace Add Full. Initially the carry, over-

flow, and excess indicators arc reset. The process
register (H) is algebraically added to the operand
(Y). The sum replaces Y. The process register (H)
is not changed. The carry indicator is set by carry
out of word sign position. The overflow indicator
is set when the result exceeds a word, and the
deficient result is stored in Y. The excess indicator
is set when result exceeds a half word. Trap on
overflow occurs only when OT indicator is zero,

Func- Operand

tion | Operation| Construc-|  Symbolic Time

Code | Mnemonic ‘tion Operation (usec)
OE RAF Y. H (Y) + (H) >Y | 49

(1) Mode 0 is excluded.

(2) Special addresses: process registers only.

Addressing
Example Mode Action
RAF $+10.12 Relative Adds the 32 bit content of the reg-

ister specified by the ILR + 10 (this
instruction address +12) to the
contents of process register 12 and
storcs the result in the specified
operand address (ILR +2 4+ 10).

f- Replace Add Half. Initially the carry, over-
flow, and excess indicators are reset. The process
register (H) is algebraically added to the sign
extended operand (Y). Bits 16-31 of the sum
replaces Y. The process register (H) is not
‘changed. The carry indicator is set by carry out of
word sign position. The overflow indicator is set
when result exceeds a word, the deficient result is
stored in Y. The excess indicator is set when the
result exceeds a half word. Trap on overflow
occurs only when the OT indicator is zero.

Func- - Operand :

tion | Operation | Construc-|  Symbolic Time

Code | Mnemonic tion Operation (usec)
4E | RAH Y.H |[(Y)+ (H) >Y | 49

(1) Mode 0 is excluded.

(2) Special addresses: process registers only.
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Addressing
Example Mode Action
RAH TAB.6 Direct Takes the 16 it content ot address

TAB. sign extends the value another
16 bits, adds the result 10 the con-
tents of process register 6 and stores
the least significant 16 bits of the
result in the operand address (TAB).

g- Subtract Full. Initially the carry, overflow,
and excess indicators are reset. The operand (Y) is
algebraically subtracted from the process register
(H). The difference replaces H. In mode 0, the CA
operand is sign extended. The carry indicator is
set by carry out of word sign position. The over-
flow indicator is set when result exceeds a word,
and the deficient result is stored in H. The excess
indicator is set when the result exceeds a half
word. Trap on overflow occurs only when the OT
indicator is zero.

Func- Operand

tion | Operation | Construc-{  Symbolic Time

Code | Mnemonic tion Operation (usec)
09 SBF Y. H (H)-(Y) > H 46

(1) All address modes permitted. \
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: overflow is
accommodated.

Addressing
Example Mode Action
SBF (ALLOT),11 Indirect The contents of address ALLOT

are taken as a 16 bit sccond ad-
dress. The contents of the sec-
ond address are subtracted from
the contents of process register
11 and the result is stored in
process register 11.

h. Subtract Half. Initially the carry, overflow,
and excess indicators are reset. The operand (Y)
with extended sign is algebraically subtracted
from the process register (H). The difference re-
places H. In mode 0, the CA operand is sign
extended. The carry indicator is set by carry out
of word sign position. The overflow indicator is
sct when result exceeds a word, and the deficient
result is stored in H. The excess indicator is set
when the result exceeds a half word. Trap on
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overflow occurs only when the OT indicator is
7C10.

Func- Operand

tion | Operation | Construc- |  Symbolic Time

Code | Mnemonic tion Operation | (usec)
49 SBH Y. H (H) - (Y)s > H 4.6

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: overflow is
accommodated.

Addressing

Example Mode Action

SBH =0+R'2"8 Litcral The literal in this cxample is the
with contents of index register 2. The
indexing literal is sign extended 16 bits,
subtracted from the contents of
process register 8 and the result
is stored in process registcr 8.

i. Subtract Logical Full. Initially the carry,
overflow, and excess indicators are reset. The
operand (Y) is logically subtracted as a 32 bit
unsigned quantity from the process register (H).
The difference replaces H. In mode 0, the CA
operand is zero extended. The carry indicator is
set by carry out of word sign position. The over-
flow indicator is set when the result exceeds a
word, and the deficient result is stored in H. The
excess indicator is set when the result exceeds a
half word. Trap never occurs.

Func- Operand _
tion | Operation | Construc- [ = Symbolic Time

Code | Mnemonic tion Operation (usec)
0B SLF Y. H (H)y -(Y) > H 4.6

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Modce 0 with indexing: carry out of the
word sign position sets the carry indicator.

Addressing
Mode

Example Action

SLE BLD4R'2°5 Direct The effective address 1s BLD as
with modificd by the contents of in-
indexing dex register 2. The unsigned 32
bit content of the cffective ad-
dress is subtracted from the
signed contents of process regis-
ter 5, the signed result is stored
in process register 5.

J. Subtract Logical Half. Initially the carry,
overflow, and excess indicators are resct. The
operand (Y) is not sign extended and is logically
subtracted as an unsigned 16 bit quantity from
the 32 bit process register (H). The difference
replaces H. In mode 0. the CA operand is zero
extended. The carry indicator is set by carry out
of word sign position. The overflow indicator is
set when the result exceeds a word, and the defi-
cient result is stored in H. The excess indicator is
set when the result exceeds a half word. Trap
never occurs.

Func- Operand

tion | Operation | Construc-|  Symbolic Time

Code | Mnemonic tion Operation | (usec)
48 SLH Y. H. (Hy - {Y) > H 46

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator.

Addressing
Example Mode Action
SLH $-20.14 Relative Effective address =ILR-20. The un-

signed 16 bit content of the cflective
address is  subtracted from the
signed contents of process register
14 and the signed result is stored in
process register 14,

k. Replace Subtract Full. Initially the carry,
overflow, and excess indicators are reset. The
process register (H) is algebraically subtracted
from the operand (Y). The difference replaces Y.
The process register (H) is not changed. The carry
indicator is set by carry out of word sign position.
The overflow indicator is set when the result
exceeds a word, and the deficient result is stored



in Y. The excess indicator is set when the result
exceeds a half word. Trap on overflow occurs only
when OT indicator is zcro.

Func- Operand
tion | Operation| Construc-|  Symbolic Time
Code | Mnemonic tion Operation (usec)
OF RSF YH |-t >y | 49

(1) Mode 0 is excluded.
(2) Special addresses: process registers only.

Addressing

Example Mode Action

Subtracts the contents of process
register 15 from the contents of ad-
dress ABLE and stores the resuit in
address ABLE.

RSF ABLE.15 Direct

l. Replace Subtract Half. Initially the carry,
overflow, and excess ‘indicators are reset. The
process register (H) is algebraically subtracted
from the sign extended operand (Y). Bits 16-31 of
the difference replace Y. The process register (H)
is not changed. The carry indicator is set by carry
out of word sign position. The overflow indicator
is set when result exceeds a word, and the defi-
cient result is stored in Y. The excess indicator is
set when the result exceeds a half word. Trap on
overflow occurs only when OT indicator is zero.

Func- Operand
tion | Operation | Construc-
Code | Mnemonic tion

Symbolic Time
Operation | (usec)

4F RSH Y. H Y)e-(H) > Y 4.9

(1) Mode 0 is excluded.
(2) Special addresses: process registers only.

Addressing
Example Mode Action
RSH (ZETA).1 Indirect The 16 bit content of address

ZETA is a second address. The
“contents of process register | arc
subtracted from the sign extended
16 bit content of the second ad-
| dress and the lcast significant 16

bits of the result are stored in the
sccond address.

USACSCS-TF-4-3

m. Multiply Full. Initially the carry, overflow,
and excess indicators arc reset. The operand (Y) s
multiplicd by the process register (H). H may
specify cither an even or odd process register. The
double word product replaces the process regaster
pair He, Hy; (H,) will contain the least significant
bits of the product. .

Func- "~ Operand

tion | Operation | Construc-|  Symbolic = | Time

Code | Mnemonic tion Operation (usec)

0oC MPF Y. H (H) x (Y) *> He. 16.7

H,

(1) Figure 6-2 illustrates the results of the
instruction execution.

In mode 0, the CA operand is sign ex-
tended. The carry indicator is set when the result
exceeds a word. Overflow can only occur in mode
0 with indexing. The excess indicator is set when
the result exceeds a half word.

(2) Trap can only occur in mode 0 with
indexing.

(a) All address modes permitted.

(b) Speci‘al addresses: process registers
only. :

(c) Mode 0 with indexing: if indexing
exceeds a word then overflow indicator is set,
instruction terminates with (H) and (Y) un-
changed, and trap occurs when OT indicator is
zero.

MULTIPLY FULL
31 0 31

RESULT: .
31 0 31

MOST SIGNIFICANT LEAST SIGNIFICANT

H, (EVEN) H, (0DD)

44-48-036

Figure 6-2. Multiply Full Instruction Execution
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NOTE

The carry indicator is not set when the
most significant 32 bits and bit 0 of the
least significant 32 bits of the double word
product are either all ZEROS or all
ONES. Thus (H,) contains a word
product.

Addressing

Example Mode Action

The contents of process register
10 are multiplied by the sign
extended octal literal. The lcast
significant 32 bits of the result
arc placed in process register 11
and the most significant 32 bits
of the result arc placed in
process register 10.

MPF =07456".10 Literal

n. Multiply Half. Initially the carry, overflow,
and cxcess indicators are reset. The operand (Y)
with extended sign is multiplied by process regis-
ter (H). The word product replaces H.

Func- Operand

tion | Operation | Construc-| . Symbolic Time

Code | Mnemonic tion Operation (usec)
4c MPH YH |[(Hhx(Y),>H | 167

(1) Figure 6-3 illustrates: the results of the
instruction execution.

In mode 0, the CA operand is sign ex-
tended. The carry indicator is set when the result
exceeds a word, and the least significant 32 bits
of the product are stored in H; the most signifi-
cant bits are lost. The excess indicator is set when
the result exceeds a half word.

MULTIPLY HALF

0 15 16 31
X SiGN
*EXTENSION
n Y
RESULT: .
LEAST SIGNIFICANT 32
BITS OF THE PRODUCT
—
44-48-037

Figure 6-3. Multiply Half Instruction Execution

(2) Trap can only occur in mode 0 with
indexing. :

(a) All address modes permitted.

(h) Special addresses: process registers
only.

(c) Mode 0 with indexing: if indexing
exceeds a word then overflow indicator is set,
instruction terminates with (H) and (Y) un-
changed, and trap occurs when OT indicator is
Zero

NOTE

The carry indicator should be tested to
assure that the result did not exceed a

word.
Addressing
Example Mode Action
MPH $+R'1.7 Relative Effcctive address =ILR+ con-
with tents. of index register 1. The 16

bit content of the cffective ad-
dress is sign cxtended. multiplicd
by the contents of process register
7 and the least significant 32 bits
of the product arc stored in
process register 7.

indexing

o. Divide Full. Initially the carry, overflow, and
excess indicators are reset. If H is even, then the
process register pair (H., H,) is divided by the sign
is divided by the operand (Y). sign is divided by
the operand (Y). The quotient replaces H,. The
remainder replaces H,; operand (Y). If H is odd,
then the process register (H,) with extended the
sign of a non-zero remainder equals the sign of
the dividend (H); a zero remainder is positive.

Func- Operand

tion | Operation] Construc-|  Symbolic Time
Code | Mnemonic tion Operation  |(usec)
oD DIF Y. H | (He Ho) or (Ho) | 184

+ (Y) > Ho

Remainder > H,

(1) Figure 6-4 illustrates the results of the
instruction execution. In mode 0, the CA operand
is sign extended. The carry indicator is set only in
mode 0 with indexing. The overflow indicator is
set when the quotient exceeds a word or the

divisor (Y) is zero; no division takes place, and H,

.



and H, are left unchanged. The excess indicator is
set when the quotient exceeds a half word.

(2) Trap on overflow occurs only when the

USACSCS-TF-4-3

changed, and trap occurs when OT indicator is
zero.

OT indicator is zero. ,
Addressing
(a) All address modes permitted. Example Mode Action
. (b) Special addresses: process registers
()nly_ . DIF CUTL.2 Dircct The contents of v ess registers 2
and 3 arc divided by the 32 bit con-
X clb s S ST tent of address CUTL. The quoticnt
. (¢) Mode 0 with indexing: carry indicator is placed in process regisier 3 and
is set by carry out of word sign position. If index- the remainder is placed in process
ing exceeds a word then overflow indicator is set, register 2.
instruction terminates with (H) and (Y) un-
DIVIDE FULL - H EVEN
0 31 o 31 0 31
DIVIDEND DIVIDEND —_ DIVISOR
H, H, Y
RESULT:
0 31 0 31
REMAINDER QUOTIENT
He l Hy
DIVIDE FULL - H 0DD
Y 31 0 31 0 - 31
SIGN EXTENSION .
DIVIDEND - DIVISOR
OF H, :
He H, v
RESULT:
0 31 0 31
REMAINDER QUOTIENT
He Ho

44-48-038

Figure 6-4. Divide Full - H Even Instruction Execution
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p- Divide Half. Initially the carry, overflow,
and cxcess indicators are resct. The process regis-
ter (H) is divided by the operand (Y) with cx-
tended sign. The quotient replaces (H,): the re-
mainder replaces (Ho): the sign of a non-zero
remainder equals the sign of the dividend (H): a
zero remainder is positive.

Func- Operand

tion | Operation | Construc{  Symbolic Time
Code | Mnemonic tion Operation (usec)
Cap DIH XY [(H) +(Y)s>H,| 184

Remainder * H,

(1) Figure 6-5 illustrates the result of in-
struction execution.

In mode 0, the CA operand is sign ex-
tended. The carry indicator is set only in mode 0
with indexing. The overflow indicator is set when
the quotient exceeds a word or the divisor is zero;
no divisior: takes place, and (H) and (Y) are left
unchanged. The excess indicator is set when the
quotient exceeds a half word.

DIVIDE HALF
0 31
DIVIDEND
H
RESULT:
0 31
REMAINDER

(2) Trap on overflow occurs only when the
OT indicator is zcro.

(a) All address modes permitted.

(h) Special addresses: process registers
only.

(c) Mode 0 with indexing: carry indicator
is set by carry out of word sign position. If index-
ing exceeds a word then overflow indicator is set,
instruction terminates with (H) and (Y) un-
changed, and trap occurs when OT indicator is
zero.

Addressing

Example Mode Action

DIH =100.3 Literal The contents of process register 3 are
divided by the sign extended decimal
literal. The quoticnt is placed in
process register 3 and the remainder

is placed in process register 2.

q. Replace Square Root Full. Initially the carry,
overflow, and excess indicators are reset. The
argument (H) is treated as an integer of sign plus
31 bits of value followed by 32 assumed ZERO

0 15 16 31
SIGN ’
DIVISOR
EXTENSION
Y
0 31
QUOTIENT
Ho

44-48-039

Figure 6-5. Divide Half Instruction Execution
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fraction bits. The squarc root of process rcgister
(H) replaces the 32 bits of Y. The carry indicator
is ncver set. The overflow indicator is set when
(H) is negative; instruction is not executed, and
(H) and (Y) are left unchanged. The excess indi-
cator is sct when the result exceeds a half word.
Trap on overflow occurs only when the OT indi-
cator 1s zcro.

Func- Operand

tion | Operation | Construc- | Symbolic Time

Code | Mnemonic tion Operation (usec)
B RQF Y. H VH) * Y 17.4

USACSCS-TF-4-3

(a) Mode 0 is excluded.
(b) Special addresses: process registers
only.
NOTE
If (H) is not an exact squarc, the 32 bits

of Y arc replaced by the largest integer
less than the square root of (H).

Addressing
Example Mode Action
RQF CC+R'7,12 Dircct The square root of the contents

with of process register 12 is ob-
indexing tained and it is stored in the
operand address CC as modi-
fied by index register 7.

Section IV. TRANSFER INSTRUCTIONS

6-11. Introduction

Transfer instructions provide for program
transfers depending on certain criteria specified
by each instruction. The transfers are accom-
plished by substituting the contents of the oper-
and Z* for the next instruction in sequence (see
table 5-2). :

6-12. Transfers and the Rules of
Addressing

To avoid programming complications the rules

of addressing for the AN/GYK-12 Computer
must be followed for all transfer instructions. If
the direct mode (mode 1) of addressing is speci-
ficd it is the contents of the operand address that
becomes the transfer address. If the literal mode
(mode 0) is specified then the literal address
becomes the transfer address, and so on. A list of
examples, following the first transfer instruction
description, illustrates the effect of a transfer in
each of the various addressing modes. These rules
must be followed for all the transfer instructions,
whether they be unconditional or conditional
transfers. :

6-13. Use of Transfer Instructions

Transfer instructions have many uses. There are
transfers which are unconditional where a trans-
fer must take place and there are transfers which
arc conditional where a transfer only takes place

if a certain specified condition is met. The uncon-
ditional transfers are used to transfer control
from one part of a program to another or to enter
subroutines. The conditional transfers are used to
test bits in special registers, to test switches on the
computer test set (CTS), to test and increment or
decrement the contents of index registers and to
test the contents of process registers.

6-14. Control Transfer Instructions

The following paragraphs describe the control
transfer instructions:

a. Transfer Unconditionally. Indicators are not
affected. The transfer address Z* becomes the
address of the next instruction by replacing the
contents of the instruction location register. H is
not used.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
30 XFR Y Z* > ILR 4.4

(1) All (transfer) address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.
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Addressing
: b M ode

L AL

MR = CHAR|  Lueral

Transfer to address CHAR.

XFR CHAR Direct Transfer to the address specificd
by the contents of CHAR.

XFR §$+24 Relative Transfer to the address specificd
by the ILR +24 (this instruction
address +26).

XFR (CHAR) Indirect The contents of address CHAR

arc a second address. Transfer to
the address specificd by the con-
tents of the sccond address.

b. Transfer and Store Link. Indicators are not
affected. The content of the instruction location

register plus twa is the address of the next instruc- |

ton i sequence. This address is stored in bit
positions 16 through 31 of process register (H):
bit posttions 0 through 15 of (H) arc left un-

changed. The transfer address Z* becomes the
address of the next instruction by replacing the

contents of the instruction location register.

Func- V Operand
tion | Operation | Construc- |  Symbolic Time
Code | Mnemonic tion Operation | (usec)
70 XLK Y. H (ILR) *> H; 44
) Z* > ILR

(I)‘All (transfer) address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.

Addressing

Example Mode Action

XLK = TEMP.IS Litcral Stores the contents of the ILR
(which is the address of the
next instruction in sequence) in
bits 16 - 31 of process rcgister
15 and transfers to address
TEMP. Bits 0 - 15 of process
register 15 are unchanged.

¢. Transfer on Indicators. Indicators are not
affected. A bit-for-bit comparison is made be-
tween the instruction’s H field and the conditions
of four indicator flip-flops: carry, overflow/
greater, equal, and less. If any ONE bit of the H

VAP BN RN DAY I o % N |

the next instruction in normal sequenee as ob

Grined  Also the next mstruction i ot
}:
e b s b e i |
H=0.
Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
7 XIN Y. H If Ind, = H, 4.4
Z* > ILR
Otherwise, no
operation
H = 0,
no operation

(1) Figure 6-6 illustrates the various values
of the H field and the indicator(s) cach value
tests.

INDICATOR REGISTER

L I U O

CARY INDICATOR
(H=8,9,10,11,12,13,14,15)

GREATER/OVERFLOW INDICATOR
(H =4,5,6,7,12,13,14,15)

EQUAL/EXCESS INDICATOR
(H=2,3,6,7,10,11,14,15)

LESS INDICATOR
(H=1,35,7911,1315,)

44-48-040

Figure 6-6. Indicator Register

(a) All (transfer) address modes permit-
ted.

(b) Special addresses: process registers
only.

'(c) Mode 0 with mdexmg carry out of
the half word sign position is discarded.

Addressing

Example| Mode ~ Action

XIN EQ.2 Dircct If th¢ EQUAL/EXCESS indicator in
the indicator register is sct to | a trans-
for takes place to the address specificd
by the contents of EQ. If the indicator
is not set 1o | the next instruction in

sequence is exceuted.

(2) The assembler for the AN/GYK.-



list of the extended mnemonics and the action of
cach appears in the chart below. A coding exam-
ple follows the chart. These instructions are dis-
cussed in detail in the AN/GYK-12 Computer
Assembly Language Manual.

Extended Implied Value
Mnemonic* ~Action of H
XLS Transfer on Less 1
XGR Transfer on Greater 4
XEQ Transfer on Equal 2
XNG Transfer on Not Greater 3
XNL Transfer on Not Less o
XNE Transfer on Not Equal 5
XCY | Transfer on Carry )
XOF Transfer on OQvertflow 4
*See the AN/GYK-12 Computer Assembly
Language Manual

Addressing

Example Mode Action

XCY = NOT Litcral 1f" the CARRY indicator is sct to |
a transfer to address NOT takes
place. If the indicator is not sct to 1
the next instruction in sequence is

exceuted.

This instruction is the cquivaient
of:

XIN = NOT,8

d. Transfer on Test Switches. Indicators are not
affected.

Func- Operand
tion Operation | Construc-
Code Mnemonic tion

31 XSW Y,H

Symbolic Time
Operation | (usec)

If TSW H, 4.4
2*~'ILR'
Otherwise, no

operation
IfH #+ 0and

no Test Set.

no operation

(1) A bit-for-bit comparison between the on
and off states of four conditional transfer
switches, TSW, on the computer test set and the
H ficld is made. If any switch is ON and its
corresponding bit in the H field is a ONE, a
transfer to address Z* occurs. Otherwise, the next
instruction in normal sequence is obtained. Also,
the next instruction in sequence is obtained when
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H =0, or if there is no computer test set present.

(2) The chart below and Iigurcv 6-7 illus-
trates the various values of the H ficld and the
switch(es) cach valuc tests.

(a) All (transfer) address modes permit-
ted.

(b) Special addresses: process registers
only.

(c) Mode 0 with indexing: carry out of
the half word sign position is discarded.

Addressing

Example Mode Action

XSW $+104 The cffective transfer address is the
ILR+10. If conditional transfer
switch 4 is in the on position a
transfer to the cffective address
takes place. If the switch is not in
the on position the next instruction

in sequence is cxccuted.

Relative

COMPUTER TEST SET(CTS)

CONDITIONAL
TRANSFER
SWITCHES

8laf2]1
| W

9 11,13,15
0,11,14,15
2,13,14,15
.12,13,14,15
44-48-041
Figure 6-7. CTS Conditional Transfer Switches

...o-n-

1

e. Execute. Indicators are not affected. The
transfer address Z* is used as the address of the
next instruction. This 32-bit word (Z*) is placed
into the computer’s instruction register. After this
instruction is executed, the next instruction in
normal sequence is obtained. If the instruction to
be executed calls for a transfer, then the transfer
takes place. H is not used.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
36 XEX Y Z* —>IIR. 44
INTERIM
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(1) All (transfer) address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indcxing: carry out of the
hall’ word sign position is discarded.

Addressing
Example Mode Action
XEX =OPER+R¢ Litcral The one “instruction located

with
indexing

at  the¢ modified address
OPER is cxceuted out of sc-

Addressing

Example Mode Action

struction in sequence s exeeuted. I
not. ZERO. the content is decre-
mented by 1 and a transfer to the
Fddrcss specificd by the contents ol

ILT takes place.

quence. Control then returns
to the instruction following
the XEX. If the instruction to
be exccuted out of scquence
is a transfer instruction, the
transfer is exccuted and con-
trol will not be returned to
the instruction following the
XEX.

6-15. Index Test Instructions

The following paragraphs descrlbe the index
test instructions:

a. Test, Conditionally Decrement by One and
Transfer. Indicators are not affected. Bits 16 to 31
of process register (H) are treated as an unsigned
16 bit number (index quantity). If this number is
not ZERO, it is reduced by one and transfer to
address Z* takes place. If the number is ZERO, it
is not changed and the next instruction in normal
sequence is obtained. Bits 0 to 15 of (H) are not
changed.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
34 XDO Y.H If (H) # 0; 4.6

(H)-1 > H,

Z* > ILR

If (H) =
no operation

(1) All (transfer) modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.

Addressing
Example Mode Action
XDO FILT.? Direct The content of index register 7 is
tested. If it is ZERO, the next in-
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b. Test, Condmonally Decrement by Two and
Transfer. Indicators are not affected. Bits 16 to 31
of process register (H) are treated as an unsigned
16 bit number (index quantity). If this number is
not ZERO and not ONE, it is reduced by two and
transfer to address Z* takes place. If the number
is ZERO, or ONE, it is not changed and the next
instruction in normal sequence is obtained. Bits 0
to 15 of (H) are not changed.

Func- Operand
tion | Operation | Construc-|  Symbolic Time
Code | Mnemonic tion Operation  fusec)
74 XDT Y. H If (H) #£ 0 or 1. ] 4.6
(H)-2 > H.
Z* > IR
It (H) = 0 or1;

no operation

(1) All (transfer) modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.

Addressing

Example Mode Action

XDT =AGAIN.6 Literal The content of index register 6
is tested. If it is ZERO or ONE.
the next instruction in scquence
is cxecuted. If not ZERO or
ONE. the content is decre-
mented by 2 and a transfer to

address AGAIN takes place.

c. Test, Conditionally Increment by One and
Transfer. Indicators arc not affected. Bits 16 to 31
of process register (H) are treated as an unsigned
16 bit number (index quantity). If this number is
not ZERO, it is increased by one and transfer to
Z* takes place. If the number is ZERO, it is not
changed and the next instruction in normal se-
quence is obtained. Bits 0 to 15 of (H) are not
changed.



Func- ¢ | Operand
tion | Operation | Consfruc- | Symbolic - | Time
Code | Mnemonic tion Operation  j(usec)
35 X10 Y. H It (Hy 0; 4.6
(H)y+1 > H,
Z* » ILR
It (H) = 0;
no operation

(1) All (transfer) address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.

Addressing
Mode

XI0 =X'FAO'5 Litcral

Example Action

The content of index rcgister 5 is
tested. If it is ZERO, thc next
instruction in sequence is cxc-
cuted. If it is not ZERO. the con-
tent is incremented by | and a
transfer to hex address FAO
takes place.

d. Test, Conditionally Increment by Two and
Transfer. Indicators are not affected. Bits 16 to 31
of process register (H) are treated as an unsigned
16 bit number (index quantity). If this number is
not ZERO and not ONE, it is increased by two
and transfer to address Z* takes place. If the
number is ZERO or ONE, it is not changed and
the next instruction in normal sequence is ob-
tained. Bits 0 to 15 of (H) are not changed.

Func- - Operand
tion | Operation | Construc-|  Symbolic Time
Code | Mnemonic tion Operation  (usec)
75 XIT Y. H IfFH)#* 0orl: 46
(H)+2 > H,
Z* > ILR

If(H)y =0orl;
no operation

(1) All (transfer) address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.
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Addressing
Example Mode Action
XIT BB+ R2°4]| - Direct The comtent of index repister s
with wested. 100y ZERO or ONEL the

NCXT INSITUCTION 1N NCYUCICE I8 CXe-
cuted. It not ZERO or ONE, the
content is incremented by 2 and a
transter specificd by the contents
of modified address BB takes
place.

indexing

6-16. Process Register Test Instructions

a. Transfer if Process Register is Zero. Indica-
tors are not affected. If the process register H is
ZERO, a transfer to address Z* occurs; otherwise,
the next instruction in normal sequence is ob-
tained. (H) and (Y) are not changed.

Func- Operand
tion | Operation | Construc-| Symbolic Time
Code | Mnemonic. tion Operation | (usec)
k) XEF Y. H Ir (H) = 0; 4.4
. Z* > ILR
If (H) % 0;
no operation

(1) All (transfer) address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.

Addressing
Example Mode Action
XEF $+R'1"11 | Relative | The cficctive transfer address is

with the ILR +the content of index
indcxing register 1. If the contents of
process register 11 are ZERO a
transfer to the cffective address
takes place. If not ZERO. ihe
next instruction in sequence is cx-
ccuted.

b. Transfer if Process Register is not ZERO.
Indicators are not affected. If the process register
(H) is not ZERO, a transfer to address Z* occurs.
Otherwise, the next instruction in normal se-
quence is obtained. (H) and (Y) are not changed.
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Func- Operand
tion | Operation  Construe-|  Symbolic | Time
Code | Mnemonic tion Operation | (usec)
72 XUF Y.H | If (H) # 0 4.4
Z* > ILR
W (H)y = 0;
no opecration

(1) All (transfer) address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.

Addressing

Example Mode Action

XUt Iy + RV Fateral I the contents ol provess rep-
with isters | are not ZERO a trans-
indexing, fer 1o the modificd  address
FY takes place. I the contents
are ZERO, the nexa mstruction
oacquicnce i exeeuted.

o Dransfer of Process Regaster s Posinve Tndh
cators are not allected 10 the sign it ol process
register (H) as a ZLRO (positive or zero- number),
a transfer to address Z* occurs.. Otherwise, the
next instruction in normal sequence is obtaincd.
(H) and (Y) are not changed.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
33 XPF Y. H If (Hy 2 0, 4.4
Z* > ILR
Ir () <0
no opcration

(1) All (transfer) address modes permitted.

(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.

Addressing

Example Mode Action

XPF XFER.14 Direct If the contents of process register
14 arc positive a transfer to the
address specified by the contents of
XFER takes place. If the contents
are not positive the next instruction

in sequence is executed.

d. Transfer if Process Register is Negative.
Indicators are not affected. If the sign bit of the
process register (H) is a ONE (negative), a trans-
fer to address Z* occurs. Otherwise, the next
instruction in normal sequcnce is obtained. (H)
and (Y) are not changed.

I'unc- Operand
tion ()pvr;mnn Construc Symbaolwe Lie
Code | Maemonie ton. Operation (1w )
al \NI AR Wit o [
7' R
Iy = 0,
no operation

(1) All (transfer) address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.

Addressing

Example Mode Action

XNF =BEGIN,9 Literal If the contents of process regis-
ter 9 are ncgative a transfer to
address BEGIN takes place. If
the contents are not negative the
next instruction in sequence is

executed.

Section V. SHIFT INSTRUCTIONS

6-17. Introduction

There are two operation codes that specify a
shift operation for the AN/GYK-12 Computer.
One function code specifies a full word or double
word shift and the other function code specifies a
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half word shift. In all cases it is the contents of
process registers which are shifted.

6-18. The Operand of Shift Instructions
All shift instructions requires a 16 bit operand



which has three ficlds. An illustration of the oper-
and is shown in the chart below.

0COR 4 ‘ 10 15
16 20 26 31
R T K
TALLY OPTION SHIFTS
L1 1 | . j I .

a. R. This field is four bits in length and
occupies the first four bits of the half word oper-
and. It will contain a number from 0 - 15 which
will stand for a process register. This field is not
used in all shifting options and those options
which do not use the R field will ignore these four
bits. The normal function of this register is to
hold a count or tally, for certain shift options.
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b. T. This field is six bits in length and imme-
diately follows the R fieid. The T field will con-
tain a number which specifies one of the many
shift options which are available. There arc nine

~options available for full word shifts, eight op-

tions available for double word shifts and ninc
options available for half word shifts. The value
of T for each shift option and the function of
each option performs is illustrated in tables 6-3.
6-4, and 6-5.

c¢. K. This field is six bits in length and imme-
diately follows the T field. The K field specifies
the number of bit positions to be shifted. A
number from 0 - 63 may be placed in this ficld.
A K field equal to ZERO specifies no shift.

Table 6-3. Shift Full Word Commands

Hex . Extended
T Type Mnemonic* Process Register Comment
00 Algebraic, Right, SARF [ —— Sign Extended
(Lincar), - (S = Sign Bit)
Full Word
04 Logical, Right, SLRF 0 = —=]
(Lincar), I
Iull Word
05 Circular, Right, SCRF
Full Word
02 Algebraic, Left, SALYK ' 0
(Lincar), '
I'ull Word
06 Logical, Left, SLL¥ _., 0
(Lincar), - l -
I-ull Word
07 Circular, Left, SCLF
IFull Word
12 Normalize, SNF S — 0 Shift until X £ S
Full Word 'E‘ : orK=0
X K - Shifts ——= R
16 Shiftand Count, | SCF 0 Shift untit K = 0
(Lincar), . Count X = 1's
tull Word X (R (Tally)) + Count =R
17 Shift and Count, SCCI Shiftuntl K =0
Circular, Count X = 1’s
Full Word ; (R (Tally) + Count —=R

*Sce the AN/GYK-12 Computer Assembly Manual

12012-79

6-25



USACSCS-TF-4-3

6-19. Extended Mnemanijcs For Shift
Instructions o

The AN/GYK-12 Assembler provides extended
mnemonics for cach shift option available for
full. double and half word shifts. Tables 6-3, 6-4
and 6-5 illustrate the extgnded mnemonic for
cach option. A detailed discussion of the extended

~mnemonics for shift instructions is provided in the
AN/GYK-12 Computer Assembly Language
Manual.

6-20. Instructions

register pair (H). and (H), are shifted as specified
by the T ficld of the operand (Y), as shown in
tables 6-3 and 6-4. The operations of reflect.
normalize, and shift and count are included as
special shift options. On double word shift opera-
tions, the leftmost (most-significant) word is al-
ways contained in an even numbered process
register and the rightmost (least significant) word
is always contained in an odd numbered process
register. In mode 0, the CA operand is zero ex-
tended. Indicators are set only in mode 0 with
indexing. Trap never occurs.

. ' . . Func- Operand
¢ 1 X . : .
zh.(l:]'::():]lolv‘fl’ng paragrap hs describe shift full tion | Operation | Construc- Symbolic Time
anc smitt all instructions. Code | Mnemonic | tion Operation | (usec)
a. -Shift Full (and Double). Initially, the carry, ,

4 ( o ) 4 T;y 1A SHF Y.H  |(H) shificd > H | 49 +
overflow, and excess indicators are reset. The 012K
contents of the process register (H) or the process

Table 6-4. Shift Double Word Commands
\
Hex ‘Extended (H)e (H), .
T Type Mnemonic* Process Register Pair Comment
08 Algebraic, ~ SARD S , __-._ ’ Sign l{\lcu\ch
Right, (Linecar), _ - | : (S = Sign Bit)
Double Word
0oC Logical, Right, SLRD 0= — =
(Lincar),
Double Word
oD Circular, Right, SCRD I
Double Word I
0A " Algebraic, SALD S - 0
Left, (Linear), —
Double Word
] Logical, Left, SLLD -<.__. -.___. 0
(Linear),
Double Word
oF Circular, Left, SCLD L
| oouble Wora
1A Normalize, SND S - 0 Shift until X £S
i Double Word E::J - orK =0
{ K - Shifts ——= R
1«» ) .
Tt Reflect, RIT H
Double Word :
*Sce the AN/GYK-12 Computer Assembly Manual
12012-80
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Table 6-5. Shift Half Word Commands

Hex » Extended Hi6.31
T Type Mncmonic* Process Register Comment
00 Algebraic, Right, SARI S . Sign b yvtended
(Lincar), (S - Sign Ban)
Half Word
04 Logical, Right, SLRH 0 -
(Lincar), _
Half Word i
05 Circular, Right, SCRH )
Half Word <__
02 Algebraic, Left, SALH 0
(Lincar),
Half Word
06 Logical, Lett, SLLH — |
(Lincar),
Half Word
07 Circular, Left, SCLH
Half Word . -
12 Normalize, SNH l s — Shiftuntil X £S
Half Word ‘{—_- 0 orK=0
K - Shitftn, ——= R
_ X
16 Shift and Count, SCH e 0 Shittuntil K =0
(Lincar), Count X = I\
Half Word X (R(Tally)) + Count-=R
17 | Shiftand Count, SCCH ' ‘ Shift until K = 0
Circular, - . Count X = Iy
Half Word 1 ) (R(Tally)) + Count =R
X

*Scee the AN/GYK-12 Computer Assembly Manual

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator. Word
overflow sets the overflow indicator. A sum ex-
ceeding a half word sets the excess indicator.

Addressing
Example Mode Action
SHF =X'000A’, 12 Litcral Sec below.

12012-81

The first four bits of the operand specify
the R field. It is ZERO, but this option does not
use a Tally Register.

The next six bits specify the option. The
option is ZERO, which specifies a full word shift
to the right, linear and algebraic.

The next six bits specify the number of
shifts. The shift count is 0.

It is the content of process register 12 that
will be shifted.

In the above example the operand looks
as follows in binary:

0000000000001010

Addressing

Example Mode Action

The 16 bit content of address TPG
is the operand of the instruction. It

SHF TPG. 11| Dircct
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Addressing

Example Mode Action

Cont. specifies the R, T and K fields. For
full word- shift the contents of
process register 11 will be shifted.
For a double word shift the con-
tents of process registers 10 and 11
will be shifted.

b. Shift Helf. Initially, the carry, overflow, and
excess indicators are reset. The contents of the
process register (H), bit position 16 to 31, are
shifted as specified by the T field of the operand
(Y). as shown in table 6-5. Bit positions 0 - 15 of
(H) are not modified. The operations of normalize
and shift and count are included as special shift
commands. In mode 0, the CA operand is zero
extended. Indicators are set only in mode 0 with
indexing. Trap never occurs.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
5A SHH Y. H (H)j6.31 shifted 47 +
> Hiea 0.12K

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator. Word
overflow sets the overflow indicator. A sum cx-
ceeding a half word sets the excess indicator.

Addressing

Example Mode Action

SHH =0+R’5", 14 Literal The contents of index register
with 5 arc the actual operand. Bits
indexing 16" - 31 of process register 14
are shifted according to the T
and K fields of the operand.
Bits O - 15 of process register
14 are unchanged.

Section VI. COMPARE INSTRUCTIONS

6-21. Introduction

The function of these instructions is to compare
the contents of full words, half words or parts of
words of one register with another register. The
comparisons are cither algebraic (signed compari-
sons) or logical (unsigned comparisons). The reg-

isters involved in the operations are operand ad-

dresses, or operands, and process registers. The
end result of the compare instruction is the setting
of one of three indicators located in the indicator
register: the greater than indicator (OF), the
cqual indicator (EF) or the less than indicator
(LF). Only one of these indicators can be set as
the result of an instruction. As an initial action of
all compare instructions the three indicators are
resct.

6-22. Instructions

There arc eleven instructions in the compare
class.

a. Compare Algebraic Full. Initially the carry,
greater (overflow), equal, and less indicators are
reset. The algebraic value of the operand (Y) is
compared with the process register (H). (Y) and
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(H) are left unchanged. In Mode 0, the CA oper-
and is sign extended. If (Y) is greater/equal/less
than (H), then the greater/equal/less indicator.
respectively is set. Only one indicator is set. Trap
never occurs. :

Func- Operand

tion | Operation | Construc-{  Symbolic Time

Code | Mnemonic tion Operation | (usec)
10 CMF Y.H (Y):(H) > Ind'r| 45

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator. Nega-
tive word overflow sets the less indicator, and
positive word overflow sets the greater indicator.

Addressing

Example Mode Action

CMF =X'FF'+R'6". 9 Literal The sign extended hex lit-
with cral. modificd by index
indexing register 6. is algebraically




Addressing

Example Mode Action

compared with the con-
tents of process register 9.
If the literal is greater the
OF indicator is set, il
cqual the EF indicator is
set, if less the LF indica-
tor is sct.

Cont,

b. Compare Algebraic Half. Initially the carry,
greater (overflow), equal, and less indicators are
reset. The algebraic value of the operand (Y) with
extended sign is compared with process register
(H). (Y) and (H) are left unchanged. In mode 0,
the CA operand is sign extended. If (Y) is
greater/equal/less than (H), then the greater/
cqual/less indicator, respectively, is set. Only one
indicator is set. Trap never occurs.
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the unsigned magnitude of bits 24 through 31 of
process register (H). (Y) and (H) are left un-
changed. In mode 0, Bits 16 through 23 of CA
operand arc used. Il (Y), is greater/equal/less
than (H), then the greater/cqual/less indicator,
respectively, is sct, Only one indicator is sct. Trap
never occurs.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
" CLU Y. H (Y)y : (H)oez 47
> Ind’r

(1) Ali address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator. Carry
out of the bit position 24 affects (X).

Addressing

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
50 CMH Y. H ¥)s : (H) 45
> Ind’r

Example Mode Action
CLU $+4+R°1',10 Relative The cffective address is the
! with ILR +4+ the contents of in-
indexing | dex register 1. The contents

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator. Nega-
tive word overflow sets the less indicator, positive
word overflow sets the greater indicator.

of the upper byte of the cf-
fective address are logically
comparced with the contents
of bits 24-31 of process regis-
ter 10. .If the upper byte 1s
greater the OF indicator is
sct, if the bytes arc equal the
EF indicator is sct, if thc up-
per byte is less the LF indica-
tor is sct.

Addressing
Example Mode Action
CMH (XY +R'5"). 9 Indirect The address XY, modified by
with index register 5, contains a
indcxing  }sccond address. The sign ex-

tended contents of the scc-
ond address arc algcbraically

“{compared to the contents of

process register 9. If the con-
tents of the sccond address
arc greater the OF indicator
is set, if cqual the EF indica-
tor is sct, if less the LF indi-
cator is sct.

d. Compare Logical Lower Byte. Initially the
carry, greater (overflow), equal, and less indica-
tors are reset. The unsigned magnitude of the
lower byte of the operand (Y), is compared with
the unsigned magnitude of Bits 24 through 31 of
process register (H). (Y) and (H) are left un-
changed. In mode 0, Bits 24 through 31 of the
CA operand are used. If (Y), is greater/equal/less
than (H), than the greater/equal/less indicator,
respectnvely, is set. Only one indicator is set. Trap
never occurs.

c. Compare Logical Upper Byte. Initially the
carry, greater (overflow), ecqual, and less indica-
tors are reset. The unsigned magnitude of the
upper byte of the operand (Y), is compared with

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
5t CLL Y. H (Yn : (H)as 4.7
> Ind'r
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(1) All address modes permitted.

(2) Special addresses: process registers only. |
(3) Mode 0 with indexing: carry out of the

word sign position scts the carry indicator. Carry
out of the bit 24 is discarded. -

Addressing

Example Mode Action

CLL =0377". 8 Litcral
is logically compared to the con-
tents of bits 24-31 of process reg-
ister 8. If the byte is greater the
OF indicator is sct, if cqual the
EF indicator is set, if less the LF
indicator is set.

». Compare Logical Full. Initially the carry,
grcater (overflow), equal, and less indicators are
reset. The 32 bit unsigned (logical) quantity of
the operand (Y) is compared with the 32 bit
unsigned quantity of process register (H). (Y) and
(H) are left unchanged. In mode 0, the CA oper-
and is zero extended. If (Y) is greater/equal/less
than (H), then the greater/equal/less indicator,
respectively is set. Only one indicator is set. Trap
never occurs. '

Func- Operand

tion | Operation | Construc-| = Symbolic Time

Code | Mnemonic tion Operation (usec)
12 CLF Y.H [(Y):(H) > 1Indr]| 45

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator.

Addressing
‘Example Mode Action
CLF MODE. 1§ Dircct | The contents of address MODE

are logically compared with the
contents of process register 15. If
the contents of MODE “arc
greater the OF indicator is sct, if
cqual the EF indicator is sct, if
less the LF indicator is set.

/. Compare Logical Half. Initially the carry,
greater (overflow), equal, and less indicators are
reset. The 16 bit unsigned quantity of the oper-
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The lower byte of the octal litcral -

and (Y) is compared with the 16 bit unsigned
quantity of bits 16 through 31 of process register
(H). (Y) and (H) are left unchanged. In modce 0.
the CA operand is zero extended. If (Y) is
greater/cqual/less than (H), then the greater/
cqual/less indicator, respectively, is set. Only one
indicator is sct. Trap never occurs.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
52 CLH Y. H (Y) : (Hhemn 45
> Ind’r

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator. The
least significant 16 bits are comparcd with the
least significant 16 bits of (H).

Addressing |
Example Mode Action
CLH ART- §,11 Relative The cffective address is ART mi-

nus ILR. The 16 bit content of
| the effective address 15 logieally
compared with the contents of
bits 16-31 of process register 11.
If the contents of the cffective
address are greater the OF indi-
cator is sct, if equal the EF indi-
cator is set, if less the LF indica-
tor is sct. :

g Compare Selective Full. Initially the carry.
greater (overflow), equal, and less indicators are
resct. Process register 14 contains a mask. The
operand (Y) is logically compared with process
register (H) in only those bit positions selected by
a ONE in the corresponding bit positions of
process register 14. Bit positions in (Y) and (H)
are ignored in those bit positions selected by a
ZERO in the corresponding bit position in process
register 14. In mode 0, the CA operand is zero
extended. If the selected field of (Y) is greater/
equal/less than the selected field of (H), then the
greater/equal/less indicator, respectively, is sct.
Only one indicator is set. Trap never occurs.



Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
14 CSF Y. H (Y) A (Rya): 5.8
(H) A (Ryg)
> Ind’r

(1) All address modes are permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator.

Addressing

Example Mode Action

CSF BLW, 12 Direct Logically compares a ficld of bits in
address BLW with a field of bits in
process register 12. The ficld of bits
to be compared is determincd by
the contents of thc mask register
(process register 14). If the ficld of
bits in BLW is greater the OF indi-
cator is set, if equal the EF indica-
tor is sct. if less the LF indicator is
set.

See the illustration below.

(Process Register 14) = 0000000000001 111
K 1111111100000000

(Process Register 12) = 1111111100100000
0111010011110001

(BLW) = 0000000000 100000
011101011110001 1

comparison made
in these bit
positions only

The field of bits in BLW is greater than the field
of bits in process register 12. The OF indicator
will be set.

h. Compare Selective Half. Initially the carry,
greater (overflow), equal, and less indicators are
reset. Process register 14 contains a mask. The
operand (Y) is logically compared with Bit posi-
tions 16 through 31 of process register (H) in only
those bit positions selected by a ONE in the
corresponding bit position of process register 14.
Bit positions in (Y) and (H) are ignored in those
bit positions designated by a ZERO in corre-
sponding bit positions in process register 14. In
modc 0, the CA operand is zero extended. If the
sclected ficld of (Y) is greater/equal/less than the
sclected field of (H), then the grecater/equal/less
indicator, respectively, is set. Trap never occurs.

USACSCS-TF-4-3

Func- ' Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic | tion Operation (H5CC)
54 CSH | VY.H ) AR . | O
(H)n,“ A (Ru)
P ind'r

(1) All address modes arc permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator. The
masked least significant 16 bits are compared
with the masked least significant 16 bits. of (H).

_Addressing

Example Mode Action

Logically compares a ficld of
bits in the hex literal with a
field of bits in bit positions 16-
31 of process register 13. The
ficld of bits to be compared is
determined by the contents of
process register 14. It the ficld
of the literal is greater the OF
indicator is sct. if cqual the EF
indicator is sct. if less the LF
indicator is sct.

CSH =X'350". 13| Literal

i. Compare Gated Full. Initially the carry,
greater (overflow), equal, and less indicators arc
reset. Process register 14 must contain a positive
number. The absolute value of the algebraic dif-
ference between the operand (Y) and process
register (H) is compared against the contents of
process register 14. In mode 0, the CA operand is
sign extended. If the absolute value of the differ-
ence is greater/equal/less than contents of process
register 14, then the greater/equal/less indicator,
respectively, is set. Only one indicator is set. Trap
never occurs. :

Func- - Operand
tion | Operation | Construc-
Code | Mnemonic tion

Symbolic Time
Operation _ |(usec)

13 CGF Y. H kyy - (Wl 5.3

(Ru) * Ind 'r

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indcxing: carry out at the
word sign position sets the carry indicator. The
greater indicator is set when (Y) - (H) overflows.
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Addressing
Example Mode Action
CGEF RGHT, 4 Phirect In an anternal adder the contents

of process register 4 are sub-
tracted from- the contents of ad-
dress RGHL. The absolute value
of the diflerence 1s compared with
the ¢ontents of process register 14.
If the absolute  difference s
greater the OF indicator is sct. if
cqual the EF indicator is set. if
less the LF indicator is set.

j. Compare Gated Half. Initially the carry,
greater (overflow), equal, and less indicators are
reset. Process register 14 must contain a positive
number. The absolute value of the algebraic dif-
ference between the operand (Y) with extended
sign and process register (H) is compared against
the contents of process register 14. In mode 0, the
CA operand is sign extended. If the absolute
value of the difference is greater/equal/less than
contents of process register 14, then the greater/
cqual/less indicator, respectively, is set. Only one
indicator is set. Trap never occurs.

k. Modify and Test Half. Initially the carry,
greater (overflow), cqual, and less indicators are
resct.

Func- Operand
tion | Operation | Construc- Symbolic Time
Code | Mnemonic tion Operation (usec)
6F MTH YH (Y) + H>Y: s

(Y) : O > Ind'f|

The H field of the instruction is used as
a signed 4-bit operand. The most significant
bit of H is extended as a sign bit. This
quantity is added to the halfword operand
(Y). Bits 16-31 of the sum replace Y. The
carry indicator is set by carry out of the
halfword sign position. If the halfword sum is
positive/zero/negative then the greater/equal/
less indicator, respectively, is set. Only one
indicator is set. The chart below illustrates all
the possible values for the H field. Trap on
carry indicator occurs only when OT indicator

Func- Operand is zcro. :
tion | Operation | Construc- | Symbolic Time '
Code | Mnemonic tion “Operation sec
P (usec) Signed Values of H
53 CGH Y. H j X '
. I(‘i)é‘“) (,H;'Il d'r Value of H Binary Equivalent Signed Value
H=0 - 0000 +0
(1) All address modes are permitted. H= 0001 +1
(2) Special addresses: process registers only. H=2 0010 +2
(3) Mode 0 with indexing: carry out at the =3 0011 H
word sign position scts the carry indicator. The =4 0100 ’
greater indicator is sct when (Y)y (H) overflows. "= 0101 "
=0 0110 +0
Addressing ~ H=7 , 0111 M
Example Mode ! Action H=8 1000 -8
CGH =X'FOOF. 7 Literal The contents of process regis- H=9 1001 -7
ter 7 are subtracted from the = g
sign cxtended hex literal. The H=10 1010 b
absolute value of the differ- H=11 1011 -5
ence is compared with the
contents of process register 14. H=12 1100 -4
If the absolute difference is i
greater the OF indicator is sct, H=13 1101 -3
if ‘cqual the EF indicator is =
set, if less the LF indicator is H=14 1o -2
set. : H=15 111t -1
12012-116
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(1) Mode 0 is excluded.

(2) Special addresses: process registers only.

NOTE

This instruction allows modification of a
half word by any number in the range -8
through +7, followed by a test. If the H
field is zero, then the specified half word
is tested for positive, zero, or negative
value.

USACSCS-TF-4-3

Addressing,

Example Modce Action

MTH 2L 10 The effecuve address 1s the TR-
21 The 16 bit content of the of-
fective address is added o the
sign cxtended value -6 (H = 10
is -6) and the result s stored in
the cffective address. This value is
then compared to zero. It greater
than zcro the OF indicator is sct.
if equal to zero the EF indicator
is set. if less than zero the LF
indicator is sct.

Relative

Section Vil. LOGIC INSTRUCTIONS

6-23. Introduction

Logic instructions perform logical arithmetic
functions as opposed to algebraic functions. All
values involved in logic operations are assumed to
be unsigned quantities, being neither positive or
negative, with the sign bit position treated as
another magnitude bit. There are three basic
operations carried out by the logic instructions.
These are INCLUSIVE OR (sometimes referred
to as logical sum, union, unite or V), EXCLU-
SIVE OR (sometimes referred to as the modulo
two sum, t, or v) and AND opcrations (sometimes
referred to as logical product, extract, intersec-
tion). Corresponding bit positions in the two oper-
ands are operated on mdcpendemly of the other
bit positions.

6-24. Inclusive OR Operations

The Inclusive OR operations work with two
values, bit position by bit position. For each bit
position in the two values, a ONE or a ONE
results in a ONE. There is never any carry from
one bit position to another.

EXAMPLE:  An Inclusive OR operation is performed on

the following two values:
1100110011
0110011001
Cresult  THIOTLIOR]

The following combinations result in a ONE for a given
bit position:

110

101
The following combination results in a ZERO for a given
bit position: :

0

0

6-25. Exclusive OR Operations

The Exclusive OR operations work with two
values, bit position by bit position. For each bit
position in the two values a ONE ZERO combi-
nation or a ZERO ONE combination results in a
ONE. The other combinations result in a ZERO.
There is never any carry from one bit position to
another.

EXAMPLE: An Exclusive OR operation is performed on

the followmg two values:
1100110011
0110011001
result 1010101010

The following combinations result in a ONE for a g:vcn bit

- position:

1o
01

The following combmatnons result in a ZERO for a given
bit position:

10
10

6-26. AND Operations

AND operations work with two values, bit posi-
tion by bit position. For each bit position in the
two values a ONE ONE combination results in a
ONE. All other combinations result in a ZERO.
There is never any carry from one bit position to
another.

‘EXAMPLE:  An AND operation is performed on the

following two values:

1100110011
0110011001
result - 0100010001
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The tollowing combiation results ina ONE for a given bit
posttion

1

|
The tollowing combinations result in a ZERO for a given
bit posttion: -

100

010

6-27. Instruction Usages

The logic operations are particularly useful in
masking (AND), extracting (AND), inserting
(OR) and complementing (EXCLUSIVE OR)
functions. They are also useful in testing and
noncquivalence (EXCLUSIVE OR) operations.
The operations can involve a single bit or a field
of bits within a full or half word.

6-28. Instructions

The logic instructions are described in the fol-
lowing paragraphs. ‘

a. Inclusive OR Full. Initially the carry, over-
flow. and excess indicators are reset. The operand
(Y) is logically merged with the process register
(H). For every ONE bit in (Y) a ONE is inserted
into that bit position of (H), regardless of its
orignal state. ZERO bits in (Y) do not modify the
corresponding bit position in (H). The result re-
places H. In mode 0, the CA operand is zero
extended. Indicators are set only in mode 0 with
indexing. Trap never occurs.

Addressing,
Example Mode Action

the results stored in o process
register 9.

b. Inclusive OR Half. Initially the carry, over-
flow, and excess indicators are reset. The operand
(Y) is logically merged with the least significant
16 bits of the process register (H). For every ONE
bit in (Y) a ONE is inserted into that bit position
of (H), regardless of its original state. ZERO bits
in (Y) do not modify the corresponding bit posi-
tion in (H). The result replaces bits 16 - 31 of H:
bits 0 - 15 of (H) are not changed. In mode 0.
the CA operand is zero extended. Indicators are
set only in mode 0 with indexing. Trap never
occurs.

Func- Operand
tion | Operation | Construc- Symbolic Time
Code | Mnemonic tion Operation (usec)
55 I0H Y. H (HyenV (Y) 45
> Hiea

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator. Word
overflow sects the overflow indicator. A sum ex-
ceeding a half word sets the excess indicator.

Func- Operand
tion | Operation | Construc- Symbolic Time Addressing
Code | Mnemonic tion ~ Operation (usec) Example Mode Action
. IOH = 0’7777, 8 Literal An Inclusive OR is performed
3 1oF Y. H H v >HI - as between the octal literal and
: the contents of bits 16 31 of

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator. Word
overflow sets the overflow indicator. A sum ex-
ceeding a half word sets the excess indicator.

Addressing
Example Mode Action
I0F ZBTA. 9 Direct An Inclusive OR is performed be-
tween the contents of address

ZBTA and process register 9 with

6-34

process register 8. The result iy
stored in bits 16 - 31 of
process register & with bits 0
15 remaining unchanged.

¢. Replace Inclusive OR Full. Indicators are not
affected. Process register (H) is logically merged
with the operand (Y). For every ONE bit in (H)
the corresponding bit position of (Y) is set to a
ONE regardless of its original state. For every
ZERO bit in (H) the corresponding bit position of
(Y) is not changed. The result replaces Y. (H) is
not changed. Indicators are not modified. Trap
never occurs.



Func- Operand

tion | Operation | Construc- | Symbolic Time

Code | Mnemonic tion Operation | (usec)
D RIF Y. H (Y) V(H) > Y| 49

(1) Mode 0 is excluded.
(2) Special addresses: process registers only.

Addressing

Example Mode Action

RIF FYI+R2.11} Dircct with | An Inclusive OR is performed
indexing between the contents of the
modified address FYI and
process register 11 with the re-
sults stored in the modificd ad-

dress FYL

d. Replace Inclusive OR Half. Indicators are
not affected. The least significant 16 bits at
process register (H) are logically merged with the
operand (Y). For every ONE bit in (H) the corre-
sponding bit position (Y) is set to a ONE regard-
less of its original state. For every ZERO bit in
(H) the corresponding bit position of (Y) is not
changed. Bits 16-31 of the result replace Y. (H) is
not changed. Indicators are not modified. Trap
never occurs.

Func- Operand
tion | Operation | Construc- Symbolic Time
Code | Mnemonic tion Operation (usec)
SD RIH Y. H (Y)V (H)63 4.9\
> Y

(1) Mode 0 is excluded.
(2) Special addresses: process registers only.

Addressing
Example Mode Action
RIH Relative with | The cflective address is  the

ILR + 12 +the contents of index
register 1. An inclusive OR is per-
formed between the contents of
the effective address and  process
register 3 with bits 16 - 31 of the
result stored in the cffective ad-
dress.

$+412+R'I’,3 | indexing

e. Lxclusive OR Full. Initially the carry, over-
flow, and excess indicators arc reset. The operand
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(Y) is logically matched with the process register
(H). For every ONE bit in (Y) and corresponding
ZERO bit in (H) a ONE is inserted into that bit
position of (H). For every ONE bit in (Y) and
corresponding ONE bit in (H) a ZERO is inserted
into that bit position of (H). ZERO bits in (Y) do
not modify the corresponding bit positions in (H).
The result replaces H. In mode 0, the CA operand
is zero extended. Indicators are set only in mode 0
with indexing. Trap never occurs.

Func- Operand

tion | Operation |Construc- | Symbolic Time

Code | Mnemonic tion Operation (usec)
16 EOF Y. H (HhviY) > Hf a5

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator. Word
overflow sets the overflow indicator. A sum cx-
ceeding a half word sets the excess indicator.

Addressing
Example Mode Action
EOF (HOPP).15 Indirect The contents of address HOPP

arc a second address. An exclu-
sive OR 1s performed between
the contents of the sccond ad-
dress and process register 15 with
the result stored in process regis-

ter 15, ’

/- Exclusive OR Half. Initially the carry, over-
flow, and excess indicators are reset. The operand
(Y) is logically matched with the least significant
16 bits of the process register (H). For every ONE
bit in (Y) and corresponding ZERO bit in (H) a
ONE is inserted into that bit position of (H). For
every ONE bit in (Y) and corresponding ONE bit
in (H) a ZERO is inserted into that bit position of
(H). ZERO bits in (Y) do not modify the corre-
sponding bit positions in (H). The result replaces
bits 16 - 31 of H; bits 0 - 15 of (H) are not
changed. In mode 0, the CA operand is zero
extended. Indicators are set only in. mode 0 with
indexing. Trap never occurs.
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Func- Opcrand :
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
56 EOH Y. H (H)i31 V (Y) 4.5
> Hyemn

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Modc 0 with indexing: carry out of the
word sign position sets the carry indicator. Word
overflow sets the overflow indicator. A sum ex-
ceeding a half word sets the excess indicator.

Addressing
Mode

EOH *+13.12 Direct

Example Action

The cffective address is the instruc-
tion address + 13. An exclusive OR
is performed between the contents
of the effective address and bits
16 - 31 of process register 12 with
the result stored in bits 16 - 31 of
process register 12.

g. Replace Exclusive OR Full. Indicators are
not affected. Process register (H) is logically
matched with operand (Y). For every ONE bit in
(H) the corresponding bit position of (Y) is set to
a ONE if it was a ZERO or it is reset to a ZERO
if 1t was a ONE. ZERO bits in (H) will not
change the corresponding bit positions in (Y). (H)
is not changed. Indicators are not modified. Trap
never occurs. -

Addressing.

Example Mode Action

sult is stored in the cffective
address.

h. Replace Exclusive OR Half. Indicators are
not affected. The least significant 16 bits of
process register (H) are logically matched with the
operand (Y). For every ONE bit in (H) the corre-
sponding bit position of (Y) is set to a ONE if it
was a ZERO or it is reset if it was a ONE. ZERO
bits in (H) will not change the corresponding bit
positions in (Y). Bits 16 - 31 of the result replace
Y. (H) is not changed. Indicators are not modi-
fied. Trap never occurs.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic -tion Operation (usec)
IE REF Y. H (YY(H) » Y 4.9
(1) Mode 0 is excluded.
(2) Special addresses: process registers only.
Addressing
Example Mode Action

REF MT+14.14 | Direct with
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doublc indexing

The effective address is MT
as- modificd by the contents
of “index registers 1 and 4
An_ exclusive OR is per-
formed between the contents
of the cffective address and

process register 14 The re-

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
SE REH Y. H (Y) (H)i6.3i 4.9
>Y
(1) Mode 0 is excluded.
(2) Special addresses: process registers only.
Addressing '
Example Mode Action

REH (DPL+R’7).8 | Indircct with | The modified address DPL
indexing contains a second address. An
exclusive OR is performed
between the contents of the
cffective address. and process
register 8. Bits 16 - 31 of the
result are stored in the effee-
tive address.

i. Logical AND Full. Initially the carry. over-
flow, and excess indicators are reset. The operand
(Y) 1s logically masked with the process register
(H). For each ZERO bit in (Y) the corresponding
bit position in (H) is reset to a ZERO. For cach
ONE bit in (Y) the corresponding bit position in
(H) remains unchanged. The result replaces H. In
mode 0, the CA operand is zero extended. Indica-
tors are sct only in mode 0 with indexing. Trap
never occurs.

Func- Operand

tion | Operation | Construc- | Symbolic Time

Code | Mnemonic tion Operation | (usec)
17 ANF Y. H (H) A(Y) > H 4.5




(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator. Word
overflow scts the overflow indicator. A sum ex-
ceeding a half word sets the excess indicator.

Addressing

Example Mode Action

ANF = X'C'+R'¥'9 | Litcral with { An AND operation is per-
indexing formed bhetween the modi-

: ficd hex literal (zcro cx-
tended) and the contents of
process register 9 with the
result  stored in process
register 9.

J. Logical AND Half. Initially the carry, over-
flow, and excess indicators are reset. The opcrand
(Y) is logically masked with the least significant
16 bits of the process register (H). For each
ZERO bit in (Y) the corresponding bit position in
(H) is reset to a ZERO. For each one-bit in (Y)
the corresponding bit position in (H) remains
unchanged. The result replaces bits 16 - 31 of H;
bits 0 - 15 of (H) are not changed. In mode 0,
the CA operand is zero extended. Indicators arc
set only in mode 0 with indexing. Trap never
oceurs.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
57 ANH Y. H (H)ie.a1 N (Y) 4.5
> Hiea

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position scts the carry indicator. Word
overflow sets the overflow indicator. A sum ex-
ceeding a half word sets the excess indicator.

Addressing

Example Mode Action
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k. Replace Logical AND Full. Indicators arc
not affected. Process register (H) is logically
masked with the operand (Y). For every ONE bit
in (H) the corresponding bit position in (Y) is not
changed. For every ZERO bit in (H) the corre-
sponding bit position in (Y) is reset to a ZERO.
The result replaces Y. (H) is not changed. Indica-
tors are not modified. Trap never occurs.

Func- Operand

tion | Operation | Construc- | Symbolic Time

Code | Mnemonic tion Operation (usec)
IF RNF Y. H YA (H) > Y 49

(1) Mode 0 is excluded.
(2) Special addresses: process registers only.

Addressing

Example Mode Action

RNF MU.1 Direct An AND operation is performed be-
tween the contents of address MU
and process register 1 with the result

stored in address MU

l. Replace Logical AND Half. Indicators are
not affected. The least significant 16 bits of
process register (H) are logically masked with the
operand (Y). For every ONE bit in (H) the corre-
sponding bit position in (Y) is not changed. For
every ZERO bit in (H) the corresponding bit
position in (Y) is reset to a ZERO. Bits 16 - 31 of
the result replace Y. (H) is not changed. Indica-
tors are not modified. Trap never occurs.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
SF RNH Y. H ) A(H)ea 49
>Y

(1) Mode 0 is excluded.
(2) Special addresses: process registers only.

‘| The cffective address is ILR -9. An
AND operation is perfromed on the
contents of the effective address and
bits 16 - 31 of process register 13,
The result is stored in bits 16 - 31
of process register 13 with bits 0 -
15 remaining unchanged.

ANH §$ 9.13 Relative

Addressing

Example Mode Action

RNH (ALTA).6 Indirect The contents of ALTA are a sce-
ond address. An AND operation
is performed between the con-

tents of the second address and
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Addressing

Example Mode Action

process register 6. Bits 16 31 of
the result are stored in the seeond
address.

m. Selective Substitute Full. Indicators arc not
affected. Process register 14 contains a mask. The
instruction stores the contents of the process regis-
ter (H) in the operand location (Y) in those bit
positions sclected by a ONE in corresponding bit
positions of process register 14. The operand (Y)
remains unchanged in those bit positions selected
by a ZERO in corresponding bit positions of
process register 14. (H) is not changed. Indicators
are not modificd. Trap never occurs.

Func- Operand
tion | Operation | Construc- | -Symbolic Time
Code | Mnemonic tion Operation (usec)
2F SSF Y. H J(IWAR)IV>Y 55
IDAR)]

(1) Modec 0 is excluded.
(2) Special addresses: process registers only.

Addressing

Example Mode — Action

SSF RES.10 Direct The contents of process register 10
arc stored in address RES in those bit
positions selected by a 1 in corre-
sponding  bit positions  within the
mask register (process register 14).
Sce the example below.

Before:

000000000001 111
10000000000000000

1160001110101 10
0001 1001000111011

(Process Register 14)

(Process Register 10)

(RES) = 000100011010101
After: 10110000000001110
(RES) = 000100011010110

001100000000011 10

Section VIIl. BIT INSTRUCTIONS

6-29. Introduction

The basic function of the set instructions ‘is to
set a bit within a half word to a ONE or to reset
a bit in a half word to ZERO. The basic function
of the test instructions is to test a bit within a half
word and. based upon the results of the test, to
cither execute the next instruction in sequence
(mismatch) or skip the next instruction in se-
quence (match).

6-30. Set/Reset and Test Instructions

Set/reset and test instructions are described in
the following paragraphs.

a. Ser Bit in Half Word. Indicators are not
affected. The H-field specifies a bit position (0 to
1S or 16 to 31) within the half-word operand (Y)
that will be set to a ONE. Other bits of (Y) are
not changed. If the program activity register is
addressed, a program level change is not at-
tempted. Indicators arc not modified. Trap ncver
OCCUDS.
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Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
1C SBT Y. H 4.7

(1) Mode 0 is excluded.

(2) Special addresses: half words of process
registers, and if privileged the query register and
program activity register.

Addressing

Example Mode Action

SBT LTI+R'2’.1| Direct with

indexing

Bit position ONE within the
modificd address LTI is set to a
ONE. The other bit positions
within the half word are not dis-
turbed.




h. Reset Bit in Half Word. Indicators are not
affected. The H-field specifies a bit position (0 to
15 or 16 to 31) within the half-word operand (Y)
that will be reset to a ZERO. Other bits of (Y)
are not changed. If the program activity register is
dddressed, a program level change is not at-
tempted. Indicators are not modified. Trap never
oceurs.
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Addressing

Example Mode Action

TSZ(ZEST).15 Indircct | The contents of ZEST are a second
address. Bit 15 of the contents of
the second address is tested. I it s
a ZERO the next instruction in se-
quence is skipped. If it is a ONE
the next instruction in sequence is
cxccuted.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
5C RBT Y. H 4.7

(1) Mode 0 is excluded.

(2) Spccial addresses: half words of process
registers, and if privileged the query register, and
program activity register.

Addressing

Example | Mode Action

RBT $ 11.8 Relative The cffective half word address is
the ILR-11. Bit position 8 within the
cffective address is reset to ZERO.
The other bit positions within the

half word are not disturbed.

c. Test Bit in Half Word for ZERO, Skip on
Match. Indicators are not affected. The H field
specifies a bit position (0 to 15 or 16 to 31) within
the half word operand (Y) to be tested. If the bit
tested is a ZERO, then the next instruction in
sequence is skipped. If the bit tested is a ONE,
then the next instruction in sequence is obtained.
(H) and (Y) are not changed.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
37 TSZ Y. H 4.6

(1) Mode 0 is excluded.

(2) Special addresses: half words of process
registers, query register, executive link-register,
and program activity register.

d. Test Bit in Half Word for ONE, Skip on
Match. Indicators are not affected. The H ficld
specifies a bit position (0 to 15 or 16 to 31) within
the half word operand (Y) to be tested. If the bit
tested is a ONE then the next instruction in
sequence is skipped. If the bit tested is a ZERO
then the next instruction in sequence is obtained.
(H) and (Y) are not changed.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic| ~ tion Operation | (usec)
77 TSO Y. H 4.6

(1) Mode 0 is excluded.

(2) Special addresses: half words of process
registers, query register, executive link register,
and program activity register.

Addressing

Example Mode Action

TSO RBN+R2°.0 | Dircct with | ZERO of the contents of the
Bit indcxing | moditicd address  RBN s

: tested. If the bit is a ONE the
next instruction in sequence s
skipped. If it is a ZERO the
next instruction in scquence is
cxceuted.

e. Test and Conditionally Insert/Skip. Indica-
tors are not affected. If the most significant bit of
the half-word operand (Y) is a ZERO, then bits
16 to 31 of the process register (H) replace (Y)
and the next instruction in sequence is skipped. If
the most significant bit of the half word operand

~ (Y) is a ONE, the operand (Y) is left unchanged

and the next instruction in sequence is obtained.
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The test/insert operation is performed in a split
memory cycle which is not interruptable.

Func- Operand

tion | Operation | Construc- | Symbolic |~ Time
Code | Mnemonic tion Operation (usec)
e ISl Y. H 49

(1) Mode 0 is excluded.
(2) Special addresses: process registers only.

Addressing

Example Mode Action

Fhe sign bit of - the contents of ad-
dress ERR iy tested. 11 it s ZERO.
bits 16 31 of Process -Register 9 are
pl aced in address ERR and the next
instruction in scquence is skipped. If
it 15 ONE. no action takes place and
the next instruction in sequenee is ex-
ecuted.

TSI ERR, 9 - Direct

Section IX. FORMAT INSTRUCTIONS

6-31. Introduction

The Format instructions serve two basic pur-
poses. One function will extract a field of bits
from a process register and isolate that field in a
second process register. The other function will
extract a field of bits from a process register and
insert the extracted field into another process
register without disturbing the other bits in the
receiving register. Both functions allow for the
formatting of the extracted field. The formatting
consists of shifting the extracted field of bits, to
the left or to the right, a number of specified bit
positions.

6-32. The Operand of Format Instructions

Each Format instruction requirea a 16 bit oper-
and which has three fields. An illustration of the
operand is shown in the chart below.

00OR 4 8 10 15
16 20 24 26 31
R ] T K
DESTINATION OPTION SHIFTS
Ly | Lo 1

a. R: This ficld is four bits in length and
occupies the first four bits of the operand. It will
contain a number from 0 - 15 which refers to a
process register. This process register will receive
the results of the operation and is referred to as
the destination or TO register.

The next four bits are always blank and
have no meaning to the instructions.

b. T: The next two bits make up the T field. It

specifies onc of the four shift gptions available to

6-40

the format instructions. The diagram on the tol-
lowing page illustratcs the options.

c. K: The last 6 bits specifies the number of
bit positions to be shifted in the selected process
register (H) prior to its logical operation with the
mask contained in process register 14 (R’14").
Any value from 0 to 63 may be specified as a
shift count in a single operation. A K field equal
to ZERO specifies no shift.

T| Shift Operation Process Register (H)

0| Right, Linear

1 | Right, Circylar | {

2 | Left, Linear

3| Left, Circular

6-33. Extended Mnemonics For Format
Instructions

The AN/GYK-12 Assemnler provides extended
mnemonics for each of the format instructions
(see chart below). There are four extended mne-
monics for each instruction, one for each of the
available shift options. A detailed discussion of
the extended mnemonics for format instructions is
provided in the AN/GYK-12 Computer Assem-
bly Language Manual.



FORMAT EXTRACT

FELRF ‘Linear, Right, Full Word  T=0
FECRF Circular, Right, Full Word T=1
FELLF Linear, Left, Full Word T=2
FECLF Circular, Left, Full_Yo_Lt_i _ T_= 3_
T T FELRH  Linear, Right, Half Word  T=0
FECRH Circular, Right, Halt Word T =1
FELLH Lineat, Left, Halt Word T=2
FECLH Circular, Left, Half Word
FORMAT INSERT
FILRF Lincar, Right, Full Word T=0
FICRF Circular, Right, Full Word T =1
FILLF Linear, Left, Full Word T=2
FICLF Circular, Left. Full Word T=3
T RAILRH Iil-;ar_.-R-i-g‘hTH_aIﬁV(;:I_ ?:07
FICRH Circular, Right, Half Word T =1
FILLH Linear, Left, Half Word T=2
FICLH Circular, Left, Half Word T-3

6-34. Instructions

Format instructions are described in the follow-
ing paragraphs.

a. Format Extract Full. Initially, the carry,
overflow, and excess indicators are reset. Process
register 14 contains a mask. The contents of the
process register (H) are shifted right or left, linear
or circular as specified by the T field of the
operand (Y). The number of shifts is specified by
the K field. The contents of process register 14
contains a mask which is logically ANDed with
the shifted word. The result replaces the contents
of the process register specified by the R field.
The contents of the process register (H) and mask
(R,4) arc not changed. In mode 0, the CA operand
is zero cxtended. Indicators are set only in mode 0
with indexing. Trap never occurs.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation ( sec)
18 FEF Y.H [(H) shified) 5.3 +
A(Ri) * R | 0.12K

(1) All address modes pcrmittcd.
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(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator. Word
overflow sets the overflow indicator. A sum cx-
ceeding a half word sets the excess indicator.

b. The current contents of Process Registers
arc as follows:

(R’8’) = 000017A6 00000000000000000

001011110100110,

(R’1’) = 000084BA¢ 00000000000000001
' 000010010111010,
(R’14’) = 0000003E, 00000000000000000

0000000001 11110,

The following instruction is executed:
FEF = X'B008".8
Process Register which is to receive re-
sult: R"11”
Shift Option: Right Linear
Number of Shifts: 8

The contents of Process Registers after in-
struction execution:

(R’8”) = 000017A6,
(R’117) = 00000016,
(R’14’) = 0000003E,

The operation:

The contents of R’8’ are shifted in the
arithmetic ratio 8 bit positions to the
right, with the least significant 8 bits
being lost (linear shift) and zeros filling
the vacated bit positions.

0000000000000000
00000000000101 11

A logical AND is performed between
the shifted quantity and the contents of
the Mask Register (R’14").

Result: 0000000000000000

0000000000010110

The result is stored in the TO (Destina-
tion) Process Register (R’11").

The contents of R’8’ and R’14’ remain
unchanged.

Interim Results:

¢. Format Extract Half. Initially, the carry,
overflow, and excess indicators are reset. Process
register 14 contains a mask. The contents of the
process register (H), bit positions 16 - 31, are
shifted right or left, linear or circular as specified
by the T field of the operand (Y). The number of
shifts is specified by the K field. The contents of
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process register 14, bit positions 16 31, contains
a mask which is logically ANDed with the shifted
hall” word. The result replaces the contents of the
lcast significant 16 bits of the process register
specified by the R field. The contents of the
process register (H), mask (R,,), and bits 0 to 15
of (R) are not changed. In mode 0, the CA oper-
and is zero cxtended. Indicators are set only in
mode 0 with indexing. Trap never occurs.

Func- Operand
tion | Operation | Construc- [  Symbolic Time
Code | Mnemonic tion Operation ( sec)
S8 FEH Y.H [(Hye31 shifted] |53 +
A(R1g) * Ryga | 0.12K

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator. Word
overflow scts the overflow indicator. A sum ex-
cceding a half word sets the excess indicator.

Addressing
Example Mode Action

FEH $+R’1’,11| Relative with | The cficctive address of the oper-
indexing and is thc ILR + the contents of
index register 1. A field of bits in
process register 11 is cxtracted
according to the mask in process
register 14. The ficld is shifted
according to the T and K ficlds
of the operand and the result is
stored in the destination register
specified by the R field of the
operand. The extracted ficld of
bits in proccss register 11 must
be between bit positions 16 and
31. Bits 0 - IS5 of the destination
register remain undisturbed.

d. Format Insert Full. Initially, the carry, over-
flow, and excess indicators are reset. Process regis-
ter 14 contains a mask. The contents of the
process register (H) are shifted right or left, lincar
or circular as specified by the T field of the
operand (Y). The number of shifts is specified by
the K field. The contents of process register 14
contain a mask which is logically ANDed with
the shifted word. The inverted mask (ONE’s com-
plement) is logically ANDed with the process
register specified by the R field and the resulting
quantity is ORed with the shifted, masked word.
The result replaces the contents of the process
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register specified by the R field. The contents of
the process register (H) and mask (Ry,) are not
changed. A ONE bit in the mask will reset the
corresponding bit position in process register R. It
will take the corresponding bit from the shifted
process register (H) and insert it into the corre-
sponding bit position in process register R. A
ZERO bit in the mask (R,,) will not change the
corresponding bit position in process register R. In
mode 0, the CA operand is ZERO extended.
Indicators are set only in mode 0 with indexing.
Trap never occurs.

Func- Operand :
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
19 FIF Y. H ti(H) shifted] 5.5 +
ARy 0.12K
v HR)AR10))
> R

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
word sign position sets the carry indicator. Word
overflow sets the overflow indicator. A sum cx-
ceeding a half word sets the excess indicator.

e. The current contents of process registers arc
as follows:

(R’7’) = 004A6710, 0000000001001010011
0011100010000,

(R’12’) = 6344AAFCy 0110001101000100101
0101011111100,

(R’14’) = 00FFF000, 0000000011 11L111LE]

1000000000000,

The following instruction is executed:
FIF = X'C088',7 _
Process Register which is to receive the
result: R 127

Shift Option: Left Linear
Number of shifts: 8

The contents of Process Registers after in-
struction cxecution:

The operation:
The contents of R’7’ are shifted in the
arithmetic section 8 bit positions to the
left, with the most significant 8 bits be-
ing lost (lincar shift) and ZERO(s) filling
the vacated bit positions.



Interim Result 1: 010010100 1100111000
1000000000000,

A logical AND is performed between

the shifted quantity and the contents of

the mask register (R”147).

Interim Result 2: 0000000001 100111000
1000000000000,

In the arithmetic se_ction, the contents of
the mask register (R’14’) are inverted

(ONE’s complement). A logical AND is

performed between the inverted mask

and the contents of the TO (Destination)

process register (R’12").

Interim Result 3:  0110001100000000000
0101011111100,

A logical inclusive OR is performed be-
tween interim result 2 and interim result
3.

Result: 0110001101100111000

1101011111100,

The result is stored in the TO (Destina-
tion) process register (R’12’). The con-
tents of R’7’ and R’14’ remain un-
changed.

/. Format Insert Half. Initially, the carry, over-
flow, and cxcess indicators are reset. Process regis-
ter 14 contains a mask. The contents of the
process register (H), bit positions 16 - 31, are
shifted right or left, linear or circular as specified
by the T field of operand (Y). The number of
shifts is specified by the K field. The contents of
process register 14, bit positions 16 - 31, contain
a mask which is logically ANDed with the shifted
half word. The inverted mask (ONE’s comple-
ment) is logically ANDed with the process regis-
ter specified in the R field, bit positions 16 - 31,
and the resulting quantity is ORed with the
shifted, masked half word. The result replaces the
contents of the least significant 16 bits of the
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process register specified by the R field. The con-
tents of thc process register (H), mask (R,,), and
bits 0 to 15 of (R) arc not changed. A ONE bit in
the mask will reset the corresponding bit position
in process register R, bit positions 16 through 31.
It will take the corresponding bit from the shifted
process register (H), bit positions 16 to 31, and
insert it into the corresponding bit position in
process register R. A ZERO bit in the mask (Ry.)
will not change the corresponding bit position in
process register R.

Func- Operand

tion | Operation | Construc- | Symbolic Time

Code | Mnemonic tion Operation (usec)
59 FIH Y.H [(H) shifted] 55 +

ARI4MR)e3,| 012K
A(Ry) Risa

(1) In mode 0, the CA operand is zero
extended.

(2) Indicators are set only in mode 0 with
indexing.

Addressing

Example Mode Action

FIH LESS,9 Direct | A ficld of bits in process register 9 is
cxtracted according to the mask in
process register 14, The ficld is
shifted according to the T and K
fields contained in the operand ad-
dress LESS and the result is stored in
the destination registcr specified by
the R ficld of the operand. The cx-
tracted ficld of bits in process register
9 must be between bit positions 16
and 31. Bits 0 - 15 of the destination
register remain  undisturbed. Only
those bit positions between 16 and 31
of the destination register  are
changed which correspond to onc bits
in process register 14.

Section X. PROGRAM LEVEL TRANSFER INSTRUCTIONS

6-35. Introduction

The function of these instructions is to call
other program modules by changing program
levels. To effect this change of levels, the instruc-
tions sct and reset information into some of the
special registers of the AN/GYK-12 computer.
Some of the special registers involved are the

privilege and level link register, the executive link
register, the program activity register and the
query register. '

6-36. Instructions

The following paragraphs described program
level transfer instructions.
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a. Call Executive Program Level and Link.
Indicators are not affected. The operand (Y) is
inserted into the argument field A of the privilege
and level link word corresponding to the level
specified by the executive program level XPL field
of the executive link register. The active program
level (APL) is inserted into the link program level
(LPL) field of the privilege and level link word
corresponding to the XPL of the executive-link
reigster. The status bit PS in the program activity
register corresponding to the level specified by the
XPL field of the exccutive link register is set to a
ONE. The status bit PS of the APL is reset when
the most significant bit of the (Y) operand is
ZERO. The second and third bit of the (Y) oper-
and must be ZERO.

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.

Addressing

Example Mode Action

TPX =0 Litcral Sce below.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
3C TXP Y Sce the 6.8
following
(Y) ‘ (A field of privilege and
- level link word)yp,
APL (LPL field of privilege and
level link word)ye,
l (PS of Program Activity
Register)yp,
0 (PS of Program Acitivity

Register)s if (Y), = 0
I Program Level Lock.

Save only process register 0 if LC = I, otherwise
save all process registers. Level change to execu-
tive program level.

b. The Programn Level Lock is set. Process regis-
ter 0 only is saved when the LC indicator is set. If
not sct, save all process registers. A program level
change to the executive program level XPL takes
place. Registers are loaded according to the C
ficld of the privilege and level link register of the
executive program level. Note, that when bit posi-
tion 9 of the C field is ONE, then the page
control and address registers 4 through 15 are left
unchanged. (See chart below.)

(1) All address modes permitted.
(2) Special addresses: process registers only.
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lfA(Y)0 = 0 reset status bit of current active program
(sign bit in example is ZERO).

PAR

EXECUTIVE LINK REGISTER

XPL

A

Set status bit of Executive Program Level to ONE
in the PAR (XPL field contains level of the
Executive).

PRIVILEGE AND LEVEL LINK REGISTER
OF CALLED PROGRAM LEVEL

(Y) of the TXP instruction is inserted into A.

v

P| LPL |C| CPL A

Load Process Registers and PCAs of
| the Executive Program Level
according to the C field of the
Privilege and Level Link Register.
The current active program

level is inserted into
the LPL field.

Additionally:

Betore the level change the contents of the Pro-
cess Registers of the current active program level
are stored according to the setting of the Level
Change Indicator (LC) in the Indicator Register.



c. Call Program Level and Link. Indicators arc
not affected. Whea the second bit in the operand
(Y), 15 a ZERQ, then the called program level
(CPL) is specified by the CPL field of the privi-
lcge and level link register. When this bit (Y), is a
ONE, the program level 63 will be called. The
operand (Y) is inserted into the argument field A
of the privilege and level link word corresponding
to the level specified by the CPL field of the
privilege and level link register, if the second bit
in the operand (Y), is ZERO. It is inserted in
program level 63 if the second bit (Y), is a ONE.
The active program level (APL) is inserted into
the link program level field (LPL) of the privilege
and level link word corresponding to the CPL
ficld of the privilege and level link register, if the
seccond bit in the operand (Y), is a ZERO. It is
inserted in program level 63 if the second bit (Y),
is a ONE. The status bit PS in the program
activity register corresponding to the level speci-
fied by the CPL field of the privilege and level
link register is set to a ONE when the second bit
in (Y), operand is ZERO. The status bit PS in
program activity register corresponding to level 63
is set to a ONE when the second bit in the (Y),
operand is a ONE. The status bit PS in the
program activity register corresponding to the
APL is reset when the most significant bit of the
(Y), operand is ZERO. When the third bit (Y), in
the operand is a ONE, then a bit in the Queue
word corresponding to the called program level
(CPL or 63 depending upon the (Y) option) is set
to a ONE. The operand bit positions (Y);, specify
a bit position 0 to 31 within the Queue word that

will be set to a ONE. Other bits in the Queue
word are not changed.

d. The Program Level Lock is reset. Process
register 0 only is saved when the LC indicator is
sct. If not set, save all process registers. (See chart
below.)
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APL ~ (LPL ficld of privilege and
level link wordhy e o

| (PS of Program  Activity
Registenm i o1

0 - (PS of Program Activity

Register)a if (Y), = 0
Set i" bit in (Queue Word) cojiever 63 if (Y), = |
i = (Y)ss
0 Program Level Lock

Save only Process Register 0 if LC = 1, otherwisc
save all process registers.

Attempt Level change by auction.

A program level change is attempted at the
conclusion of the instruction by auction. Registers
are loaded according to the C field in the privi-
lege and level link register of the program level
determined by the program level change. Note,
that when bit position 9 of the C field is ONE
then an access of page control and address regis-
ters 4 through 15 are treated as a memory access
violation.

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded:

NOTE

Registers are always swapped and the
PPL (Prior Program Level) field in the
query register will contain the program
level number of this program level even
when the attempted program level change
results in the program level which exe-
cuted this called program level and link
instruction. This instruction actually
causes an ‘auction’ to occur. That is, a
scan of the program activity register is
begun from the highest program level to

the lowest. The highest priority program
level with program status and program
enable bits both set to one is the program

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
7C TCP Y See the 10.9
following
(Y = 0 use CPL
(Y), = 1 use level 63
(Y) (A field of privilege and

level link Word)cpmevm 63

level which is activated. This may not be
the CPL indicated by this instruction if a
higher level has both bits set to ONE.

Addressing

Example - Mode Action

TCP = X'2100° Litcral Sec below
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I1(Y),, = O reset status bit of current active program
fevel ((Y ), cquals ZERO in the example).

PAR

The status bit of the called progrzim level is set to ONE.

PRIVILEGE AND LEVEL LINK REGISTER
OF ACTIVE PROGRAM LEVEL

CPL A

| If (Y); = 1 the new program

level is 63.
11 (Y)} = 0 the new program level is specified by the
CPL field ((Y)l equals ZERO in the example).

PRIVILEGE AND LEVEL LINK REGISTER
OF CALLED PROGRAM LEVEL

Pl WPL | C

The operand is inserted into the A field.

P LPL | C| CPL A

I Process Registers and PCA’s
are loaded according

to the setting of the C field.

The current active program
level is inserted into
the LPL field.

QUEUE REGISTER
(VN 31

If(Y)~ = 1 a bit is sct in the Queue Register as
specified by (Y)3.7. (In the example bit 1 is set.)

Additionally:

The contents of Process Registers of the current
active program level are stored according to the
sctting of the Level Change Indicator (LC) in the
Indicator Register.

The Level Lock Indicator (LLI) in the Query
Register is reset to ZERO as a result of this
instruction.

e. Tie Program Level and Link (Semiprivi-
leged). Indicators are not affected. The operand
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(Y) is inscrted into the argument dicld A of the
privilege and level link word corresponding to the
level specificd by the call program level (CPL)
ficld of the privilege and level link register. The
sccond and third bit of the (Y) operand must be
ZERO. The active program level (APL) is inscrted
into the link program level field LPL of the privi-
lcge and level link word corresponding to CPL of
the privilege and level link register. The status bit
PS of the APL is reset when the most significant
bit of the (Y) operand is ZERO. The status bit PS
in the program activity register corresponding to
the level specified by the CPL field of the privi-
lege and level link register is set to a ONE.

Func- Operand :
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
D TIE Y See Below 6.8
(Y) (A ficld of privilege and
level link word)ep,
APL (LPL field of privilege and
leyel link word)em,
0 : (PS of Program Activity
Register)ue if (Y, = 0
1 (PS of Program Activity
Register)ee
1 Program Level Lock.

Save only process register 0 if LC = 1, otherwisc
save all process registers, level change to tie pro-
gram level.

f. The Program Level Lock is Set. Process
register 0 only is saved when the LC indicator is
set. If not set, save all process registers. A pro-
gram level change to the tie program level CPL
takes place. Registers are loaded according to the
C field in the privilege and level link register of
the tied program level with the following excep-
tion. Note that when bit position 9 of the C ficld
is ONE, then the page control and address regis-
ters 4 through 15 are left unchanged and are
accessible by the tied program level. (See chart
below.)

(1) All address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: Carry out of the
half word sign position is discarded.



T Addressing

Lxample Mode Action

It = X'8000° Literal See below.

I (Y), = O reset status bit of current active program
level (?Y ), equals ZERO in the example).

PAR

The status bit of the called program level is set to ONE.

PRIVILEGE AND LEVEL LINK REGISTER
OF ACTIVE PROGRAM LEVEL

P| LPL | C| CPL ' A

The new program level is specified
by the CPL field.

PRIVILEGE AND LEVEL LINK REGISTER
OF CALLED PROGRAM LEVEL

The operand is inserted into the A field.

p| wL |C| cpL A

I Process Registers and PCA’s
are loaded according

to the sctting of the C field.

The current active program
level is inserted into
the LPL field.

Additionally:

The contents of Process Registers of the current active
program level are stored according to the setting of the
Level Change Indicator (LC) in the Indicator Register.

The Level Lock Indicator (LLI) in the Query Register
is set to one as a result of this instruction.

g. Test and Conditionally Reset/Skip. Indica-
tors are not affected. When thc operand address
Y specifies a process register (0 to OF,¢) or the
Quecuc Register (32;6), then the 32 bit register is
tested. If the register is not ZEROQ, then the most
significant non ZERO bit position is translated
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into a bit position number which s stored in
process register H. 'The bit position s reset and
the next instruction in sequence is skipped. If the
register is ZERO, process register H is not
changed and the instruction location register re-
fers to the next instruction in scquence. The status
bit, PS in the program activity register, of the
active program level (APL) is reset. The program
level lock is reset. Process register 0 only is saved
when the LC indicator is set. Il not set, save all
process registers. A program level change is
attempted.

Func- Operand
tion | Operation | Construc-. | Symbolic Time
Code | Mnemonic tion Operation (usec)
5B TQR Y. H Sce Below 5.5
lfY = 0 to 0F16 or 32]6
and if (Y) # O then (Y;)—=H

(ILR) + 2 —= ILR
orif (Y)=0 then (ILR) —= iLR

= 0—=(PS of Program Activity Register) 5 py
0—= Program Level Lock
Save only Process Register 0if LC = |,
otherwise save all Process Registers.
Attempt level change by auction.

IrY 40,
and if (Y) ¥ O then (Y;))—H
0 —= (Y),
(ILR) +2 —= ILR
or if (Y)= 0 then no operation

h. When the operand address Y specifies a
memory location (>40), then the memory word
is tested. If the word is not ZERO, then the most
significant non ZERO bit position is translated
into a bit position number which is stored in
process register H. The bit position is reset to zero
and the next instruction in sequence is skipped. If
the contents of thc memory location is ZERO,
process register H is not changed and the necxt
instruction in sequence is obtained. The most
significant tested bit position corresponds to 0;
the least significant bit position to [F,. This
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number replaces the contents of the least signifi-

cant five bits (27 to 31) of process register (H). Bit

0 to 26 of (H) are set to ZERO. (See chart below.)
In mode 0, the CA operand is zcro extended.

(1) All address modes permitted.

(2) Special addresses: process registers, and
queue register (privilege not required).

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.

Addressing

Example Mode Action

The cflective address is the ILR-18.
The contents of the effective ad-
dress arc examined, bit by bit,
from left-to right. When the first
ONE bit is encountered, the bit
| position is translated to a number
and placed in process register 12,
bit positions 27 - 31. The remain-
ing bits of process register 12 arc
sct to ZERO. The bit position that
contained the ONE is resct to
ZERO and the next instruction in
scquence is- skipped. If no non-
ZERO bits are found, the contents
of process register 12 remain un-
changed and the ncxt instruction in
scquencc is exccuted.

TQR  -18,12 Relative

Addressing

Example Mode Action

TQR R'4’,11 Direct | The contents of process register 4 arc
cxamined, bit by bit, from left to
right. When the first ONE bit is cn-
countered, the bit position is trans-
lated to a number and placed in
process register 11, bit positions 27 -
31. The remaining bits of process
register 11 are sct to ZERO. The bit
position that contained the ONE is
reset to ZERO and the next instruc-
tion in sequencc is skipped. If no
non-ZERO bits arc found, the status
bit of the active program level in the
PAR is resct, the level lock indicator
(LLI) in the query register is reset
and a program level change is at-
tempted by ‘auction’ (i.c., the pro-
gram level that has the highest prior-

PAR sct to ONE will be activated).

6-37. Input/OQutput Instructions

The following paragraphs describe the input/
output instructions.
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a. Device Command (Privileged). Initially the
Device Time-Out DT indicator s reset. The com-
mand field of the half word operand (Y), is
transmitted to the 170 device specified by the
device address field (Y). The transmission takes
place over the 1/0 communication network when
the network is not being utilized for the servicing
of 170 requests. In mode 0, the CA operand is
ZERO extended. The DT indicator is sct and the
instruction is terminated if the addressed device
fails to respond to the instruction within 5 mi-
croseconds. The instruction H field is not used.

Func- Opudnd
tion | Operation | Construc- |  Symbolic | Time
Code | Mnemonic tion . Operation K (msec)
38 DEV Y (Vi = Devie | 18
Addruss
(Yw > 170
Device l
Operand Format:
BIT POSITIONS IN HALF WORD
0OR 7 8 15
16 2324 31
. DEVICE
COMMAND ADDRESS

NN S I TN N T N (N O O Yy
(1) All address modes permitted.

(2) Special addresses: process registers only.

(3) Mode 0 with mdexmg carry out of the
half word sign position is discarded.

Addressing

Example Mode Action

DEV = X'010A Literal The most significant cight bits of
the literal is the 170 command
which is sent to the device ad-

dress specified by the lcast sig-

nificant eight bits of the litcral.

ity with enable and status bits in the

b. Device Command and Exit (Privileged). Ini-
tially the Device Time-Out DT indicator is reset.
The command field of the half word operand
(Y)y is transmitted to the I/0 device specified by
the device address field (Y),. The transmission
takes place over the 1/0 communication network
when the nctwork is not being utilized for the
servicing of 1/0 rcquests. In mode 0, the CA
operand is zero extended. The DT indicator is set

and instruction is terminated if the addressed
device fails to respond to the instruction within



5 microseconds. The instructions H field is not used.
The status bit PS in the program. activity register
corresponding to the active program level (APL)
is reset.

_ Operand
tion | Operation | Construc-
Code |Mnemonic | . tion

Func-
Symbolic [Time
Operation [usec)

78 DEX Y (Y)_ = Device 5.0
) Address
(Y)U-*l/O
Device
0~—(PS of Pro-
gram Activity
Register)ap
0 — Program
Level Lock
Save only Process
Register 0 if
LC = 1,
otherwise save all
Process Registers
Attempt level
change

Operand Format: :
BIT POSITIONS IN HALF WORD

00R 7 8 15
16 23 24 31

DEVICE
COMMAND ADDRESS

1N I TN TN O N O O O I B e |
c. The program level lock is reset. A program
level change is initiated by auction. Save only
process register 0 if LC = 1, otherwise all process
registers are saved. This program level is tcrmi-
nated and a program level change is attempted.

(1) All address modes permitted.

(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.

Addressing
Example Mode Action
DEX ICON Direct The content of the most significant 8

bits of the address ICON is the 1/0
command which is sent to the device
address specificd by the content of the
lcast significant 8 bits of address
ICON. The status bit of the current
L active program level is resct in the
PAR. the level lock indicator is resct
in the query register and a program
level change is initiated by ‘auction.’
(The program level that has the
highest priority with cnable and status
bits -in the PAR sct to ONE will be
activated.)
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d. Inpur to Register {Privileged). Initially the
input parity crror 1IE and device timeout DT
indicators arc reset. One to four 8 bit bytes (plus
parity) is received from the 170 device specificd
by the device address field of the half word
operand (Y). and is loaded into process register
H. The bytes are received over the /0 communi-
cation network when the network is not being
utilized for the servicing of 1/0 requests. In mode
0, the CA operand is zero extended. The byte
parity is checked. Parity error sets the IE indica-
tor. The received bytes are always stored in H as
shown in table 6-6. The DT indicator is set and
the instruction is then terminated if the addressed
device fails to respond to this instruction within 5
microseconds.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
39 ITR Y. H 48

(H Al address modes permitted.
(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.

Addressing

Mode Action

Example

The content of the least signifi-
cant 8 bits of address EQUIP
contains an 170 device address.
From onc to four bytes will be
received in process register 13
from the device specificd by the
device address.

ITR EQUIP, 13 Dircct

e. Output from Register (Privileged). Initially
the device timeout DT indicator is resct. Four 8
bit bytes (plus generated parity) contained in
process register (H) are transmitted to the 1/0
device specified by the device address field of the
half word operand (Y).. The bytes are transmitted
over the 1/0 communication network when the
network is not being utilized for the servicing of
170 requests. In mode 0, the CA operand is zcro
cxtended. The DT indicator is set and the instruc-
tion then terminated if the addressed device fails
to respond to this instruction within 5
microseconds.
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Table 6-6. Configuration of ITR Data in a Process Regism"

Process Register

Process Register

Process Register

Process Rogaster

Betore I'TR Data

Onc Byte Received F'rom Device

Two Bytes Received From Device

Three Bytes Received from Device

0 i Bits 31

X X X XX X X XX X X X|X X X X
MSB L.SB
0 Bits ] 31
Data Byte
0O 0 0 0 0 0 0 0 0 0 0.0 |
MSB LSB MSB  LSB
0 Bits k1]

Data Byte | Data Byte

0O 0 0o 0 0 0 0 v 1 2
MSB LSl MSB LSB MSB 1SB
0 3

Data Byte | Data Byte | Data By e
0O 0 0 0 ] 2 3

MSB  LSB MSB LSB MSB LSB MSB LSB

0 3

Data Byte | Data Byte | Data Byte ] Data Byte,

Process Repister Four Bytes Received from Device | 2 3 4
MSB- Most Significant Bit of Data By te
LSB  Least Significant Bit of Data By te
12012-82
Fune- Operand Addressing
tion | Operation | Construc- | Symbolic Time Example Mode Action
Code | Mnemonic tion Operation sec -
pe (usec) one to four bytes will be output
- ks repicter 12 .
79 OFR Y. H 48 from process register 12 to the spec

(1) All address modes permitted.

(2) Special addresses: process registers only.

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.

Addressing
Example Mode ~ Action
OFR $+9.12 Relative The effective address is the ILR +9.
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The least significant 8 bits of the
content of the effective address con-
tains an 1/0 device address. From

ified device address.

6-38. Miscellaneous Instructions

Miscellaneous instructions are described in the
following paragraphs.

a. Conditional Halt (Privilege). Initially indica-
tors are not affected. This instruction will halt the
computer if one of the following two conditions
exist:

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
JA HLT Y. H Scc Below 37




(1) If the compufcr test set is present and H
cquals ZERO.

(2) If any one of the four computer test set
condition halt switches HSW is ON and its corre-
sponding bit in the H field is a ONE.

(3) If these two conditions do not exist, then
a halt does not occur and the next instruction in
scquence is executed. The H field of this instruc-
tion is used to denote the conditional halt switch
or switches which are to be tested. Figure 6-8
illustrates the various values of the H field and
the switch(es) each value tests. The word operand
(Y) is sent to the computer test set for display. In
mode 0, the CA operand is sign extended.

COMPUTER TEST SET (CTS)

CONDITIONAL
HALT
SWITCHES

8lal2|1
A

+3,5,7,9,11,13,15
,3,6,7,10,11,14,15

5,6,7,12,13,14,15
9,10,11,12,13,14,15

44-48-042
Figure 6-8. CTS Conditional Halt Switches

(a) All address modes permitted.

(b) Special addresses: process registers
only.

(c) Mode 0 with indexing: carry out of
the word sign position is discarded.

Addressing

Example Mode Action

HLT DFG.2 Direct If conditional halt switch 2 is in the
on position, the computer halts and
displays the contents of address DFG
in a bank of lights labeled memory
data at thc computer test set. If
switch 2 is not in the on position, the
computer docs not halt and the next
instruction is cxecuted.

b. Memory Bank Assignment or Test (Privi-
leged). Initially the memory test, MT, indicator is
reset. The half word operand (Y) is transmitted to
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the memory bank that is specificd by the P ficld.
In mode 0, the CA operand is sign extcnded.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
TA MBA Mcmory 4.7
Control

Operand Format:

BIT POSITIONS IN HALF WORD
O0OR 4 8 12 15
16 20 24 28 31

P N C T
| L 411 1 1

]

P: © PRESENT BANK ADDRESS
N:  NEW BANK ADDRESS OR TEST CONTROL BITS
C:  OPERATION CONTROL

- T:  TEST CONTROL BITS

(1) The C field is used to distinguish be-
tween memory banks. For C equals 0 to 3, 8K
memory banks respond to the P field; if C equals
4 to 7, large memory banks respond to the P field.
The assignment of test operation is stipulated by
the C field as follows:

(a C =0 Memory Test for 8K

memory banks.

(b)) C.=1 Change present ac-
tive bank address P
to new active bank
address N for 8K

memory bank.

(c) C =2 Set present active
bank, designated by
P. to inactive. N is
not used for 8K
memory bank.

(d C =3 Set present inactive
bank, designated by
P, to new active
bank address N for

8K memory bank.

(fe) C=41t07 SamcasC =01t03
but for larger than
8K memory bank.

2) When the memory test operation is se-
lected, the N and T fields determine the test to be

executed by the memory bank as shown in table
6-7.

A-R1
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Table 6-7. Memory Test Options

Bit | Bt Bit Bit
20 N 23 28 T 31 o Test
1 0 0 0 1 0 0 0 TestNo. 1
0 1 0 0 I 0 0 0 2
0 0 1 0 1 0 0 0 3
0 0 0 K 1 0 0 0 4
I 0 0 0 0 I 0 0 5
0 1 0 0 0 1 0 ] 6
0 0 1 0 0 ! 0 0 7
0 0 0 1 0 1 0 0 8
I 0 0 0 0. 0 1 0 9
0 1 0 0 0 0 ] 0 1o
0 0 I 0 0 0 1 0 1
0 0 0 t 0 0 1 0 12
1 0 0 0 0 0 0 I 13
0 1 0 0 0 0 0 1 14
0 0 I 0 0 0 0 I 15
0 0 0 1 0 0 0 1 16
12012-83
In response to this instruction, the selected -
memory bank will issue the acceptance signal. If a Addressing .
test condition is specified and the test fails, the Example Mode Action

acceptance signal is not returned. The absence of
the acceptance signal will set the MT indicator.

(a) All address modes permitted.

(b) Special addresses: process registers
only.

(c) Mode 0 with indexing: carry out of
the half word sign position is discarded.

(d) A memory bank in the inactive state
only responds to an MBA instruction and if the C
ficld is 3 or 7.

(e) A power on sequence in the memory
causes the memory bank to assume its initial
bank address and status according to the switch
setting. A power off/on sequence with remaining
power in the memory bank does not initialize the
memory bank.
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The literal specifies a p ficld of
I, an N field of 4, a C ficld of |
and a T field of 0. Scts the pre-
sent active bank address of 1 to
a new active bank address 4.

MBA = X'1410° Literal

¢. Load Call Destination (Semiprivileged). Ini-
tially, the indicators are not affected. The least
significant eight bits (8 to 15 or 24 to 31) of the
(Y) operand replace the contents in bit position 8
to 15 of the privilege and level link register (C
and CPL fields). In mode 0, the CA operand is
sign extended. The H field is ignored. :

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
D LOD Yy *» (C and 5.4
CPL)apL




(1) All address modes are permitted.

(2) Special addresses: process register only
(half).

(3) Mode 0 with indexing: carry out of the
half word sign position is discarded.

Addressing
Example Mode Action
LOD = X'452%° Literal Scts the C ficld in the privilege

and level link register of the cur-
rent active program level to 00
and the CPL ficld to 35;. (This
instruction will usc the least sig-
nificant 8 bits of the litcral only.)

d. Level Lock Set (Semiprivileged). Initially,
the indicators are not affected. The program level
lock is set. The H, D, A and W fields are ignored.
The M and S fields should be equal to ZERO.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
7B LLO 44

(1) Address modes do not apply.
(2) Special addresses: not applicable.

Addressing

Example | Mode Action

LLO None Set the Program Level Lock.

e. Level Lock Reset. Initially, the indicators are
not affected. The program level lock is reset. A
level change is attempted only when an 1/0 de-
vice has terminated. The H, D, A, and W fields
are ignored. The M and S fields should be ZERO.

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation | (usec)
40 LLR 4.4

(1) Address modes do not apply.
(2) Special addresses: not applicable.
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Addressing

Example| Mode Action

LLR None Reset the Program Level Lock.

/. Diagnose (Privileged). Indicators arc not
affected. The H field controls the diagnose Op-
tions 1, 2, and 3. In diagnose Option. I, H = 0,
the instruction causes the instruction controller to
perform the micro-operations as indicated in fig-
ure 6-9. The diagnose status lights on the CPUs
diagnose panel display the information as shown
in table 6-8. This diagnose option tests that all
ONES and all ZEROS may be transferred to and
read from the following CPU registers:

Func- Operand
tion | Operation | Construc- | Symbolic Time
Code | Mnemonic tion Operation (usec)
3B DIG CA, H Sce below 10.4
M= 0
S= 0 _
H = 0 Diagnose Option I; CA = transfer

address; diagnose lights

H = 2,6, A E Diagnose Option 2: CA
and H control diagnose lights

H = 3 Diagnose Option 3; CA = 0 to 3
control diagnose lights

(1) Accumulator (AC) register.

(2) Operand (AY) register.

(3) Process Register 01 (GR).

(4) Memory Data (MD) register.

(5) Instruction Location (CL) register.

(6) Query (PQ) register (bits 00 through 15).

It also tests the exclusive OR function of the
CPU by exercising the adder function generator
with four different input cases, as shown in the
following figure 6-9.

AC Value AY Value Expected Output
All Os All Is All Is
All 1s All Is All Os
All 1s All Os All 1s
All Os All Os All 0s
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OTART

ALe 1S=-T0 '
RCVvRS TO
RCvRs —wO8 '

| |
s

08 —e GR, |
="r4

1 |
LOA0 ‘
+3 —wCcK

YES !

YES

RESET AL32
AXYC

SET AHYN a

PoU—~w DAY
A D8 POY—-DEY
cN—e25¢L CL—e08L
/-G A
08—>GR,
AC, 4Y, MO
] : PP (0!S —w08
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B -
08 —e-AC, |

AY, MO, GR
MO —w P8
YES
AC —w-DB8 C K —mDEL

44-48-043-1

Figure 6-9. Diagnose Option 1 Flow Chart (Sheet 1 of 2)
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?

Al 1S =T
RCVRS
TO #CreS DB
8 L CLEAR AC
DB ——mdy
&0
/4
ves
4
/A
AT —=pP
YES
AT—>D8 INCRENENT
) ce
08 —» 46.
~NO
POYU—> DBY
clL—eD8L
yes I
AT—e=DB O e GA
' 08 —w» SR
‘ OB ——w4y
AT —— DB
AMA —e 08L
@ OBl —» CL
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44-48-043-2

_l"l'guie 6-9. Diagnose Option 1 Flow Chart (Sheet 2 of 2)
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Table 6-8. Diagnose Lights, Option |

Finally, it tests the ability of the instruction
location register to increment, by entering all 1I’s
into it, incrementing, then examining it for all 0’s.
If an crror is dctected, then the run flip-flop is
resct and the CPU is stopped. The DIAGNOSE
STATUS lights will display the error condition on
the CPUs diagnose panel. If no error is detected,
then the instruction’s CA field becomes the ad-
dress of the next instruction by replacing the
contents of the instruction location register. The
DIAGNOSE STATUS lights on the CPUs diag-
nose panel are not turned off following diagnose
instruction Option 1; it should be followed by a
diagnose Option 2 instruction which can turn off
the lights.

g- In diagnose Option 2, H = 2, 6, A, E, the
instruction is used to control the 18 DIAGNOSE
STATUS lights on the CPUs diagnose panel. The
instruction’s CA field controls lights 1 to 16 and
the H ficld controls lights 17 and 18. CA bit
positions 16 to 31 are associated with lights | to
16. A ONE in the corresponding bit position turns
- the light ON. A ZERO in the corresponding bit
position turns the light OFF.

H = 2 wrns light 17 off and light 18 off
H = 6 turns light 17 off and light 18 on
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Diagnose Panel Light Mucmonic Function
e e B
| CS00 W
2 CSol
3 CS02
4 CS03 ( State Counter
5 €S04
6 CS0S
7 CS06 J
8 CKo04 Iteration Counter
9 CKOS Iteration Counter
10 Cso7 State Counter
11 ESOT Automatic Test
12 EEDIGO Diagnose Option |
12012-84

H = A turns light 17 on and light 18 off
H = E turns .ight 17 on and light 18 on
Then the next instruction in sequence is obtained.

In diagnose Option 3, H = 3, the instruc-
tion is used to control the two DIAGNOSE
STATUS lights labeled CPU and 10U which are
located above the 18 diagnose status lights on the
CPUs diagnose panel. The instruction’s CA field
controls the lights; only the following values are
valid:

CA = 0000 turns light CPU off and light
IOU off

CA = 0001 turns light CPU off and light
IOU on

CA = 0002 turns light CPU on and light
IOU off

CA = 0003 turns light CPU on and light
IOU on

Then the next instruction in sequence is obtained.
Trap never occurs.

(1) Address modes, and modifications are
not permitted. Literal address (without indexing)
mode only permitted.
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(2) Special addresses: process registers only —
for Option 1; not applicable for Options 2 and 3. Addressing
Example | Mode Action
Addressing NOI Nonc No operation. the next insteucuion
Example Mode Action scquence is executed.
DIG = X'0003". 3| Literal without |Specifies diagnostic option .
indexing (only |3. Turns on the CPU and . , .
allowable 'mode)| IOU lights which arc lo- - i. Trap Instructions (Unused Codes). The in-
catcd| on the CPU diagnosc structions M, H, S, D, A and W fields are ignored.
panc? All of the nonimplemented instruction operation
. o . codes will set the nonimplemented instruction
o o, Iy, e ndlort 4 it NI and tap by excuin th i
. o P . tion located in process register 15.
instruction in normal sequence will be executed.
Func- Operand
anc- .. Operand . . tion | Operation | Construc- | Symbolic Time
tion | Operation | Construc- | Symbolic Time AR P . o
. . . Code | Mnemonic tion Operation (usec)
Code | Mnemonic tion Operation | (usec)
TRI i See Below 44
00 o) No 44
Operation

(1) Address modes do not apply. (1) Address modes do not apply.
(2) Special addresses: not applicable. . (2) Special addresses: not applicable.
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APPENDIX A
LISTS OF AN/GYK-12 MACHINE INSTRUCTIONS

A-1. This appendix contains three separate
tables of Machine instructions. The first table
(A-1) lists the instructions by instruction class
and also contains the symbolic operation for each
instruction.

A-2. The second table (A-2) lists the machine
instructions alphabetically by mnemonic code.

Included in this table is a cross reference to the
machine instruction description (Chapter 6) and
to table A-1.

A-3. The third table (A-3) lists the instructions
numerically by function code. Included in the
table is a cross reference to the machine instruction
description (Chapter 6) and to table A-1.
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Table A-1. AN/GYK-12 Machine Instruction by Instruction Class
INSTRUCTION CLASS: DATA HANDLING

Instruction Mnemonic Symbolic Opemtion : Function Code
Load Full LDF (Y)—-H 20
Load Half LDH (Y)g -1 60
Load Most Half ‘ LMH (Y) —Hg.ys 24
Load From Upper Byte LDU (Y)y = Hjyg.31: 0 —1Hg.93 o 21
Load From Lower Byte LbL (Y) —= Hpq.31: 0= Hpa3 61
Load Absolute Full LAE l(Y)|—=H 22
Load Absolute Half LAH | (‘Y)s |—~H 62
Load Two’s (l‘omplcmcnl Full LCF- «Y) — il ' 23
Load Two’s Complement Hall LCH {Y)g—H o 63
Store Full SDF (H) —=Y 26
Store Half SDH (H)g.3) —~Y ' 66
" Store Most Half SMH (H)gys —Y . 64
Store Into Upper Byte Sbu (H)y4.31 — Yy: Ypunchanged 25
Store Into Lower Byte SDL (H)24.31 — Y: Yy unchanged ) 65
Move All Zeros Full MZF 0—Y ’ 27
Move All Zeros Half A MZH 0—Y A 67
Move Into Upper By te MIU I —Y5: Y unchanged 2D
Move Into Lower Byte MIL I =Y 1Yy unchanged 6D
Exchange Full EXF (H) = YY) ”'ll 2F
Exchange Half |  EXH (H)jg.3; — Yi(Y)g—H 6k
INSTRUCTION CLASS: ARITHMETIC
Instruction Mnemonic Symbolic Operation : . Function Code
Add Full ADF (H)+(Y)—H 08
Add Half ADH (H) +(Y)g —H 48
Add Logical Full ALF (H)y+(Y)—H 0A
Add Logical Half ALH (H) +(Y) —H : 4A
Replace Add Full RAF (Y)+ () —Y o ' oF
Replace Add Half RAH (Y)g+(Y) =Y ‘ 4t
Subtract Full SBFF (H) (Y)—-Ad 09
12012-85




Table A-1. AN/GYK-12 Machine Instruction by Instruction Class (Cont)

INSTRUCTION CLASS: ARITHMETIC (CONTINUED)

USACSCS-TF-4-3

Instruction Mnemonic Symbolic Operation - Function Code
Subtract Half SBH () - (Y)g — H 49
Subtract Logicl Full SLF (H) (Y) - H 0B
Subtract Logical Half SLH (H) - (Y)—=H 48
Replace Subtract Full RS Y) (H) =Y or
Replace Subtract Half RSH Y)g - (H) =Y 4F
Multiply Full . MPI (H) X (Y) — Hg, Hy LS
Multiply Half MPH (H) X(Y)g —H 4C
Divide Full DI¥ (Hg. Hy) £ (Y) — Hg, H, 0D

or
(H)) g+ (Y) — H . H
Divide Halt DI (H) +¢Y) s — Ho‘ He 4D
Replace Square.Root Full RQF (H)—Y 1B
INSTRUCTION CLASS: TRANSFER

Instruction Mnemonic Symbolic Operation Function Code
Transter Unconditionally XIR Z* —ILR 30
Transter And Store Link XLK (ILR) - 11;Z* —ILR 70
Transter On Indicators XIN Ifind; = H;, Z* — ILR 71

Otherwise, no operation

If H =0, no operation
Transter On Test Switches - XSW I TSW;=H;,Z* — ILR 31

Otherwise, no operation

It H = 0, no operation

If H # 0 and no CTS is present, no operation
Exccute XEX Z* — ILR, Interim 36
Test, Conditionally Decre- XDO If(H)#20;(H)-1 — (H)and Z* — ILR 34
ment by One and Transfer If (H) = 0, no opcration
Test, Conditionally decre- XDT If(H)40ori;(H)-2 — H,Z* - ILR 74
ment by Two and Transfer If (H) =0 or 1, no operation
Test. Conditionally Incre- X10 If(H)# 0;(H) +1 — (H)and Z* — ILR 35
ment by One and Transter If (H) = 0, no operation
Test, Conditionally Incre- XIT IT(H)#0o0r 1;(H)+2 — H,Z* — ILR 75
ment by Two and Transter It (H) = 0 or 1, no operation

12012-86
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Table A-1. AN/GYK-12 Machine Instruction by Instruction Class (Cont)

INSTRUCTION CLASS: TRANSFER (CONT]NUED)

Instruction Mnemonic Symbolic Operation Function Code

Transfer if Process Register XEF If (H)=0;Z* — ILR 32

is Zero : If (H) # 0, no operation

Transfer if Process Register XUF If(H)#0;2* — ILR 72

is Not Zero If (H) = 0, no operation

Transfer if Process Register XPF If(H) = 0;2* — ILR 33

is Positive If (H) < 0, no operation

Transfer if Process Register XNF If(H) < 0;2* — ILR 73

is Negative

If (H) = 0, no operation

INSTRUCTION.CLASS: SHIFT

A-4

Instruction Mnemonic Symbolic Operation Function Code
Shift Full (or Double) SHF © (H) shifted — H 1A
or
(Hg, Hy) shifted — Hg, Hy
Shift Half ~SHH (H)l6-31 shifted — H]6-3l SA
INSTRUCTION CLASS: COMPARE
Instruction Mnemoni¢ Symbolic Operation Function Code
Compare Algebraic Full CMF (Y) : (H) - Indicator 10
- Compare Algebréic Half CMH (Y) g : (H) — Indicator 50
Compare Logical Upper Byte CLU Ny (H)4.31 — Ind'r 1!
Compare Logical Lower Byte CLL (Y)p : (H)34.3 — Ind'r 51
Compare Logical Full CLF (Y) : (H) — Indicator 12
Compare Logical Half CLHV (Y): (H)}g.37 — Ind'r 52
Compare Selective Full CSF Y) A (R14) : (H) A (R14) — Indicator 14_
Compare Selective Half CSH (Y)A(R14): (II)]6_31 A (R14) — Indicator 54
Compare Gated Full CGF 1Y) = H)|: (R14} — Ind'r 13
Compare Gated Half CGH |(Y)g - (H)]: (R14) — Ind’r 53
Modify and Test Half MTH (Y)+H — ’Y; (Y) : 0 — Indicator 6F
- 12012-87



Table A-1. AN/GYK-12 Machine Instruction by Instruction Class (Cont)
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INSTRUCTION CLASS: LOGIC

Instruction Mnemonic Symbolic Operation Function Code
Inclusive OR Full 101 () v (Y) —H 1S
Inclusive OR Halt I0H (Mye.31 V (Y) = Hig3 55
Replace Inclusive OR foull RIF (Y) v (H) =Y 1D
Replace Inclusive Ok Half RIH (Y) v (“)16-31 ~ Y SD
Exclusive OR Full EOF (H) ¥ (Y) —H 16
Exclusive OR Half ECH H)6.31 ¥ (Y) — Hje.3¢ 56
Replace Exclusive OR Full REF (Y) s (H) —Y IE
Replace Exclusive OR Half REH (Y) & (H)y6.31 —.Y SE
Logicai AND Full ANF (H) A (Y) —~H 17
Logical AND Half ANH (Hy6.31 A (Y) —Y 57
Replace Logical AND Full RNF (Y)A(H) —-Y IF
Replace Logical AND Half RNH Y)A (H)IGJI —-Y S5F
Sclective Substitute Full SSF - {(H) A (R14)} A [(Y)—~(R14)] = Y 2F
INSTRUCTION CLASS: SET AND TEST

Instruction Mnemonic Symbolic Operation Function Code
Set Bit in Half Word SBT I—=Y;(0 <i <15) 1C
Reset Bit in Half Word RBT 0—Y;(0=i =135 5C
Test Bit in Half Word for TSZ If (Y); = 0; (ILR)+2 —= ILR 37
Zero, Skip on Match If (Y); # 0, no operation (0 < i < 15)
Test Bit in Half Word for TSO If (Y)i = 1;(ILR)+2 — ILR 7
Onc, Skip on Match If (Y); # 1; no operation (0 < i < 15)
Test and Conditionally TSI If(Y)g=0;Hyg.3, -~ Y, (ILR#¥2 —ILR 76
Insert/Skip If (Y)g = 1, no operation
INSTRUCTION CLASS: FORMAT

Instruction Mnemonic Symbolic Operation Function Code
Format Extract Full FEF |(H) shifted] A (R14) —R 18
Format Extract Half FEH [(H)} 6.3 shifted] A (R14) — Ryq 3, 58
Format Insert Full FIK {l(H) shifted) A (R14) v {(R) A (R14))> — R 19
Format Insert Half FIH {I{H)y6.31 shifted] A (R14)) v {(R)jg.3; A (RT4)) 59

— Ryg.3) ‘
12012-88
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Table A-1. AN/GYK-12 Machine Instruction by Instruction Class (Cont)

INSTRUCTION CLASS: PROGRAM LEVEL TRANSFER

Instruction

Mnemonic

Symbolic Operation

Function Code

Call Executive Program Level
and Link

Call Program Level and Link

Tic Program Level and Link
(semiprivileged)

Test and Conditionally
Reset/Skip

TXP

TCP

TIE

TQR

(Y) — (A)xpp. APL = (LPL)xpp

1 — (PS)xpr-

0 — (PS)APL II(Y)O = (),

I — Prograin Level Lock,

If LC = 1 save Process Register 0 only,
Level change to Exccutive Program Level

If (Y); =0 use CPL,

IT(Y)) =1 uselevel 63,

(Y) —= (A)pl/level 63

APL — (LPL)CPL/lcvel 63

I — (PS)CPL/Icvel 63

If (Y)g =0 then 0 — {PS)ApL.

I£(Y)2 = 1 scti bitin QueueCpL/level 63 = (Y)3.7,
0 —= Program Level Lock,

If LC = 1 save Process Register 0 only,

Attempt level change

(Y) — (A)APL.

APL — (LPL)CPL.

If (Y)g = 0 then 0 — (PS)APL.,

I — (PS)CpL.,

1 — Program Level Lock,

If LC = 1 save Process Register 0 only.
Level change to tie program level

1. IfY=0t00F|gor32y¢
a. andif (Y) #0:
(Y)i—H,0 —(Y);,
(ILR)+2 — ILR

b. orif(Y)=0;

(ILR) — ILR, 0 —= {PS)ApL.

0 — Program Level Lock,

If LC = 1 save Process Register 0 only.
Attempt level change by auction

2. Y 24056
a. and if(Y) £ 0;
(Y); — H,0 — (Y);.
(ILR) +2 — ILR

b. orif (Y)=0:

no operation

3¢

1C

3D

5B

A-6
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Table A-1. AN/GYK-12 Machine Instruction by Instruction Class (Cont)

INSTRUCTION CLASS: INPUT/OUTPUT
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Instruction Mnemonic Symmbolic Operation Function Code
Device Command (Privileged) DEV YL =‘Devicc address 38
(Y)y —= 1/0 Device
Device Command and Exit DEX (Y)L = Device address 78
(Privileged) (Y)y — 1/O Device
0 — (PS)APL.
0 — Program Level Lock,
IfLC =1 save
Process Register 0 only, attempt level change
Input to Register (Privileged) ITR (Y)p = Device address 39
/O —H
Output from Register » OFR (Y)L, = Device address 79
(Privilcged) (H) — 1/0 Device address

INSTRUCTION CLASS: MISCELLANEOUS

Instruction Mnemonic Symbolic Operation Function Code

Conditional Halt (Privileged) HLT If a CTS is present: 3A

If H = 0, unconditional halt

If0 < H < 15, if one of the 4 CTS conditional

halt switches is on that corresponds to the value

in the H field, halt.

If a CTS is not present, no operation.
Memory Bank Assignment * MBA Memory Control 1A
or Test (Privileged) : .
Load Call Destination LOD (Y) —= (Cand CPL)pp. 7D
(Scmiprivileged) ’
Level Lock Set . LLO 1 — Program Level Lock B
(Semiprivileged)
Level Lock Reset LLR 0 — Program Level Lock 40
Diagnose (Privileged) ’ DIG CPU performs built-in diagnostic functions 3B
No Opcration NOI ‘No operation 00
Trap Instructions (Unuscd TRI Trap by executing instruction in Process Register 15
code)
12012-90
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Table A-2. AN/GYK-12 Machine Instructions - Alphabetic by Mnemonic

Page Reference Page Reference
Mnemonic Function Code Instruction Section 6 Table A-1
~ADF 08 Add Full 6-28 A-3
~ADI 48 Add Half 6-29 A-3
ALF 0A Add Logical Full 6-30 A3
ALH 4A Add Logical Half 6-31 A3
ANF 17 Logical AND Full 6-97 A-8
ANH 57 Logical AND Half 6-98 A-8
CGF 13 - Compare Gated Full 6-83 A7
CGH 53 Compare Gated Half 6-84 A-7
CLI 12 Compare Logical IFull 6-78 A-7
CLH 52 Compare Logical Half 6-79 A-7
CLL 51 Compare Logical Lower Byte 6-77 A-1
CLU 1 Compare Logical Upper Bytc 6-76 A7
CMF 10 Compare Algebraic Full 6-73 A-7
CMH 50 Compare Algebraic Halt 6-75 A-1
cst 14 Compare Sclective Ful 6-80 AT
CSH 54 Compare Sclective Halt' 6-82 A-7
DLV 38 Device Command (Privileged) 6-130 A-11
DIEX 78 Device Command and Exit (Privileged) 6-132 A-l11
DIt (1]0] Divide Full 6-44 A-‘4
DIG 3B Diagnose (Privileged) 6-145 A-13
DIH 4D Divide Half 6-46 A4
EOV 16 Exclusive OR Full 6-93 A8
L0l 56 Exclusive OR Half 6-94 A-8
EXI 2E I‘I;‘(changc Full 6-25 A-3
EXH 6L Exchange Half 6-26 A-3
I'EF 18 I’ovrmat Extract Full 6-109 A-9
FFEH 58 Format Extract Half 6-111 A9
FIE 19 Format Insert Full 6-113 A-9
IIH 59 Format Insert Half 6-115 A9
HLT 3A Conditioned Halt (Privilcged) 6-137 A-12

A-8
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Tuble A-2. AN/GYK-12 Machine Instructions - Alphabdetic by Mnemonic (Cont)
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: Page Reference Page Reference
Mnemonic | Function Code Instruction - Section 6 Table A-1
10F 15 Inclusive OR Full - 6-89 A8
10H 55 Inclusive OR Half 6-90 A-8
ITR 39 Input To Register (Privileged) 6-134 A-12
LAF S22, Load Absolute Full 6—1! A2
LAH 62 Load Absolute Half 612 A2
LCF 23 Load 2's Complement Full 6-13 A-2
LCH 63 Load 2's Compiement Half 6-14 A-2
LDF 20 Load Full 6-5 A-2
LDH 60 Load Half 6-7 A-2
LDL 61 Load From Lower Byte 6-10 A-2
LbhU 21 Load From Upper Byte " 6-9 A-2
LLO 78 Level Lockact (Scmiprivileged) 6-143 A-12
LLR 40 Level Lock Reset 6-144 A-13
LMH 24 Load Most Half 6-8 A-2
10D D Load Call Destination kScmiprivi]eged) 6-142 A-12
MBA 1A Mcmory Bank Assignment or Test (Privileged) 6-139 A-12
MIL 6D Move Into Lower Byte 6-24 A3
MIiJ 2D Movc Into Upper B'ytc 6-22 A-3
MPE oc Multiply tull 640 A4
MPH 4C Multiply Half 642 A4
MTH 6l Modify und Test Half 6-85 A-7
MZF 27 Move All Zeros Full 620 A3
MZH 67 Move All Zeros Half 6-21 A-3
NOI 00 No Operation 6-150 A-13
OFR 79 Output From Register (Privileged) 6-136 A-12
RAF oL Replace Add Full 6-32 A-3
RAH 41 Replace Add Hatf 6-33 A4
RBT sC Reset Bit in Half Word 6-103 A9
REF 1K Replace Exclusive OR Full 6-95 A-8
REH SE Replace Exclusive OR Half™ 6-96 A-8
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Table A-2. AN/GYK-12 Machine Instructions - Alphabetic by Mnemonic (Cont)

Page Reference

Page Reference

Mnemonic Funection Céde Instruction Section 6 Table A-
RIF ID Replace Inclusive OR Full 691 A8
RIH 5D Replace Inclusive OR Half 6-92 A-8
RNF 1 chlucc Logical AND Full 6-99 A-8
RNH Sk Replace Logical AND Half 6-100 A-8
RQF 1B Replace Squarc Root Full 648 A-4
RS¥ or Replace Subtract Full 6-38 A4
RSH 41 Replace Subtract Half 6-39 A4
SBI 09 Subtract [Full 6-34 A-4
SBH 49 Subtract Half 6-35 A4
SBT 1C Set Bit in Half Word 6-102 A9
SOF 26 Store Full 6-15 A-2
SDH 66 - Storc Half 6-16 A-2
SHhL 65 Store Into Lower Byte 6-19 A-3
Sbu 25 Store Into Upper Byte 6-18 A-2
SHI 1A Shift Full (or Double) 6-67 A-6
SHH SA Shift Half 6-71 A-6
SLI 0B Subtract Logical IFull 6-36 A4
SLH 4B Subtract Logical Half 6-37 A4
SMH 64 Store Most Half 6-17 A-2
SSI 2F Sclective Substitute Full 6-101 A-8
TCP 1C Call Program Level and Link 6-120 A-10
TIE iD Tie Program Level and Link (Semiprivileged) 6-124 A-10
TOQR 5B Test and Conditionally Reset/Skip 6-127 A-11
TRI Trap Instructions (unuscd codes) 6-150 A-13
TSI 76 " Test and Conditionally Insert/Skip 6-106 A-9
TSO 71 Test Bit in Half Word for One. Sip on Match 6-105 A9
1Sz 37 . Test Bit in Half Word for Zero, Skip on 6-104 A9

Match -
XP 3C Call Executive Program Level and Link 6-117 A-10
XDO 34 Test, Conditionally Decrement by One and 6-58 A-S
Transfer
"12012-99



Table A-2. AN/GYK-12 Machine Instructions - Alphubetic by Mnemonic (Cont)
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Page Reference

Page Reference

Mnemonic | Function Code Instruction ‘Section 6 Table A-1

XDT 74 Test, Conditionally Decrement by Two and 6.-59 A-S
Transter

XEF 32 Transter I Process Register = 0 6-62 A6

XEX 36 Execute 6-57 A-S

XFR 30 Transter Unconditionally 6-50 A-5

XIN 71 Transter on Indicators 6-52 A-S

XI10 35 Test, Conditionally Increment by One and " 660 AS
Transter

XIT 75 Test, Conditionally Increment by Two and 6-61 A-6
Transfer

XLK 70 Transter and Store Link 6-51 A-S

XNF 13 Transter if Process Register < 0 . 665 A-6

XPF 33 Transter If Process Register 2 0 6-64 A-6

XSwW 31 Transfer on Test Switches 6-55 A-S

XUF 72 Transfer if Process Reg.istcr‘;E 0 6-63 ‘A6
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Table A-3. AN/GYK-12 Machine Instructions - Numeric by Function Code

I
+

Page Reference

Page Reference

A-12

Function Code Mnemonic Instruction Section 6 ‘Table A-1
I 00 NOI ‘No Operation - 6-150 A-13
08 ADF Add Full 6-28 A-3
09 SBF Subtract Full 6-34 A4
0A ALF Add Logical Full 6-30 A3
0B SLF Subtract Logical Full 6-36 A4
0c MPF Multiply Full 640 A4
0D DIF Divide Full 6-44 A4
OE RAF Replace Add Full 6-32 A-3
oF RSF Replace Subtract Full 6-38 A4
10 CMF Compare Algebraic Full 6-73 A-7
1 CLU Compare Logical Upper By te 6-76 A-7
12 CLF Compare Logical Full 678 A-7
13 CGF Compare Gated Full 683 A-7
14 CSF ‘Cumpure Selective Full 6-80 A-1
15 10F Inclusive OR Full 6-89 A-8
16 EOF Exclusive OR Full 6-93 A-8
17 ANF Logical AND Full 6-97 A-8
18 FEF Format Extract Full 6-109 A-9
19 FIF Format Insert Full 6-113 A9
1A SHF Shift Full (or Double) 6-67 A6
B ROQF Vchlacc Square Root Full 6-48 A4
1C SBT _Set Bit in Half Word 6-102 A-9 )
1D RIF Replace Inclusive OR Full 6-91 A-8
1E REF Replace Exclusive OR Full 6-95 A-8
I RNF Replace Logical AND Fuli 6-99 A-8
20 LDF Load Full 6-5 A-2
2i LDbU Load FFrom Upper Byte 6-9 A-2
22 LAF Load Absolute Full 6-11 A-2
23 LCF Load 2's Complement Full 6-13 A-2
2 LMH * Load Most Half 6-8 A2
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Table A-3. AN/G YI(-I)—M«&"MM Instructions - Numeric by Function, Code (Cont)
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Page Reference

Page Reference

Function Code Mnemonic Instruction Section 6 Table A-1
25 . SDU Store Into Upper Byte 6-18 A-2
26 SDI- Store Full 6-15 A-2
21 MZF - Move All Zeros Full 6-20 A-3
2D MiU Move Into Upper Byte 6-22 A3
2L EXF Exchange Full 6-25 A-3
2K SSF Selective Substitute Full 6-101 A-8
30 XFR Unconditionally Transfer . 6-50 A-S
31 Xsw Transfer on Test Switches 6-55 A-S
32 XEF Transfer if Process Register = 0 6-62 A-6
13 XPE: Transfer if Process Register 2 0 6-64 A6
34 XDO Test, Con;ldiliom\lly Decrement by One 6-58 A-S

and Transfer
35 Xio Test, Conditi‘onally Increment by One 6-60 A-S
. and Transfer
36 XEX " Execute 651 AS
37 TSX Test Bit in Half Word For Zero, Skip on 6-]04 A-9
Match
38 DEV Device Command (Privileged) 6-130 A-ll
39 ITR Input To Register (Privileged) 6-134 A-12
3A fILT Conditional Halt (Privilcged) 6-137 A-12
iB DIG Diagnose (Privileged) 6-145 A-13
3C TXP Call Exccutive Program Level and Link 6-117 A-10
k1)) THE Tic Program Level and Link (Semiprivileged) - 6-124 A-10
40 LLR Level Lock Reset 6-144 A-13
48 ADH Add Half 6-29 A-3
49 SBH Subtract Half 6-35 A4
4A ALH Add Logical Half 6-31 A3
48 SLH Subtract Logical Half 6-37 A4
4C MPH Multiply Half 642 A4
4D DIt Divide Half 646 A4
41 RAH Replace Add Half 6-33 A4
ar RSH Replace Subtract Halt 6-39 A4

12012-103
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Table A-3. AN/GYK-12 Machine Instructions - Numeric by Function Code l(?ltql )

Page Reference

Page Reference

Function Code Mnemonic Instruction Section 6 Table A-1
50 CMH Compare Algebraic Halt 6-75 ‘ A-7
S| CLL Compare Logical Lower Byte 6-77 AT
52 CLH . Compare Logical Half 6-79 A-T
53 CGH Compare Gated Half 6-84 A7
54 CSH Compare Selective Half 6-82 A-7
55 IOH Inclusive OR Half 6-90 A-8
56 EEOH Exclusive OR Half 6-94 A-8
57 ANH Logical AND Half 6-98 A-8
58 I'EH Format Extract Half 6-111 A9
59 FIH . Format Insert Half 6-115 A9
SA SHH Shift Half 6-71 A-6
5B TQR Test and Conditionally Reset/Skip 6-127 A-11
5C RBT Reset Bit in Half Word 6-103 : A9
5D RIH Replace Inclusive OR Half 6-92 A-8
St REH Replace Exclusive OR Halt 6-96 A-8
Stk RNF Replace Logical AND Half 6-100 A-8
60 LDH Load Half 6-7 A-2
61 LDL . Load From Lower By te 6-10 A-2
62 LAH Load Absolute Half 6-12 A-2
63 LCH Load 2’s Complement Half 6-14 A-2
64 SMH Store Most Half 6-17 A-2
65 SDL Store Into Lower By te 6-19 A-3
66 SDH Store Half 6-16 A-2
67 MZH Move All Zeros Half 6-21 A-3
6D MIL Move Into Lower Byte 6-24 A-3
6k EXH Exchange Half 6-26 A-3
6l MTH Modify and Test Half 6-85 A-7
70 XLK Transfer and Store Link 6-51 A-S
71 XIN Transter on Indicators 6-52 A-S
12 XUF Transter if Process Register = 0 6-63 A-6
73 XNF Transfer it Process Register > 0 6-65 A-6

12012-104
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Table A-3. AN/GYK-12 Machine In.m-ucrion.v; - Numeric by Function Code (Cont)
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- .
“Page Reference Page Reterence
Function Code Muemonic fnstruction Section 6 Table A1
14 XDt Test, Conditionally Decrement by Two 6-59 A-S
and Transfer
75 XIT Test, Conditionally Increment by Two 661 A6
and Transfer
76 TSI Test and Conditionally Insert/Skip 6-106 A-9
77 TSO Test Bit in Half Word for One, Skip on 6-105 A-9
Match
78 DEX Device Command (Privileged) 6-132 A-li
79 OI'R Output From Register (Privileged) 6-136 A-12
TA MBA Mcmory Bank Assignment or Test 6-139 A-12
(Privileged)
8 LLO Level Lock Set (Semiprivileged) 6-143 A-12
e TCP Call Program Level and Link 6-120 A-10
D LOD Load Call Destination (Semiprivileged) 6-142 A-12
12012-105
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