








































































































SUPPORT SOFTWARE

Univac furnishes a standard software pack-
age with 1219B systems. This software
package consists of a well balanced set of
computer programs separating into three
categories:

® TRIM assemblers
® QOperator service routines
® Programmer service subroutines,

The programs come to the user with com-
plete program documentation including pro-
gram specifications, flow charts, and side-
by-side listings (TRIM symbols vs machine
code).

TRIM ASSEMBLERS

The TRIM family has three operational as-
semblers running on the 1219B computers.
The user can assemble his programs with
the version which best fits his equipment
configuration, thus obtaining the maximum
use of the computer.

Trim |

TRIM 1 is a simple assembler which oper-
ates with a minimum of equipment, requir-
ing only a 4K memory computer with the
paper tape reader-punch unit. The assem-
bler translates monocode (one-to-one) sym-
bolic operations into machine code instruc-
tions with appropriate address allocation.

In operation, TRIM I makes two passes on
the source program tapes. The first pass
stores the labels from the source program
to allow forward references. These labels
and indicators giving the relative position
in the program are stored and retained for
the second pass. The second pass makes
the actual assembly of machine instructions
and allocates the addresses.

*QOptional
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Trim Il

The TRIM II program is a two passassem-
bler which operates on an 8K memory com-
puter with a paper tape reader-punch unit.
It will convert a source program written
symbolically, absolutely, or in combination
thereof into an object program tape suitable
for loading into the computer. The TRIM II
program accepts both monocode (one-to-
one) mnemonic operations and polycode
(one-to-many) mnemonic operations in the
source program. The source language also
has available debugging aids which cause
dumps of registers and memory locations
whenever desired by the programmer.
Paper tape outputs are available with TRIM
11,

Trim 1l

TRIM III is an assembler which operateson
a 16 K memory computer with a UNIVAC
Magnetic Tape Unit (2 transport) paper tape
reader-punch unit, a console typewriter,
and a high-speed printer.*

Provided to users on magnetic tape, this
single pass assembler converts a source
program written symbolically, absolutely
or in combination thereof into an object
program tape suitable for loading into the
computer. TRIM III accepts both monocode
(one-to-one) mnemonics and polycode (one-
to-many) mnemonic operations in the source
program. The assembler has available a
source language librarian to aid the pro-
grammer in selecting subroutines for in-
corporation into the program during the
assembly process, debugging aids which
will dump registers, memory locations or
will cause program stops whenever desired
by the programmer, and a source language
correction capability in conjunction with an
assembly run.



The source programming language includes
the operations of TRIM I and TRIM II. De-
bugging-aid operations in this language
cause generations which present diagnostic
information to the programmer during a
run. This works with the TRIM DEBUG-
GING PAK discussed later. Programmers
have complete assembler "Control" via
CONTROL operations and library retrieval
commands via CALL operations.

A typical TRIM source program appears
below:

CVRT" PROG e WGH e FEB®

CVRT" (el DECIMAL TO OCTAL CONVERSION
ENTAU o TMPR' WORD TO CONVERT

CVRT" ENTAL e CVRT™ WORKING STORAGE
LSHAL o2
ADDAL e CVRT™
LSHAL o'
STRAL e CYRT™ INTERMEDIATE WORKING STRGE
ENTALK o°

LSHA «* LEFTMOST CHAR TO A
ADDAL o CVRT” ADD INTERMED WORKING STRGE
STRAL ¢ CVRT” STORE IN CUMULATIVE WORKING
STRGE
BJP e CVRT"
1JP « CVRT®
TMPR* 00
CVRT” 0e0
CVRT” 0e0

Trim Library Builder

The TRIM III Library Builder program al-
lows the user to:

® Record a library directory and alibrary
of program routines on magnetic tape.

e Correct (insert, replace, or delete) any
of the library program-routines and up-
date the library directory.

® Perforate a tape with the library direc-
tory, library, or any individual library
routine.

® Print the library directory, library, or
any individual library routine.
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Trim Assembler Outputs

The following outputs are available with
TRIM Assemblers.

Trim Assembler Outputs TRIMTRIM [ TRIM

Output No. 1 Program Summary TRIM

Cutput No. 2 Program summary and side-by-
side listing in source code on
perforated tape. X1 X X

Output No. 3 Absolute assembled program in :
source code on perforated tape. X X X

Output No. 4  Absolute assembled program in :
bioctal code on perforated tape. | - X X

Output No. 5 Relocatable assembled program

in bioctal code on perforated :

tape. X X X
Output No. 6  Allocation information on per-

forated tape. X1 X
Output No. 7 Ignore all CALL operations. X

Output No. 10 Assembled program (combination
absolute and relocatable) on i
magnetic tape. X

Output No, 11 Source program on perforated
tape in source code. X X

Output No. 12 Side-by-side 1004 Printer /
listing. X

Output No. 13 Assembled program on 80
column cards {absolute or :
relocatable). X

Qutput No. 14 Similar to Qutput No. 12 for
11x 8% printer page size. X

Output No. 15 Source program on 80 column
cards (one source statement S
per card). X

Output No. 16 Source program on magnetic i .
tape. ) X

Trim Debugging PAK

This diagnostic routine presents informa-
tion about the user's program while it runs
on the computer. It acts under direction
of debugging-aid statements placed in the
source program by the programmer.



Trim Corrector

The TRIM Corrector program isa compan-
ion to the UNIVAC TRIM Assemblers using
paper tape source program input. The cor-
rection process, constituting a separate
computer run, provides a convenient method
for correcting source programs for sub-
sequent assembly. Input to the corrector
consists of one or more correction tapes
and the source program tape(s) to be cor-
rected. Three types of corrections can be
made: (1) insertions, (2) deletions, and (3)
replacements. The output is a single
punched paper tape consisting of the cor-
rected source program.

Track

Up to five designated areas of a program
being executed on the computer can be
traced by the TRACK program. The follow-
ing information is available as an output.

1. Address of the executed instruction
2. The executed instruction

3. Contents of pertinent registers

4

The executed instruction with the op-
erator in TRIM symbolic language.

OPERATOR SERVICE ROUTINES

Operator routines are those used by the
computer operator, under console control,
to perform computing center operations.
Such routines perform handling service to
the user; however, they do not become in-
tegrated into his program. Operationsper-
formed by the utility package are listed in
Table 2.

Upak |

UPAK I is a collection of seven routines on
perforated tape in relocatable format which
provides paper tape input/output functions
and examination and alteration of memory
for program debugging.

The load and dump routines are operable
under control or manually from the com-
puter console. The inspect and change and
store constant in memory routines are op-
erable from the computer console only.

Upak M

UPAK M is a modified version of UPAK 1.
In addition to providing the same functions
of UPAK I, it facilitates six-digit address-
ing when desired.

Upak I

UPAK II is a collection of eight routines on
perforated tape in relocatable format which
provides input/output functions and exam-
ination and alteration of memory for pro-
gram debugging.

The load and dump routines are operable
under program control or manually from
the computer console. The inspect and
change and store constant in memory rou-
tines are operable from the computer con-
sole only. The UPAK II program may be
loaded anywhere in the computer memory
with the single restrictions that the entire
package must be wholly contained within a
single memory bank.

TaBLE2 UTILITY PACKAGE OPERATIONS

1219B UP AK Routines UPAK | UPAK M UPAK Il UPAK 11t
TRIM I output No. 10 load X X Module 4
Absolute typewriter code load X X X

Absolute bioctal code load X X X

Relocatable bioctal code load X X X

Absolute typewriter code dump| X X X

Absolute bioctal code dump X X X

Inspect and change X X X X

Sfofe coristant in memory X X X X}MOdUle 3
Paper ‘tape handler X Module 1
Magnetic tape handler X Module 2
Magnetic tape duplication X Module 3
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Upak Hli

UPAK III is a modular utility system com-
prised of stacked programs on magnetic
tape. A control program loaded by mag-
netic tape bootstrap or paper tapeloadpro-
gram accomplishes loading of one or more
of the component modules.

PROGRAMMER SERVICE SUBROUTINES

Programmer subroutines are those service
routines which the programmer assembles
with his routine. These subroutines exist
in source language for easy integrationinto
the user's program.

Listed are some of the standard subroutines
provided:

Floating Point Pak - This performs
floating operations using a 36-bit
floating number (two 18-bit words).
This has a sign bit, an 8-bit charac-
teristic, and a 27-bit mantissa. It
performs add, multiply and divide
operations.

Square Root

Sine

Cosine

Arctangent

Natural Log

Arcsine

Octal-to-Decimal Conversion

eX

Decimal-to-Octal Conversion

OPTIONAL SOFTWARE

Larger, more efficient and convenient lan-
guage processors are available from Univac
where certain minimum system configura-
tions exist.

® ULTRA/18 Macro Assembler
® FORTRAN/18 Compiler
® SYCOL/18 Compiler

ULTRA/18 is a powerful and flexible two-
pass macro assembler that converts pro-
grams coded in simple symbolic mono in-
struction and programmer-defined macro
language into relocatable object machine
code. A 32K memory computer coupled with

34

a monitoring typewriter, card reader, card
punch, high-speed line printer, and two-
transport magnetic tape unit comprise the
minimum ULTRA/18 operable system. With
this easy-to-learn assembler that trans-
lates simple free-form English-oriented
syntax statements, operatingprograms with
complete documentation can be generated
for any computer.

@ Machine independent macro interpreta-
tion with nesting up to 63 levels.

® Optional generation for other computers.

® Assembler directives for control, flexi-
bility, and versatility.

® Interprogram and library program unit
linkage.

® Imbedded or substituted computer in-
struction repertoire.

® Error flagging, program documentation,
and listing.

® Arithmetic, logical, and conditional ex-
pression evaluation with multiple level
nesting.

The algebraic FORTRAN/18 Compiler con-
verts programs written in a problem-
oriented language, closely resembling
mathematical expressions, into machine
code for an 18-bit UNIVAC computer, This
one-pass compiler requires a 16K memory
computer with a monitoring typewriter, card
reader, card punch, high-speed line printer,
and two magnetic tape transports for its
minimum operable configuration. Compiling
the BASIC FORTRAN language has been
enhanced in FORTRAN/18 by providing ad-
ditional language features and the ability to
add TRIM III subroutines to the FORTRAN
library. The compiled object program can
be placed on cards or magnetic tape for
future operating runs, or through the "com-~
pile and go" feature can be initiated for
execution immediately.

SYCOL/18, designed primarily for use in
real-time command and control applica-
tions, is a problem oriented language com-
piler that operates on a system configura-



tion containing a minimum ofa 16K memory
computer, perforated paper tape reader and
punch, monitoring typewriter, card reader,
card punch, high-speed line printer, and
four magnetic tape transports. TRIM-
compatible outputs of the generated machine
operating program are provided on perfo-
rated paper tape or on magnetic tape.
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The SYCOL/18 language is a subset of the
basic SYCOL and includes the fixed point
data declarations and problem solving op-
erations. Its assembly language subset is
the TRIM language. Almost complete free-
dom is allowed in mixing assembly language
and problem-oriented language thereby mak-
ing it a flexible tool for the programmer,



SYMBOLS CONVENTIONS

AND

INSTRUCTION WORD FORMATS

SYMBOL CONVENTIONS

The following symbols are used throughout
the descriptive material,

AU Upper accumulator, 18-bit arith-
metic register

AL Lower accumulator, 18-bit arith-
metic register

A AU and AL linked together to form
one 36-bit arithmetic register

B Contents of the active index register,
18-bit one's complement

f Function code, high order six bits
of all instruction words

F Function register, seven bits

k Designator contained in Format II
instructions, six bits

m Minor function code contained in

Format II instructions, six bits

M Memory word specified by(y),(y+B),
L(y) (AU) or L (y+B) (AU) of Com-
pare Instruction

NI Next instruction
P The Program Address register
SR Special register, 5-bit core memory

bank designator

u The low order 12 bits contained in
Format I instruction words

up u prefaced with core memory bank
designator bits of P

u prefaced with core memory bank
designator bits of SR

USR
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u extended or up Or ugp

Y The address or constant formed by
y or y+B with or without sign ex-
tension

() Contents of the address or register

()i Initial contents of the address or
register

Final contents of the address or
register

Designates any single nth bit of the
contents of a register

(Y+1, Designates the contents of two con-

Y) secutive memory locations linked
together to form a 36-bit word.
Address Y+1 contains the most sig-
nificant half of the word while ad-
dress Y contains the least signifi-
cant half

The colon in a logical expression
indicates COMPARISON

L() () The bit-by-bit or logical product
or (logical AND) defined by the table:

000 o1

0100

1]01
()v() Logical sum, or inclusive OR de-
fined by the table:

01

001

1]11

()@() Half add, half subtract, or exclusive
OR defined by the table:

01
ojo1
1|10



The one's complement of the con-
tents of the address or register

Algebraic product of the contents of
two locations

When the contents of Y are used as
an address, only that lower portion
of the word that can be contained in
S is transferred.

Transfer the quantity stated at the
left of the symbol to the address or
register stated at the right of the
symbol

"Console" and "Control Panel" are
used to designate I/O console or the
computer control panel.

XY X preceding some symbol indicates
that the sign of the 12-bit constant
has been extended to produce an18-
bit word, i.e.,

xY=‘u” ..... uulu”.....uo ,

12 Bits

FORMAT |

18 bits

lJ———]Z'H 0

I

f:  function code, six high order bits
u: twelve low order bits

The definition and usage of uare determined
by the function code utilizing u in two dis-
tinct manners:

e u used as a constant. In this case,
u itself is the operand and requires
no further memory reference; how-
ever, u is "extended" to 18 bits.
(Refer to List of Instructions.)

¢ u used as an address. In this case,
u is used as the lower order 12 bits
of the base address referring to a
memory cell, The base address is 16

bits, designated as up or ugg, and
is described below:

up is defined as a 16-bit address whose
four high order bits consist of the four
higher order bits of P and whose twelve
low order bits are u.

Up: [15 12 [

P!s-m u

ugR is defined as a 16-bit address whose
four high order bits consist of the three
lower order bits and the high order bit of
SR and whose twelve low order bits are u.

<4— 16 bits ————p

v 15[ 14—n2[ 11

o1

R [4]3]2 — o]

=1 when ACTIVE

Certain Format I instructions allow the use
of either up or ugg as the operand address;
for these instructions ugp is ACTIVE and
up is used whenever SR is INACTIVE. (Re-
fer to List of Instructions.)

FORMAT I

€———— 18bits—

P7—12|11 6|5 oJ
f m k

f: six-bit function code (always equal
to octal 50)
m: six-bit minor function code
k: six low order bits

Format II instructions perform a variety of
operations and can be classified in two in-
struction categories:

e No memory address needed. In this
case, the information existing inthe
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computer's arithmetic or control
registers and the value k are suf-
ficient to perform the specified
operation.

e Initiate input/output buffer. In this
case, the two memory cells imme-
diately following the instruction are
used to contain the buffer control
words. The complete instruction
must therefore occupy three se-
quential memory cells; the format
is as follows:

Any address

n 17]7_“]2|H—6!5 —ol 1/0 instruc-

tion
f m k

net [17]16 15
CDM

Unassigned

0 l TAC word

Buffer Terminal Address

ni2 [17]16 Ils

T| IAC word

Buffer Initial Address

Modifier
Monitor

bit 17: CDM ofn+l (Terminal Address Con-
trol Word) is the Continuous Data Mode
Identifier. If equal to one, the computer
I/0 section operates in the continuous data
mode. If equal to zero, a normal buffer is
executed.

bit 17: Modifier of n+2 (Initial Address Con-
trol Word); if equal to one, the Buffer Cur-
rent (Initial) Address is decremented for
each word transferred in or out; if equal to
zero, the Buffer Current Address is in-
cremented.

bit 16: Monitor of n+2 (Initial Address Con-
trol Word); if equal to one, the Monitor
Interrupt occurs upon successful comple-
tion of the last transfer; if equal to zero,
no Monitor Interrupt will occur,
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NOTE: Normal buffer termination occurs
when the incremented/decremented
Buffer Current Address is equal to
the Buffer Terminal Address. A
buffer is terminated when tests in
the control section detect Buffer
Control Address equality.

I/0 BUFFER INITIATING INSTRUCTIONS

During the execution of any instruction that
initiates a buffer, three main memory ref-
erences are involved.

e The I/0 instruction is extracted
from memory and interpreted by the
control section and sets I/O active
on the specified channel,

® The Terminal Address Control word
is transferred from the location fol -
lowing the I/O instructionto the Con-
trol Memory location assigned to
that type buffer Terminal Address
Control Word.

o The Initial Address Control word is
transferred from the location fol-
lowing the TAC word in main mem-
ory to the Control Memory location
assigned to that type Buffer Current
Address Word.

Computer control reads the next sequential
instruction and continues the programleav-
ing the Input/Output Section with the task of
handling the transfers. The Input/Output
Section generates the addresses in Control
Memory to examine the control words placed
there by the steps above when it receives a
request for word transfer from the device
on the activated channel. For the actual
word transfer the I/0O Section robs one Main
Memory cycle from the program being
executed.



LIST OF INSTRUCTIONS

FORMAT | INSTRUCTIONS

The following pages list the repertoire of instructions for the computer. Common usage and

example cases are included for instructions where the meaning may not be obvious; no attempt

has been made to indicate more sophisticated use. The instructions are listed and defined in

the following format:

(Octal Code) (Instruction Name) ("TRIM" Code) (symbolic summary)

(execution time)

(definition of the "y'" address or constant)

(text defining the instruction in detail)

e (examples and/or notes if any)

The "symbolic summary" expression will use the symbol "Y" to include "y" or "y+B", which-

ever is stated in the text for that instruction.

00

01

02

FAULT CODE; JUMP TO FAULT ENTRANCE REGISTER

Execution time: 2 microseconds

FAULT CODE; JUMP TO FAULT ENTRANCE REGISTER

Execution time: 2 microseconds
COMPARE AL (CMAL) (AL) : (Y)

Execution time: 4 microseconds
¥ = up or ucy ‘
Compare algebraically (AL) with (y) and set the comparison designator as follows:
Set the "COMPARE" stage
Set the "LESS THAN" stage if (AL) <(y)
Set the "EQUALS" stage if (AL) = (y)

(AL); = (AL),
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03

04

05

NOTE: The comparison designator is cleared by the execution of any subsequent
instruction other than codes 60-67, and no interrupt will be honored while
the designator is SET. (Refer to paragraph entitled Conditional Jump

Features.)

COMPARE AL (CMALB) (AL) : (Y)
Execution time: 4 microseconds

Yy = up Or ugp

Compare algebraically (AL) with (y+B) and set the comparison designator as follows:
Set the "COMPARE" stage
Set the "LESS THAN" stage if (AL) < (y + B)
Set the "EQUALS" stage if (AL) = (y + B)

(AL), = (AL),

NOTE: The comparison designator is cleared by the execution of any subsequent
instruction other than codes 60 - 67, and no interrupt will be honored while
the designator is SET. (Refer to subsequent paragraph entitled Conditional

Jump Features.)

SELECTIVE SUBSTITUTE (SLSU) L(AU)' (AL)+L
(AU) (Y)sp AL

Execution time: 4 microseconds or (Y)n» ALn for (AU)n =1

Y = up or ugy

Replace the individual bits of (AL) with bits of (y) corresponding to ones in (AU),
leaving the remaining bits of (AL) unaltered.
(aV); = (AU),

Example of selective substitute:

(AU)i = 007777 Mask
(y) = 123451
(AL)i = 666666
(AL)f = 663451
SELECTIVE SUBSTITUTE (SLSUB) L(AU) (AL) + L(AU) (Y) sp AL
Execution time: 4 microseconds

y = uP or uSR
Replace the individual bits of (AL) with bits of (y+B) corresponding to ones in (AU),

leaving the remaining bits of (AL) unaltered.

(AU)s = (AU)4
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06 COMPARE WITH MASK (CMSK) L(AU) (AL) : L(AU) (Y)

07

Execution time: 4 microseconds

Y = up or ugy

Compare algebraically selected bits of (AL) with corresponding bits of (y) and set
comparison designator as follows:

Set the "COMPARE" stage

Set the "LESS THAN" stage if L(AL) (AU) < L(y) (AU)

Set the "EQUALS" stage if L(AL) (AU) = L(y) (AU)
(AL)f = (AL)i : (AU)f = (AU)i

NOTE: The comparison designator is cleared by the execution of any subsequent
instruction other than codes 60-67, and no interrupt will be honored while
the designator is SET., (Refer to paragraph on Conditional Jump Feature.)

Example of Compare with Mask:

(AU); = 007777  Mask
(y) = 123451
(AL), = 222351

Compare 2351 with 3451
(AU)f = 007777 . (AL)f = 222351

COMPARE WITH MASK (CMSKB) L(AU) (AL) : L(AU) (Y)
Execution time: 4 microseconds

y = up Or ugp

Compare algebraically selected bits of (AL) with corresponding bits of (y + B) and
set the comparison designator as follows:

Set the "COMPARE" stage

Set the "LESS THAN" stage if L(AL) (AU) < L(y+B) (AU)

Set the "EQUALS" stage if L(AL) (AU) = L(y+B) (AU)
(AL)f = (AL)i: (AU)f = (AU)i

NOTE: The comparison designator is cleared by the execution of any subsequent
instruction other than codes 60-67, and no interrupt will be honored while
the designator is SET. (Refer to paragraph entitled Conditional Jump

Features.)
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10

11

12

13

14

15

ENTER AU (ENTAU) (Y) mdp AU
Execution time: 4 microseconds

Y = up Or ugy

Clear AU. Then transmit (y) to AU.

ENTER AU (ENTAUB) (Y) mp AU
Execution time: 4 microseconds

y = up or ugp

Clear AU. Then transmit (y + B) to AU,

ENTER AL (ENTAL) (Y) mdp AL
Execution time: 4 microseconds

¥ = up or ug,

Clear AL. Then transmit (y) to AL.

ENTER AL (ENTALB) (Y) mp AL
Execution time: 4 microseconds

y = up or ug,

Clear AL. Then transmit (y + B) to AL.

ADD AL (ADDAL) (AL) +(Y) mp AL
Execution time: 4 microseconds

Y = up or ugy

Add (y) to (AL) and leave the result in AL. Set OVERFLOW designator if overflow

occurs.* (AL)s are all ones if (AL)i and (y) are all ones.

ADD AL (ADDALB) (AL) + (Y) mip AL
Execution time: 4 microseconds

¥ = up Or ug

Add (y+B) to (AL) and leave the result in AL. Set OVERFLOW designator if over-

flow occurs.* (AL)f are all ones if (AL)iiand (y+B) are all ones.*

*The OVERFLOW designator is cleared only by the execution of instruction SKIP ON OVER-
FLOW (f, m = 50, 52) or instruction SKIP ON NO OVERFLOW (f, m = 50, 53).
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16 SUBTRACT AL (SUBAL) (AL) - (Y)mp AL
Execution time: 4 microseconds

¥ = up or ugy

Subtract (y) from (AL) and leave the difference in AL. Set OVERFLOW designator

if overflow occurs.* (AL)f are all ones if (AL)i are all ones, and (y) are all zeros.

17 SUBTRACT AL (SUBALB) (AL) - (Y) mp AL
Execution time: 4 microseconds

Y = up or ug,

Subtract (y+B) from (AL) and leave the difference in AL. Set OVERFLOW desig-
nator if overflow occurs.* (AL)f are all ones if (AL)i are all ones and (y+B) are

all zeros,

20 ADD A (ADDA) (A)+(Y+1,Y)mp A
Execution time: 6 microseconds

Y = up Or ugy

Add to (A) the double-length (36-bit) number contained in storage cells y+1, y and
leave the result in A, Set OVERFLOW designator if overflow occurs* The least
significant half is in cell y, and the most significant half is in y+1. The sign of the
double-length number is indicated by the most significant bit of (y+1). Address y

must be even, i.e., the rightmost octal digit must be 0, 2, 4, or 6.

NOTE: The instruction is executed in the following manner:
Clear the BORROW designator. The AU and AL registers are linked to
form a continuous 36-bit A-register. Therefore, any borrow for AL comes
from AU; and any End Around Borrow for AU is blocked and recorded in
the BORROW designator leaving A uncorrected. The "Skip On No Borrow"
instruction (Code 50, 51) is used to test for required correction. Only

"ADD A" or "SUBTRACT A" instructions set the designator.

Example of a double add with y = 07506

(A)i = 201007430145
address 07506 = 351123 (least significant half)
address 07507 = 077430 (most significant half)

300440001271 {unadjusted sum)

(A);

*The OVERFLOW designator is cleared only by the execution of instruction SKIP ON OVER-
FLOW (f, m = 50, 52) or instruction SKIP ON NO OVERFLOW (f, m = 50, 53).
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21 ADD A (ADDAB) (A)+(Y+1,Y)mp A

Execution time: 6 microseconds
y = up or Ugp

Add to (A) the double-length (36-bit) number contained in storage cells y+B+1, y+B,
leaving the result in A. Set OVERFLOW designator if overflow occurs.* The least
significant half is in cell y+B, and the most significant half is in cell y+B+1. The
sign of the double-length number is the sign of (y+B+1). Address y+B must be even.
(See '"Note" of instruction 20.)

22 SUBTRACT A (SUBA) (A) -(Y+1,Y)mdp A

Execution time: 6 microseconds
y = up Or ugp

Subtract from (A) the double-length (36-bit) number contained in storage cells y+1,y,
and leave the difference in A. Set OVERFLOW designator if overflow occurs.* The
least significant half is in cell y and the most significant half is in cell y+1. The
sign of the double-length number is the sign (y+1). Address y must be even. The
computer executes SUBTRACT A in a manner analogous to the ADD A instruction.

(See "Note" of instruction 20.)

23 SUBTRACT A (SUBAB) (A)-(Y+1,Y) = A

Execution time: 6 microseconds
y = up Or uggp

Subtract from (A) the double-length number contained in storage cellsy + B +1,
y+ B, and leave the difference in A, Set OVERFLOW designator if overflow occurs.*
The least significant half is in cell y+B, and the most significant half is in cell
y+B+1. The sign of the double length number is the sign of (y+B+1). Address y+B
must be even. The computer executes SUBTRACT A in a manner analogous to the

ADD A instruction. (See "Note" of instruction 20.)

24 MULTIPLY AL (MULAL) (AL) (Y) =i A
Execution time: 14 microseconds
y = up Or ugp
Multiply (AL) by (y) leaving the double length product in A. If the factors are con-
sidered integers, the product is an integer in A. The multiplication process is ex-

ecuted on the absolute values of the factors, then corrected for algebraic sign.

*The OVERFLOW designator is cleared only by the execution of instruction SKIP ON OVER-
FLOW (f, m = 50, 52) or instruction SKIP ON NO OVERFLOW (f, m = 50, 53).
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25 MULTIPLY AL (MULALB) (AL) (Y) = A
Execution time: 14 microseconds

y = up or ugp

Multiply (AL) by (y+B) leaving the double length product in A, If the factors are
considered integers, the product is an integer in A. The multiplication process is

executed on the absolute value of the factors, then corrected for algebraic sign.

26 DIVIDE A (DIVA) (A)+ (Y) mp AL ; REMAINDER mp AU
Execution time: 14 microseconds

Y = up or ugp

Divide (A) by (y) leaving the quotient in AL and the remainder in AU, The remainder
alwzys bears the sign of the dividend "Ai" with the results satisfying the relationship:
dividend = quotient x divisor + remainder. Set OVERFLOW designator if overflow

occurs.* If overflow occurs, (AL) becomes O.

Examples of the four possible sign combinations of the dividend/divisor and the

results:
Dividend Divisor Quotient Remainder
+5 +4 +1 +1
+5 -4 -1 +1
-5 +4 -1 -1
-5 -4 +1 -1
27 DIVIDE A (DIVAB) (A)=(Y)mdpAL; REMAINDER mp AU
Execution time: 14 microseconds

y =up oru

SR
Divide (A) by (y+B) leaving the quotient in AL and the remainder in AU, The re-

mainder bears the sign of the dividend "A;". (See Instruction 26.)

30 INDIRECT RETURN JUMP (IRJP) (P)+1mp (Y) ; (Y) +1mp P
Execution time: 6 microseconds
Instruction executed from running program:
y = up
Store (P)+1 at the address given in the low order 16 bits of (y), then increment that

address by one and enter into the Program Address register.

*The OVERFLOW designator is cleared only by the execution of instruction SKIP ON OVER-
FLOW (f, m = 50, 52) or instruction SKIP ON NO OVERFLOW (f, m = 50, 53).
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31

32

Instruction executed from Entrance register on interrupt:
y=mu
Store (P) at the address which is the low order 16 bits of (y), then increment that

address by one and enter into the Program Address register.

Example of an indirect return jump executed from address 22000:

Initial Final
Address Contents Contents Explanation

22000 30 6500 Same Execute subroutine from main
program

26500 x1 7420 Same Constant defining location of
desired subroutine

17420 37 2164 02 2001 Subroutine exit address

17421 | .. .... Same Subroutine entrance address
(control is transferred here from
indirect return jump)

The effect of the above sequence upon execution of the indirect return jump at ad-
dress 22000 is to transfer control tothe subroutine starting at 17421, but at the same

time, letting the subroutine "know" where to return control.

INDIRECT RETURN JUMP (IRJPB) (P)+1mp(Y); (Y)+1mpPp
Execution time: 6 microseconds
Instruction executed from running program:
y =up
Store (P)+1 at the address given in the low order 16 bits of (y+B), then increment

that address by one and enter it into the Program Address register.

Instruction executed from Entrance register on interrupt:
y=u
Store (P) at the address which is the low order 16 bits of (y+B), then increment that

address by one and enter it into the Program Address register.

ENTER B (ENTB) (Y)mp B
Execution time: 4 microseconds
y = upor ugp
Transmit (y) to BICR
The full 18 bits of (y) are transmitted to the B-register (a normally addressable

core cell),
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33

34

35

36

ENTER B (ENTBB) (Y)mdp B
Execution time: 4 microseconds
y = up orugp
Transmit (y+B) to Bicr
The full 18 bits of (y+B) are transmitted to the B-register (a normally addressable

core cell).

DIRECT JUMP (JP) Ysp P; NI = (Y)
Execution time: 2 microseconds
y =1up

Unconditionally jump to y. (Reset P =y)

DIRECT JUMP (JPB) Ym)p P; NI = (Y)
Execution time: 2 microseconds

y =up
Unconditionally jump to y+ B.

NOTE: Because B is an 18-bit one's complement number, care must be taken when
using this instruction; in addition, it is possible that address, y+B, may not
be relative to the same core bank from which the (35) DIRECT JUMP was
executed. Consider a direct jump with y = 03560 and B = 010000; in this
case y+B = 03560 + 010000 = 13560.

ENTER B WITH CONSTANT (ENTBK) xY s B
Execution time: 2 microseconds

y = u (sign extended to 18 bits)
Clear B. Then transmit y to B.

NOTE: u is a 12-bit one's complement number contained within the instruction; it

does not refer to an address. Example of ENTER B with constant when

u="7701:
Bi = any value
Bf = 777701
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37

40

41

42

43

44

MODIFY B WITH CONSTANT (ENTBKB) B, + XY mp B
Execution time: 2 microseconds
y = u (sign extended to 18 bits)
Add y to B (add a constant to B).
The effect of this instruction is to increment B, Note that u is a 12-bit one's com-
plement number contained within the instruction and can be used to increment or

decrement B,

CLEAR Y (STORE ZERO) (CL) 0 mpy

Execution time: 4 microseconds
y = UP or uSR

Store an 18-bit word of zeros at storage address y.

CLEAR Y (STORE ZERO) (CLB) OmpyY
Execution time: 4 microseconds
y = up Or uggp

Store an 18-bit word of zeros at storage address y+B.

STORE B (STRB) B mpY
Execution time; 4 microseconds
y = up Or ugp

Store B at storage address y.

STORE B (STRBB) B mpyY
Execution time: 4 microseconds

y = up or ugp

Store B at storage address y+B.

STORE AL (STRAL) (AL)mdp Y
Execution time: 4 microseconds

¥ = up or ugy

Store (AL) at storage address y.
(AL)f = (AL)i
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46

47

50

51

STORE AL (STRALB) (AL)mdp Y
Execution time: 4 microseconds

Y = up Or ug,

Store (AL) at storage address y+B.
(AL) = (AL)i

STORE AU (STRAU) (AU) =Y
Execution time: 4 microseconds

y = up or ugy

Store (AU) at storage address vy.
(aU), = (AU
STORE AU (STRAUB) (AU)mp Y
Execution time: 4 microseconds

y = up or ugy

Store (AU) at storage address y+B.
(AU), = (AU),

See Format II instructions immediately following function code 77,

SELECTIVE SET (SLSET) (AL) v (Y) = AL
Execution time: 4 microseconds or SET (AL)n for (Y)n =1
y = up

Set the individual bits of (AL) to ones corresponding to ones in (y), leaving the re-

maining bits of (AL) unaltered. This is a bit-by-bit inclusive OR.

Example of selective set:

(AL); = 123456
(y) = 000077
(AL), = 123477
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92

53

54

55

SELECTIVE CLEAR (SLCL) L(AL) (Y) mp AL

Execution time: 4 microseconds or CLEAR (AL)n for (Y)n=0

y=1u
P
Clear the individual bits of (AL ) corresponding to zeros in (y), leaving the remaining
bits of (AL) unaltered. The effect of this instruction is to compute the bit-by-bit (or
logical) product of (AL) and (y), leaving the result in AL.

Example of selective clear:
(AL)i = 123456
(y) = 707070
(AL)f = 103050

SELECTIVE COMPLEMENT (SLCP) L(AL)' (Y)+ L(AL) (Y)' ) AL
Execution time: 4 microseconds or COMPLEMENT (AL)H for (Y)n =1
y = up

Complement the individual bits of (AL) corresponding to ones in (y), leaving the re-
maining bits of (AL) unaltered; i.e., complement(AL)n for (y)n = 1. This is a bit-by-

bit exclusive OR.

Example of selective complement instruction:

(AL); = 123456
(y) = 070007
(AL), = 153451

INDIRECT JUMP AND REMOVE INTERRUPT LOCKOUT (IJPEI) (Y)®spP andRIL
Execution time: 4 microseconds

y=1up Address = (y)15_0
Remove interrupt lockout (enable interrupts). Then jump to the address which is the
low order 16 bits of (y). An application of this instruction is the termination of a

subroutine activated by an interrupt.

INDIRECT JUMP (IJP) YmpP
Execution time: 4 microseconds
y = up Address = (y)15_0

Jump to the address which is the low order 16 bits of (y).
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57

60

61

B SKIP (BSK) If B = (Y), SKIP NI
If B #£ (Y), Advance B by 1 and Execute NI
Execution time: 4 microseconds

y=up
Test B and (y) for equality. Skip instruction if equal; otherwise, increment B by 1

and read the next instruction.

INDEX SKIP (ISK) If (Y) = 0, SKIP NI
It (y); = 777777, then If (Y) # 0, Decrement (Y) by 1 and Execute NI
(y)f = 777776 and there is no skip.
Execution time: 6 microseconds

y=up
If (y) # 0, subtract one from (y) leaving the result in y, and take the next instruction;

otherwise, skip the next instruction leaving (y) unaltered.

JUMP AU ZERO (JPAUZ) If (AU) = 0, ® (AL) = M, @ L(AL) (AU) = M, Y@ P
Execution time: 2 microseconds

y = up
JUMP to y, i.e., Reset P =y, if:
"COMPARE" stage of the comparison designator is NOT SET and (AU) = 0 (Negative
ZERO acts as NOT ZERO); or

"COMPARE" stage of the comparison designator is SET, and the "EQUALS" stage
of the comparison designator is SET.

Otherwise, execute next instruction.

NOTE: Refer to paragraph entitled Conditional Jump Features.

JUMP AL ZERO (JPALZ) If (AL) = 0, ®
(JPEQ) If (AL) = M@L(AL) (AU) =M, Y mp P

Execution time: 2 microseconds

y = up
JUMP to y, i.e., Reset P =y if:
"COMPARE" stage of the comparison designator is NOT SET and (AL) = O (Negative
ZERO acts as NOT ZERO), or if "COMPARE" stage of the comparison designator is
SET, and the "EQUALS" stage of the comparison designator is SET,.
Otherwise, execute next instruction.

NOTE: Refer to paragraph entitled Conditional Jump Features.
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62 JUMP AU NOT ZERO (JPAUNZ) If (AU) 20 @®

63

64

Execution time: 2 microseconds It (AL) # M @ L(AL) (AU) # M, Y mp P

y=1up
JUMP to y, i.e., Reset P =y, if:
"COMPARE" stage of comparison designator is NOT SET and (AU) £ 0; or

"COMPARE" stage of comparison designator is SET, and the "EQUALS" stage of

the comparison designator is NOT SET.
Otherwise, execute next instruction.

NOTE: Refer to paragraph entitled Conditional Jump Features.

JUMP AL NOT ZERO (JPALNZ) (JPALZ) if (AL) # 0
(JPNOT) @U(AL)£#M @ L(AL)AU) #M, Ymd P
Execution time: 2 microseconds
y = up

JUMP to y, i.e., Reset P =y, if:
"COMPARE" stage of comparison designator is NOT SET and (AL) # 0; or

"COMPARE" stage of comparison designator is SET, and the "EQUALS" stage of the

comparison designator is NOT SET,
Otherwise, execute next instruction.

NOTE: Refer to paragraph entitled Conditional Jump Features.

JUMP AU POSITIVE (JPAUP) If (AU) POS, @
> >
Execution time: 2 microseconds If (AL)2M @ L(AL) (AU) 2M, Y ®pP
y = up

JUMP to y, i.e., Reset P =y, if:

"COMPARE" stage of comparison designator is NOT SET and (AU)20; or

"COMPARE" stage of comparison designator is SET, and the "LESS THAN" stage
of comparison is NOT SET.

Otherwise, execute next instruction.

NOTE: Refer to paragraph entitled Conditional Jump Features.
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66

67

JUMP AL POSITIVE (JPALP) If (AL) POS,
(JPMLEQ) ®If (AL)2M @ L(AL) (AU)=M, Ysp P

Execution time: 2 microseconds
y:up
JUMP toy, i.e., Reset P =y, if:
"COMPARE" stage of comparison designator is NOT SET and (AL)20; or
"COMPARE" stage of comparison designator is SET, and the "LESS THAN" stage

of comparison designator is NOT SET.
Otherwise, execute next instruction.

NOTE: Refer to paragraph entitled Conditional Jump Features.

JUMP AU NEGATIVE (JPAUNG) If (AU) NEG,
@ If (AL)<M @ L(AL) (AU)<M, Ymp P
Execution time: 2 microseconds
y = uP

JUMP to y, i.e., Reset P =y, if:

"COMPARE" stage of comparison designator is NOT SET and (AU) <0; or
"COMPARE" stage of comparison designator is SET, and the "LESS THAN" stage

of comparison designator is SET.
Otherwise, execute next instruction.

NOTE: Refer to paragraph entitled Conditional Jump Features.

JUMP AL NEGATIVE (JPALNG) If (AL) NEG,
(JPMGR) @ If (AL)< M@L(AL) (AU)<M, Y®pP
Execution time: 2 microseconds
y = up

JUMP to y, i.e., Reset P =y, if:
"COMPARE" stage of comparison designator is NOT SET and (AL) <0; or

"COMPARE" stage of comparison designator is SET, and the "LESS THAN" stage

of comparison designator is SET.
Otherwise, execute next instruction.

NOTE: Refer to paragraph entitled Conditional Jump Features.
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71

72

ENTER AL WITH CONSTANT (ENTALK) xYmp AL
Execution time: 2 microseconds
y = u (with sign extended to 18 bits).
Clear AL, Then transmit y to AL.
Example of enter AL with constant when u = 0001
(AL)i = any value
(AL)f = 000001 (+1)

Example of enter AL with constant when u = 7776
(AL)i = any value
(AL)f = 777776 (-1)

NOTE: u is a 12-bit one's complement number contained within the instruction; it

does not refer to an address.

ADD CONSTANT TO AL (ADDALK) (AL) + xY mp AL
Execution time: 2 microseconds

y = u (sign extended to 18 bits)
Add y to (AL) and leave the result in AL, The effect of this instruction is to incre-

ment/decrement (AL) with a constant contained within the instruction.

Example of add constant to AL when u = 0002 (+2)
(AL)i = 0567777

(AL)f = 060001 (incremented)
Example of add constant to AL when u = 7775 (-2)

(AL)i = 067055

(AL)f = 067053 (decremented)
STORE INDEX CONTROL REGISTER (STRICR) (ICR) »Y5-0
Execution time: 4 microseconds

y = uP

Replace the least significant 6 bits of the (y) with a 6-bit value equal to the memory
address of the Index Register defined by ICR. As this instruction effects a 6-bit

partial transfer, the upper 12 bits of (y) remain unchanged.

NOTE: ICR = 0, produces memory address 10, ICR = 1 through 7, memory ad-
dresses 01 through 07 respectively.
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74

75

76

7

B JUMP (BJP) If B# 0, B-lmpB and Ymsp P

Execution time: 2 microseconds If B = 0, Execute NI

y=u
P
If B # 0, subtract one from B then jump to y; otherwise, execute the next instruction

leaving B unaltered. (Negative Zero # 0.)

NOTE: As B is a one's complement number and can take values less than zero, the

B JUMP will be effective only for program loops where B is initially positive.

STORE ADDRESS(STRADR) (AL)11 0~Y11 0
Execution time: 4 microseconds
y = up

Replace the low order 12 bits of (y) with the low order 12 bits of (AL). As this in-
struction effectsapartial transfer, the higher order six bits of (y) remain undisturbed.
(AL); = (AL);
Example of a store address instruction:
(AL); = 762504

(y)i = 567777

() = 562504
STORE SPECIAL REGISTER (STRSR) (SR) »YS-O
Execution time: 4 microseconds

y =up

Replace the low order six bits of(y) with a 6-bit value of which the low order 5 bits
are equal to the contents of the Special register with the remaining bit equal to zero;
store the result at y, then clear the Special register. As this instruction effects a

6-bit partial transfer, the upper 12 bits of (y) remain undisturbed.

NOTE: This instruction deactivates the Special register.

DIRECT RETURN JUMP (RJP) (P) + 1mbpY; Y + 1mpP
Execution time: 4 microseconds
y = up

Store (P) + 1 at y, then jump to y + 1. This instruction transfers to y a full 18-bit

word, the lower 16 bits being the address (P) + 1 with the upper two bits set to zero.
When this instruction is executed from an Interrupt Entrance register by an Interrupt,
store (P). Do not initiate the "(P) + 1 sequence',

FAULT CODE; JUMP TO FAULT ENTRANCE REGISTER
Execution time: 2 microseconds
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FORMAT Il INSTRUCTIONS

The following are Format II, Type 3 instructions and require a combination of a 50-function

code and a subfunction code that determines the operation to be performed. The 50-function

code is detected when read from memory and causes IQFG and le—6 Fg_g for execution.

The computer maintains its regular timing sequence.

50

50

50

50

50

50

50

50

50

00

01

02

03

04

05

06

07

10

FAULT CODE; JUMP TO FAULT ENTRANCE REGISTER

Execution time: 2 microseconds

SET INPUT ACTIVE (SIN)

Execution time: 2 microseconds

Set input channel k to the active state. The buffer control words stored in memory
locations 60 + 2k and 61 + 2k or as specified by the Externally Specified Index or

Externally Specified Address will control the transfers.

SET OUTPUT ACTIVE (SOUT)

Execution time: 2 microseconds

Set output channel k to the active state. The buffer control words stored in memory
locations 40 + 2k and 41 + 2k or as specified by the ESI or ESA will control the

transfers.

SET EXTERNAL FUNCTION ACTIVE (SEXF)
Execution time: 2 microseconds
Set channel k external function mode active. The buffer control words stored in

memory locations 40 + 2k and 41 + 2k will control the transfers.

Not Used
Not Used
Not Used
Not Used

Not Used
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50 11

50 12

50 13

50 14

50 15

INPUT TRANSFER (IN) (P+1) = 60+2k
. . . (P+2) md 61+2k
Execution time: 6 microseconds SET INPUT ACTIVE ON CHAN. k

Initiate Input Transfer on channel k.
Transfer buffer limit address words (for input buffer) from the following two in-
struction locations to the Input Buffer Control registers for the designated channel.

Other 1/0 channel and processor activity proceeds normally.

OUTPUT TRANSFER (OUT) (P+1) mdp 40+2k
. S . (P+2) mp 4142k
Execution time: 20 microseconds SET OUTPUT ACTIVE ON CHAN. k

Initiate Output Transfer on channel k.
Transfer buffer limit address words (for output buffer) from the following two in-
struction locations to the Output Buffer Control registers for the designated channel,

Other 1/0 channel and processor activity proceeds normally.

EXTERNAL FUNCTION (EXF) (P+1) mdp 40+2k
(P+2) mip 41 -2k
SET EXTERNAL FUNCTION ON CHAN, k

Execution time: 20 microseconds

Initiate External Function Mode on channel k.
Transfer buffer limit addresses (for the function buffer) from the following two in-

struction locations to the Output Buffer Control registers for the designated channel,

ENABLE REAL-TIME CLOCK MONITOR (RTC)

Execution time: 2 microseconds

Enable the Real-Time Clock Monitor Interrupt. Ignore k. After execution of this
instruction, equality between the RTC register (location 15) and the RTC Monitor
Word register (location 14) will interrupt the computer program. The next instruc-
tion is taken from the RTC Monitor Interrupt Entrance register (location 12), and

the RTC Monitor is disabled.

TERMINATE INPUT (INSTP) CLEAR INPUT ACTIVE CHANNEL k
Execution time: 2 microseconds

Terminate Input on channel k.

No Monitor interrupt will occur as a result of the execution of this instruction.
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50

50

50

50

50

50

16

17

20

21

22

23

TERMINATE OUTPUT (OUTSTP) CLEAR OUTPUT ACTIVE CHAN. k
Execution time: 2 microseconds
Terminate Output or External Function Mode on channel k.

No Monitor interrupt will occur as a result of the execution of this instruction.

TERMINATE EXTERNAL FUNCTION (EXFSTP)

CLEAR EXTERNAL FUNCTION ACTIVE CHAN. k
Execution time: 2 microseconds
Terminate External Function Mode or Output on channel k.

No Monitor interrupt will occur as a result of the execution of this instruction.

SET RESUME (SRSM)

Execution time: 2 microseconds

Set the "RESUME" designator for channel k group to permit honoring the next re-
questing output function on that group. Loss of any information currently held by the

output register(s) for a peripheral device is allowed by this instruction.

SKIP ON INPUT INACTIVE (SKPIIN)
Execution time: 2 microseconds skip or no skip
Test for input activity on channel k. If inactive, skip the next instruction; otherwise,

take the next instruction.

SKIP ON OUTPUT INACTIVE (SKPOIN)
Execution time: 2 microseconds skip or no skip
Test for output activity on channelk. If inactive, skip the next instruction; otherwise,

take the next instruction. This instruction tests the output active flip-flop.

SKIP ON EXTERNAL FUNCTION INACTIVE (SKPFIN)

Execution time: 2 microseconds skip or no skip

Test for External Function activity on channel k. If inactive, skip the next instruc-
tion; otherwise, take the next instruction. This instruction tests the External Func-

tion Mode flip-flop.
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50 24
or
50 25

50 26

50 27

50 30
or
50 31

50 32
or
50 33

WAIT FOR INTERRUPT (WTFI)

Execution time: 2 microseconds
Stop the computer until any interrupt occurs and allow I/O to continue; ignore Kk,
then execute the instruction located in the Interrupt Entrance register designated by

the interrupt.

OUTPUT OVERRIDE (OUTOV)

Execution time: 2 microseconds

Wait for the output device to accept the word in the C-register(s). Then simulate an
Output Request on channel k and transfer the word designated by the address in the
Output Buffer Control register for that channel. Ignore the ESI Mode if active. This
instruction will transfer a word whether the buffer is active or not. The transfer

takes place under control of the word in the Buffer Control register.

EXTERNAL FUNCTION OVERRIDE (EXFOV)

Execution time: 2 microseconds

Wait for the output device to accept the word in the C-register(s). Then simulate an
External Function Request on channel k and transfer the word designated by the ad-
dress in the Output Buffer Control register for that channel. Ignore the ESI Mode if
active. This instruction will transfer a word whether the buffer is active or not.

The transfer takes place under control of the word in the Buffer Control register.

REMOVE INTERRUPT LOCKOUT (RIL)

Execution time: 2 microseconds
Remove the interrupt lockout; enable all external and monitor interrupts, all channels.

Ignore k. This instruction complements SIL.

REMOVE EXTERNAL INTERRUPT LOCKOUT (RXL)

Execution time: 2 microseconds
Enable external interrupts, all channels. Ignore k. This instruction complements
SXL.
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50 34
or
50 35

50 36
or
50 37

50 40

50 41

SET INTERRUPT LOCKOUT (SIL)

Execution time: 2 microseconds
Set the interrupt lockout; disable all external and monitor interrupts, all channels.

Ignore k.

SET EXTERNAL INTERRUPT LOCKOUT (SXL)

Execution time: 2 microseconds

Disable external interrupts, all channels. Ignore k.

Not Used

RIGHT SHIFT AU (RSHAU)

Execution time: 2 microseconds (k=0); 4 to 12 microseconds (k#0)

Shift (AU) to the right k-bit positions. The higher order bits are replaced with the
original sign bit, AUy, as the value is shifted. This is an end-off shift (i.e., the low

order bits are "lost" upon completion of the shift).

Example of right shift AU with k = 2

(AU)i (positive) = 370000
after first shift 174000
after second shift 076000
(AU)i (negative) = 400000
after first shift 600000
after second shift 700000

NOTE: Execution time for all shift instructions:

if k equals (octal) microseconds
0 2
1-4 242
5-10 2+4
11-14 246
15-20 248
21-24 2+10
25-30 2+12
31-34 2+14
35-40 2+16
41-44 2+18
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50 43

50 44

RIGHT SHIFT AL (RSHAL)

Execution time: 2 microseconds (k=0); 4 to 12 microseconds (k#0)

Shift (AL) to the right k-bit positions. The higher order bits are replaced with the
original sign bit, AL1 7, as the value is shifted. This is an end-off shift (i.e., the low

order bits are "lost'" upon completion of the shift),

RIGHT SHIFT A (RSHA)
Execution time: 2 microseconds (k=0); 4 to 20 microseconds (k#0)
Shift (A) to the right k-bit positions. The higher order bits are replaced with the

original sign bit, A as the value is shifted. This is an end-off shift (i.e., the low

order bits are "lost '?ipon completion of the shift).
Example of right shift A with k = 2:

(A); (positive) 370000 000000

after first shift 174000 000000

after second shift 076000 000000

(A) (negative) 400000 000000

after first shift 600000 000000

after second shift 700000 000000

SCALE FACTOR (SF)

Execution time: 4 microseconds (k = 0); 4 to 20 (k # 0)

Shift (A) circularly to the left until either A35 #As 4 OF k minus shift count = 0; then
store the positive quantity k minus shift count at memory address 00017. The effect
of the instruction is to "normalize" (A) to the left subject to k. SCALE FACTOR is

extremely useful when working with numerical values in floating point notation.

(a) Example of scale factor with k = 7:
(A); = 170000 000000 (positive, not normalized) after first shift 360000 000000
(positive, normalized)
The computer, sensing (A) nor normalized, stores k-shift count (7-1) = the 18-bit
quantity "000006" s 00017.

(b) Example of scale factor with k = 3:
(A);j = 600000 000000 (negative, not normalized) after first shift 400000 000001
(negative, normalized)
The computer then stores the quantity "000002 "= 00017.
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50 46

50 47

(c) Example of scale factor with k = 1:
(A)i = 070000 000000 (positive, not normalized) after first shift 160000 000000

positive, not normalized)

The computer, having exhausted k, stores the quantity "000000'" =¥ 00017 leaving
(A) only partially normalized.

LEFT SHIFT AU (LSHAU)

Execution time: 2 microseconds (k = 0); to 12 microseconds (k # 0)

Shift (AU) circularly to the left k-bit positions. The lower order bits are replaced
with the higher order bits as the word is shifted.

Example of left shift AU with k = 2:
(AU); = 300000
after first shift 600000
after second shift 400001

No bits are "lost" with the execution of left shift instructions.

LEFT SHIFT AL (LSHAL)

Execution time: 2 microseconds (k = 0); 4 to 12 microseconds (k # 0)

Shift (AL) circularly to the left k-bit positions. The lower order bits are replaced
with the higher order bits as the word is shifted. No bits are "lost" with the execu-

tion of left shift instructions.

LEFT SHIFT A (LSHA)
Execution time: 2 microseconds (k = 0); 4 to 20 microseconds (k # 0)
Shift (A) circularly to the leftk-bitpositions. The lower order bits are replaced with
the higher order bits as the word is shifted. No bits are "lost" with the execution of
left shift instructions.
Example of left shift A with k = 2:

(A)i = 300000 000000

after first shift 600000 000000

after second shift 400000 000001
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50 50 SKIP ON KEY SETTING (SKP)

50 51

50 52

50 53

Execution time: 2 microseconds skip or no skip
If bit 43,2 lor 0 of kis one and the corresponding SKIP KEY 4, 3, 2,1, or 0 is set...
or ...ifbit5ofkisa one (unconditional skip) ... skip the next instruction. Otherwise,

take the next instruction.

Examples of skip with:

k = 01 (bit 0) skip if skip key O is set

k = 02 (bit 1) skip if skip key 1 is set

k = 04 (bit 2) skip if skip key 2 is set

k = 10 (bit 3) skip if skip key 3 is set

k = 20 (bit 4) skip if skip key 4 is set

k = 40 (bit 5) skip unconditionally

k = 03 (bits 1, 0) skip if either key 1 or 0 is set

SKIP ON NO BORROW (SKPNBO)

Execution time: 2 microseconds skip or no skip

If the last previous ADD A or SUBTRACT A required a borrow, take next instruction;
otherwise, skip the next instruction. Ignore k. The skip occurs if no correction to
(A) is needed. This allows a correcting instruction to be inserted to save program
steps. The correcting instruction will be "SUBTRACT A" where (Y +1,Y) =
000000000001.

SKIP ON OVERFLOW (SKPOV)

Execution time: 2 microseconds skip or no skip

If an overflow condition occurred on a previous arithmetic instruction, skip the next
instruction; otherwise, take the next instruction. Ignore k and clear the OVERFLOW

designator.

SKIP ON NO OVERFLOW (SKPNOV)

Execution time: 2 microseconds skip or no skip

If an overflow condition did not occur on a previous arithmetic instruction, skip the
next instruction; otherwise, take the next instruction. Ignore k and clear the OVER-
FLOW designator.
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50 54

50 55

50 56

SKIP ON ODD PARITY (SKPODD)
Execution time: 2 microseconds skip or no skip
If the sum of the bits resulting from the bit-by-bit product of (AL) and (AU) is odd,
skip the next instruction; otherwise, take the next instruction. Ignore Kk,
(AU)f = (AU)i; (AL)f = (AL)i

Example of skip odd parity:

(AU) 000077 mask
(AL) 127723
bit-by-bit product = 000023

bit sum =3

Since the bit sum is odd, the next instruction is skipped.

SKIP ON EVEN PARITY (SKPEVN)
Execution time: 2 microseconds skip or no skip
If the sum of the bits resulting from the bit-by-bit product of (AL) and (AU) is even,
skip the next instruction; otherwise, take the next instruction. Ignore k.
(AL); = (AL);; (AU), = (AU)

STOP ON KEY SETTING (STOP)

Execution time: 2 microseconds

If bit 4, 3, 2, 1, or 0 of this one and the corresponding console STOP KEY 4, 3, 2,
1, or 0 is SET ... or ... if bit 5 of k is a one (unconditional stop) ... stop the com-

puter; otherwise, take the next instruction.

Examples of stop with:

k = 01 (bit 0) stop if stop key O is set

k = 02 (bit 1) stop if stop key 1 is set

k = 04 (bit 2) stop if stop key 2 is set

k = 10 (bit 3) stop if stop key 3 is set

k = 20 (bit 4) stop if stop key 4 is set

k = 40 (bit 5) stop unconditionally

k = 03 (bits 1, 0) stop if either stop key 1 or 0 is set
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50

50

50

50

50

50

50

50

50

50

50

57

60

61

62

63

64

65

66

67

70

71

SKIP ON NO RESUME (SKPNR)

Execution time: 2 microseconds skip or no skip

If the "RESUME" designator on channel k is not SET (indicating unsuccessful trans-
fer of a word to an output device), skip the next sequential instruction; otherwise,

take the next instruction.

ROUND AU (RND) If (AU ) pos., (AU) + AL1,7QAL
Execution time: 2 microseconds If (AU) neg., (AU) - AL;; s AL
If (AU) is positive, add bit position 17 of AL to (AU); if (AU) is negative, subtract
the complement of bit position 17 of AL from AU and leave the resultant rounded
(AU) in AL, Ignore k. (AU)i = (AU)f.

a double length value in A is normalized as far as possible to the left; however, only

An application of this instruction would be:

a rounded single length number is required for the accuracy desired.

COMPLEMENT AL (CPAL) (AL) mpATL
Execution time: 2 microseconds

Complement (AL), leaving the result in AL. Ignore k.

NOTE: This instruction effects a bit-by-bit complement with the following excep-

tion: all "zeros" (positive zero) will remain all "zeros",

COMPLEMENT AU (CPAU) (AU)'®PAU
Execution time: 2 microseconds

Complement (AU), leaving the result in AU, Ignore k. (See Note: Instruction 50 61.)

COMPLEMENT A (CPA) (A)'mp A
Execution time: 2 microseconds

Complement (A) leaving the result in A. Ignore k. (See Note: Instruction 50 61.)

Not Used
Not Used
Not Used
Not Used
Not Used

Not Used
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50

50

50

50

50

50

72

73

74

75

76

)

ENTER INDEX CONTROL REGISTER (ENTICR) k2 O»ICR
Execution time: 2 microseconds

Clear the Index Control register. Then transmit the three low order bits of k to the
ICR.

ENTER SPECIAL REGISTER (ENTSR) k4_0ﬁSR
Execution time: 2 microseconds

Clear the Special register. Then transmit the five low order bits of k to the SR.
(SR3 =1 activates the SR.)

Not Used
Not Used
Not Used

FAULT CODE - 2 microseconds

CONDITIONAL JUMP FEATURES

The Arithmetic Conditional Jump instructions may be used with associated Compare instruc-

tions to obtain certain results according to the state of the Comparison Designator or may be

used independently with other results.

The Comparison Designator is a 3-stage bistable register which records the results of a

Compare instruction (02, 03, 06, and 07) as follows:

e The "COMPARE" stage is SET upon the computer's execution of any one of the Compare
instructions;

e The "LESS THAN" stage is SET if a Compare instruction finds (AL) less than the con-
tents of an addressed memory location, or L(AL) (AU) less than the logical product of
(AU ) and the contents of the addressed memory location (whichever applies);

e The "EQUALS" stage is SET if a Compare instruction finds (AL) equal to the contents of
an addressed memory location or finds the logical product of (AL) and (AU) equal to the
logical product of (AU) and the contents of the addressed memory location (whichever
applies),

The Comparison Designator is cleared by the execution of any instruction other than the Arith-

metic Conditional Jump instructions (codes 60-67). Therefore, in order to set the compare

stages desired, a Compare instruction must immediately precede a single 60-67 instruction,
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or immediately precede the first of a consecutive string of 60-6"7 instructions. Otherwise,

these jump instructions are executed without reference to the Comparison Designator.

The Arithmetic Conditional Jump instructions 60-67 are used with or without an associated
Compare instruction (02, 03, 06, and 07), If used without a preceding Compare instruction,
the JUMP is executed upon satisfying the condition directly stated by the instruction. If a
Compare instruction is used in conjunction with one or more Conditional Jump instructions,
the satisfaction of a Jump condition is dependent on the SET or NOT SET state of certain

stages of the Comparison Designator.

The accompanying tabulation shows the Jump or No Jump conditions resulting from the com-
bined and separate uses of the Compare and Arithmetic Conditional Jump instructions. The
Compare instructions use the following operands for comparison with (AL): (y) for 02; (y+B)

for 03; for comparison with L(AL) (AU); L(y) (AU) for 06; and L(y+B)(AU) for 07.

Therefore, "M" in the tabulation will represent (y), (y+B), L(y) (AU), or L(y+B) (AU) which-
ever applies. The NO JP condition will cause the computer to execute the next sequential
instruction. (AL) always will be masked by (AU) by instruction 06 or 07; i.e., selected bits

of (AL) will be compared with the corresponding bits of (y) or (y+B).

JUMP OR NO JUMP CONDITIONS

(AL) is masked by (AU) if instructions "06" or "07" were used.

JUMP COMPARE COMPARE DESIGNATOR SET RESULTS
INSTR DESIGNATOR EQUALS STAGE LESS THAN STAGE IF A
CODE NOT SET SET NOT SET NOT SET SET JUMP OCCURS
60 | JPif (AU)=0 |JPif(AL)=M No JP * * (AU)=00or (AL) =M
61 JPif (AL) =0 |IJP if (AL) =M No JP * * (AL)=0o0or M
62 | JPif (AU)# 0 No JP P if (AL)#M * * (AU) # 0 or (AL) = M
63 | JPif(AL)#0 No JP  [JPif (AL)#M * * (AL) # 0 or M
64 | JPif (AU)=0 * * JP if (AL)=M No JP (AU) POS. or (AL)=M
65 | JPif(AL)=0 > * JP if (AL)=M No JP (AL) POS. or (AL)=M
66 | JPif(AU)<O * * No JP  [JPif(AL) <M|(AU) NEG. or (AL)<M
67 | JPif(AL) <0 * * No JP  [JPif(AL) <M|(AL) NEG. or (AL)<M

*Does not apply, and the next sequential instruction is executed.
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Examples in the uses of Compare and Arithmetic Conditional Jump instructions follow.

Problem statement:
Test for a positive value in AL which would be less than M (as defined for the table).

If found, jump to "LETS",
Algorithm: 0<(AL)<M
P = 3XXXX; Y = up for function codes 60-67.

(a) The following routine results in a Jump if condition is true.

Address Instruction
31000 Some Arithmetic instruction
65 4562 Test for (AL) 2 0 Jump to 34562 if (AL) is positive.
34562 02 17000 Set "COMPARE" stage, also SET "LESS THAN"
stage if (AL) <(37000).
67 17500 JP to 37500 if "LESS THAN" stage is set.

(b) The following routine results in sequential execution of instruction if condition is

true.
Address Instruction
32000 Some Arithmetic instruction
67 5000 Jump if (AL) is negative.
02 17000 SET "LESS THAN" stage if (AL)<(37000).
65 5000 Jump if "LESS THAN" stage is NOT SET.

IF SET — execute next instruction.
Next Instruction.

(c) The following routine shows the use of more than one consecutive arithmetic con-
ditional jump instruction following a Compare instruction. The routine also requires

a mask in AU,
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Test AU;
is Mask
Set?

Yes

COMPARE
(AL) with
L(AU) (37000)

Equals? \
Less Than?

Jump to
NO TEST

Greater Than?

INSTR

Address f

33000 60
06
60
67
65

y
4000
7000

4100

4200

4300

i= 1,2, 3. ( : ) (AL) = Logical Product -
(:) (AL) < Logical Product >
@)_(AL) > Logical Product _,

if (AU) =0, JP to 4000 Extended to 34000

Test L (AL) (AU) <L (AU) (37000)
Set Designator

Jump to 34100 if
"EQUALS'' stage set

Jump to 34200 if
““LESS THAN"’ stage set

Jump to 34300 if
“LESS THAN'’ stage is NOT SET
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PROGRAMMING CONSIDERATIONS

1.

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.
20.

Bank Overflow — TRIM makes no note of this except forces zeros if polycode gen-

eration overflows bank.
Avoid using last cell of bank.

IRJP, IJP — Only means of jumping from bank to bank (keep bank independence in

mind),
SR Activity — Keep in mind SR sensitive instructions.

B Registers — 1 through 7 are at addresses 00001 through 00007 respectively. B
Register 0 is at address 00010.

STRICR * O — Store 10.
ENTBK, ENTALK, ADDALK — Sign extended.

B Register can be used to pick Operand from another bank or store an Operand in
another bank.

Put IRJP to available address in the Interrupt Entrance address location.
ADDA, SUBA, ADD + 0 to +0 = + 1, SUBTRACT - O from + 0 = + 1.

After Compare — Clear designator before doing JPALZ or similar instruction.

RTC Overflow FF is not cleared unless checked.
Double length Add or Subtract Operand must be at an even numbered address.

The 5030K (Remove Interrupt Lockout) instruction enables all interrupts (except
those previously locked out by executions of the 5034K (Set Ext. Int. Lockout) in-
struction.

5026 and 5027 have the same meaning — will force one word out and depending on
which mode is active it will send either External Function or Output Acknowledge.

5016 and 5017 have the same meaning — terminates whichever mode is currently
active.

External Function and CDM use the same Buffer Locations; exercise caution when
programming with CDM,

Intercomputer time out interrupt will not release channel. This must be done by
appropriate Terminate Instruction.

5057 skip on no resume, the k portion of the instruction specifies the channel group.

For Output — If TACW = JACW a 1 word transfer will occur.
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UNIVAC 12198 Computer Repertoire of Instructions

ULTRA TRIM TIME| ULTRA TRIM TIME
SYMBOL CODE SYMBOL DESCRIPTION #S | SYMBOL CODE SYMBOL DESCRIPTION MuS
CL 02 CMAL  Compare Y 4 |JUNJLS* 66  JPAUNG Jump Au Negative, Y 2
03 CMALB Compare Y+B 4 |JLN 67 JPALNG Jump AL Negative, Y 2

MSL 04 SLSU Selective Substitute 4 |LLK 70 ENTALK Enter AL, Y 2
05 SLSUB  Selective Substitute Y+B 4 JALK 71 ADDALK Add U, 12 bits 2

CLM 06 CMSK  Masked Compare Y 4 |SIR 72 STRICR Store ICR, Y 4
07 CMSKB  Masked Compare Y+B "~ 4 [JBNZ 73 BJP Decrement B, Jump, Y 2

Ly 10 ENTAU Enter AU, Y 4 {SAD 74 STRADR Store Address, Y 4
11 ENTAUB Enter AU, Y+B 4 [SSR 75 STRSR  Store SR, Deactivate SR, Y 4

LL 12 ENTAL Enter AL, Y 4 §SLJ 76 RJP Return Jump, Y 4
13 ENTALB Enter AL, Y+B 4 {SIC 5001 SIN Set Input Active 2

AL 14 ADDAL AddY, 18 bit 4 {s0C 5002 souT Set Output Active 2
15 ADDALB Add Y4B, 18 bit 4 |SFC 5003 SEXF  Set External Function Active 2

ANL 16 SUBAL  Subtract Y, 18 bit 4 |LIC 5011 IN Initiate Input Buff, k 6
17 SUBALB Subtract Y+B, 18 bit 4 {LOC 5012 OUT Initiate Output Buff, k 6

AA 20 ADDA  AddY, 36 bit 6 JLFC 5013 EXF External Function 6
21  ADDAB  Add Y+B, 36 bhit 6 JACI 5014 RTC Enable Real-Time Clock 2

ANA 22 SUBA Subtract Y, 36 bit 6 |STIC 5015 INSTP  Terminate Input, k 2
23 SUBAB  Subtract Y+ B, 36 bit 6 [STOC 5016 OUTSTP Terminate Output, k 2

M 24 MULAL  Multiply Y 14 |STEF 5017 EXFSTP Terminate External Function, k 2
25  MULALB Multiply Y+B 14 |SRD 5020 SRSM Set Resume ff (Intercomp) 2

D 26 DIVA Divide, Y 14 |TIC 5021 SKPIIN  Skip Input inact, k 2
27  DIVAB  Divide,Y+B 14 |TOC 5022 SKPOIN  Skip Output Inact, k 2

SLI 30 IRJP indirect RJP, Y 6 | TFC 5023 SKPFIN  Skip on Ext. Fnct. Inact. 2
31 IRJPB Indirect RJP, Y+B 6 |WFI 5024  WTFI  Wait for Interrupt 2

LB 32 ENTB Enters B, Y 4 |0V 5026 OUTOV  Force Output One Word, k 2
33 ENTBB  Enter B, Y+B 4 | EFOV 5027 EXFOV  Force Ext Function One Word, k 2

J 34 JP Jump,Y 2 | AAl 5030 RIL Remove Interrupt Lockout 2
35 JPB Jump,Y+B 2 | AFI 5032 EXL Remove Ext Interrupt Lockout 2

LBK 3 ENTBK Enter,B,U 2 | PAI 5034 SIL Set Interrupt Lockout 2
37 ENTBKB Modify B, U 2 | PFI 5036 SXL Set Ext Interrupt Lockout 2

cY 0 CL Store Zero, Y 4 |SRU 5041 RSHAU  Right Shift AU, k 4-10
41 CLB Store Zero, Y4B 4 | SRL 5042 RSHAL  Right Shift AL, k 4-10

SB 42 STRB Store, B, Y 4 | SRA 5043 RSHA Right Shift A, k 4-20
43  STRBB  Store B, Y+B 4 | SCA 5044 SF Scale A Left, k, SF 4-20

SL 44  STRAL  Store AL, Y 4 | SLU 5045 LSHAU  Left Shift AU, k 4-10
45  STRALB Store AL, Y+B 4 [SLL 5046 LSHAL  Left Shift AL, k 4-10

SU 46  STRAU  Store AU, Y 4 | SLA 5047 LSHA Left Shift A, k 4-20
47  STRAUB Store AU, Y+B 4 |TK 5050 SKP Skip Console Key, k 2

OR 51 SLSET  Selective Set (IOR), Y 4 | TNB 5051 SKPNBO Skip No Borrow 2
AND 52 SLCL Selective Clear (AND), Y 4 | TOF 5052 SKPOV  Skip Overflow 2
XOR 53  SLCP Selective Complement (XOR), Y 4 [ TNO 5053  SKPNQOV  Skip No Overflow 2
EJI 54 1JPEl Indirect Jump (RIL), Y 4 | TOP 5054 SKPODD Skip L(AU, AL) Odd Parity 2
Jl 5 1P Indirect Jump, Y 4 | TEP 5055 SKPEVN Skip L(AU, AL) Even Parity 2
T8 5  BSK Increment B, Skip, Y 4 | SK 5056 STOP Stop Console Key, k 2
T2 57 ISK Decrement Index, Skip, Y 6 | TRD 5057 SKPNR  Skip No Resume ff (Intercomp) 2
JE* Uz 60 JPAUZ  Jump AU Zero, Y 2 | RND 5060 RND Round AU 2
§ (WA 61 JPALZ  Jump AL Zero, Y 2 | CPL 5061 CPAL Complement AL 2
INE* JUNZ 62 JPAUNZ Jump AU Not Zero, Y 2 | CPU 5062 CPAU  Complement AU 2
JLNZ 63 JPALNZ Jump AL Not Zero, Y 2 | CPA 5063 CPA Complement A 2
JNLS* JUP 64  JPAUP  Jump AU Positive, Y 2 [ LIR 5072 ENTICR Enter ICR, k 2
JLP 65 JPALP  Jump AL Positive, Y 2 | LSR 5073 ENTSR  Enter, SR, k 2

*If compare designator is set.







