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PREFACE

This manual provides a comprehensive source of information concerning the UNIVAC 490 Real-Time
System: its basic units; its wide variety of configurations and applications; its uniquely efficient
instructions, and the programming packages which make the use of the system outstandingly practical
and economical.

The bulk of the manual is addressed to those who have a good knowledge of general computer concepts
and practices. The opening section, General Description, is intended for the use of anyone with an
interest in the subject. In addition to a discussion of the system as a whole and of its principal
components, this section deals with the relatively new concept of real time processing, of the reasons
for it, of the manner in which the UNIVAC 490 Real-Time System, through concurrency of operations,
combines the advantages of familiar batch processing methods with those of real time operations.
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2. INTRODUCTION

A. REAL TIME, BATCH PROCESSING, AND CONCURRENT OPERATIONS

1.

Real Time

Real time computers were originally developed for military purposes: to aim, track, and guide
ballistic missiles; to receive, store, analyze, and provide useful results from vast radar or other
information gathering net works so as to provide the basis for timely decisions on the part of human
beings — decisions which could, when required, be acted upon almost instantly at locations
thousands of miles removed from their source.

The essential characteristics of real time computers are that they can store enormous masses of
information; that they can access, or reach, and act upon, any item or group of items of the informa-
tion within thousandths of a second; that they can receive and transmit data from and to small or
large numbers of remote points in extremely short periods of time; that they can automatically assign
priorities to many different operations so that action and response take place in proportion toc the
urgency of the need.

The expression real time is applied to computers of this kind because thay are capable of keeping
pace in their operations with the occurrence of events which follow one another with great rapidity
and which may even occur simultaneously.

The Univac Division of the Sperry Rand Corporation has been an outstandingly successful pioneer
in the development of real time computers and realized very early the tremendous potentials of their
application to business situations. The result of this realization and of the ensuing development
work is the UNIVAC 490 Real-Time System which makes it possible for modern management to take
the fullest advantage of modern management techniques. Because it provides proper input/output
devices for every type of business transaction, business events may be entered into the system,
stored, located, related to other events, acted upon at the time of occurrence. Management by excep-
tion is made possible on a truly current basis, in ample time to correct deviations from plan, wheth-
er these involve availability ¢f working capital, sales forecasts, manning and machine scheduling,
inventory levels, receipts and shipments of materials, operating costs, or controls.

The system, because of its unique mass storage and communications facilities, constitutes an
excellent instrument for the centralized control of decentralized operations whether these are
situated at a large central site or are dispersed over an area of hundreds or thousands of miles.
Moreover, the system in many instances eliminates the need for original! documents and their slow,
expensive and frequently inaccurate conversion to a form suitable for input to a computer system.
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The question is: how can a data processing system be made to provide all of these advantages

in such a way as to approach the maximum utilization of the equipment employed, the highest
return from the money expended for it, and therefore a correspondingly satisfactory increase in the
profitability of the enterprise.

The answer is provided in the UNIVAC 490 Real-Time System in this manner:

Real Time and Batch Processing

The requirements for real time action are known frequently to occur in peaks and valleys. In many
businesses these requirements tend to increase from early morning through the middle of the day

and to taper off from then on. In other businesses the occurrence of these demands may be sporadic.
It makes no difference. The UNIVAC 490 Real-Time System is so designed that it will automatically,
as its facilities are freed from the dynamic demands of real time processing, load them up with the
ordinary day to day back log of less urgent work of the familiar batch processing type - typically,

the sequential processing of sequentially ordered files such as accounts receivable, payable, or
payrolls.

Concurrency of Operations

The great point is that the UNIVAC 490 Real-Time System is at no moment necessarily committed

to real time operations or to batch processing operations exclusively. Both may proceed concurrently
and several kinds of each may proceed concurrenily under the contiol of an internally stored execu-
tive program. But the real time operations always have priority and the system will assign its
facilities as these priorities require, relinquishing them to other activities, such as engineering
calculations or normal business processing tasks, as soon as they are no longer needed to keep
pace with real time events,

In this way maximum use may be made of the components of any desired configuration of the UNIVAC
490 Real-Time System; and the advantages of its enormous storage capacity, speed, flexibility,
and communications capabilities may be obtained at a low cost per unit of work accomplished.

To sum up, it should be said that experience indicates that the UNIVAC 490 Real Time System will

quite probably outperform by a wide margin any other system of its kind in a wide range of applications.

The fact that it can actually do so in any particular situation can be established beyond doubt only
by investigation and analysis. This fact has already been established many times and is being
established with greater and greater frequency as larger numbers of organizations examine the system’s

capabilities.
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3. GENERAL DESCRIPTION

For years there has been an urgent need for a business data processing system specifically designed

to meet the steadily increasing pressures of costs vs. profits, of competition, of the need for radically
improved communications, for improved service to customers, for more efficient inventory management,
for more effective controls -- for improved over all capability to cope with the constantly growing

complexity, diversity, wide spread nature, and sheer size of modern business.

The UNIVAC 490 Real-Time System is the first and only system specifically designed to meet these
needs and which has proved in daily use that it does meet these needs, and more, at an entirely
reasonable cost. It is by a long way the most versatile and the most comprehensive data processing
system yet produced.

The system provides the most effective instrument in existence for the centralized control of
decentralized operations. The same characteristics which account for this, account also for its other
advantages, which are many. These characteristics and advantages, stated very briefly, are:

m The system itself can communicate directly with central site or remote locations — points of sale
or other customer contact, production or transportation facilities, warehouses, domestic or
foreign branches or affiliates.

m The system can store large masses of information and almost instantly retrieve and deliver in
useful form any item or group of items — data required for customer service, for the most advan-
tageous stocking and distribution of materials or products, or for use by central or local manage-
ment.
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s Under automatic executive program control the system can concurrently execute several programs
— the saving in processing time, and therefore in cost, is very large.

m The system operates in real time — that is, it responds to the need for action in a period of time
proportional to the urgency of the need — first things are done first.

m The system can be depended upon to provide the information necessary to base this minute’s or
this hour’s decisions on information up to date as of the minute or the hour — the value of infor-
mation diminishes rapidly with the passage of time — this system, because the data it provides
reflects the present facts, makes it possible to avoid many difficulties and to seize many
opportunities which would otherwise be lost.

A. COMMUNICATION CAPABILITIES

The system is adaptable to any standard common carrier communication code, rate of transmission,
or equipment. It may be connected to a few or hundreds of low cost communication lines.

B. MASS STORAGE FACILITIES

Drum storage capacity ranging from a few million to billions of characters — average access time 17

or 92 thousandths of a second — magnetic tape units compatible with other UNIVAC systems or with
those of IBM — read/write speeds up to 125,000 characters per second; number of units, as in the case
of other peripheral devices, expandable according to requirements. The combination of almost unlimited
low cost communications facilities plus almost unlimited random access storage (at the lowest cost
per character stored) provides service and economy never before approached in any system.

C. REAL TIME CENTRAL PROCESSOR DESIGN

Sixty two basic instructions which may be modified to provide unprecedented programming versatility;
magnetic core storage capacity of 16,000 to 32,000 computer words of 30 bits each; 10 millionths of a
second average instruction execution time; the ability to accomodate any standard communication code or
speed; the ability to carry out several programs concurrently, to make most effective use of random
access drum storage as well as magnetic tapes; plus the ability under automatic executive program
control to perform all of its functions including control of or response to central or remote input/out-
put devices in a time scale proportional to the need for action; and precision electronic clocks for
use in compiling statistics for analysis and improvement of computer utilization, for initiation of
action at specific times during the day, and for checking the proper execution of operations. In addi-
tion to all of this, the Central Processor may be connected to a satellite computer or to another entire
490 system complex.

D. INPUT/OUTPUT EQUIPMENT

In addition to its mass storage drums and tapes, the system may employ a variety of input/output
devices including 600 card per minute readers; 150 card per minute punches; 700 to 222 lines per min-
ute printers, punched paper tape systems (5 to 8 channel — 400 characters per second reading speed;

110 characters per second punching speed).
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E. AN ADVANCED, COMPREHENSIVE PROGRAMMING SYSTEM

The UNIVAC 490 Real-Time System is provided with a rapid, efficient assembler, (SPURT), a COBOL
compiler, and an executive routine (REX) which coordinates the operations of all elements of the
system, making it entirely feasible to run several independent programs concurrently* and automati-
cally to assign priority to most urgent requirements, such as those of a communications subsystem, as
they arise. The programming package alsc includes an unusually efficient SORT/MERGE routine,
utility, service and program testing routines, and routines for the most effective management of all
peripheral units. Very large savings of time and money are realized by these means.

F. DEPENDABILITY OF OPERATION

This system has established an extraordinary record of operational dependability which results from
the Univac Division’s years of experience in the design of solid state computers of many kinds:
military, scientific, and commercial. Reliability design goals have been exceeded, in actual perfor-
mance, by well over 100%,

* These programs may be written quite independently — the REX executive routine relieves the programmer of all! concern
with accomplishment of concurrent operations.
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REAL TIME COMPUTER
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inter computer channels.

COMPUTER DAY
CONSOLE  CLOCK

Figure 3-1. UNIVAC 490 Recl-Time System — Simplified Block Diagram
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4. COMPONENT DESCRIPTION

Figure 4-1.

Central Processor

STORAGE CAPACITY

16, 384 words (30 bits/word)
or

32, 768 words

WORD LENGTH

30 bits (may be accessed as 15 bit half word)

NUMBER OF 1I/0 CHANNELS

6or 14

AVERAGE ACCESS TIME

1.9 microseconds

CYCLE TIME

6 microseconds

AVERAGE INSTRUCTION
EXECUTION TIME

10 microseconds

The UNIVAC 490 Real-Time System Central Processor is a binary computer designed for real
time and batch processing, fot concurrency of operations, for the employment of advanced

programming concepts such as those incorporated in the SPURT assembler, the REX executive

routine, the various input/output routines; and for the use of extremely extensive and rapid mass

random access storage and communications subsystems as well as magnetic tape auxiliary

storage, punched card equipment, and a variety of special peripheral devices.

It employs 62 basic.instructions which, by automatic manipulation directed by the contents of the

instruction word, can be made to perform practically any desired programming function.
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A simplified diagram of the principal elements of the Central Processor is shown in Figure 4-2.
For directness of presentation, only those elements referred to in program instructions are shown.

INPUT/OUTPUT
SUBSYSTEMS OTHER COMPUTERS

12 CHANNELS 2 CHANNELS

Figure 4-2. Central Processor - Simplified Block Diagram

m Control

The control portion of the Central Processor coordinates the flow of data between the arithmetic
and storage units. It contains a program address counter which holds the 15 bit address of the
next instruction to be executed throughout the program and seven 15 bit index registers.

m Storage

Storage consists of 16,384 or 32,768 30 bit words. Areas of storage are automatically allocated
by the executive routine (REX) according to the requirements of operating programs.

B Arithmetic

The arithmetic unit comprises a 30 bit *“A’’ register, a 30
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and subtraction from the augend.
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8 Input/Output

All input/output data transfers are automatically controlled by signals emanating from the
Central Processor or from the peripheral subsystems themselves. Any general purpose input/
output channei can accommodate a UNIVAC 490 Real-Time System peripheral device. All I/0 channels
are buffered. Each input/output device has associated with it a Contirol Unit which, once
activated by the Central Processor, carries out the entire operation of the instruction given it
while the Central Processor proceeds with other tasks. This is invaluable. For example, in

the case of a simple Print instruction, the Central Processor can, during the execution time —
the printing of one line — execute more than 9,000 other instructions. Equally important is the
fact that any input/output device can, through its Control Unit, instantly signal the Central
Processor if it requires a response to an inquiry or if it has completed a task and is ready to
begin another. Through REX, the executive routine, all activities, both internal and external to
the Central Processor, are properly correlated, assigned the necessary areas of storage, and
carried out in the most advantageous sequence.

B. CLOCKS

Processing timelines, an inherent characteristic of real time processing, requires the system
to be extremely time conscious. Three precision electronic clocks provide the UNIVAC 490 Real-
Time System with unequalled timing sensitivity.

1. Day Clock

A feature particularly suited to real time problems is the 24 hour Day Clock. This electronic
clock interrupts the computer with the current time of day expressed in hours (0-23), minutes
(0-59) and half minutes (0-1). A visual display of the time as indicated by the Day Clock is
located on the operator’s console.

The Day Clock can be used to initiate a variety of subroutines at specific times during the
day. Error checking routines, trace routines, output conversions, management report programs,
maintenance routines and memoty dumps are some of the many routines which can be initiated
by the Day Clock.

2. Real Time Clock

Of particular benefit to statistical analysis of computer utilization, the UNIVAC 490 Real-Time
System contains an incremented clock called the Real Time Clock. This clock is a 15 bit
register located in computer memory. Approximately once each millisecond the clock is incre-
mented by one. Since 15 bits will allow a maximum count of 32,768, this clock will go through
a complete cycle in approximately 32 seconds.

This clock can be used for precision timing of computer functions such as the elapsed time
between tlie receipt of an inquiry and the transmission of a reply. The compilation of such
statistics are an invaluable aid in analyzing and improving computer utilization.

3. Interval Timer

Like the Real Time Clock, the Interval Timer is a 15 bit register in computer storage which
is incremented once each millisecond. The major difference between the two clocks is that
the Interval Timer provides an unconditional interrupt to the computer upon reaching a full
count of 32,768.
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Erroneous input could perhaps cause a routine to initiate a repetitive logical path. The
Interval Timer is set when a transaction is initiated. The time of interrupt is slightly in
excess of the longest normal transaction. If an interrupt occurs, the real time program is
prepared to enter a routine for analysis and possible reinitiation of the transaction which
caused the interrupt.

SUBSYSTEMS

A subsystem consists of one or more peripheral units of the same type connected to an available
input/output channel. Each subsystem is controlled by a channel synchronizer/control unit that
interprets the control signals and instructions issued by the Central Processor, effects the
transfer of data to or from the selected unit and the Central Processor, indicates to the Central
Processor the status of the available peripheral units, and informs the Central Processor when
errors or faults that affect the operation of the subsystem occur. The Central Processor and

the subsystems have capabilities which lead to great efficiency in their mutual operations.

When the main program requires that the Central Processor employ a subsystem, the Central
Processor issues control signals which select the proper subsystem and initiate the desired
action. Once this is done the execution of the main program automatically continues until

the subsystem has completed the required action. At this point the subsystem signals the
Central Processor that the action is compiete and the Central Processor now deals with the
results of the action taken: for example the processing of data transferred from the subsystem.

In similar manner a subsystem signals the Central Processor its state of readiness to require
action on the part of the Central Processor, such as response to an inquiry, and it also signals
the Central Processor when its requirements have been met. These characteristics not only
provide almost instantaneous availability of the services of the subsystems to the Central
Processor, and those of the Central Processor to the subsystems, but they also reduce to at
most a few thousandths of a second those Central Processor delays ordinarily associated with
drum latency periods, magnetic tape reading or writing, or the employment of printing, punched
card, or communications systems.

During the execution of input/output instructions the Central Processor proceeds with the
main program, taking action on results of the operation only on receipt of a signal from the
subsystem indicating that the operation is complete.
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1. Flying Head-880 Magnetic Drum

Figure 4-3.

. 786,432 30 bit computer words
STORAGE CAPACITY 3.9 million alphanumeric

characters (approximately)

AVERAGE ACCESS TIME 17 milliseconds

RECORDING DENSITY 518 bits per inch

DRUM SPEED 1,800 revolutions per minute

NUMBER OF READ/WRITE HEADS 880 (40 blocks with 22 heads in
each block)

The Flying Head-880 Magnetic Drum Subsystem is a large capacity, high speed random
access storage device used for program storage, temporary data storage, or file storage.
As many as eight Flying Head-880 Magnetic Drum Units may be connected to any available
input/output channel.

The magnetic drum units used in the Flying Head-880 Magnetic Drum Subsystem differ from

by the drum’s rotation. Since the boundary is extremely thin, (less than 0.0005 inch) the head
to surface distance is reduced and the read/write heads follow the contours of the drum in
precise manner. This feature permits a greater recording density since it eliminates the dis-
advantages of the wider head to surface distance required in conventional drum units to
compensate for surface irregularities.

The read/write heads are positioned around the drum in 40 groups of 22 heads each. Each head
reads from or writes upon a recording track that revolves beneath it.

Each Flying Head-880 Magnetic Drum Unit has 128 6 bit track recording bands, each capable of
storing 6,144 30 bit computer words; that is, 786,432 computer words (3.9 million alphanumeric
characters) can be stored on a single unit.
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The read/write heads record information on the drum at a density of 518 bits per inch while it
is revolving at a speed of 1,800 revolutions per minute. Average access time is 17 milliseconds.

All read opetations are parity checked. All search operations may be conducted off line; that
is, once the search instruction is received by the drum synchronizer control unit, the Central
Processor is free for other functions until the search is completed.

2. FASTRAND* Mass Storage Subsystem

Figure 4—=4. FASTRAND Mass Storage Unit

,976, it comr words
STORAGE CAPACITY 65 million alphanumeric characters
(approximately)

AVERAGE ACCESS TIME 92 milliseconds
RECORDING DENSITY 1,000 bits per inch

DRUM SPEED 870 revolutions per minute
NUMBER OF READ/WRITE HEADS 64

The FASTRAND Mass Storage subsystem is an extremely large capacity random access mass
storage device. As many as eight FASTRAND Mass Storage Units may be connected to any
available input/output channel.

Each FASTRAND Mass Storage Unit in the subsystem contains two magnetic drums. These
drums are similar to those used in the Flying-Head-880 Magnetic Drum Subsystem in that
they employ flying read/write heads; however, these drums have an additional feature, the
ability laterally to position the read/write heads.

On each drum there are 3,072 recording tracks each of which can store 2,112 30 bit computer
words; that is, 6,488,064 computer words can be stored on one drum. Since there are two
drums in a FASTRAND Mass Storage Unit the total storage capacity is 12,976,128 computer
words per unit, or approximately 65,000,000 characters. The total words of storage per avail-
able channel is approximately 104,000,000; the total characters, 520,000,000.

* Trademark of Sperry Rand Corporation



UP-3900

UNIVAC 490 SPURT 4

SECTION:

PAGE:

Data Arrangement — Access Time

The data is recorded around the circumference of the drums in tracks. Each track will
contain 2,112 words. These words are grouped into logical records called Sectors. A
sector consists of 33 words.* Therefore, each track contains 64 sectors.

The 64 read/write heads are mounted on one head positioning bar and all move in unison.
Each head will cover 96 tracks. The addressing logic is such that data from track 1 under
head 1 is sequentially followed by data from track 1 under head 2 etc., through the entire
64 heads. Thus by one positioning of the heads (which may be accomplished by separate
instructions or as patt of a read or write instruction) 4096 sectors (135,000 words) are
available without further head positioning. This feature when coupled with good systems
design and data layout can result in reducing access time for many references to 35
milliseconds.

Among the valuable features of the FASTRAND system is a unique search function.
The search may be initiated to search on the first word of each sector or it may be
initiated to search all words of the sectors involved. When a find is made, the Search
function automatically converts into a read operation as specified by instruction.

In the process of searching the operation may be limited to search through only 64
sectors or to search through 4096 sectors. This variable search length feature is
under program control.

All functions of the FASTRAND are buffered from the Central Processor so that the
computer may continue processing while records are being accessed on the FASTRAND
unit.

* Information is recorded on FASTRAND in 33 word sectors. (a word contains 30 bits, five 6 bit characters)
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3. UNISERVO¥* Magnetic Tape Subsystems

Figure 4-~5, UNISERVOQ Tape Handling Unit

UNISERVO 1A Tape

UNISERVO lIA Tape

UNISERVO IHIC Tape

Handling Unit Handling Unit Handling Unit

TRANSFER 100,000 or 125,000 12,500 and 25,000 22,500 and 62,500
RATE characters/second characters/second characters/second
RECORDING 1,000 or 1,250 6 bit 125 and 250 6 bit 200 and 556 6 bit
DENSITY characters /inch characters/inch characters/inch
TAPE SPEED 100 inches/second 100 inches/second 112.5 inches/second
TAPE WIDTH 0.5 inch 0.5 inch 0.5 inch
TAPE LENGTH 3,600, 2,400, 1,800 1,500 feet (metallic) 2,400 feet

2,400 feet (plastic) {plastic)
THICKNESS 1 mil 1 mil (metallic) 1.5 mils

1.5 mils (plastic)
BLOCK LENGTH Variable Variable Variable
SPACE BETWEEN C.75 inch 1.2 inches 0.75 inch

BLOCK

CHANNELS ON
TAPE

100K C-7 channels
6 data
1 parity

125KC-9 channels
8 data
1 parity

8 channels
6 data
1 parity
1 sprocket

7 channels
6 data.
1 parity

READ/WRITE

Reading in forward
and backward
directions; writing
in the forward
direction only.

Reading in forward
and backward
directions; writing
in the forward
direction only.

Reading and writing
operations proceed
in the forward
direction only.

* Trademark of Sperry Rand Corporation
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a. UNISERVO IIIA Tape Handling Unit

100,000 or 125,000 characters/

second

RECORDING DENSITY

1,000 or 1,250 6 Bit characters/inch

TAPE SPEED 100 inches/second
TAPE WIDTH 0.5 inch
TAPE LENGTH 3600, 2400, 1800
THICKNESS 1 mil
BLOCK LENGTH Variable
SPACE BETWEEN BLOCKS 0.75 inch
CHANNELS ON TAPE 100K C-7 channels
6 data
1 parity
125K C-9 channels
8 data
1 parity

READ/WRITE OPERATION

Reading in forward and back-
ward directions; writing in the
forward direction only.

The UNISERVO IIIA Tape Handling Unit is a high speed magnetic tape storage device. The
UNISERVO IIIA tape subsystem is connected to the UNIVAC 490 System through any avail-
able general purpose channel. Up to 16 tape units may be connected through one channel

control unit. Several subsystems may be connected — one subsystem per channel.

Data is written or read to or from the UNISERVO IIIA Tape Handling Unit at a rate of 100,000

or 125,000 characters per second. The recording is done in the variable block length mode.

The UNISERVO IIIA Tape Handling Unit has an automatic read after write feature to provide
the maximum assurance that the data has been recorded correctly on the tape. Automatic re-
covery, bad spot detection and skipping are provided through a combination of hardware and

executive program action.

Among the outstanding functions of the UNISERVO IIIA magnetic tape systems are:
Read Forward, Read Backward, Write Forward, Masked Search, and High Speed

Rewind.

As in the case of drum storage (of both types) and the other available magnetic tape
units, the search function is conducted in the off line manner — that is, the control

unit, once given the command by the Central Processor, takes over and the processor
proceeds with the execution of other instructions in its program until the desired item

is located.

-
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The masked search function is extremely valuable in that it greatly simplifies pro-
gramming because a search can be made upon any portion of an identifier word. The
advantages of rapid rewind are obvious.

There are mechanical features of the UNISERVO IIIA Tape Handling Unit which
contribute a good deal to its generally recognized status as the most advanced,
reliable, and efficient magnetic tape system which now exists. It uses tape only

1 mil thick (most other tapes are 1.5 mils thick). Thus, more tape can be wound on
a reel of normal size, and there can be more data per reel. Also, the tape is vacuum
clutched which reduces slippage and tape wear and shrinks start/stop time to three
milliseconds. Closing of the tape unit door automatically moves a newly mounted
tape to its load point, ready for use.

When data is to be stored and manipulated by means of magnetic tape in large
quantities and at high speed, UNISERVO IIIA Tape Handling Units provide the
world’s outstanding system, for the reasons cited above.

b. UNISERVO IIA Tape Handling Unit

TRANSFER RATE

12,500 and 25,000

characters/second
RECORDING DENSITY 125 and 250 6 bit
characters/inch
TAPE SPEED 100 inches/second
TAPE WIDTH 0.5 inch
TAPE LENGTH 1,500 feet (metallic)
2,400 feet (plastic)
THICKNESS 1 mil (metallic)
1.5 mils (plastic
BLOCK LENGTH variable
SPACE BETWEEN BLOCKS 1.2 inches
CHANNELS ON TAPE 8 channels
6 data
1 parity
1 sprocket
READ/WRITE OPERATION Reading in forward

and backward directions;
writing in the forward
direction only.
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The UNISERVO IIA Tape Handling Unit is a moderate speed, low cost magnetic
tape subsystem which may be connected to the UNIVAC 490 system, via a control
unit through any available general purpose channel. Data is written or read to or
from UNISERVO IIA units at rates of 12,500 or 25,000 characters per second. The

subsystem can also read data from a magnetic tape produced by a UNITYPER *.

Up to 12 UNISERVO IIA units may be employed through one synchronizer control unit
connected to one general purpose channel. As many units as the installation may require
may be employed by the use of more than one general purpose channel,

Data may be written or read in either a fixed or variable block length. Fixed length is
720 characters. Variable length is entirely at the discretion of the user of the system.
The only restrictions are that one block must comprise at least one computer word, and
that it must not be so long as to exceed the system’s storage capacity. The UNISERVO
IIA Tape Handling Unit as a unit of the UNIVAC 490 System is completely compati-
ble with the UNIVAC 1, II, III computer systems, and the UNIVAC 11034, 1105 and
1107 systems, as well as the UNIVAC File Computer, the Solid State and STEP
systems, without off line tape conversion. Any tape unit on a given channel may
communicate with the computer while the other units are rewinding.

Both read and search operations may be conducted when the tape is moving either
forward ot backward. The UNISERVO IIA subsystem can detect and signal end of
file.(end of logically related blocks of data) when reading or searching. As explained

TrOA TTTAOTT

nder UNISERVO IIIA Unit, search is conductied in the off line manner.

* Trademark of the Sperry Rand Corporation
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c. UNISERVO IIIC Tape Handling Unit

TRANSFER RATE

22,500 and 62,500

characters/second

RECORDING DENSITY

200 and 556 6 bit

characters/inch

TAPE SPEED 112.5 inches/second
TAPE WIDTH 0.5 inch
TAPE LENGTH 2,400 feet
(plastic)
THICKNESS 1.5 mils
BLOCK LENGTH Variable
SPACE BETWEEN BLOCKS 0.75 inch
CHANNELS ON TAPE 7 channelis
6 data
1 parity

READ/WRITE OPERATION

Reading and writing
operations proceed
in the forward
direction only.

The outstanding virtue of the UNISERVO IIIC subsystem is that it provides compatibility
between the magnetic tapes of the world’s two greatest producers of computer systems —
The Univac Division of the Sperry Rand Corporation and IBM. There are many instances

in which analysis shows that a UNIVAC computer such as the 490 is preferable to a

marked degree, but the data to be processed is already on other than UNIVAC tapes.

The UNISERVO IIIC Tape Handling Unit is the answer. When this subsystem is employed,
offline conversion is utterly unnecessary. You simply take the old tapes, put them on the
new machine, and go from there. The programming problems are insignificant because the
circuitry of the UNISERVO IIIC Tape Subsystem control unit automatically deals with them.*

Up to 12 UNISERVO IIIC units may be connected to any available general purpose channel
and, as with the other subsystems, more than one channel may be used for this purpose.

Data may be recorded at 200 or 556 characters per inch. The read/write speed is 22,500
or 62,500 characters per second. A tape may contain more than 3000 blocks of 1000 words

~Ard 1 A

each in high density binary recording, or 1000 blocks of 1000 woirds cach in low density,

Block length, subject only to storage capacity, is completely variable. For practical pur-

poses, this is to say that it is completely at the will of the systems analyst or programmer.

¥ UNIVAC punched card readers and punches also deal readily with 80 column punched cards. Translation from

code to code is automatic.

UP-3900
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The UNISERVO IIIC has the further advantage that, unlike many earlier devices of its
kind, it can write data on tape in what is known as the non stop mode. This means that
block after block of data may be written without re-initiating the write instruction. The
resultant simplification of programming is significant. As explained under UNISERVO IiIA

Unit search is conducted in the offline manner.

4. High-Speed Printer Subsystem

. CHARACTERI

LINES PER MINUTE | 700 - 922

CHARACTERS PER LINE 132

LINES PER INCH 6 or8

(VERTICAL)

CHARACTERS PER INCH 10

(HORIZONTAL)

NUMBER OF PRINTABLE 63

CHARACTERS

PAPER STOCK Any sprocket fed paper 4 to 27 inches
wide, up to and including card stock
thickness, either blank or preprinted
forms.

NUMBER OF COPIES At least 5 carbons and an original when
12 pound paper stock is used.

A High-Speed Printer subsystem may be connected to any available general purpose channel.
Operating under program control, the subsystem produces single or multiple copy data at a rate
of 700 lines of alphanumeric characters per minute, up to 922 lines of numeric characters per
minute. The printed line may be up to 132 characters long.
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Including the blank, or space, the standard character set provides 64 characters: the 26 letters
of the alphabet, the digits 0 through 9: seven punctuation marks: comma, period, apostrophe,
colon, semicolon, question mark, and exclamation point: and 20 special symbols [] right and left
brackets, () right and left parenthesis, \ / right and left solidus, &, #, 0, *, $, %, A, | =, <, >,
— (to represent either minus or dash), + and +.

This is the standard character set.
Other character sets are available on special order to meet special needs.

The printer is designed to prevent a build up of static electricity, facilitating the proper stacking
of paper which may be fed directly from the shipping container. Numbered calibrations on the
printer enable the operator to record the positioning of a particular form and, at a later time, to
set the same type of form to the necessary position. Fine adjustments are provided so that the
operator may shift the paper horizontally or vertically the space of one character or line, or less,
in either direction. The adjustment may be made while the printer is operating or while it it in
the standby condition.

Card Subsystems

Figure 4-7. Card Reader and Punch Verifier

CARD READER PUNCH VERIFIER
CARDS PER MINUTE 600 150
NUMBER OF OUTPUT 3 2
STACKERS
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The Card Reader reads and checks 80 column cards at the rate of 600 cards per minute. Under
direction of the program, cards are moved from the input hopper into the card channel and pass
through two read stations. At the first read station the card image is read and stored. At the se-
cond read station the card is read again and compared to the image that was stered. If the compa-
rison is equal, the data on the card is transferred to the Central Processor, and the card goes to
the normal output stacker or the stacker by the program.

The Punch Verifier punches and checks 80 column cards at the rate of 150 cards per minute.
Under direction of the program, a card is sent through the unit, information generated by the pro-
gram is punched into the card at the punch station, the card is moved to the wait station, and
then is moved to the third read station where it is verified. The verification is accomplished by
reading the card and comparing the results hole by hole with the card image which is retained in
the control unit until the checking is complete. When this has been completed the card is placed
in the normal output stacker or the stacker selected by the program.

Translation from card code to internal machine code and vice versa is automatically accomplished
within the control unit through the use of core storage and table look up techniques. By changing
the contents of the table nonstandard transiations may be performed.

UNIVAC Standard Communication Subsystem

The UNIVAC Standard Communication Subsystem enables the UNIVAC 490 Real-Time System to
receive and transmit data via any common carrier in any of the standard codes and at any of the
standard rates of transmission up to 4800 bits per second. It is the only communication system
which can receive data from or transmit data to low speed, medium speed, or high speed lines in
any combination.

The subsystem consists of two principal elements, the Communication Line Terminals (CLT’s),
which make direct connection with the communication facilities, and the Communication Multi-
plexer through which the CLT’s deliver data to and receive data from the Central Processor. A
Communicaiton Multiplexer may be connected to any general purpose computer channel or two or
more multiplexers may be connected to two or more channels. If required, a number of multiplexers
may be connected through a Scanner Selector to the same general purpose channel . The total
number of multiplexers which can be connected to a general purpose channel is dependent on the
number and speed of the communication systems linked to the multiplexers by their CLT’s.

a. Communication Line Teminals (CLT’s)

There are three basic kinds of input and output CLT’s: low speed (up to 300 bps*), medium
speed (up to 1600 bps) and high speed (2000 - 4800 bps). Each is easily adjusted to the speed
and other characteristics of the type of line with which it is to operate - see CHARACTERIS-
TICS at the beginning of this section. Each CLT requires one position, either input or output,
of the Communication Multiplexer.

The CLT — Dialing is an output CLT which is employed to enable the Central Processor
automatically to establish communications with remote points via the common carrier’s switch-
ing network. Each CLT — Dialing requires one output position of a Communication Multiplexer.
Since CLT — Dialing does not transmit data, it is always used in conjunction with an output
CLT, an input CL T, or, for two way communications, both.

*# bits per second
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b. Communication Multiplexer

The Communication Multiplexer functions as the link between the processor and the
CLT’s and is available in modules to handle 4, 8, 16, 32, or 64 CLT’s. In each of
these modules, an equal number of input and output CLT positions are provided. For
example a 64 position Communication Multiplexer can accommodate up to 32 input and
up to 32 output CLT’s.

The CLT’s may request access to the Central Processor via the Communication Multi-
plexer in random sequence, or several, or conceivably, all CLT’s might request access
simultaneously. The Communication Multiplexer automatically assigns priorities among
CLT’s requesting access and identifies to the Central Processor the particular CLT
granted access.

UNIVAC 490

COMMUNICATION COMMUNICATION

MULTIPLEXER MULTIPLEXER

CLT [==--- CLT CLT p==---| CLT

UP TO 64 CLT'S UP TO 64 CLT'S

Figure 4-8. One Communication Multiplexer per General Purpose Channel

UNIVAC 490

SCANNER SELECTOR

4 y
) 1}

COMMUNICATION COMMUNICATION
MULTIPLEXER MULTIPLEXER
A
} 1 !
CLT |===--- CLT CLT [=---- cLT
UP TO 64 CLT'S UP TO 64 CLT’S

Figure 4-9. Multiple Communication Multiplexers per General Purpose Channel using Scanner Selector
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CHARACTERISTICS
INPUT COMMUNICATION LINE TERMINALS (CLT’s)
LOW SPEED MEDIUM SPEED HIGH-SPEED
NAME | CLTSIL CLT8IL CLT8IM CLT81P CLT8IH
CODE ¢ 5 LEVEL 6,7,0r8 LEVEL 5,6,7,0r 8 LEVEL | 8 LEVEL 5,6,7,0r8 LEVEL
*ASYNCHRONOUS | ASYNCHRONOUS ASYNCHRONOUS ***TIMING SIGNAL | **SYNCHRONOUS
MODE ‘
BIT SERIAL BIT SERIAL BIT SERIAL BIT PARALLEL BIT SERIAL
SPEED | UP TO 300 bps UP TO 300 hps UP TO 1600 bps UP TO 75 cps 2000-4800 bps
OUTPUT COMMUNICATION LINE TERMINALS (CLT’s)
LOW SPEED MEDIUM SPEED HIGH-SPEED + DIALING
NAME CLTS0L CLT80L | CLT80M CLT80P CLT80H CLT DIALING
CODE 5 LEVEL 6,7, 0r 8 LEVEL 56,7, 0r 8 LEVEL | 8 LEVEL 56,7, or 8 LEVEL 4 LEVEL
HODE ASYNCHRONOUS ASYNCHRONOUS | ASYNCHRONOQUS TIMING SIGNAL SYNCHRONOUS TIMING SIGNAL
Ut
BIT SERIAL BIT SERIAL BIT SERIAL BIT PARALLEL BIT SERIAL BIT PARALLEL
SPEED UP TO 300 bps UP TO 300 bps UP TO 1600 bps J UP TO 75 cps 2000-4800 bps VARIABLE
COMMUNICATION MULTIPLEXER
NAME FUNCTION
C/M-4 Connects 2 input and 2 output CLT's to General Purpose Channel
C/m-8 Connects 4 input and 4 output CLT's to General Purpose Channel
C/M-16 Connects 8 input and 8 output CLT’s to General Purpose Channel
C/M-32 Connects 16 input and 16 output CLT's to General Purpose Channel
C/M-64 Connects 32 input and 32 output CLT's to General Purpose Channel
Types of Communication Service provided:
PRIVATE LINE TELETYPEWRITER WIDE AREA TELEPHONE SERVICE (WATS)
WIDE AREA DATA SERVICE (WADS) PRIVATE LINE TELEPHONE

TELETYPEWRITER EXCHANGE SERVICE (TWX) DIRECT DISTANCE DIALING (DDD)

t CLT —Dialing — This is an output CLT employed when the Central Processor is automatically to establish
communications with remote points via the common carrier’s switching network.

*ASYNCHRONOUS — Employs start and stop bit with each character to establish timing.
¥*SYNCHRONQUS — Uses timing characters at pre-determined intervals between data characters.

*** TIMING SIGNAL — Indicates the presence of a character at a Data Set.
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Punched Paper Tape Subsystem

Paper Tape Reader

o

READING RATE 400 characters/second

NUMBER OF CHANNELS 5,6,7,0r8

CHARACTERS PER INCH 10

TAPE SPEED 40 inches/second, free running
(forward or reverse)

TAPE WIDTHS 11/16, 7/8, or 1 inch

b. Paper Tape Punch

PUNCHING RATE 110 characters/second

NUMBER OF CHANNELS 5,6, 7, or 8 plus in line sprocket.
CHARACTERS PER INCH 10

TAPE SPEED 11 inches/second )
TAPE WIDTHS 11/16, 7/8, or 1 inch

The Punched Paper Tape Subsystem enables the UNIVAC 490 Real-Time System to read
or punch paper tape in all standard codes with programmed translation. A paper tape sub-
system may be connected to any available input/output channel. Parity checking may be
preformed in either reading from tape or in punching, under control of the Central Pro-
cessor Program. The subsystem handles 5, 6, 7, or 8 channel tapes at a reading rate of
400 characters per second and at a punching rate of 110 characters per second.

Tape may be read, or punched, employing spools or individual unspooled strips of tape.
When desired, numbers of strips can be spliced together and spooled for reading. When
spools of tape are used as input to the reader, a supply reel and a take up reel are
employed. Tape is read in a forward direction and may be back spaced a specified num-
ber of characters under program control.



UP-3900

UNIVAC 490 SPURT 5-A

SECTION:

PAGE:

5. PROGRAMMING IN SPURT

A. COMPUTER ELEMENTS RELATED TO PROGRAMMING

1.

The Computer Word

The most fundamental level of storage in the computer is the internal data word. A data
word is made up of 30 binary bit positions as shown in Figure 5-1. Each of these bit
positions may represent a value of 0 or 1. When used for arithmetic operations, a value of 1
in bit position 29 will indicate a negative quantity; a value of 0 indicates that the value
represented by the remaining bit positions is positive.

MOST LEAST
SIGNIFICANT SIGNIFICANT
BIT BIT

A 4

29128|27|26]25|24|23]|22|21}20]19]18}17]16}15]|14|13[12|11]10]9 |8 |7 [6]|5|4|3|2]1]|0

SIGN
BIT

Figure 5-1. Basic Internal Data Word

Values may be expressed in binary notation for which the base is 2 instead of 10. The
following equivalence exists:

BINARY DECIMAL

1

10
11
100
101
110
m
1000
1001
1010
1011

—_— O N0 00 NN AW -

U E—

10110101 181
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The use of binary digits to represent large values is cumbersome. The use of octal
notation for which the base is 8 is used for convenience. The following equivalence
exists:

BINARY OCTAL

1

10

11
100
101
110
111
1000

_—
O N O AW

i 77
1100101 145

Binary values may be converted to octal notation by starting from the least significant
(tightmost) digit. Each group of three binary digits is expressed as a digit from 0 to 7.
By this method:

T 100 101 = 145 (octal)
N -
111 101 000 = 750 (octal)

he'adih e o

A computer word containing 30 binary bits could be expressed in octal notation as:
77 7777777

Negative numbers are represented as the complement of positive numbers. A value of —3 is
represented as:

7777777774

The SPURT Assembly System will permit the user to express values as decimal numbers.
These will be converted to their binary equivalents by the assembler. In order to
distinguish between binary, octal, and decimal numbers, the following subscripting will be
used in this manual:

n, = 'Din(:ry vilve of n
n, = octal value of n

n = decimal value (no subscript)
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Examples:
11,=3
0111, =27,
My =9
63 =77

8

When the contents of a computer word are displayed, or if reference is made to a computer
instruction word, octal notation will be assumed.

2. Addressing

Each word within the computer has a unique address. The available addresses in
memory may range from 00000 to 37777, (if memory capacity is 16,384 words), or from 00000
to 77777, (if memory capacity is 32,768 words).

a. Data Addressing

Data is addressed by instructions that are themselves contained in the memory of the
computer., When it is required to access data to complete an instruction, the instruction
will contain an address portion capable of containing a maximum value of 77777,.

b. Instruction Addressing

A basic computer instruction may be contained within one computer word. Instructions
are accessed in memory, analyzed by the computer and then executed.

The next instruction is then accessed at the next sequential location unless a new
sequence is specified.

c. Standard Locations

Memory locations 00000, through 00136, have special uses which will be fully explained in
the appropriate context.

3. The Computer Instruction

A description of the basic computer instruction word and a summary of the numeric codes used
to initiate computer functions are included in APPENDIX A. These instructions are made
available as a reference for checking output from the SPURT Assembler. The SPURT
Assembler provides a more convenient, easily remembered.format for program coding. However,
a general explanation of the basic instruction word will clarify such operations as address
modification, operand modification, and jump interpretation. Reference will be made to these
operations in the text dealing with the SPURT instructions.

The format of the basic computer instruction word is shown in figure 5-2.

f J k b y

29 24123 21§20 18117 15|14 0

Figure 5-2. Instruction Word
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f The value contained in these six bit positions determines the basic operation to be

performed. The value is coded as two octal digits. For example, the code 20 specifies
an addition of values.

y This portion of the word may be a value representing the address of a 30 bit memory
location at which the operand used in this operation may be found, or the 15-bit
positions of this portion of the word may be the operand used by the instruction.

i The most common use of the j portion of the instruction word is to specify a jump
condition. If the condition (such as a negative sign and a value of zero in an arithmetic
register) is present the next instruction will be skipped. This will permit the user to
control program sequence based upon the results of an operation. For those instructions
that do not have jump conditions, this portion of the instruction word may have other
uses.

k The k portion of the word will determine the size and format of the operand used by the
instruction. Changes in the k portion will specify an operand which is in the upper 15-
bit positions of a data word, the lower 15-bit positions, the entire 30-bit positions of a
word with or without additional modification, or the lower portion of the instruction word
itself.

b The b portion of the instruction contains a vaiue from U to 7. it refers to a B-register
with a capacity of 15-bit positions that may be used for the non-destructive modification
of the y portion of an instruction. For example, if the b portion of an instruction contains
a value of 2, the contents of B-register number 2 will be used to modify the instruction,
If the y portion of the instruction contains the value 00150, and B-register number 2
contains the value 00055, these octal values will be added as follows:

00150
+ 00055

00225

The address from which the operand is obtained is 00225. The y portion of the instruction
remains unchanged.

An end-around carry will result when a carry is generated in the addition of the high order
bits. This carry is added to the lowest order bit position of the sum. End-around carry is
illustrated as follows:

77775=111111111111101 (y portion of instruction)
00005 = 000000000000101 ( contents of B-register)
00002 = 000000000000010

1 (end-around carry)

00003 = 000000000000011 (resulting operand address)

There are seven actual B-registers numbered 1, 2, 3, 4, 5, 6, and 7. The
specification of a value of 0 in the b portion of a word has the same effect as
adding 00000 to the y portion of the instruction.

Note:

B-register modification cannot be used to generate a resulting operand address
of 00000, unless both the y portion of the instruction and the contents of the B-
register equal 00000. This is due to the nature of end-around carry addition.
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CENTRAL PROCESSOR

The central processor is a stored program binary computer that is designed to process large
quantities of data in both batch processing and real-time modes. The central processor
contains a storage section, a control section, an arithmetic section, an input/output section,
and registers which, under direction of the program, perform the functions that effect the input,
processing, and output of data.

The relationship of these sections to each other and the paths over which the data flows in
going to and from each section is shown in Figure 5-3.

1. Storage Section

At the option of the user, the central processor is available with a storage capacity of
16,384 or 32,768 computer words. Since information can be randomly selected, (the
location in storage that a word is inserted into or removed from has no bearing on the time
it takes to perform these operations) access to all locations in storage is the same; that
is, words can be inserted into or removed from any location in storage at a rate of six
microseconds per word.

2. Control Section

The control section coordinates the flow of data between the arithmetic and storage
sections and governs the operations that take place during the sequential execution of
the instructions.

3. Arithmetic Section

The arithmetic section performs arithmetic and logical operations, and communicates with
the arithmetic registers, the adder or the other operational registers.

4. Input/Output Section

The input/output section transfers data to and from the central processor via 14 input/output
channels. Two of these channels are designed for communication with other computers. The
remaining 12 channels are used for communication with the various peripheral units. The
transfer of data to and from the central processor via these channels proceeds simultaneously
with processing and is normally in the form of successive 15-bit half words or 30-bit computer
words.

5. Registers

The central processor contains a number of registers (15 or 30-bit areas apart from the storage
section) that hold data during processing. These registers are designated by a letter or
letter-numeral and are interconnected by parallel transmission paths. During processing,data
flows to and from the registers via these paths.

The registers fall into two categories: operational and transient,

a. Operational Registers

The operational registers are referred to by instructions in the program. Data that is placed
in these registers is retained until it is replaced by new data.
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A-Register

The A-register is the principal 30-bit arithmetic register. It is used primarily for
arithmetic and shifting operations (the moving of the contents of the register a specified
number of positions to the right or ieft). In arithmetic operations, the resulit is usually
retained in the A-register for use in later program steps. For example, after addition

the sum is retained in the A-register, after subtraction the difference is retained, after
multiplication the most significant half of the product (the upper 30-bits of the 60-bit
product) is retained, and after division the remainder is retained.

Q-Register

The Q-register is a 30-bit auxiliary arithmetic register that has adding, shifting, and
logical properties.

A- and Q-Registers in Combination

Multiply, divide, and certain shift operations utilize the A- and Q-registers as a single
60-bit register. For example, the Q-register holds the multiplier at the beginning of a
multiply operation and when completed the 60-bit product is in the AQ-register; that is,
the most significant half of the product.(the upper 30-bits) is in the A-register and the
least significant half of the product (the lower 30-bits) is in the Q-register. In a

divide operation the AQ-register holds the dividend at the beginning and at the end,
the quotient is in the Q-register and the remainder is in the A-register.

In shift operations, the 60-bit contents of the AQ-register may be shifted right or left in
the same manner as either the A-register or the Q-register.

B-Registers (Index Registers)

The B-registers, numbered B1 through B7, are 15-bit registers whose contents are
used to increment the operand address before execution of an instruction if such
modification is specified in the instruction word.

P-Register (Program Address Counter)

The P-register is a 15-bit register that holds the address of the next sequential
instruction throughout the program. As each instruction is executed, the contents
of the P-register are usually increased by one. The contents may be changed to a
non-sequential value by some instructions.

Transient Registers

The transient registers are used for the manipulation of instruction and data words
during processing. They are not accessible to the user and do not retain information
from one operation to the next. These registers are discussed in order to present a
complete picture of the logical flow of data through the central processor.

(1) X-Register

The X-register, a 30-bit register, is used as an arithmetic communication register.
The X-register receives the operand from storage during all arithmetic operations.
All communication between the A- and Q-registers and the other operational
registers or the adder output takes place via the X-register.
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S-Register

The S-register is a 15-bit register which holds the storage address during storage
references. At the beginning of the storage access period, the address is
transferred to the S-register. The contents of the S-register are then translated to
activate the storage selection system.

Z-Register

The Z-register is a 30-bit register that serves as an operand buffer for storage
references. During the read portion of the storage access period, the Z-register

is cleared. The digit reading amplifiers are then sampled to set the contents of
the Z-register corresponding to the bits in storage. During the write portion of
the storage access period, the Z-register controls inhibit circuits in order to write
or restore the disturbed storage address. Input data from the input channels is
gated directly to the Z-register.

K-Register

The K-register is a 6-bit register that functions as a shift counter for shift
operations and all arithmetic operations involving shifts. The maximum shift
count permitted is 59. Multiply and divide operations are controlled by presetting
the K-register to 30, The K-register then counts the operational steps.

U-Register

The U-register or program control register is a 30-bit register that holds the
instruction word during the execution of an operation. The function code and the
various instruction designators are translated from the appropriate sections of
this register. If an address modification is required before execution, the contents
of the appropriate B-register are added to the low order 15-bits of the U-register,

R-Register

The R-register is a 15-bit register that functions as a communications register for
all internal transmissions to the B-registers.

R’ -Register

The R’register is a 15-bit register that functions as a communications register for
all internal transmissions from the B-registers. During address modification this
register holds the incrementing quantity.

C-Registers

The C-registers are 30-bit communication buffer registers through which data is
synchronized. There are two C-registers, CO andCl. The CO register is used to
communicate output data to peripheral devices on a maximum of 12 different
channels. The Cl-register is used to communicate output data on two different
channels to other computers. Input data is gated directly to the Z-register.

D-Register

The D-register is a 30-bit arithmetic register that holds the operand for presenta-
tion to the adder during the execution of the arithmetic operations.
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THE SPURT ASSEMBLY SYSTEM

The SPURT Assembly System will accept a source program via one of the available input
media. A source program is the definition of a problem written in a convenient form resembling
a series of verbal siatements. These statements are then translated into several intermediate
forms. The output from the assembly process is an object program which is acceptable as
instruction input to the UNIVAC 490 Central Processor.

1. The SPURT Statement

scurce program is composed of statements having the following general format:

I w v

label OPERATOR operand (s)

The label identifies a particular statement. Only statements that will be referred
to by other statements require a label. A label may consist of a maximum of ten
characters composed from the numbers (0 through 9) or the letters (A through Z).
Alphabetic 0 and zero are equated and spaces are discarded starting at the end
of the label field up to the first valid character. The following restrictions must
be observed:

m A label cannot begin with the letters O or X, or any of the numbers (0 through
9).

A label cannot consist of only A, Q, BO through B7, or C0Q through Cl16.
Examples of valid labels are:

PRPY12, BAC, THAN, CAT, DOG, TABLEI12

Examples of invalid labels are:

TABLE/12 (/is not a valid alphanumeric character)

B6 (BO through B7 not permitted)
Cl1 (CO through C15 not permitted)
XYZ (begins with X)

TABLEA12 (internal spaces not permitted)

The operator is a mnemonic code which identifies the operation to be performed.
It may cause the assembler to generate one computer instruction or a group of
computer instructions,

One or a series of operands which are required for the operation. They will be
referred to as Vs Vs Voo oo VL

A point separation symbol will be used to separate the operator from the first
operand. If a statement requires more than one operand, this symbol will separate
the operands.
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A statement with notes will appear as follows:

STATEMENT AND NOTES

18 20 30

AD D . A. W(TBL,60D) > I NTERMED|I,ATE ,RESULIT

\_/\/Vw

statement notes

Notes have no effect upon the assembly process. They will appear on some of the
output listings and are used as a reference aid. A separation symbol (>) will
separate the last operand from the notes.

The actual codes which are the equivalents for each of the symbols are presented
in APPENDIX B, SOURCE PROGRAM INPUT MEDIA. '

2. The SPURT Coding Form

Figure 5-4 is a reduced representation of the 11" x 16” SPURT Coding Form. A line is
provided at the top to identify the program, programmer, date, and page number. This
information is not part of the source program input. Card input is recommended for ease
of insertion and correction. The form may however, be used for other input media.

The line provided for the source program statement is arranged as follows:

COLUMN USE

1-4 The card number provides an external sequencing criteria. It is not directly
used by the assembler. The assembler will make a separate assignment in
sequential order.

5-6 The insertion number is associated with the card number. It actually
represents the two low order digits of the card number, which are not
normally assigned initially. This permits sequential insertion.

7 A continuation symbol is used in this column of the additional lines, if more than
one line is required for a statement.

8-17 If a statement is labelled. The label must appear within these columns,
left-justified.

18-72 The statement and notes are written within these columns. Separation of the
components of the statement is accomplished by the point separation symbol.
The statement is separated from the notes by a separation symbol.

73-80 The remaining columns are used for additional remarks or identification,

or These entries have no effect upon the assembly process.

73-90
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SPURT INSTRUCTION FORMAT

The basic SPURT instruction is defined by an operator, such as MUL to indicate a multiply
operation. An allied operand may be used to further define a basic operation. For example, if the
basic operator is STR, to indicate a store type of operation, the allied operand may modify the
basic operation as follows:

STR * A means store the contents of the A-register in an operand location.

STR * Q means store the contents of the Q-register in an operand location.

Instructions within this section will be presented in the following format:

OPERATION Y J

operator operand jump
designation

The operator, as described above, will appear under OPERATION. Both the operator and its
allied operand will be included.

When an operand is required to complete an operation it will appear in the box under Y. The
three general classes of operand will be defined below under THE GENERAL OPERAND. If
an operand belongs to one of these classes, the class will be written in the box. Exceptions to
the general classes will benoted and explained.

The box under J will refer to the jump designation. The word ‘‘normal’’ will be placed in this
box if a normal jump designation applies to this operation. Exceptions to the normal jump
designation will be noted and explained.

1. The General Operand

Basic SPURT instructions are of three general classes: read class, store class, and replace
class. These classes are related to the k-designator of the computer instruction. Various
modifications to the operand are performed depending upon the class of operand and the
modification symbol that is specified. The modification may affect the high order 15-bits of
the word, the low order 15-bits of the word, or the entire 30-bits of the word.

Two forms of the general operand that are used by the three classes of instructions are
constants and operand labels.

a. Constants

A value may be assigned to a computer word by the specification of a constant. The
values may be expressed as either an octal or a decimal value. Decimal values are
followed by the character D. Positive values require no sign; negative values are
preceeded by a minus sign (-).

The maximum decimal value that may be expressed as a positive or negative quantity
is 536870911D or —536870911D.

The maximum octal value that may be expressed as a positive or negative quantity is
3777777777 or =3777777777.
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A group of labelled constants would appear as follows:

’\/'—\/’\/_._.

Two constants may be placed in the upper and lower portions of a word with right justifi-
cation and zero fill as shown in the example labelled TABLE. The two values must be
separated by a point separation symbo!l and the maximum values defined may be 77777 or

32767D.

b. Operand Labels

The definition of a label may be found under THE SPURT STATEMENT. All restrictions

PR

RS R P e o i 1
apply to the labelling of a constant, An instruction may a

label assigned to that value. The actual or relative memory address of the value will be

assigned by the assembler.

References to the computer memory address that is assigned to a label may be modified by
an increment or decrement. The increment or decrement may be a maximum of 77777 or

32767.

The computer memory address assigned to a label may also be modified by the contents of
a B-register. This is accomplished by following the label with +B1, +B2, +B3, +B4, +B5,

+B6, or +B7.

LABEL STATEMENT AND NOTES WORD REPRESENTATION
18 20 GENERATED
H|I4vLA1L|U|EL i 11042|8|D| | IR B T boooo 02004
L|w1v1A1L1U|E4 R _1347|7| T W I S B |<I 7717711 77400
L)_- TIAIBILIEJ TR S 7|7|‘|6|‘2101 S I L( 00077 00076

ccess a constant value by the

Both an increment or decrement and a B-register modification may be used.

Examples of modified labels are:

TAXRTE-5

PRX12+B6

LABO5+12D+B3

(the address represented by TAXRTE will be decremented by 5.)

(the address represented by PRX12 and the value contained in B-
register number 6 will be added. The result will be the address of

the operand.)

(the address represented by LABOS will be incremented by 12

(decimal). The value contained in B-register number 3 will be added

to the result. The final result will be the address of the operand.)

c. The Read Class Operand

A read class instruction involves the transfer of a value from a memory location to an

arithmetic register, where an operation specified by the operator may be performed. An
operand used in these operations may be modified when it enters the arithmetic register.
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Operand modification is specified by enclosing an operand within parentheses. The operand
may be incremented or decremented and/or B-register modification may be specified. An
actual machine address may also be used, if the actual address of an operand is known. Any
of these means of addressing an operand will be represented by x in the format definitions
which follow.

L(x) the value is obtained from the lower 15-bits of the memory location. The upper
15-bits of the arithmetic register are filled with zeros.

U(x) the value is obtained from the upper 15-bits of the memory location. The value
is right justified in the register and the upper 15-bits of the arithmetic register
are filled with zeros.

W(x) the value is the whole word of the memory location.

L X(x) the numeric value is obtained from the lower 15-bits of the memory location.
The most signification bit (sign bit) of the 15-bit value is extended through the
upper 15-bit positions of the register.

UX(x) the numeric value is obtained from the upper 15-bits of the memory location.
The value is right justified into the register and the most significant bit (sign
bit) of the 15-bit value is extended through the upper 15-bit positions of the
register,

Read class operands s

=]
0
«:
»
—_
w
o]
[
o]
o
[(]
o}
-t
e
=]
ot
=
m
L)
@]
sy
o
@]
3
i
=)
118
)
)
-t
=]
7

(1) A Half-Word Constant

A constant value equal to or less than 5 octal digits will be stored in the address portion
(lower 15-bits) of the computer word that is generated. When the instruction is executed,
the value is right justified in the arithmetic register and the remainder of the register is

zero filled.

Sign extension of a constant value equal to five octal digits, with a most significant
digit of 4, 5, 6, or 7, may be specified by preceding the value with the symbol X.
Examples of values of this type and the binary values that will be brought to the
register are:

OPERAND BINARY VALUE IN REGISTER
40000 000000000000000 106000000006000
X40000 [RRRRRRARRARR RN 100000000000000
77773 000000000000000 1111111111101
X77773 1111111111111 1111111111110 1

The extensions referred to above for LX(x) and UX(x) are similar.

(2) A Register Mnemonic

The A-register and any of the B-registers may be addressed as an operand. For this
type of addressing, one of the following symbols is used:

A, Bi, B2, B3, B4, B5, B6, or B7
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Only the simple unmodified form for the A-register may be used as an operand. A B-
register specification may appear without a label; for example, L(B3) will access
the lower 15-bit positions of the computer address represented by the value in B
register number 3.

d. The Store Class Operand

A store class instruction involves the transfer of a value from an operational register
to a register or a memory address. The operand, represented by x, may be in any of the

forms described under GENERAL OPERAND.
L(x) The value is obtained from the lower 15-bit positions of the register

and stored in the lower 15-bit positions of the memory location. The
upper 15-bits of the memotry location remain unchanged.

U(x) The value is obtained from the lower 15-bit positions of the register
and stored in the upper 15-bit positions of the memory location. The
lower 15-bits of the memory location remain unchanged.

W(x) The entire contents of the register are stored in the memory location.

CPL(x) The value is complemented and storage is as described for L(x) above.
CPU(x) The value is complemented and storage is as described for U(x) above.
CPW(x) The value is complemented and storage is as described for W(x) above.

The A-register and the Q-register may be specified as storage locations. For this type
of addressing, one of the following symbols is used without further modification.

AorQ
The Replace Class Operand

A replace class instruction involves the transfer of a value to an arithmetic register. An
operation is performed in the register. The resulting value will then replace the initial
contents of the memory location.

An operand address, represented by x, may be in any of the forms described under
GENERAL OPERAND. An operand address must always appear within parentheses in a
replace class instruction. The operand modification formats are:

L(x) The value is obtained from the lower 15-bit positions of the memory
location. After the basic operation is performed, the value contained in
the lower 15-bit positions of the arithmetic register will replace the
previous contents of the lower 15-bit positions of the memory location.
The upper 15-bit positions of the memory location remain unchanged.

U(x) The value is obtained from the upper 15-bit positions of the memory
location and nomunalized {o the iight in the arithmetic register. After
the basic operation is performed, the value contained in the lower 15-
bit positions of the arithmetic register will replace the previous contents
of the upper 15-bit positions of the memory location. The lower 15-bit
positions of the memory location remain unchanged.
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W(x) The value is obtained from the entire 30-bit positions of the memory
location. After the basic operation is performed, the value contained in
the entire 30-bit positions of the register will replace the entire 30-bit
positions of the memory location.

L X(x) The value is obtained from the lower 15-bit positions of the memory
location with sign extension into the upper 15-bit positions of the
arithmetic register, After the basic operation is performed, replacement
is as described for L(x) above.

UX(x) The value is obtained from the upper 15-bit positions of the memory
location, normalized to the right of the arithmetic register, with sign
extension into the upper 15-bit positions of the arithmetic register. After
the basic operation is performed, replacement is as described for U(x)
above.

f. Operand Interpretation Summary

The descriptions of the operand interpretations for normal read, store, and replace class
operands have been summarized in a diagrammatic form designed for easy reference. They
may be folded out for easy access at the beginning of Section 5E.

g. Normal Jump Designation

The normal entries for J are as follows:

J MNEMONIC SKIP CONDITION

(absent) The next operation will be performed.
SKIP Skip next operation unconditionally.
QPOS Skip next operation if Q is positive,
QNEG Skip next operation if Q is negative.
AZERO Skip next operation if A is zero.
ANOT Skip next operation if A is non-zero.
APOS Skip next operation if A is positive.
ANEG Skip next operation if A is negative.

Both the normal jump designations and some of the irregular entries are presented on an
easily referenced foldout at the beginning of Section SE.

Comments on the Presentation of the Basic SPURT Instructions.

The basic instructions will be presented in groups related to their function. The format of the
instruction will be followed by an example written in SPURT language. The computer instruction
that is generated from the SPURT mnemonics will be shown on the right.

When the label is used in the examples, it will be written as LABEL. The assembler assigned
computer address to which this corresponds will be 01234. This will maintain a consistent point of
reference in the examples. For actual coding any valid label could be used.
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E. BASIC SPURT INSTRUCTIONS

1. Data Transfer Instructions

Transfer instructions either transfer data that is contained in a storage location to a register
or store the contents of a register in a storage location.

® ENTER Q

This instruction transfers an operand to the Q-register.

OPERATION Y J
ENT - Q read class normal
Example:
ENT * Q ° W (LABEL) 10030 01234
m ENTER A

This instruction transfers an operand to the A-register.

OPERATION Y J
ENT * A read class normal
Example:
ENT " AL (B2+2) 11012 00002

s ENTER Bn

This instruction transfers a 15-bit operand to a selected B-register.

OPERATION Y J
ENT ° Bn note 1 not used

n may be 0, 1, 2, 3, 4, 5, 6 or 7 to specify the B-register.
Example:

ENT"B7°5 12700 00005

NOTE 1

A normal read class operand may be specified. If more than a 15-bit operand is
indicated, only the low order 15-bits will be transferred into the B-register.
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Wl uNE EXECUTION TIMES *

> MONIC INSTRUCTION OPERATION PAGE

= CODE k:0,4 k7 |k1,2.3,5.6
ENTsQ 10 | Enter Q Y—Q Rd 8.4/ 5E~-T

= | EnTea 11 | Enter Accumulator YA Rd 6.8 7.2, SE-T

& | ENTeB 12 | Enter B-Register Y=—>B8 ; B : NoOp Rd | 60/ 48] 12, 5E-1

E n‘ To 3.6 7.2

g 1 STRew 14§ Store @ Q==Y st laa, 12, 5E-2
STReA 15 | Store Accumulator (A)y—Y St 748 ’ 5E-2
STReB 16 | Store B-Register B)—>Y St 5E-2
RSHeQ 01 Shift Q Right Shift Q right by YOS-DO’ Sign Fill Rd 8.4/ 9.6/ ]3.2/ 5E-3
RSHeA 02 { Shift A Right Shift A right by Y5 g0 Sign Fill Rd SE-3

. R 13.

o | RsHeaQ 03 | shift AQ Right Shift AQ right by Ygs.o0 Sian Fill | Rd | 84/ 96, 32, | se3

w

& | LsHe@ 05 | Shift Q Left Shift Q left by Ygg oo Circularly | Rd [ 84/ -6, 132, | sg-4
LSHeA 06 | Shift A Left Shift A left by Y05~00, Circularly Rd 5E-5
LSHeAQ 07 | shift AQ Let Shift AQ left by Ygs gqs Circolarly | Rd | 12/ 13.2, (168, | 55

A ] ™ } 9.6 8.4 12
COMeAeQeAQ| 04 { Compare A:Y or Q:Y or AQ:Y; and sense j Rd /7 P /6 0 /8 4 5E-6

= . X .

o

O | COMeMASK 43 | Mosk Compare (A)=LC Y (QD; sense | Rd 3~4/6 0 7.2, 12/7 5 | 5E-7

A and Q Unchanged ) 4.8 °

; JP 60 Arithmetic Jump (Normal) Y=—>P, per j; Y: 15 bits maximum Rd | 6.0 7.2 12 5E-8

E RJP 64 | Arithmetic Return Jump P+1Y1400; Y+1=>Pif j is met Rd | 13.2 14.4 18 5E~-8
RPT 70 Repeat NI (Y) times per j; B7=NEn Rd 7.2 “5E=9

> BSKOBH 71 Index Skip If (B _)=(Y), skip NI, and CL (B ) Rd 7.2/ 8.4, 5E-10

i r n n 4

g 1f (B)A(Y), take NI, B_=(B+1)

s BJPeB, 72 | Index Jump 1f (B)=0, take NI Rd 6.0, 7.2, sE_11

If (B,)#0, jump to Y; B_=(B-1)
SUBeA 21| Subtract (A) = YA Rd| &4 o N 7%, 4 12, | sE-12
Rd 9.6/ 3.4/ ]2/

g SUBeQ 27 Q Subtract Q) - Y—=Q 7.2 6.0 8.4 5E~12

5 | ENTev-Q 31 | Subtract Q and Load A Y —(Q--A Rd| 8.4, 7.2, 12,

é 6.0 4.8 9.6 5E-13

-

o STReA-Q 33 Subtract Q and Store (A) = (@)=Y and A St | 8 4/ 12/ 12/

a 4.8 7.2 | s5e-13
RPLeA-Y 25 Replace Subtract (A) = Y=Y and A Rp 5E-13
RPLeY-Q 35 Replace Subtract Q Y - {Q)=Y and A Rp 18, 5E-13
RPLeY-1 37 Replace Subtract 1 Y -= 1=—Y and A Rp 5E-14
ADDeA 20 Add {(A) + Y=3A Rd 8.4/ 7.2/ 12,

6.0 4.8] ‘7.2 | 5E-14
ADDeQ 26 Q Add (Q) + Y—=Q Rd 9.6/ 8.4/ 12/

z 7.2 6.0 8.4 5E-15

g ENTeY+Q 30 Add Q and Load A Q) + Y=Y Rd 8.4/ 7.2/ 5E-15

s 6.0 4.8 12,

o 7.2

< R 8.4 12 5E~15
STReA+Q 32 Add Q and Store (A) + (Q)=>Y and A st ‘/4.8 / SE_1s
RPLeA+Y 24 Replace Add Y + (A)=>Y and A Rp 5E-15
RPLeY+Q 34 Replace Add Q Y + (Q)=Y and A Rp ]8/ 5E-16
RPLeY+1 36 Replace Add 1 Y + 1—>»Yand A Rp 5E-16

>} MUL 22 Multiply (Q)e Y—=AQ Rd|] (37.2 85.2) VARIABLE S5E-16
52
Q| piv 23 Divide (AQ) + Y; Quot=>Q, Rem=»A Rd 86.4 5E-18
ENTeLP 40 Enter Logical Product LT Ye(Q)D=>-A Rd 8.4/ 7.2/ 5E-27
6.0 48] 12,
s 7.2
STReLP 47 | Store Logical Product LC(A) e (QD=Y RS 5E-28

w | RPLeLP 44 | Replace Logical Product LCY (@)=Y and A Rej / / 18/, | sE-28

>

'G ADDeLP 41 Add Logical Product LCY (QD+ (A)=»A R4 8.4/ 7.2/ 12/ 5E-28

:'.l SUBeLP 42 Subtract Logical Product (A) - LCY (QD=»A Rd 6.0 4.8 7.2 5E-28

3 RPLeA+LP 45 Replace Add Logical Prod. LCY (QD+ {A)==>Y and A Rp ]8/ 5E-29

- RPLeA-LP 46 Replace Subtract Log. Prod.| (A) - LCY (Q)D=»Y and A Rp 12 5E-29

|

6 SELeSET 50 Seiective Set Set (An) for (Yn) =1 Rd 5E-29

° SELeCP 51 Selective Complement Complement (An) for (Yn) =1 Rd 9.6/ 8.4/ 12/ 5E-30

S | sELecCL 52 | Selective Clear Clear (A ) for (Y,) = 1 Rd 7.2 6.0 "84 4 5e_30
SELeSU 53 | Substitute (Y )= (A ) for (Q ) =1 Rd 5E-30
RSEeSET 54 Replace Selective Set (An) for (Yn) = 1=>Y and A Rp 5E-30
RSEeCP 55 | Replace Selective Compl. | Complement (A Jfor(Y,)=1=Yand A | Rp 18/, | sE-31
RSEeCL 56 Replace Selective Clear Clear (An)For(Yn)= 1=Y ond A Rp 5E-31
RSEeSU 57 Replace Substitute {Yn)=»{An)for (Qn)=1—YandA | Rp 5E-31

*NOTE: LOWER TIME IN
NI: NEXT INSTRUCTION CLASS: Rd= READ, St=STORE, Rp= REPLACE i g &

EACH BRACKET IS FOR
REPEAT MODE TIMES
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m RIGHT SHIFT Q

This instruction shifts the contents of the Q-register to the right. The bits that are shifted
off the right end are lost. The sign value (bit position 29) will be extended through the bit
positions that are vacated at the left. If the shift count, contained in the low order six bits
of the shift operand specified under Y, is greater than 5910, an incorrect shift will result.
If the shift count is equal to 2910, or ranges between 29 10 and 59 10° all bit positions of
the Q-register will be filled with the original value of the sign position.

OPERATION Y J
RSH * Q read class normal

Examples:

RSH * Q " U (LABEL) 01020 01234
100100101111111011100001110101 (initial contents of Q) 001000 (shift count = 8}0)
111111111001001011111110111000 (final contents of Q)

RSH * Q * 29D 01000 00035
011111111111111111111111111111 (initial contents of Q) 011101 (shift count = 29 )

000000000000000000000000000000 (final contents of Q)

RIGHT SHIFT A

Shifting takes place in the A-register; otherwise the functional description is the same
as RIGHT SHIFT Q.

OPERATION Y J

RSH * A read class normal

Example:

RSH * A " L (LABEL) 02010 01234

RIGHT SHIFT AQ

This instruction shifts the contents of the A and Q-registers. Both A and Q may be
considered as a single combined register, AQ, containing 60 bit positions. The shift
count is specified in the lower six bits of the shift operand.

Bits that are shifted off the right end of the Q-register are lost; bits that are shifted
off the right end of the A-register replace the shifted high order positions of the Q-
register. The sign value (bit position 29 of the A-register) will be extended through
the shifted high order positions of the A-register and into the Q-register.
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® STORE Q

This instruction stores the contents of the Q-register in a storage location.

OPERATION Y J
STR - Q store class normal
Example:
STR * Q * W (LABEL) 14030 01234
® STORE A

This instruction stores the contents of the A-register in a storage location.

OPERATION Y J
STR " A store class normal
Example:
STR * A ' U (LABEL) 15020 01234
m STORE Bn

This instruction stores the contents of a selected B-register in a storage location.
The j-designator is used to specify the selected register; consequently, there can
be no skip designation.

OPERATION Y J

STR * Bn store class not used

n may be 0, 1, 2, 3, 4, 5, 6 or 7 to specify the B-register.

Example:

STR * B7 * L (LABEL) 16710 01234
STR " B0 ° L (LABEL) 16010 01234
(L(LABEL) is set to zero by the preceding instruction.)
STR * BO * CPL (LABEL) 16050 01234

(L(LABEL) is set to all ones by the preceding instruction.)

2. Shift Instructions

Shift instructions shift the contents of a selected register to the right or left a specified
number of bit positions. The shift count is contained in the six low order bit positions of
a shift operand specified under Y. The maximum shift that may be specified is 73, or 5910.



NORMAL Y OPERAND MODIFICATIONS

k READ STORE REPLACE
1
2
s
6
COMPLEMENT
3
e [ o]
Word o —
0 Constant (b+ceccec) Q
(ccece) [ZEro R LEGEND:
FILL
R - ARITHMETIC
REGISTER
M = MEMORY LOCATION
£
:‘lu'd x - OPERAND
OF! N
4 |Constant (b+cceee) A SPECIFICATION
Extended 5oy R W WHOLE WORD
(xcceee) | FILL L - LOWER HALF
U . UPPER HALF
X - SIGN EXTENSION
M1 CP: COMPLEMENT
A = AREGISTER
7 A CPW(x)
Q - Q REGISTER
R
COMPLEMENT

SPECIAL j-DESIGNATOR INTERPRETATION

i COMeAeQeAQe | ADDeQ/SUBeQ|ENTeLF,RPLeLP DIV. RPT JP/RIP JP(60)/RIP(64)
0 No skip No skip No skip No skip NE: y=y Always jump | RIL/SIL Release/Set
Interlock

1[SKIP Always skip | SKIP Always | SKIP  Alwoys |SKIP  Always | ADY  NE:y=y+]  |KEY 1 Jump |RILJP/SILRSP Release/Set
skip skip skip Key i interiack Jump

2[YLESs Y < @ APOS  Skip (A) EVEN  Skip (A) [NOOF  Skip, no | BACK NE:y=y-1 |KEY 2 Jump |QPOS Jump (Q) Pos.
Pos. even overflow Key 2

3[YMOREY > Q ANEG  Skip (A)| ODD  Skip (A) [OF Skip, ADDB  NE:y=y+By, [KEY 3 Jump |QNEG Jump (@) Neg.
Neg odd overflow Key 3

4]YIN  Q 2 Y > A|QZERO Skip (Q)f AZERO Skip (A) AZERO Skip (A) | R NE: y=y+(Bg)*[STOP  Always | AZERO Jump (A)=0
=0 =0 =0 stop

5|YOUT Q< YorY < A|GNOT  Skip (Q)f ANOT  Skip (A) [ANOT ~ Skip (A) | ADVR NE: y=y+1+(B4)*[STOP 5 Stop  |ANOT Jump ()20
#0 #0 20 Key 5

6|YLESS ¥ < A QPOS  Skip Q)| APOS  Skip (A) [APOS  Skip (A) | BACKRNE: y=y—1+(B)*|STOP 6 Stop  [APOS Jump (A) Pos.
Pos Pos. os. Key 6

7IYMOREY > A QNEG  Skip (Q)) ANEG  Skip (A) |ANEG  Skip (A} |ADDBRNE:y=y+Bg(Bg)*|STOP 7 Siop | ANEG Jump (A) Neg.
Neg. Neg. Neg. Key 7

*(Bg) Increment if RPL CLASS JUMP ADDRESS
NORMAL j~DESIGNATOR
i=0 | NEXT INSTRUCTION k=04 Y=y

sk i-1 | Sk k=135 Y=Y

QPOs | =2 | Skip NI if (Q) Pos k=26 Y=ty

QNEG i=3 | Skip NIif (@) Neg. L=7 YA

AZERO | j=d4 | SkipNI i (A)=0 = =lAL

ANOT i=5 Skip Ni if (A} 7 0

APOS i=6 | Skip NI if (A) Pos

ANEG i=7 | Skip NIif (A) Neg.

SECTION:
—————r——
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If the shift count exceeds 59 o+ an incorrect shift will result. If the shift count is 29 10°
all bit positions of the A-register will contain the initial sign value, If the shift count
is 5910, all bit positions of both the A and Q-registers will contain the initial sign value
of the A-register,

OPERATION Y J
RSH - AQ

read class normal

Examples:

RSH * AQ * 12D 03000 00014

Initial contents of AQ:

(A) Q)
11101001111111111011010001100 001110101101010010100011001001

Final contents of AQ:

(A) Q)

111111111111111010011111111111 011010001100001110101101010010

RSH " AQ * U (00035 + B2) 03012 00035

The shift count will be the sum of 00035 and the contents of the B-register. The shift count

will then be 59]0.

Initial contents of AQ:

(A) ()
101111000011101010000000000001 111111111100000101010101010101 .

Final contents of AQ:

(A) Q@

1111111111111113111111111111111 111111111111111111111111111111

LEFT SHIFT Q

This instruction shifts the contents of the Q-register to the left. The bit positions
shifted off the left end replace the shifted positions of the right end. If the shift count,
contained in the low order six bits of the shift operand specified under Y, is greater
than 59 10> @n incorrect shift will result. If the shift count is 30, , the Q-register will be

10’
restored to its initial condition.

OPERATION Y J
LSH " Q

read class

normal
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Examples:

LSH* QL (LABEL + 1) 05010 01235

001110101101010010100011001001 (initial contents of Q) 001111 (shift count = 1510)

010100011001001001110101101010 (final contents of Q)

LSH " Q * 30D 05000 00036

010111111100000110000010011100 (initial contents of Q) 011110 (shift count = 3010)

010111111100000110000010011100 (final contents of Q)

LEFT SHIFT A

Shifting takes place in the A-register; otherwise the functional description is the same as
LEFT SHIFT Q.

OPERATION Y J
LSH * A read class normal

Example:

LSH* A A 06070 060000

LEFT SHIFT AQ

For this instruction, the A and Q-registers function as a single 60 bit register, AQ, in which
high order bit positions are contained in the A-register. The bit positions shifted off the left
end of the A-register replace the bit positions vacated from the right end of the Q-register.

Bit positions shifted off the left end of the Q-register replace the bit positions vacated from
the right end of the A-register. If the shift count exceeds 59, an incorrect shift will result.

If the shift count is 30, the contents of the A-register and the Q-register will be interchanged.

10’
OPERATION Y J
LSH - AQ read class normal
Examples:
LSH * AQ " 6D 07000 00006

Initial contents of AQ:

(A) @
111010011111111111011010001100 001110101101010010100011001001

Final contents of AQ:
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(A)

011111111111011010001100001110

LSH * AQ * 30D

Initial contents of AQ:

(A)

101111101010001100010011101101

Final contents of AQ:

(A)

0000000111111110101010100110001

3. Comparing Instructions

COMPARE

Q)
101101010010100011001001111010

07000 00036

Q
101111101010001100010011101101

This instruction compares the signed value of an operand with the signed value contained
in the A-register and/or the signed value contained in the Q-register. One of several skip
conditions may be tested, based upon the result of the comparison.

If n represents any integer value, the comparison scale may be summarized as follows:

+n>+0>-0>—n

OPERATION Y J
COM " A read class note 1
COM " Q
COM * AQ

NOTE 1

One of the following must be present:

J MNEMONIC

YLESS

YMORE

YIN
(COM * AQ only)

SKIP CONDITION

Skip the next instructjon if the operand value is equal to or
less than the value in the specified register.

Skip the next instruction if the operand value is greater than
the value in the specified register.

Skip the next instruction if the operand value is less than ot
equal to the value in the Q-register and greater than the vaiue
in the A register. The Q and A-registers establish an upper
and lower range respectively, The Y operand is within that
range if a skip occurs.
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YOUT Skip the next instruction if the operand value is greater than
{(COM * AQ only) the value in the Q-register or less than or equal to the value

in the A register. The Q and A-registers establish an upper
and lower range respectively. The Y operand is out of that
range if a skip occurs.

Example:

COM " A - W (LABEL) * YMORE 04730 01234

COMPARE MASKED

This instruction compares the contents of the A-register to a masked operand. The comparison
is made by forming the logical product of the Q-register and the operand specified as Y. (See
““Logical Product’’ under LOGICAL INSTRUCTIONS.) The result of the logical operation is
substracted from the contents of the A-register to form a difference. A skip condition may be
specified by the J operand depending on the results of the above operations. The result of the
logical operation is then added to the A-register. There is no change in the contents of any of
the operational registers as a result of this instruction.

OPERATION Y J
COM * MASK read class normal
Exampie:
COM * MASK * W (LABEL) * AZERO 43430 01234

100100001100111000101101110111 (Operand contents)
000000000000000000000000111111 (Contents of Q)
000000000000000000000000110111 (Result of logical operation)
000000000000000000000000111111 (Contents of A)

000000000000000000000000001000 (A - logical product)

The jump condition would not be present, i.e., A is not zero. The result of the logical opera-
tion is added to A to return the register to the initial condition.

. Jump Instructions

Instructions are normally executed in sequential order. Jump instructions are used to depart
from this sequential order and to specify a point in the program at which the sequential
order will again be resumed. The jump may be unconditional or it may be based on various
conditions.
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= JUMP

A jump instruction may be unconditional or arithmetic (depending upon the contents of
an arithmetic register). If the jump condition is not satisfied, control proceeds to the next
sequential instruction.

OPERATION Y J
JP note 1

note 2

NOTE 1

A read class operand may be specified with the following restrictions:

(1) only the forms x, L(x), U(x), W(x) are meaningful. W(x) has same result as L(x).
(2) if the A-register is specified, only the 15 low order positions will be meaningful.
(3) if a B-register is specified, no sign extension is permitted.

(4) If an actual computer address is used it cannot exceed 77777 or the decimal equivalent,

NOTE 2

The absence of a J entry indicates an unconditional jump; the remaining jump conditions
are normal.

Examples:

JP * U (LABEL) 60020 01234

JP " L (LABEL) ' QPOS

JP " LABEL ' ANOT
RETURN JUMP

60210 01234
60500 01234

The return jump may be unconditional or arithmetic (depending upon the contents of an
arithmetic register). If an unconditional jump is specified, or if the jump condition exists,
a jump is made to the address specified in Y incremented by 1, e.i., Y + 1. The address of
the instruction immediately following the return jump is stored in the lower portion of the
storage location at the address specified in Y. If the jump condition is not satisfied, the
instruction immediately following the return jump instruction is executed.

OPERATION Y J
RJP note 1

note 2

NOTE I

See restriction under NOTE 1 of Jump Instruction.

NOTE 2

The absence of a J entry indicates an unconditional jump; the remaining jump conditions
are normal,
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Example:

RJP * LABEL 64000 01234

If the RJP instruction shown above is located at address 23344, location 01234 will appear
as follows:

LABEL 00000 23345 (Y)

.. Y +1)

A jump instruction could terminate the sequence of instructions and bring the program back
to the instruction following the RJP instruction as follows:

jP - L (LABEL)

5. Modifying Instructions

The sequential execution of instructions may be varied by the instructions which follow.
This program modification is controlled by counters contained in a B-register or in memory.

REPEAT

This instruction causes the instruction immediately following it to be repeated the number
of times specified by a 15 bit value in the Y operand, The value may be equai to or greater
than zero but cannot be greater than 32767 ,o- The 15 bit value determined by the form of
the Y operand is placed in B-register number 7. If the value is zero the instruction immedi-
ately following the Repeat instruction is skipped. If the value is not zero, the repeat mode
which is determined by the J portion of the instruction is initiated. Any modifications to
the initial instruction are performed in transient registers; the instruction as it is stored in
the computer is not altered.

OPERATION Y J
RPT note 1 note 2

NOTE 1

wys

A read class operand. The form W(x) will refer to the low order i5 bits of the operand loca-
tion.

NOTE 2

J MNEMONIC REPEAT MODE

(absent) An unmodified repeat of the next operation.

ADV Advance the operand address of the repeated operation by an ad-
dition of 1 after each individual execution.

BACK Decrease the operand address of the repeated operation by a sub-

traction of 1 after each individual execution.
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ADDB Add cumulatively the B-register indicated in the repeated operation
to its operand during each execution.

R Increase the operand of the repeated replace type operation by the
content of B-register 6 for the store portion of the replace only.

ADVR Increase the operand address of the repeated replace type operation
by the content of B-register 6 for the store portion of the replace
only; then increment the operand address of the repeated operation
by one after each execution.

BACKR Increase the operand address of the repeated replace type operation
by the content of B-register 6 for the store portion of the replace
only; then decrement the operand address of the repeated operation
by one after each execution.

ADDBR Add cumulatively the B-register indicated in the repeated replace
type operation to the operand address during each execution; in
addition, increase the operand of the repeated operation by the
content of B6 for the store portion of the replace only.

Example:

In order to present a complete and satisfactory example, a small block of coding is
presented. This coding is designed to find the square root of a number which is

assumed to be in the A-register. A base value of 2 is entered into B2. The repeat mode is
initiated with a value of 77777, the complement of which is 00000. The accumulative
addition of the value in B2 will finally reach the value contained in the A-register +1 which
will cause an ANEG skip. With each accumulative addition and execution of the instruction,
1 is subtracted from the repeat value in B7 (77777). The complement of this value is the
square root of the number which is stored in the lower portion of the word labeled ANS.

ENT *© B2 ' 2

RPT ° 77777 * ADDB

SUB * A * B2 + 1 ' ANEG
JP  * ERROR

STR -~ B7 * CPL (ANS)

a B SKIP

This operation tests the content of a specified B-register. If the value in the B-register is
equal to the value in a memory location specified by Y the next operation is skipped and
the B-register is cleared to zero. If the value in the B-register is not equal to the operand
location, the normal sequence of operations continues and 1 is added to the value in the
B-register.

OPERATION Y J

not
BSK * Bn note 1 permitted
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n may be 0,1, 2, 3, 4, 5, 6, or 7 to specify the B-register.
NOTE 1

A read class operand. The form W(x) will refer to the low order 15 bits of the operand location.

Example:
BSK * B2 " L(LABEL+ 3) 71213 21237
BSK - B2 * B2 71202 00000

(The previous instruction will clear B2 and skip.)

BSK * B0 * L (LABEL + 3) 71010 01237
(A skip will be performed if L (LABEL + 3) in the previous instruction equals zero.)

B JUMP

This instruction tests the content of a specified B-register. If the value in the register is zero,
the normal sequence of operations continues, If the value in the register is not zero, the register
is decremented by 1 and a new sequence of operations begins at the address specified by the Y
operand.

OPERATION Y J
not
BJP * Bn note 1 permitted

n may be 0, 1, 2, 3, 4, 5, 6, or 7 to specify the B-register.
NOTE 1
A read class operand. The form W(x) will refer to the low order 15 bits of the operand location.

Example:

BJP ' B4 * W(LABEL + B2) 72432 01234

Subtraction

Subtraction is covered before addition, since addition actually makes use of subtraction.
Subtraction in the UNIVAC 490 Central Processor is a binary subtract with an end around
borrow. An end around carry means that a borrow generated in stage 29 results in a one being
subtracted from stage zero of the difference. This end around borrow subtraction allows
subtracting a negative number from a positive number without complementing. The following
‘“4 bit register’’ example shows the end around borrow employed in subtracting negative 1
from positive 3, resulting in a +4:

+ 3=0011
-1=1110
0101

]<«——Dbit from end around borrow

+4 = 0100
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This octal example subtracts -5 from + 24 leaving + 31:

+ 24 = 00024
- 5=77772

00032

1<«—end around borrow

00031

The rules of algebraic subtraction will apply. Thus, if n represents any number:

+n —n + n —n
—(=n -G -Gn —(-n
+ n —n = n tn

The rules for zero subtraction may be summarized as follows:

=0 ~0 ~0
-(=0) -0 —(=0)

If a number is subtracted from itself the result will be + 0.

When the difference exceeds a value that may be contained in 29 bits, these rules will not

apply because of possible overflow into the sign position.

® SUBTRACT A

This instruction subtracts an cperand from the contents of the A-register and retains the

difference in the A-register.

OPERATION Y J
SUB * A read class normal
Example:
SUB ' A" W (LABEL) " ANOT 21530 01234

m SUBTRACT Q

This instruction subtracts an operand from the contents of the Q-register and retains the

difference in the Q-register.

OPERATION Y J
SUB " Q read class note 1

NOTE I

QZERO and QNOT are substituted for AZERO and ANOT.
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Example:
SUB * Q * 12D * QNOT 27500 00014
ENTER Y-Q

This instruction subtracts the contents of the Q-register from the operand and retains the
difference that is formed in the A-register. The contents of the Q-register are not disturbed
by this instruction.

OPERATION Y J
ENT 