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INTRODUCTION
FEATURES OF UNIVAC FILE-COMPUTER, MODEL 1

The UNIVAC File-Computer, Model 1, is the medium sized, general pur-
pose member of the Remington Rand family of UNIVAC computers. It possesses
unique features which contribute to its data processing versatility. The most
outstanding are described briefly below:

Any grouping of input/output devices up to ten in number may be con-
nected to the central computer at the same time. These devices include the
UFC~1 Console, Inquiry Typewriter, 90~Column Card Input/Output, 80-Column Card
Input/Output, Paper Tape Input/Output, Magnetic Tape Input/Cutput, and special
purpose equipments such as those used in the Airline Reservation System.

Each input device in the UFC-1 System automatically translates data
from its own language (punched card, paper tape, etc.) to the language (UNIVAC
code) of the central computer. Each output device translates data from the
language of the central computer to its own language. Therefore, no central
computer time is lost in data translation.

The UFC-1 may incorporate at the present time from one to ten large-
capacity magnetic drums in a system, allowing for random access to stored data.
This ability of the computer to accept data in any order eliminates the need
for prior sorting of input information. When the correct address of stored data
is not known,it may be located through a channel search without interruption of
other computer operations.

Through the demand stations associated with each input/output device,
the central computer and several input/output devices may function independent-
ly, except during intervals when control information is being exchanged by the
computer and the I/0 device. General storage operations, involving the large-
capacity, general storage drums, may be carried on simultaneously with central
computer operations and with input/output operations. The "busy" or "not busy"
condition of both the general storage system and the various input/output de-
vices may be determined without interrupting any operation currently in progress.
During execution of internally stored instructions the next instruction is
located and readied for execution while the current instruction is in progress.

The UFC-l operates as an internally programmed computer through a
series of sequentially stored instruction words. It operates as a plugboard-
programmed computer through the wiring of program steps on a 48-step main pro-
gram plugboard which incorporates other plugboard controlled devices, such as
selectors, branches, etc. Most programs developed for the UFC-1 incorporate
both internally stored and plugboard defined instructions in a single inter-
related program to exploit the strongest features of 9ach type of programming.

During all data transmission operations, a redundant parity check is
conducted by the computer. The computer stops automatically at the point in the
program where a parity error occurs. All arithmetic operations of the computer
may be checked for accuracy by a reverse operation; i.e., addition is checked by
subtraction. In internally defined programs, checking is performed automatical-
ly unless suppressed by the programmer. In plugboard defined programs, a check
or no-check decision is affected by the wiring of the process hubs.
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The UFC-1 handles any of the sixty-three UNIVAC code characters with
equal facility, regardless of whether the character is a number, letter, or
special symbol. No special programming procedure is required to landle alpha-
betic information or special symbols.

Three-address logic is the three-part principle of computer instruction
which includes (a) the address (or storage location) from which the first operand
is obtained, (b) the address from which the second operand is obtained and, (c)

a third address where the result is to be stored.

In UFC-l internal programming, each twelve-character instruction word
may contain (a) the addresses of two operands, (b) the address at which the
result is to be stored, (c) the basic process to be performed, and (d) a sub-
instruction which may modify or extend the basic operation. Up to 850 of these
powerful instruction words may be stored in the high speed drum. The /8-step
program control plugboard also operates basically in three-address logic.

FEATURES OF UNIVAC FILE-COMPUTER, MODEL 1, SPECIFICATIONS MANUAL

This present edition, a revised reference manual, contains a thorough
discussion of the specifications of this electronic computer, incorporating
recent modifications, necessary corrections of the original text, and a detailed
index.

Section I, "UFC Model 1 System Resume," describes briefly the versatile
features of the central computer, the general storage system, and the input/out-
put system, and lists the program step processes, instruction word processes,
sub-instructions, sub~steps and storage locations.

In Section II, "Program Control," both internally stored and plugboard
defined programs, together with the internal instructions and plugboard processes
contained in these programs, are defined, explained and diagrammed. So also are
the sub-instructions or sub-steps which expand and modify the basic operations.
Rules and process times are included in the individual tables provided for each
instruction word. Details on the operation of the Arithmetic Registers, which
are involved in most of the instructions, are given here, rather than in Section
Iv.

Section III, "Central Computer Operating Memory" discusses the Program
Control Storage System, the addressable memory locations which comprise the
central operating memory of the computer and the data transmissions which result
when these locations are referred to.

Section IV, the "Arithmetic Section" lists the specific instructions
which involve the Arithmetic Section, with the initial and final contents of
each of the Arithmetic Registers.

Section V, "Input/Output System," treats its subject comprehensively,
and there is a brief comparison of the General Storage and Input/Output Systems,
summarizing their relationships and differences. Particular emphasis is placed
on the demand stations and time-sharing features of the input/output system.
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Section VI, "General Storage Data Transmissions," describes the random-
access large capacity external memory of the UFC-l, whose principal parts are
the General Storage Drums,-General Storage Address Register, and General Storage
Buffer. Their operations are explained and their parts are diagrammed.

Appendix A, a fifty-two page "Glossary of Terms for the UNIVAC File-
Computer, Model 1," contains definitions and explanations of UFC-l1 components,
functions, and terms.

Appendix B, a "List of Frequently Used Abbreviations," provides quick
reference for abbreviated proper names. Throughout the text, in diagrams, in
tables, and on plugboards, abbreviations are frequently used in order to simplify
exposition and to conserve space. For expanded definitions, the reader may then
wish to check the glossary and the index.

Appendix €, a cross~referenced "Index," provides a simple means of
locating information related to any topic, even though it may appear in various
sections of the manual. Subjects are referred to by section (Roman numerals)
and page (Arabic numerals). The designations "f" and "ff", following a page
number, indicate that information about the subject is found on the numbered
page and on the following page ("f") or on two or more following pages ("ff").

Appendix D, "Program Control Plugboard," contains a detailed drawing
of the UFC-1 plugboard; opposite the drawing is an alphabetized key for locating
hubs on the plugboard.

For further information regarding programming of the UFC-1 and peri-

pheral equipment, the reader is referred to the UNIVAC File-Computer, Model 1,
Basic Programming Manual, U-147/ and manuals for the Input?Output Equipment.
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Figure T-1. A medium-sized UFC Model 1 Svstem.
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I UFC MODEL 1 SYSTEM RESUME

A Univac File Computer Model 1 System 1s an electronic data-
processing system which features the simultaneous operation of:

a UFC Model 1 Central Computer;

a8 large-capacity, random-access, magnetic drum memory called
« General Storage; and

an integrated system of UFC Input/Output Units and other
auxiliary devices.

Time-shared (simultaneous) operation is possible because the Cen-
tral Computer, the (leneral. Storage System, and each of the UFC Input/Output
Units operate independently under control of a computer program. That 1s,
time-shared operations can be programmed for General Storage or one of the
UFC Input/Output Units; and the defined operation can be initiated without
causing subsequent delay to the computer's execution of logical and
arithmetic operations.

Once initiated, a time-shared General Storage or UFC Input/Output
Unit operation is carried out independently of the Central Computer. It is,
therefore, not uncommon in the execution of Univac File Computer System pro-
grams for

the Central Computer to be executing an arithmetic or loglcal
operation,

General Storage to be engaged in a reading or recording opera-
tion, and

a variety (perhaps all) of the UFC Input/Output Units to be
operating.

A medium-sized Model 1 Univac File Computer System 1s shown in
Figure I-l. For convenience in identifying the Central Computer, General
Storage, and the UFC Imput/Output Units in this sketch,

the tops of the Central Computer Cabinets have been cross-
hatched,

the tops of the General Storage Cabinets have been left plain,
and

the tops of the UFC I/0 Unit Cabinets have been shaded.

The purpose of this section, Section I, is to suwmarize the princi-

pal facts relative to each portion of the UFC Model 1 System. The Iinformation
given in this section is therefore repeated and expanded, as appropriate, in

succeeding sections.



A. MODEL 1 CENTRAL COMPUTER

The Model 1 Central Computer is an alphanumeric, decimal, serilal,
three-address, general-purpose, digital mechine that is equipped with an
operating storage it can use independently of other memories in a UFC Model 1
System. In addition to carrying out the logical and arithmetlic operations
required in the solution of a problem, the Central Computer monitors the oper-
ation of the entlre system.

1. Units of Data

a. Bagic Unit

The basgic unit of date is an alphanumeric character
expressed in Univac Code. Each character is 7 bits (binary digits) in length:

Computer Charscter "4" l
in Univac Code

0O 00 o111l

W—‘ h
Parity Zone bits  Excess-three bits
The highest-order ~— Y /
bit is a parity
bit which is used The lower-order 6 bits represent an
principally for actual alpha or numeric guantity in

checking the accuracy  excess-three, binary-coded decimal
of data-transmissions notation (Univac code).
in the system

Table I-1 lists the Univac code for 63% computer characters. The digits 0-9
and the letters A-Z as well as many of the other characters listed have a
system-wide meaning which corresponds exactly to the actual meaning of these
symbola. Other symbols in the table have specialized meanings when employed
in data sent to or received from certain UFC I/O Units. One example of an

interpretation of these special symbols is listed, namely that for the UFC
High Speed Printer.

Table I-1, Univac code

ZONE EXCESS THREE BITS

BITS [0000}0001|0010]|0011]01.00[0101/0110/0111[1.000|1001[1010[|1011|1100{1101|1110]1111
ooli1 |[A|-]o {2 ]2 3|+ [5]|6 |T]|8]09 O
oL | r s 1. | A B C |D E (F G H| I # ¢ | @
wlt | "]l ) |alxg |n]m|w]o || a|rR |$]| %]
||l |+ /s |2lv|vi|w |[x]|y|z|%]|=[%tw

%¥111111 dis a delete code for some UFC I/O Units; it is not used in the
UFC High Speed Printer System.



UPC High Speed Printer Special Sywbol Assignments:

§.= Ignore code

= Bpace code, Class Suppress 1
= Carriage return - multl-line symbol
= Form Compensation I

Class Suppress 4

Form Compensation ITI
Class Suppress 2
Printer Stop

Printer Breakpoint stop
Form Compensation IV

Tabulator, Class Suppress 3
Form Compensation II

1TOMe ~x =
Houwnun

r
@
t
/

b. Arithmetic Unlt of Data

The arithmetic unit of data, or operand length, is 12
characters: 1l characters plus a Sign character:

High Low
Order 11 10 9 8 7 6 5 4 S Order
110

3 2 1
AlA]l7]2]3]3 hlof6|-
h%—————- Arithmetic Reglster ———————é4

Except. in the multiply instructions, l2-character results are produced in all
logical and arithmetic operations. (In the multiply instructions up to a
22-character product can be formed; however, only the 11 higher-order char-
acters of the product and the Sign of the product, or the 11 lower-order
characters of the product and the Sign of the product can be stored in the
multiply instruction.)

c. Units of Storage

(1) word
A Word, or 12 characters, is the standard unit of
storage.

(2) Field
Quantities containing more or less than 12
(specifically, from 1 up to 119) contiguous characters are called Fields.

(3) Blockette
A 120-character quantity is called a Blockette.

The above represent the units of data associated with the following
principal locations in the operating memory of the Central Computer:

High Speed Drum's Iﬁput/Output, Factor Storage, and
Intermediate Storage Tracks;

Block Transfer Buffer; and

General Storage Buffer.

In each of these locations, 120 T-bit Univac coded characters can be stored
and obtained on a Word, Field, or Blockette basis.
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The Arithmetic registers (Register A, Register B, Register C and
Register D) as well as several other special-purpose memory locations (as the
Instruction Revolver & Shift Revolver) also store 12 7-bit characters. One
memory location, the Code Distributor Register, stores but one 7-bit
character. In two registers of the computer (the Program Address Counter and
the General Storage Address Register) only the excess-three bits (or digit
portion) of Univac coded characters are stored. When data is read out of PAK
and GSAR the zone bits 00 and the appropriate parity bit are added, so that
7-bit characters are sent over the transfer Bus. In several other special-~
purpose memory locations (the General Storage and Block Transfer Buffer
Patterns) only the parity bits of Univac coded characters are stored. There
dre, therefore, a varietly of units of storage employed in the computer

If a stored number to be used as an operand contains less than 12
charaszters, as the Field 896+, Space codes are inserted as higher-order char-
acters. vhen the Field is shifted into an arithmetic register as an operand:
High Low
1 10 9 8 7 6 5 4 3 2 1 8
VAN WANS WAN VaN VaN VaN VaN VAN KB IR ECH VAN

fe— Arithmetic Register — )
If a stored number to be used as an operand contains more than 12 characters,

as the Field 123456789876543+, only the lower-order twelve characters are
shifted into the Arithmetic Section:

High Low
11 10 9 8 7 6

A

L 3 2 1 3

A ERVN
Arithmetic Register —————>)

f2

sl ef7lelole]7]e

fe—

Similarly, when resulls are stored, the particular Arithmetic Register in
which the result to be stored was formed, will make a 12-character quantity
available for storage. However, what actually gets stored depends on the
capacity of the location that is to receive the result:

Assume this result is formed in
an Arithmetic Register

11 10 9 8 7 6 5 4L 3 2 1 8

sloel7|slole|7]|e]l5|4]3]|A




When this result is stored, it is
transmitted lowest-order character
first; the number of characters
transmitted depends on the capacity
of the destination:

High Low
4
N5 || 3|A %
Less than
l12~character
Field
Location >

High Low

Vislsl7lslole]7]e]s|x]3[alf
k%———— 12 character location ———-—e4

High Low
Yolo]Aee —A[a[ATs[e[r]8 o876 [s [n [ [AVZA
|E Greater than 12 character . >}

Field Location

Complete detalls on the rules for all data transmissions in the Central
Computer are given in Section III.

2. Three~address Ingtructions

Two types of Computer Instructions are available: Instruction
Words (internally-stored instructions) and Program Steps (plugboard-defined
instructions). Both employ three-address logic. That is, the format of both
types of Computer Instruction permits specification of the location of two
operands, of a particular process (or basic operation) to be performed on
these operands, and of a destination at which the result of the instruction
can be stored. Computer instructions can also be used to initiate other sub-
operations. These operations are called Sub-Instructions or Sub-Steps,
depending on whether they are defined by a coded character in an Instruction
Word, or by patchcord wiring on the Program Control Plugboard, respectively.
In general., Sub-Instructions and Sub-Steps enable the computer to

specially condition itself for the current operation or
for subsequent operations; or

give General Storage an operation to perform; or

provide the basic control for the operation of any I/0
Unit or receive control information from any I/0 Unit.
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The format for each type of instruction is explained below.
Tables I-2 and I-3 list the name of each Process, Sub-Instruction, and Sub-
Step used in the computer. (Complete details are presented in Section II.)
Computer programs can consist of (a) Instruction Words omly, (b) Program
Steps only, or as is usually the case (c) a combination of (a) and (b). Thus
the Model 1 Univac File Computer can be operated as:

an internally-stored-program computer, or

a plugboard computer, or

a combination stored—program/plugboard computer

Instruction Words: intermally-stored instructions defined by a l2-character
word as follows:
U v W op
XXX XXX XXX AXX
usually a usually a usually a 8, 3=-character
3=~character 3-character 3=character operation
address address address code which
which which which specifies
specifles specifies specifies what the
the the the computer 1s
location location location to do in
of the first of the second where the executing
value, Vi, Value, V2, result, R, this
used used in of the instruction
in the the instruction (vasic operation
instruction instruction 1s to be or process, and
stored Sub~-Instructions)
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Program Steps: plugboard-deflned instruetions, manually patched at a specific
location (called a Plugboard Step 51-98) on the Program Control Plugboard. The
following nine basic hubs are, in general, patched to other hubs to define a
Program Step. (See Figure B-l, Appendix B). These hubs can be directly patched
to thelr destinatlon or they can be patched via other hubs which conditionally
define a Program Step's process, addresses, and shifts, as well as which Program
Step will be executed next In the program.

STEP IN hub

PROCESS hub

Vl ADDRESS hub

Vl SHIFT hub
Vg ADDRESS hub
V2 SHIFT hub

R ADDRESS hub

R SHIFT hub

STEP OUT Inib

patched from a pulse~source hub to initlate the
Program Step

patched to +C, $8R NC, etc. hubs to define the
baslc operation to be performed in executing the
Program Step

patched to a hub which specifies the locatlon of
the first value, V;, used in the Program Step

patched to a hub which defines a shift operation for
Vi, 1f V7 must be shifted prior to its use in the
Program Step

patched to a hub which specifies the location of
the second value, Ve, used 1n the Program Step
patched to a hub which defines a shift operation
for Vo, if Vp must be shifted prior to 1ts use

_ in the Program Step

patched to a hub which specifies the location
where the result, R, of the Program Step is to
be stored

patched to a hub which defines a shift operation
for R, 1f R must be shifted prior to its storage

patched to a variety of hubs to sequence program,
initiate Sub-Steps (for the computer, General
Storage System, or for I/0 Control), transfer
control to internally-stored program, Stop, etc.
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Table I-2.

IList of UFC Model 1 Processes

Program Step Processes

Instruction Word Processes

Add

Add and Check

Subtract

Subtract and Check

Multiply, Store Lower

Multiply, Store Lower and Check
Multiply, Store Upper

Multiply, Store Upper and Check
Divide, Store Quotient

Divide, Store Quotient and Check
Divide, Store Remainder

Divide, Store Remainder and Check
Compare

Arithmetic Transfer

Buffer Transfer

Mask Transfer

Suppress Left Zero

Normalize

Channel Clear

Add (W and W/O check)

Subtract (W and W/0 check)

Multiply, Store Lower gw and W/0 CheCk}
Multiply, Store Upper (W and W/O check
Divide, Store Quotient iw and W/0 cheek
Divide, Store Remainder(W and W/O check
Arithmetic Transfer

Buffer Transfer

Mask Transfer

Suppress Left Zero

Left Normalize

Load Shift

Compare

Jump on Zero

Jump on Plus

Jump on Negative

Unconditional Jump

Channel Clear

Ioad GSAR

Test Demand In

Demand In

Test Incoming Control

Channel Search Probe

Substitute U

Substitute V

Substitute W

D T T T T

Transfer Control to Plugboard (51-98)

y

TE‘;ble I"'3 »

List of UFC Model 1 Sub-Instructions and Sub-Steps

Sub-Steps

Sub-Instructions

Clear General Storage Buffer to Ignores
Read Unit Record
Write Unit Record
Write Unit Record and Check
Channel Search Equal
Channel Search Unequal
Channel. Search Probe
Condition Compare
Clear Block Transfer Buffer to Ignores
Branching
| Function Delay
Function Sequence
Selector (Probe)
Alternate Switch (Probe)
Code Distributor Register Pulse (Probe)
Test Demand In
Demand In
Track Switching
Stop
Next TImstruction (Transfer Control to
| Internal Program)
Test Incoming Control

Clear General Storage Buffer to Ignores
Read Unlt Record

Write Unit Record

Write Unlt Record and Check
Channel Search Equal
Channel Search Unequal
Speclal Character Out
Breakpoint

Stop

Suppress Check

Set Conditional Storage
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L. Principal Parts of the Central Computer

a. Program Control (See also Section II)

Program control is that section of the Central Computer
which interprets, executes, and sequences Computer Instructions.

The principal Program Contrel circuits involved in the
interpretation and execution of Computer Instructions are the

Operation Pulse/Enable Distributor, OED, which time-
sequences the lnterpretation, executlon, and sequencing of all Computer
instructions;

Procegss Reglster, PR, whose contents in the case of
Tnstruction Words, specifies the basic operation (or process) to be per-
formed; and in the case of Program Steps, specifies which Plugboard Step
(51-98) is being enabled, and hence which Program Step is being carried out;

Special Character Regilster, SR, which functions only in
internally~stored programs and holds a coded character which defines the
Sub~Instruction(s) to be initiated by an Instruction Word;

Shift Revolver, SRV, a special track on the High Speed
Drum which holds a Shift Word that defines the type of shift (right, left,
right end-around) and the mumber of positions (0-11) involved in shifting an
operand and/or result during the execution of instructions (primarily used in
internally-stored programs, but also available to plugboard defined programs);
and the

Shift Counter, 8K, a subtractive counter which

when a shift operation is defined by SRV, holds
the appropriate section of the Shift Word from
SRV during shift operations; and

when a shift operation is plugboard-defined,
holds a number which specifies the type of
shift and the number of shifts involved during
a plugboard shift operation.

Bach time a quantity is shifted one place, one is subtracted from SK. When
SK= 0O the ghift operation terminates.

The principal Program Control circults involved in the acquisition
and sequencing of Instruction Words are the

Program Address Counter, PAK, whose contents specify the
location from which successive Instruction Words are to be obtained; and the

Tnstruction Revolver, IRV, a pair of revolvers on the
High Speed Drum, one of which (IRVcJ holds the current Instruction Word, and
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the other of which (IRVn) receives the next Instruction Word to be executed.
Normally the next Instruction Word 1ls obtalned while the current Instruction
Word is being executed.

PAK and IRV are not used in sequencing Program Steps. The sequence
of Program Steps to be executed 1s determined by the programmer and (manually)
patched on the Program Control Plugboard prior to a problem run. When one
Program Step is completed, the pre-patched wiring defines which Program Step
is executed next. The computer "remembers" what Program Step it is executing
by retaining the Plugboard Step Number of the Progrem Step in the Process
Register. When a new Program Step 1s inltiated, the Plugboard Step Number
(51-98) for that Progrem Step is inserted in the Process Register, etc.

b. Frogram Control Storage (See also Section III)

Program Control Storage is the operating memory of the
Central Computer. It performs two general functions

(1) The acquisition of operands and storage of results
during the execution of computer instructions (this function is similarly
performed whether the program is internally or plugboard-defined).

(2) The acquisition of Instruction Words (this function
performed only if stored-programs or combination stored-programs/plugboard-
defined programs are belng executed).

Program Control Storage consists of all those memory locations described
below and the necessary circultry for finding these locations and performing
a storage reference.

The Principal Program Control Storage Locatlons are on the High
Speed Drum:

2 Factor Storage (FS) Tracks each track
can store 120
88 Intermediate Storage Tracks T-bit characters

The other Program Control Storage Locations, listed below, are "gcratch pad"
type memories, whose principal function is something other than permanent
storage:

Input/Output (I/0) Tracks: Central Computer buffers for data trans-
missions to and from the UFC I/0 Units;
20 tracks on the High Speed Drum, two per
addressable location: one used by the com-
puter, one used by an I/O Unit assigned to
that track location. Computer's track can be
made available to I/0 Unit and vice-versa by
track switching operstion. Capaclty of each
track is 120 T~bit characters.

1~10



Block Transfer Buffer, BTB: A 120-character magnetic core register used
primerily as a buffer in Fleld and Blockette
date transfers.

General Storage Buffer, GSB: A 120-character magnetic core register whose
principal function is that of a buffer in data
transmissions to and from the General Storage
System. GSB not available to Program Control
Storage when engaged in General Storage opera-
tlons.

General Storage Address Reglster, GSAR: A T-diglt register used principally
to hold General Storage Addresses during
General Storage operations. Not available to
Progrem Control Btorage when engaged in General
Storage operations.

Program Address Counter, PAK: A 3-~digit register described above.

Code Distributor Reglster, CDR: A l-character register used almost exclusively
for program variance on the Program Control
Plughosard.

Instruction Revolver {(IRV): Actually 2 l2-character revolvers on the High
Speed Drum used prineipally to store the
current and the next Instruction Word as des-
cribed above.

Shift Revolver (SRV): A l2-character revolver used, as described above,
to hold Shift Words.

Register A, RA:

o

Regilster B, RB: l2«-character registers whose prime functions
L are performed during the execution of arith-
Reglster C, RC: metic apd logical operations.

Register D, RD:

High Speed Drum Pattern:
Special~-purpose memory locations used to
Block Transfer Buffer Pattern: store a Field Selection Pattern which defines
the fields that can be referred to in 120-
General Storage Buffer Pattern: character memory locations.

c¢. Arithmetic (See also Sections IT and IV)
The Arithmetic sectlon performs all of the arlith-

metic and most of the logleal operations carried out in the system. Specific-
ally it executes the process of the following lnstructions:
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Add

Add and Check

Subtract

Subtract and Check

Multiply, Store Lower

Multiply, Store Lower and Check
Multiply, Store Upper

Multiply, Store Upper and Check
Divide, Store Quotient

Divide, Store Quotient and Check
Divide, Store Remainder

Divide, Store Remainder and Check
Compaxe

Mask Transfer

Suppress Left Zeros

(Left) Normalize

Arithmetic Transfer
Substitute U, V, and W
It also functions as an intermediate storage in the Jump Instruction Words.

The principal circults in the Arithmetic section

The four l2-character registers

Register A
Register B
Register C
Register D

an adder/subtractor which serially (i.e.
character-by-character) processes data in
excess~-three binary-coded decimal notation,

8 comparator, and
the control circultry and counters necessary
to execute each of the above mentioned

processes.

The Arithmetlc operations are algebralc operations. Provision is made for
psuedo-glpha and alphanumeric additions and subtractions.

d. I/0 Control (See also Sections II and V)
The Input-Output Control clrcuitry of the UFC
Model 1 Central Computer can monitor the simultaneous operation of from 1 up

to 10 of any combination of UFC Input/Output Units. Except during those
intervals in which control informaticn 1s exchanged between the Central
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Computer and an I/O Unit, the computer and I/O Unit operate independently.
This is possible because part of the system's input/output circuitry is built
into each UFC I/0 Unit. This circuitry is called a Demand Station. When the
I/0 Control Instruction Words (internally-stored progrem) or the I/0 Control
Sub-Steps (plugboard program) are executed, the computer communicates with an
I/O Unit's Demand Station. The computer can then test the status of an I/0
Unit as well as exchange control information with that I/O Unit, without, in
general, introducing any delay in Central Computer operation.

e. General Storage Control (See also Sections II and VI)

The Central Computer controls the operation of
from 1 up to 10 large-capacity magnetic drums in the General Storage System
by the execution of Sub-Instructions or Sub-Steps. Once a General Storage
operation is initiated, It is carried ocut in General Storage completely
independent of the Central Computer. The latter is therefore free for
internal computing. Only one General Storage operation can be initiated and
carried out at a time, but any General Storage Location, (or in the case of
channel search operations, any series of locations) can be involved.

B. UFC MODEL 1 INPUT/OUTPUT SYSTEM (See also Section V)

The UFC Model 1 Input/Output System contains circultry in
both the Central Computer and each UFC I/O Unit. The computer circuits are
thoge which execute the necessary computer operations to simultaneously
control any combination of from 1 up to 10 UFC I/O Units. The principal
circuitry contained in each UFC I/0 Unit is called a Demand Station. By means
of an I/0 Unit's Demand Station, control informatilon can be exchanged by the
computer and a particular I/0 Unit. The Demand Stations of all I/O Units are
logically identical. FEach I/O Unit also comtains (a) the required control
circuitry for interpreting the I/O Ingstructions from the computer that define
what the I/0 Unit is to do; (b) the necessary buffer memory and control cir-
cuitry for communicating with the I/0 Unit's associated I/0 Track on the High
Speed Drum during data transmissions to and from the computer; and the con-
trol circuitry which activates the mechanisms of the I/O device and carries
out an input/output operation completely independent of the central computer.

1. UFC_ Input/Output Units

The following UFC Input/Output Units are currently
being bullt for use in UFC Model 1 Systems. A variety of other devices are
under development.

UFC Model 1 Console System

UFC Inguiry Typewriter

UFC 90-Column Card System

UFC 90-Column Card System (With Post-Read Checking)

UFC 80-Column Card System (Bull Unit)
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UFC Magnetic Tape Unit

UFC High Speed Printer

UFC High Speed Paper Tape System
A special-purpose, magnetic tape equipment, the 'UFC Sort-Collate System, is
also avallable as an auxiliary device for use in UFC Model 1 Systems. This
device permits off-line sorting and collating operations to be performed,
and also allows combination collating and up-dating operations to be carried
out in a psuedo on-line mode of operation.

2. UFC Input/Output Unit Operation

When a UFC Input/Output Unit is physically connected to
the Computer, cabling from its Demand Station is plugged into one of ten
Demand Station Positions (0-9) in the computer. Any UFC Input/Output Unit
can be plugged into any Demand Station Position. Once plugged, however, i1t
is designated as I/0 Unit "b" (where b=0-9), and it communicates only with
a correspondingly numbered I/0 Track (00-09) on the High Speed Drum in data
transmissions.

Fach UFC Input/Output Unit's Demand Station enables the computer to test the
status of the Unit at any time to determine whether the Unit is READY or

NOT READY for subsequent use. A UFC Input/Output Unit is READY if it is
capable of receiving an I/0 Instruction* from the computer. Tt is NOT READY
in all other cases. By executing the appropriate Demand Test In (0-9) opera-
tion, the computer can immediately determine the status of a particular UFC
Input/Output Unit. If the unit tested is NOT READY, the computer can resume
its dnternal computation without delay. If the Unit tested is READY, the
computer can then execute an appropriate Demand In (0-9) operation. This
operation can (a) give the UFC Input/Output Unit a function to perform, or
(b) receive (program vaeriance) control information from the UFC Input/Output
Unit, or in special cases, perform (a) and (b). In any case, no delay is
introduced into central computer operation.

If a Unit is glven a function to perform, it places itself in a NOT READY
status, and begins the defined operation. If the operation specified by the
compuber program calls for input or output, the UPFC Input/Output Unit then
carries out the required data transmissions. In the case of input operations,
data on an input medium 1s sent to the I/O Unit's buffer memory, and from
there to the I/O Unit's associated I/O Track. In the case of output units
the data flow is I/O Track -> I/O Unit Buffer Memory —» Output Medium. When
a UPC Input/Output Unit is capable of receiving another I/0 Instruction, it
places itself in a READY coundition. It can then, when again "demanded",
recelve another instruction from the computer, give control informatlon to
the computer, or both.

Each I/O Track on the High Speed Drum 1s actually a pair of tracks. At any
given time at any of the ten I/O Track locations, the computer is connected

¥ An I/0 Instruction is a specific operation the I/O Unit is to perform or an
operating condition that is to be set up in the I/0 Unit.
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to one track of the pair, and the UFC Input/Output Unit is connected to the
other track of the pair. The computer and UFC Input/Output Unit can thus
time-share operations at the same I/0 Track Location. While the UFC Input/
Output Unit is loading or unloading one track, the computer can be loading
or unloading the other., Track-switching circuitry in the UFC Imput/Output
Unit can be operated by the computer program to reverse the track assign-
ments: the track formerly connected to the computer can be made available
to the UFt Input/Output Unit; and, what was the UFC Input/Output Unit's
track, canbe made available to the computer. When the computer refers to
an I/O Track location, it always communicates with the track (of the pair)
to which it is connected at that time. When data transmissions to and/or
from a UFC Input/Output Unit occur, they take place to and/or from the track
to which the UFC Input/Output Unit is counected at that time. All data
transmissions to and from each UFC Imput/Cutput Unit take place independently
of the Central Computer.’

3. Principal Features of the Model 1 Input/Output System

a. Simultaneous, i.e., time-ghared operation with the
Central Computer and General Storage; also time-sharing of the same I/O Track
by the Central Computer and the I/O Unit assoclated with that track.

b. Common Language versatility: each I/0 Unit contains
the necessary translators that enable it to transeribe or record one (or more)
code(s) on the media it manipulates, and yet communicate with the computer
only in Univac code. This completely eliminates the need for data conversion
in the Central Computer.

c. Flexibility in the number and kind of UFC I/0 Units
to be included in the System. Any combination of from 1 up to 10 I/O Units
can be employed; and the combination "on line" can be varied as regulred.

d. Facility for casusing variance in the computer pro-
gram elther by interpreting special control data used in input media, or by
interpreting special control information sent to the computer, apart from the
actual data transmlission operations.

e, Facllity for assigning priority to Control informa-
tion received from I/0 Units.

f. Facility for scanning all I/0 Units in a rendom or
sequential fashlion to keep every I/O Unit ready for operation in operation.

C. UFC MODEL 1 GENERAL STORAGE SYSTEM (See also Section VI)

Model 1 General Storage 1s the large-capscity, random-
access, permanent memory of the UFC Model 1 System.

1. Units of Data

General Storage information is formated by two units
of data: the Unit Record and the File. A Unit Record i1s a collection of
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from 1 up to 10 computer words. That is, a Unit Record is a collection of
contiguous characters each of which is at least 12 characters long, and each
of which is an integral multiple of 12 characters in length (120 characters,
maximum). A File is a collection of related Unit Records. Files are sepa-
rated by End of File codes, 6 characters ( ----'0), which are stored on the
General Storage Drum in specilal Search Control Locations.

The Unit Record Length for each operation is programmed. Flles are also
established by programming. Usually, a collection of related Unit Records
are recorded from some predetermined starting location, and an End of File
code is recorded in the next Search Control Locatlon that appears after the
last Unlt Record of the File has been recorded.

2. General Storage Operations

Clear General Storage Buffer to Ignores
Write Unit Record

Wrlte Unit Record and Check

Read Unit Record

Channel Search =

Channel Search #

3« Principal Features of UFC Model 1 General Storage System

a. A format for sbtoring data which is similar
(and, in many cases, identical) to the form of the business transection. This
basic, typical format is the individual Unlt Record.

b. A capacity for storing internslly thousands of
Unit Records; the number of Unit Records and the length of each Unit Record
being flexible. From 1 up to 10 General Storage Drums can be included in an
installation, each drum capable of storing 180,000 alphanumeric characters.
The Unit Record Length for each operation is programmed.

¢. A random-access storage feature whicH permits
the Model 1 Univac File Computer System to keep a current balance for a large
number of records with high volume activity. Specifically, it allows

entry of input data into General Storage in the
random sequence of its arrival; and

random~acecess to any Unit Record Area in General
Storage, either to selectively obtaln data from
that Unit Record Area or to selectively alter
data in that Unit Record Area on a Unit Record
baais.

d. Two Search features which enable General
Storage to look for a certaln Unit Record in accordance with a key, or Unit
Record Identifier, even though that Unit Record's address is not known. In
Chammel Search= an exsct match between a Unit Record and a Unit Record
Identifier is sought. In Channel Search # & mis-match of any set of
characters examined is sought.
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e. Simultaneous operation with the Central Computer.
Once given an operation to perform, Model 1 General Storage carries that
operatlon out independently of the Central Computer.






ITI  PROGRAM CONTROL

Program Control is that section of the Central Computer which interprets,
executes and sequences Computer Imstructions. It is therefore, the main
control for the entire UFC Model I System.

The principal Program Control circults are the:

Operation Pulse~Enable Distributor (OED)
Program Address Counter (PAK)
Instruction Revolver (IRV)

Process Register (PR)

Program Control Translator (PCT)
Special Character Register (SR)

Storage Address Register (SAR)

Transfer Address Control (TAC)

Shift Revolver (SRV), and

Shift Counter (SK)

Two types of Computer Instructions are interpreted, executed and sequenced
by these circuits: Imnstruction Words (12-character coded guantities which are
stored internally in the Computer), and Program Steps (plugboard-defined
instructions which are manually patched on the Progrem Control Plugboard).

Each type of Computer Instruction involves a basic operation, as Add,
Subtract, Multiply, ete., that the computer is to carry out; and each can also
specify one or more asuxiliary operations that modify or extend the basic
‘operation.

The basic operation specified by a Computer Instruction is called a Process.
The auxiliary operations are called Sub~-Instructions or Sub-Steps, depending on
whether they are specified by Instruction Words or Program Steps, respectively.

Tm the UFC Model 1, a computer program (or collection of Computer Imnstruc-
tions designed to achieve some computetional result) can consist of:

Instruction Words only (internally-stored program)
Program Steps only (plugboard-defined program), or

a combination of Imstruetion Words and Program Steps
(combination internally-stored/plugboard-defined program)

Normally, the combination-type program is most efficient, because it en-
ables the programmer to explolt the advantages of both types of program, and
yet does not involve urmsual or camplicsted programming techniques to use one
type of program, then the other., That is, with but few exceptions, any function
performed by the system can be defined either by an Instruction Word or by a
Program Step; and it is a relatively simple matter to program certain portions
of a problem using one type of Computer Instruction, and other portions of the
problem using the other type.
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Paragraph ITA below discusses internelly-stored programs: Instruction
Words, their format, their interpretation and execution, as well as the manner
in which they are sequentially obtained in the computation of internally-stored
programs.

Paragraph IIB below discusses plugboerd-defined programs: +the Program
Control Plugboard, the definition of a Program Step, the interpretation,
execution and sequencing of Program Steps, and the function of certain hubs
which are used (or can be used) in all operations of the computer.

Paragraph IIC outlines the manner in which combination internally-stored/
plugboard-defined programs are carried out.

Paragrasph IID is a detailed analysis, in tabular form, .of every Computer
Instruction.

A.  INTERNALLY-STORED PROGRAMS

An internally-stored program 1s one in which appropriately coded
Instruction Words are executed in the required sequence to achieve some compu-
tational result. Although 'actually initiated via patchcord wiring on the
Program Control Plugboard, and although they can employ other plugboard-defined
funcetions, internally-stored programs can completely define all the necessary
system operationg for the solution of any computable problem.

The prineipal advantages of the internally-stored program are these:

the Instruction Words which compose it can be treated as operands
by the computer (internally-stored programs can, therefore,

be designed with practically unlimited versatility in self-
modification); and

either "loop" or "straight line"programming techniques can

be applied, as convenient, since an adequate number of Jump
Instruction Words are provided (for complex "loop" programming
if this is desired), and the system's memory has been designed
to allow programs of practically any size to be stored so as
to be randomly accessible, even those involving a large number
of instructions (as long "loop" programs, or "straight-line"
programs) .

1. Instruction Words

An Instruction Word is an internally-stored Computer Instruction
consisting of 12 7-bit characters. All Instruction Words have the following
Pormat (x represents one character):

U \') W oP
xxx xx% XX XXX

where U, V and W are usually storage addresses, and OP is the Operation Code
which defines what the computer is to do in executing the instruction.
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a. Operation Code, OP

The Operation Code, OP, has two parts: the two leftmost
characters define the basic operation the computer is to perform in cerrying out
the instruction; the rightmost character is a Special Character that defines an
operation called a Sub-Instruction which extends or modifies the basic operation
specified by the two leftmost characters.

The two leftmost characters can represent a range of numbers
from 00 to 99. When these two characters specify one of the 26 numbers ( < 50)
that are listed in Table II-l, Page II-I, they are called a PROCESS code, PR.
These numbers each define a basie arithmetic or logical operation for the com-
puter. FEach PR is listed in Table II-1 with both & numeric and a mnemonic code.
The letters employed in the mnemonic code suggest the name of the Instruction
Word and have the same "excess-three" bits in the Univac code as the numbers
they represent. The numeric version of each PR is actually interpreted by
circuitry in the computer; the mnemonic code i3 used in programming.

When the two leftmost characters of OP form a number > 50
but < 99 (i.e., are any of the integers 51-98) they are called a TRANSCOP
(Transfer-Program Control-to-Plugboard) Code, TC, because when they are detected
in the OP of an Instruction Word:

the internally-stored program is interrupted; and

Program Control is referred to a specific location
on Program Control Plugboard where a Program Step,
the next Instruction to be executed, is'located”.

The specific location on the plugboard is called a Plugboard Step. TC and the
Plugboard Step to which Program Control is referred are numerically the same;
i.e., if the leftmost two characters of an Instruction Word's OP is 51, Program
Control will be transferred to Plugboard Step #51 when that Instruction Word is
executed. Transcop Instruction Words are thus a means of automatically
switching Program Control from the internally-stored program to a plugboard-
defined program. The sequence of Program Steps so initiated is called a Trans-
cop sequence,

The rightmost or low-order character of all Operation Codes
is called a Special Character, S. FEach Special Character employed (see Table
II-2, Page II-5) defines one or more Sub-Instructions which either

modify the basic operation specified by an
Instruction Word, or

interrupt the internally-stored program (in a
different menner than Transcop Instruction Words),
or

extend the activity of the system in executing an
Instruction Word beyond the basic operation specifiec
by PR or TC, and allow other operations to be
initiated "between" Instruction Words.
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Table II-I. PROCESS Codes

PR Name of Process
Numeric Code Monemonic Code Instruction Word
*13 AT Arithmetic Transfer
LAl AD Add
15 JN Jump on Negatilve
17 JP Jump on Plus
19 JZ Jump on Zero
*22 SB Subtract
*23 BT Buffer Transfer
2l SU Substitute U
25 sv Substitute V
26 Sw Substitute W
27 sP Channel Search Probe
*29 3z Suppress Left Zeros
31 LA Load GSAR
32 LS Load Shift
*33 cC Channel Clear
34 ™D Test Demand In
*35 LN Left Normalize
*37 CcP Compare
39 TI Test Incoming Control
by uJ Unconditional Jump
*2 MK Mask Transfer
*43 ML Multiply, Store Lower
*lyly MU Multiply, Store Upper
L5 DE Demand In
*48 DQ Divide, Store Quotient
*49 DR Divide, Store Remainder

*These processes marked with an asterisk are also available in Program
Steps by appropriately patching a Program Step's PROCESS hub as

described in Paragraph TTB. The effect of most of the processes not
marked with an asterisk above can be obtained in plugboard-defined programs
without using a Computer Instruction; i.e., except for Load GSAR and load
Shift whieh can be duplicated during a Program Step, the effect of the
processes that are not marked by an asterisk above is obtained "between"
Program Steps in plugboard-defined programs.
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Table II-2. Special Character Codes

<
&2 X o x/&
F&/e&/ o /)& Sx/ o /o0 /& $S/& [ a
ﬁ?g? égig} f$' <§$ §§. &ﬁgéjqé? 60 zﬁf o @& & drdi? 49
Vo 85/ &/ &/ & S/S/T/&/o ) [ES/¢S
¥/ ST/ L&/ L s/ & /)2 I/ S
§/&/8 ¢ &
mE)
& | 3 //%7 2
( |4 7
,8,0| 5 |Note that 5, 0, A, or i can be used to ignore S in an IW
- 7
8
1 9
7 A,
t |8 7 77
el
« ol | W
T E
SCT%Y F ?3%27' 7,/é
sco;m_v H %7 7/%
A |t W,
$ K
® L
? M
t N
" o
P
¥ [Q-Y
/ |z

Note: Certain values of S specify but one Sub=Instruction; others specify two
or three Sub-Instructions. For ready reference, each Sub~Instructions
unique value of S is indicated by a shaded area, and cross-hatching is
employed when two or three Sub~Instructions are specified by a value of S,

¥ The alternates for Q-Y are, respectively: ),J,%,=, delete ,L,[3,:, and +,
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In summary, two basically different types of Imstruction Words
are specified by OP:

OP
Process Instruction Words: ] v W PR3
anAX XXX XXX XXK
Transcop Instruction Words: 4] v W TCS
XXX 0K XXX XXX

Complete details on each Computer Imstruction are given in
Paragraph IID. The first page of each instruction's analysis lists the
sequence of events that occur when the instruction is executed, and describes
in detail the basic operetion specified by the instruction. The reader should
examine these first pages at this point, and acquaint himself with the funda-
mental repertory of instructions available in the UFC Model 1. The following
paragraph, particularly Tables II-3 and II-4, will also prove useful in under-
standing the purpose of each instruction. Paragraph ITIAle, Sub-Instructions,
outlines the manner in which the system's basic repertory can be modified or
extended.

b. U, V, W-sections

Since the instruction format of Univae File Computer Model 1 con-
taing three address¥-gections, the computer 1s saild to employ tbree-address
logic. In Instruction Words, the three address-sections are designated W, V,
and W; in Program Steps, they are designated V, ADDRESS, V, ADDRESS, and R
ADDRESS. The address-sections of an instruction are used In several ways.

In most instructions, the address-sections actually contain
addresses, and these addregses are used to obtain the data to be used in the
instruction and to store the date genmerated by the instruction. In other
instructions, the ingtruction itself, or a portion thereof, is used as an
operand. When the address-sections are used as operands, the section itself
(rather than the data in the storage location the section might specify) is
menipulated in the instruction. The specific uses of each address-section for
each instruction are summarized in Table II-3, Pages II-8 through II-10,
Additional comments on U, V, and W are made below.

In most Process Instruction Words, the U-section is a
3-character address that specifies the location from which the first operand,
V1, is to be obtained; the V-section is a 3-character address that specifies
the location from which the second operand, Vo, is to be obtained; and the
W-section is a 3-character address that gpecifiles the location at which the
result, R, is to be stored. As shown in Table II-4, Page II-11, Vi is usually
placed in RA; Vo, is placed in RB; and R is obtained from either RD or RC

¥ An addresé, as used herein, is a numeric or alphanumeric coded
quantity that specifies a particular memory location in the computer.
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In other Process Instruction Words, the U, V, and W-
sections themselves are used as operands or as part of an operand contained in
the Process Instruction Word. In these instructions, the section itself rather
than data in any storage location it might specify is manipulated when the
instruction is executed. The intermediate storages assoclated with U, V, and
W, when these sections are so employed, are given in Table II-4, Page II-12.

The U, V and W-sections of Transcop Instruction Words are
also each a three-character address; however, they are used differently. When
Transcop Instruction Words are executed, a sequence of one or more Program
Steps is initiated; and Program Control, beginning with the Program Step
defined by TC, continues the program from the plugboard. Meanwhile, the U, V
and W-sections, as well as the Special Character, of the Transcop Instruction
Word are retained in Program Control. As explained in Paragraph IIB below, the
address hubs (Vi ADDRESS, V., ADDRESS, and R ADDRESS) of each Program Step in
Transcop sequences can be patched to define an address either via the Plugboard
Addressing System, or via the U, V or W-address of the Transcop Instruction
Word. In short, the U, V and W-addresses of Transcop Instruction Words are
available to any Program Step in Transcop plugboard sequences. When so used,
U, V and W do not necessarily signify the locations from which V; and Vp are
obtained or the address of the location at which R is stored; e.g., the R
ADDRESS hub on the plugboard could be wired to the U ADDRESS hub. 1In such a
case, U of the Transcop Instruction Word would be used as the address of the
location at which the result of a Program Step is stored.

The following general rules apply to the coding of U, V,
and W when these sections are used as the addresses assoclated with Vi, Vo,
and R:

the particular value given U, V, or W must be uniquely
interpretable by Program Control Storage; and

the locations specified by U, V, and W must be valid
locations for the process specified by the instruction

If either of these rules is violated in the coding of U, V, and W, the computer
will hang up when it attempts to use the incorrect value of U, V, or W. The
Program Control Storage Addresses which are interpretable are listed in Table
III-1, Page III-3. The valid Sources (i.e., the locations that can be speci-
fied by U and V) and the valid Destinations (i.e., the locations that can be
specified by W) for each Computer Instruction are listed under the rules for
each Computer Instruction that are given in Paragraph IID.
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Table II-3

The following comments concerning the use of U, V,
by, Petehcord uiring fron the V1 ADUEESS, 7o b,

Uses of U, V, and W

&
RESS,

nd
and R ADDE

W also %E ly to the addresses defined

S hubs, respectively, in

Frogram Steps which have the same process as the Instruction Words marked with an

asterisk below.

U

v

W

#(AT) Aritbmetic Transfer
#(BT) Buffer Transfer

specifies the
Source of the data
to be iransferred

'The V-gection of

this Instruction
Word is ignored

specifies the
Destinetion for the
data transferred,

U specifies the

Source from which the
following V4 operands

are obtained:

V specifies the
Source from which
the following V,
operands are ob-
tained:

W specifies the
Destination at
which the following
results, R, are
stored:

*(AD) 44d, Add & Check augend addend sum
*(SB) Subtract, Subtract& Check| minuend subtrahend difference
#(ML) Multiply, Store Lower multiplicand pmultiplier 11 lower--order
Multiply, Store Lower digits, and sign of
& Check product
*(MU) Multiply, Store Upper multirlicand multiplier 11 upper-order
Multiply, Store Upper aigits and sign
& Check of product
#(DQ) Divide, Store Quotient dividend divisor quotient
Divide, Store Quctient & Check
#(DR) Divide, Store Remsinder | dividend divisor remainder
Divide, Store Remainder & Check
U v W

(SU) Substitute U

(SV) Substitute V

(SW) Substitute W
#(MK) Mask Transfer

specifies the Source

of V4, the operand
to be modified

specifies the
Source of V,, the
operand used in
modifying V1

specifies the
Destination at
which the modified
V., operand is
slored

#(CP) Compare:

U and V specify the Sources for the two operands that are to
be compered; the W-section is ignored,

U

v

W

#(SZ) Suppress Left Zercs
#(LN) Left Normalize

specifies the Source
of V,, the operand
modified by these
Instruction Words,

the V-section of
these Instruction
Words is ignored

specifies the
Destination at
which the modified
Vl operand is
stored

#(CC) Channel Cleer:

I1-8

the U and V-sections of this Instruction Word are ignored;
the W-section is always a Blocketie Audress that specifies
the partlcular buffer or track to be filied with Space codes.




Table 1I-3 Uses of U, V, and W (continued)

U and V W
If a Jump occurs: U is used as a 3- is used as the
. . . character operand, address for the
()  Jump on Negative and is ususlly* next Instruction
placed in the W- Word
(JP)  Jump on Flus section of ‘the
Word location
(32)  Jump on Zero specified by V
If no Jump occure: The U, V, and W-sections are ignored.

(UJ) Unconditional Jump: U is used as a 3-character operand, and is usually® placed in
. the W-section of the Word Location specified by V; W is used
as the address for the next Instruction Word.

(sp) Channel Search Frobe: U v ] W
Channel Search not completed U is used as the
address fcr the the V and W-sections are ignored
next Instruction
Word
Channel Seerch cormpleted, and: the U-sectior is is used as the the W-section
. ignored address for the is ignored
Channel Search Storage = MINTS next Instruction
Word
Channel Search Storage = ZERO | the U and V-sections are ignored is used as the
address for the
next Instruction
Word
Channel Search Storage = FLUS | the U, V, and W- sections are all ignored
(LS) Load Shift: The U, V, and W-sections of this Instruction Word are called

a Shift Word. They define the programmed shifts for V), V2,
and R, respectively, and are placed in the Shift Revolver
when this Instruction Word is executed,

(LA) Load GSAR: The two lower-order digits of U, the three digits of V, and the
two highest digits of W form A General Storage Address, and these
digits are sent to GSAR when this Instruction Word is executed.

(31-98) Transcop: The U, V, and W-sections of Transcop Instruction Words are
not used in the execution of those Instruction Words: how-
ever, they are available as V), V2, or R addresses to
Program Steps in Transcop sequences.

* Usually V refers to a Word Location in BTB, or GSB, or on the I/0, FS, IS Tracks. Conditional
Jumps are frequently employed to enter a sub-routine via W and automatically return to the main
program when the Instruction Word at V is executed. The following variation can be programmed
for the manner in which U is stored:

if V is Register C, the jump occurs, but is non-returnable; i.e., no
provision is made to return the program to any particular point,
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Table II-3.

Uses of U, V, and W (continued)

U

v L

(TD) Test Demand In

U=(-b-) and
specifies which
I/0 Unitls Demand

If I/0 Unit "b" 1s READY, V is used as the
address for the next Instruction Word and
W 1s 4ignored.

Station ("b") 1s

switch digit.

"h* gpecifies the
I/0 Unit that is
placed "on demand®,

"e¥ {s the SPECIAL
OUT control digit.

tested If I/0 Unit "b" is NOT READY, W is used
a8 the address for the next Instruction
Word and V is ignored.
U v W
(DE) Demand In U= (abc) V= (xxx) and is the address used
"g" 13 the condi- specifies an I/0 for the next Instruc-
tional track- Instruction, V tion Word if a SPECIAL

OUT is produced, W
is ignored if a DEMAND
OUT is produced.

18 ignored if a
SPECTAL OUT 1is
produced and
Hett |

U

V' W

(TI) Test Incoming
Control

U= (abc)

fa® 15 the condi-
tional track switch
digit

"p" 15 the I/0 Unit
whose associated

I/0 Tracks are condi-
tionally switched

fe¥= W, X, Y, or 2
(the condition to
be tested,)

i1s used as the address
for the next Instruc-
tion Word 1f the (HS)
I/0-to-Computer
Control Line Storage
condition (W,X,Y, or
2) tested is found,
This section is
ignored if the condi-
tion tested is not
found .

the V-section of
this Instruction
Word 1s ignored.
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Table II-4. Intermediate Storages Associated with U, V, and W,

RA = Register A

KRB = Register B

RC = Register C

RD = Register D

BTB = Block Transfer Buffer

Intermediate Storages

Instruction Words in which U and for V4 for Vo from which
V specify the location of operands R is obtained
Add RA RB RD
Add & Check RA RB RD
Subtract RA RB RD
Subtract & Check RA RB RD
Multiply, Store Lower RA RB RD
Multiply, Store Lower & Check RA RB RD
Multiply, Store Upper RA RB RC
Multiply, Store Upper & Check RA RB RC
Divide, Store Quotient RA & RC RB RD
Divide, Store Quotient & Check RA & RC RB RD
Divide, Store Remainder RA & RC RB RC
Divide, Store Remainder & Check RA & RC RB RC
Arithmetic Transfer RD - RD
Buffer Transfer BTB - BTB
Mask Transfer RA RB RD
Compare RA RB -
Suppress Left Zeros RA - RD
Left Normalize RA —— RD
*Substitute U, V, & W RA RB RD
Channel Clear Space Code Padder =W

Table II-4 is continued on the next page.

* Except for the Substitute U, V, and W Instruction Words, the process
specified by each Instruction Word on this page can be directly duplicated on
the plugboard in a Program Step. The =) ed es

for V4 and V Pro p_processes &8

Instruction Word pzogegsgg 1@11 ;lx, jg ggjnedEfrom thergggerintermediatg
storages.
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— Table II-4. Intermediate Storages Associated with U, V, and W (Continued) —

IRVe = IRV track containing the current IW
SRV = Shift Revolver
GSAR = General Storage Address Register
PAK = Program Address Counter
SAR = Storage Address Register
c-1/0 (A-J) = Computer-to-I/0 “ontrol Lines (A-J)
Computer Instructions in which Intermediate Storages associated with
U, V, and W are operands or U, V, and W,
portions of an operand
Load Shift | IRVc —> SRV
Load GSAR IRVc (7 characters)—>GSAR
Jump on Flus JUMP NO JUMP
Jump on Negative U of IRVec —=RC>W-section of V
Jump on Zero W of IRVc —=>PAK Ignore U, V and W
Unconditional Jump U of IRVc—>RC->lW-section of V
W of IRVe—>PAK

Channel Search Probe JUMP NO JUMP

U, V, or W of IRVc->PAK Ignore U, V and W

U of IRVe—>SAR

I/0 Unit "b" READY:

Demand Test In V of IRVe—PAK

I/0 Unit "b" NOT READY:

W of IRVe —PAK

U of IRVc—>SAR
DEMAND QUT:
V of IRVe -> SAR—C-I/0 (A-J)
Demand In SPECIAL, OUT:
¢ =1): Vof IRVe—>SAR—>-1/0 (4-J)
W of IRVe —>PAK
(¢ #1): W of IRVc —>PAK

U of IRVec —>SAR

Test Incoming Control Condition_tested found:.
W of IRVc —=PAK
Transcop None as part of this IW. However, if the U, V,

or W section of this IW is used by a Program Step,
then an intermediate storage becomes involved, be-
cause an operand is to be obtained or a result is

to be stored. The particular intermediate storage
associated with U, V, or W can be found on

Bge II-11 by determining

(a) which ADDRESS hub (Vq, Vo, or R) is
patched to the U, V, or W ADDRESS hub; and

(b) what process is defined in the Program
Step.
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c. Sub-Instructions

As explained on Page II-3, Sub-~-Instructions are operations,
defined by specific values of S in the OP of Instruction Words, that extend or
modify the basic operation specified by PR or TC. Sub-Instructions are of
three general types:

Sub-Instructions for the Central Computer:
Set Conditional Storage
Suppress Check
Stop

Sub-Instructions that initiate General Storage operations:
Clear General Storage Buffer Lo Ignores
Read Unit Record
Write Unit Record
Write Unit Record and.Check
Channel Search Equal
Channel Search Unequal; and

Sub-Instructions that can produce a pulse on the Program
Control Plugboard:

Breakpoint 1
Breakpoint 2
Breakpoint 3
Special Character Out (Q-Y)

The particular values or codes given S to initiate each Sub-Instruction are
listed in Table II-2, Page II-5, and each Sub-Instruction is discussed in
detail below. Because of the manner in which the Special Character is in-
terpreted, most Sub-Instructions can be defined by a pair of alternate Special
Characters. For simplicity only the principal values of S are mentioned below.

In general, the Sub-Instruction(s) specified by S is (are) in-
terpreted the same regerdless of the type of Imstruction Word (PRS or TCS) by
which it is initiated. However, Suppress Check is meaningful only in arithme-
tic Process Instruction Words, and the following should be noted regarding the
time at which Sub-Instructions are initiated:

Process Instruction Words: When the Suppress Check
Sub-Instruction is programmed, it is initiated and carried
out during the following Process Instruction Words: Add,
Subtract, Multiply Store Lower, Multiply Store Upper,
Divide Store Juotient, and Divide Store Remainder. All
other Sub-Instructions are initiated at the end of the
execution of Process Instruction Words; i.e., Jjust before
Program Control begins execution of the next instruction.

Transcop Instruction Words: The Sub-Instruction(s)
specified by S in Transcop Instruction Words, is (are)
never carried out until the entire sequence of Program
Steps initiated by the Transcop Instruction Word is

II-13



completed, and Program Control returns to the internally-
stored program. That is, the entire Transcop sequence of
plugboard operations is executed, and then (just prior to
the execution of the next Instruction Word) the Sub-
Instruction(s) speczified by S in the Transcor Instruction
Word is (are) initiated. If a Transcop seguence does not
revert Program Control to the internally-stored program
again, the Sub-Instruction of the Transcop Instruction
Word is not initiated.

A Sub-Instruction may be an extremely short operation (as Set
Conditional Storage) or it may be an extended sequence of events whose execu-
tion is time-shared with that of other operations in the system (as Channel
Search Equal). Unless a Sub-Instruction by its very nature (as Stop, or one
of the Breakpoints 1, 2, or 3 which result in a stop) interrupts the program,
no delay in Central Computer operation is involved in initiating Sub-
Instructions.

(1) Sub-Instructions for the Central Computer
(a) Set Conditional Storage.

Fach time an arithmetic operation or comparison
(of Vi and Vo) operation* is executed, a special memory in the computer, called
Branch Storage, is set to ¢, or 0, or -, depending on whether:

in arithmetic operations, the result of the
operation is > 0, = 0, or <0, resgpectively; or

in comparison operations, Vi > Vé, Vi z Vo,
or V < Vo, respectively.

Branch Storage can only be examined directly by
plugboard-defined programs. Furthermore 1t is only a temporary memory for the
result of arithmetic or comparison processes, since Branch Storage is always
cleared (set to 0) just before the process of each instruction is initiated.

If the Set Conditional Storage Special Characters:
2, 3, 4, 9, B, C, D, or I are used in the OP of an Imnstruction Word, another
memory in the computer, Conditional Storage, is set to +, 0, or -, depending
on whether Branch Storage is +, O, or -, respectively, at the time the Special
Character of the Imstruction Word is examined. (Note that S = 9 is the value
used if only the Set Conditional Storage Sub-Instruction is desired.) Each
setting of Condlitional Storage lasts until another Set Conditional Storage
Sub-Instruction is executed. It is thus a more permanent storage than Branch
Storage, and it can be directly examined by the internally-stored program.
(See the Jump on Plus, Jump on Zero, and Jump on Negative Instruction Words,
Paragraph IID)

w————

¥ Specifically, Instruction Words with the following processes: AD, SB, ML,
MU, DQ, DR, or CP.
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If a Process Instruction Word contains one of the
above mentioned Special Characters and performs an arithmetic or comparison
operation, the following will occur:

if PR = AD, SB, ML, MU, DQ, or DR, Set
Conditional Storage will be set to +, O,

or -, depending on whether the result of
the arithmetic operation of that Process In-
struction is >0, = 0, or <0, respectively;

if PR = CP, Set Conditional Storage will be
set to 4+, 0, or -, depending on whether
Vi > Vo, V3 = Vp, or V3 < Vo, respectively.

If an Instruction Word contains one of the Set
Conditional Storage Special Characters, but does not specify an arithmetic or
comparison operation as its process, O will be set up in Conditional Storage
when the Instruction Word's Special Character is examined. In short, the Set
Conditional Storage Sub-Instruction sets Conditional Storage to the current
contents of Branch Storage, and Conditional Storage retains that setting until
another Set Conditicnal Storage Sub-Instruction is executed.

(b) Suppress Check.

When Process Instruction Words involving an
arithmetic operation are executed, the arithmetic operation specified is per-
formed; and then unless 3 =B, C, D, E, F, G, H, or I, the result is always
automatically checked by an inverse arithmetic operation. Addition and Sub-
traction are checked before the result is stored. Multiplication and Division
are checked after the result is stored.* However, if the Special Character in
a Process Instruction Word involving an arithmetic operation is B, C, D, E, F,
G, H, or I, automatic checking of the arithmetic operation is suppressed.
(Note that E is the Suppress Check Special Character to be used if Suppress
Check is the only modification of the basic operation that is required.)

(c) Stop: If 8 = Z in the OP of an Instruction Word, the
computer completes the execution of that Instruction Word, sets up the OP of
the next Instruction Word in Program Control, and then stops. Computation of
the internally-stored program can be resumed by pressing the START button.

(2) Sub-Instructions Which Initiate General Storage Operations ¥¥*

¥ If the arithmetic operation checks, Program Control continues execution of
the program without delay. If the arithmetic operation does not check, the
program is immediately interrupted and the ARITHMETIC ERROR CHECK hub on the
plughoard emits a pulse. ARITHMETIC ERROR CHECK hub patching is discussed in
Paragraph IIBln.

*¥% Pach of these Sub-Instructions is discussed in detail in Section VI,
Pages VI-14 through VI-29.
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(a) If S = K: Clear Gemeral Storage Buffer to Ignores.
(p) If S =1L: Read Unit Record.

(c) If s = M: Write Unit Record.

(d) If s = P: Write Unit Record and Check.

(e) If S = N: Channel Search Equal.

(f) If 5 = 0: Channel Search Unequal.

(3) Sub-Instructions which can produce a pulse on the Program
Control Plugboard.

(a) Breakpoint 1, 2, and 3.

The Breakpoint Sub-Instructions are generally
programmed when it is desirable to optionally interrupt a program at the end of
any particular Instruction Word (i.e., stop the execution of Instruction Words)
either to continue the program from the plugboard, or to stop the computer.

The functions of Breakpolnt are thus similar to those of the Transcop In-
struction Word and the Stop Sub-Instruction, respectively. However, the
Transcop Instruction Word and the Stop Sub-Instruction are always executed if
detected by Program Control. Breskpoints 1, 2, and 3 on the other hand, even
though coded, are conditionally initiated. That 1s, the following must be
done, prior to a program run to initiate a Breakpoint Sub-Instruction:

I. Set the BREAKPOINT SELECTOR (on either Program Control Cabinet #1
or on the UFC Console), as follows, prior to the program run:

Press the BREAKPOINT 1 button to allow Breakpoint 1;
Press the BREAKPOINT 2 button to allow Breakpolnt 2;
Press the BREAKPOINT 3 button to allow Breakpoint 3;

Any combination of Breakpoints can be allowed. The appropriate
Sub-Instruction (Breakpoint 1, 2, or 3) will be initiated when
the corresponding Breakpoint Special Character is detected. The
particular Breakpoint(s) selected for use at any given time can
be visually checked, because each button in the BREAKPOINT
SELECTOR contains a light which illuminates when that button
has been pressed.

II. Include the appropriate Special Character in OF of the Instruction
Word after which the internally-stored program is to be interrupted:

2, 6, B, F for Breakpoint 1 (where 6 is employed if only Break-
point 1 is to be specified by S)

3, 7, C, G for Breakpoint 2 (where 7 is employed if only Break-
point 2 1s to be specified by S)

4, 8, D, H for Breakpoint 3 (where 8 is employed if only Break-
point 3 is to be specified by S)

Only one Breakpoint (1, 2, or 3) caen be initiated per In-
struction Word.
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When Process Instruction Words which contain one of the Break-
point Special Characters are executed and the BREAKPOINT SELECTOR
1s appropriately set, the program is interrupted at the end of
the execution of these Process Instruction Words and the corre-
sponding BREAKPOINT hub (1, 2, or 3) on the Program Control Plug-
board will emit a pulse. When Transcop Instruction Words which
contain one of the Breakpoint Speclal Characters are executed
and the BREAKPOINT SELECTOR is appropriately set, the entire
sequence of plughboard operations initiated by the Transcop In-
struction Word is executed. Then the program is interrupted,

and the corresponding BREAKPOINT hub (1, 2, or 3) on the Program
Control Plugboard will emit a pulse.

IIT. Patch the BREAKPOINT 1, 2, and 3 hubs as required:

BREAKPOINT hub-to-STEP IN hub (to continue operation from plug-
board)

BREAKPOINT hub-to-STOP hub (to stop computer oPeration)
BREAKPOINT hub-to-NEXT INSTRUCTION hub (to continue internally-
stored program)

If any of these hubs emits but is not patched, the computer hangs up.

If the CLEAR button on the BREAKPOINT SELECTOR is pressed, all Breakpolnts are
ignored.

(b) Special Character Out (Q-Y):

If S=Q -~ Y in the OP of an Instruction Word, a
pulse is emitted from the correspondingly-named SPECIAL CHARACTER OUT hub
(Q-Y) on the Program Control Plugboard, Just prior to the execution of the
next Instruction Word. By appropriately patching the SPECTAL CHARACTER OUT
hub which emits, this Sub-Instruction can be used to initiate an operation
which is not directly available to the internally-stored program, as Condition
Compare or Clear Block Transfer Buffer to Ignores (See Paragraph IIB1j).

Since this Sub-Instruction does not interrupt the
internally-stored program, the SPECIAL CHARACTER OUT (Q-Y) hub which emits
must not be patched to any STEP IN hub on the Program Control Plugboard, or
to any other hub which results in a STEP IN hub belng pulsed.
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2. Interpretation, Execution and Sequencing of Instruction Words.

The following Program Control circuits are discussed below in
explaining the interpretation, execution, and sequencing of Instruction Words:

Operation Pulse/Ensble Distributor (OED)
Program Address Counter (PAK)
Instruction Revolver (IRVe and IRVn)
Process Register (PR)

Program Control Traunslator (PCT)

Special Character Register (SR)

Storage Address Reglster (SAR)

Transfer Address Control (TAC)

Shift Revolver (SRV)

Shift Counter (SK)

a. Operation Pulse/Enable Distributor, OED.

The Operation Pulse/Enable Distributor, OED time-sequences
the execution of every Computer Imstruction, and supplies the principal control
pulses and/or enables required to carry out each part of an instruction.

OED operates in steps, and during the execution of most
Instruction Words cycles either from 0-13 or from 2-13. At each OED setting
one or more parts of the instruction are carried out.

A typical OED cycle for an Instruction Word is listed in
Table II-5, Page II-19. In reading Table II-5, apply the following rule whereby
OED operates: when the event specified by one OED step is initiated, OED is set
to the next step; as each step is completed, the next is automatically begun and
OED is set to the next-highest step, etc.

Table II-5, however, is merely a typical OED cycle. The
gpecific sequence of OED steps that is carried out during the execution of each
Instruction Word is listed in tabular form in Paragraph IID as the latter part
of each Computer Instruction's analysis. The predicted* timing involved for
each OED step in the execution of each Computer Instruction is also listed.
These tables illustrate that not only do the process times (OED 8) for the
various Instruction Words differ, but also (a) that different OED steps (as
PAK —>SAR and Load IRVn) require different times, and (b) that the same OED step
(as PAK—> SAR) may also require different times to carry out.

Each event listed in Table II-5 is discussed, as appropriate
in the following paragraphs.

* These times have not all been machine checked. However, care has been taken
in determining each time (or range of times) and it 1s not expected that the
predicted and actual times will vary significantly.
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OED

PRINCIPAL EVENTS

EXPLANATION

*0 PAK—> SAR Place this IW's address in SAR

*1 Load IRVn Obtain this IW
Switch IRV's Cause IRVn to become IRVe, and vice versa

2 From OP of IRVe:

Load PR Set up OP of this IW in Program Control
Load SR

U of IRVc—> SAR Place address for V1 in SAR

’ U of SRV—>SK Place shift for V4 in SK

4 Load V4 Obtain V4 and place it in RA
V of IRVc—>SAR Place address for V, in SAR

° Shift Vq Shift V4 in RA

) Load V, Obtain V3 and place it in RB
V of SRV—>SK Place shift for V, in SK
Advance PAK, PAK—>SAR Advance the count in PAK by one; then

7 place next IW's address in SAR
Shift V, Shift V, in RB
Load IRVn Obtain the next IW

8 W of SRV—> SK Place shift for R in SK
Initiste Process Ca:zg gzﬁtgzzzzzi)(& check in Addition
W of IRVc—>SAR Place address for R in SAR

? [ smire w Shift R in RD (or RC)

10 Store R Store R

11 Check Check (in Multiplication & Division)

12 - (Used only in execution of Program Steps)

13 Sub-Instruction Initiate Sub-Instructions

¥ If this Instruction Word is already loaded into IRVn, OED cycles from 2-13;

if it is not, OED cycles from O-13

acquire this Instruction Wo
Instruction Word:

OED 2-13.

(i.e., OED causes Program Control to first
OED 0-1; and then begin execution of this

Table IZI-5., A Typical OED Cycle for an Instruction Word.
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b. Program Address Counter, PAK#.

The Program Address Counter, PAK, 1is a three-digit,
addressable (997) register that is used to obtain the address of each Instruc-
tion Word, and to sequence internally-stored programs. In short, PAX is the
device used by Program Control to "remember" where to get the next (or in the
case of a start, the first) Instruction Word in the program.

PAK recelves each address it holds in one of the following
ways:

(1) PAK cap,be manually set, prior to a program rum, to
any address in the range 000-999 . A MASTER CLEAR automatically sets PAK
to 000. If the first Instruction Word in the program is to be obtained from
any other location than 000, the correct address of the first Instruction Word
must be set up in PAK after the MASTER CLEAR button is pressed.

(2) PAK will then normally be advanced by one (See OED 7,
Table II-5) as each succeeding Instruction Word is executed; and the mext
Instruction Word will be acquired (on OED 8) during the execution of the
current Instruction Word. 1In this type of operation, PAK acts like a counter
and the successive addresses it stores will cause Program Control to obtain
successive Instruction Words in the program from locations with consecutively-
numbered addresses. The count in PAK (if uninterrupted) will then cycle as
follows:
From the number held in PAK at the time the first Instruction
Word is obtained®™¥, PAK is advanced by one as each Instruc-
tion Word is executed. If PAK is initially set to 130, for
example, 1t will be advanced to 131 on OED 7 of the execution
of the first Instruction Word (and the Instruction Word at
131 will be obtained on OED 8.) When the Instruction Word
that was stored at 131 is executed, PAK is advanced to 132,
etc. When, and if, the count in PAK reaches 979, PAK
automatically resets to 130. (130-979 are the addresses
of the Intermediate Storage Tracks on the High Speed Drum;
it is in this area of the computer memory that Instruction
Words are normally stored. PAK will continue to cycle
through these addresses unless otherwise modified by the
program as described below.)

¥ Reference is made in the following discussion to various addresses, such as
000, 130, 997, ete. 3See Table III-1, Page III-3 to identify the memory
locations to which these addresses refer.

*¥*¥Since PAK is a digit register, any of its digit positions can be set to 0-9.
However, as explained later in this paragraph, the normal operating cycle for
PAK is 130-979. Because PAK is a digit register, Field Addresses (each of
which involves alpha) cannot be formed in PAK; hence Field Locations, as such
cannot be used as the Source of an Instruction Word.

¥X¥This 1s generally the initial setting of PAK. It would not be the initial
setting of PAK, however in combination-type programs if the program began on
" the plugboard and PAK was sent data (different from initial setting of PAK)
by any Program Step in the initial plugboard portion of the program.
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(3) PAK can also be sent data by the program in either
of the following ways:

(a) When the Unconditional Jump or Test Demand In

Instruction Words are executed; or when a "jump" occurs* in the execution of the
following Instruction Words:

Channel Search Probe (and Channel Search Storage is not + )

Jump on Plus (and Conditional Storage is +

Jump on Negative (and Conditional Storage is - )

Jump on Zero (and Conditional Storage is 0)

Demand In (and a SPECIAL OUT is produced)

Test Incoming Control (and the W, X, Y, or Z condition tested is found)

In each of these cases the U, V, or W-section of the Instruction Word being
executed is sent to PAK on OED 5; PAK is not advanced on OED 73 but the correct
next Instruction Word is obtained on OED 8 (i.e., it is acquired as the current
Instruction Word is executed.) To verify this, see OED cycle for each of these
Instruction Words in Paragraph IID.

The following caution must be observed in coding the address placed in PAK by
these instructions: (i) Suppose PAK is loaded with 0'3, the next 1W will be
obtained from the Word 3 location of the I/0 Track address corresponding to the
unit currently "on demand." (ii) As that 1W is executed, PAK is advanced to
0'/ and the next 1W is obtained from the word 4 location of the I/0O track cor-
responding to the I/0 Unit currently "on demand," etc. (iii) If PAK continues
to be advanced in this manner, the 1W at 0'8 must be a jump or it must address
PAK as a Destination, or the 1W at 0'9 must be a jumps In short, PAK must not
be advanced when it contains 0'9, or an address which cannot be uniquely
interpreted will be set up in SAR. (See page III-17.)

(b) When PAK is used as a Destination in an instruc-
tion, i.e., when W = 997 or R ADDRESS~PAK patching is employed, the result of
the instruction is stored in PAK, provided PAK is a valid Destination for the
process specified by the Instruction Word. When PAK is so used, the next In-
struction Word's OED cycle will begin at OED O, not OED 2. To see the need for
this refer to Table II-5 and analyze the following:

On OED 7, PAK is advanced and the address of what normally would
be the next Instruction Word is set up in SARj;

On OED 8, the ™next Instruction Word" is obtained. This, however
is not the correct next Instruction Word, since the program is
sending an address to PAK on OED 10.

Therefore, when PAK is addressed as a Destination (OED 10 time)
in any instruction, Program Control "remembers" this, and at the
next OED 13 time sets OED to O%#* rather than to 2, so that the
correct next Instruction Word can be acquired.

* If a jump does not occur in these Instruction Words, the counting of PAK (and
normally sequencing of the program) is uninterrupted.

#% OED is also set to O when the internally-stored program starts (so that the
first Instruction Word can be acquired.) In all other cases OED is set to 2.

I1-21



PAK thus has a normal counting procedure for sequencing internally-stored pro-
grams and there are a variety of conditional and unconditional ways in which
the sequencing of internally-stored programs can be changed.

Assuming no interruption, PAK's normal cycle is
effective whenever the number in PAK is in the range 000-979.

If PAK is given a setting (manually or by the
program) in the range 980-988, the following occurs:
assuming that each Word Location referred to in GSB contains
a valid Instruction Word, the count in PAK will advance to
989, and the next Advance PAK will set PAK to 130.

If PAK is given a setting (manually or by the
program) > 989, special care must be taken in the program. There are several
cases to consider:

If set to 990, PAK can advance to 994 provided Registers A,
B, C, and D (990-993), when referred to, each contains an
interpretable Instruction Word.

994, however, is an illegal PAK address since a valid
Instruction Word cannot be obtained from the Code Distribu-
tor Register. If 994 is generated in PAK by counting, or if
99/ is manually set up in PAK, or if 994 is sent to PAK by
the program, the Code Distributor Register will be referred
to. However, the computer will not be able to interpret the
"Instruction Word" it obtains. The computer, therefore,
hangs up.

Basically, the same situation is created if 995 (address of
the General Storage Address Register), or 997 (address of
PAK itself) is set up or sent to PAX, Note that 995-999
cannot be generated in PAK by counting.

If 996 is set up or sent to PAK, IRVe is specified as the
location from which the next Instruction Word is to be ob-
tained. This will produce the same Instruction Word as the
one being executed*, i.e., the current Instruction Word will
be repeated.

If 998 (address of the Shift Revolver) or 999 (which is not
assigned to any memory location) are set up or sent to PAK,
the computer hangs up when it attempts to .interpret these
addresses. (998 is an illegal Source address, and 999 is
uninterpretable ** in SAR.)

* As explained in Section III, the acquisition of the next Instruction Word and
the procurement of operands are both storage referemces that refer to a Source.
When IRV is addressed as a Source, IRVe {the Instruction Revolver containing
the current Instruction Word) supplies the data.

## Tf any characters other than those whose excess three bits are the same as
the digits 0-9 are sent to any stage of PAK, the address so formed in PAK is
also either uninterpretable in SAR or cannot be uniquely translated.
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e¢. Instruction Revolver, IRV,

The Instruction Revolver, TRV, is a special-purpose
device which msakes use of a pair of tracks on the High Speed Drum to store
and re-circulate the Instruction Word now belng executed, and the Instruction
Word to be executed next. IRV is thus the equivalent of a pair of high-speed
(12-character capacity) memory locations. One revolver (IRVe) contains the
current Instruction Word; the other revolver (IRVn) holds the next Instruction
Word in the program. This pair of revolvers is referred to in the singular
since both have the same address (996)%.

Program Control uses IRVc to obtain the U, V, W, and
OP-gections of the current Instruction Word as it executes that Instruction
Word. (See Table I1-5, OED 2, 3, 5 and 9.) It uses IRVn to, load in the
next Instruction Word. (OED 8 of the current Instruction Word's OED cycle,
or OED 1 of the next Instruction Word's cycle.)

The assigmment of one revolver as IRVe and the other
as IRVn changes as the execution of each new Instruction Word begins on OED 2:
the revolver that was IRVn for the previous Instruction Word (and hence is the
revolver that contains the Instruction Word to be executed next) becomes IRVe
and supplies OP, U, V, and W to Program Control; the revolver that was IRVc
for the previous Instruetion Word becomes IRVn, and can be loaded with the
next Instruction Word as the current Instruction Word is executed.

d. Process Register, PR,

‘ Each time Program Control switches IRV's on OED 2
(i.e., causes IRVn to become IRVc and vice versa) the OP portion of the now
current Instruction Word is set up in Program Control. Specifically,

the excess-three bits of the two-highest-order
characters in OP are sent to a two~digit register,
called the Process Register, PR; and

the value of the special character, S, is set up in
a one-character register, called the Special Charac-
ter Register, SR.

In internally-stored programs, the Process Register holds, therefore, a PR or
TC code; and the Special Character Register stores 5.

If the Process Register contains a valid PR .or TC code
(See Table II-7, Page II-25), it determines the OED eycle to be carried out in
executing the Instruction Word. That is, the contents of the Process Register
specify:

* If U or V= 996, or if V; ADDRESS or Vo ADDRESS to IRV patching is employed,
IRVc supplies the data. If W= 996, or if R ADDRESS-IRV patching is employed,
IRVn receives the data to be stored. (The current Instruction Word can there-
fore be an operand for itself;- and the next Instruction Word executed in a pro-
gram can be the result of the current Instruction Word, without interrupting
the count in PAK.)
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the basic operation or process to be carried out in
executing the Instruction Word

the intermediate storages to be used for the
operands as well as those from which the result
is to be cbtained; and

the shifts which can occur in the execution of
the Instruction Word.

If the Process Reglster contains a TC code (51-98) at
OED 3 time, the intermally-stored program is interrupted (after the completion
of OED 3) and the execution of the Program Step at the Plughboard Step numeri-
cally equal to TC is initiated with OED set at 4. As explained in Paragraph
118, the effect of a TC code in the Process Register at OED 3 time is the same
as if that Program Step's STEP IN hub were pulsed. A Transcop sequence is then
begun,

The manner in which the digits in the Process Register
are interpreted is shown in Table II—6, Page II-25. The combinations of digits
that produce valid Process and Transcop codes are listed in Table II-T7, Page
11—25 »

e. Program Control Translator, PCT.

The Program Control Translator, PCT, is the integrating
control circultry in Program Control. PCT has the following principal functions:

PCT interprets the basic operation specified by an
instruction and initiates that basic operation; or
if a valid process or transcop is not specified,
OED 3 is carried out, and PCT stops computer
operations with OLD set to 4,

PCT combines enables indicating what basic opera-
tion is to be performed with outputs from OED so
that the events that must occur on each OED step
of an instruction are carried out; and

PCT determines what intermediate storages are to
be used for each process and sets up the necessary
circuitry so that the required storage references
involved in an instruction can he interpreted by
Transfer Address Control.

In internally-stored programs PCT is notified of the basic operation to be per-
formed via (combined) outputs from the Process Register. In plugboard-defined
programs PCT is notified of the baslc operation to be performed by the particu-
lar process hub (MK,+C,-+HC, etc.) that is ensbled when a Program Step's STEP
IN hub is pulsed.
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Table II-6.

Translation of the Process Register

In both stages of the Process Register only the
excess-three bits of characters are stored.
Only These bits are The following will translate
digits translated to as a digit (all other characters
are recognize each are uninterpretable in FR)
interpreted digit
o* (--0011) 0, 3, ), O +
1 --0100) 1, A, J, or /
2 (--0101) 2, B, K, or S
3 (-=0110) _ 3, C, L, orT
4 (-=0111) Ly Dy M, or U
5 (--1000) 5, E, N, or V
6 (--1001) 6, F, 0, or W
7 (--1010) 7, G, P, or X
8 (--1011) 8, H, Q, or ¥
9 (--1100) 9, 1, R, or Z

¥ Interpretable only in lower-order stage.

Table II-7.

Translation of Valid Process (and Transcop) Codes

The valid combinations of digits in PR (i.e., those which will
enable a process to be performed) are listed below and each combination is
identifiable by the mnemonic code associated with the process it specifies., If
any but these combinations appear in PR, the computer stops with OED set to 4.

| LOW_ORDER DIGIT IN PR
5 3 2 3 L | 5 [ 6 7 g 1 9
n 2 5 c i) T F G T 11
D bj X T M N 0 P . =
+ / S T U v W X Y Z
7 4 ' > 7 /
R 7 7 7777777 /77
HIRINEL %;//??/////A AT | ap | oW % JP% 3z
o| 2lslx|s s8 | Br | su | sv | sw | sp sz
o | 3lclolr %/// LAA Ls | cc | T | IN 7/ cP % TI
S e a w [w w0 |
i /o
2| slenlv 7//// ¢ | ¢ | ¢ | TC | TC | TC | TOC : ¢ | TC
G Z
Il efrjow| | 1 | 1 | 7| €| T | TC| C| TC| 70
il 7lelelx | ¢ | ¢ | ¢ | ¢ | ¢ | ¢ | ¢ | €| 1| TC
“elglat | ¢ | | © | ¢ | m | ¢ | €| 10| 10| 70
2l oltlalz | | = | = | < | % | ¢ | € | | ™0 %
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f. Special Character Register, SR.

The character held in the Special Character Register,
SR, determines what Sub-Instruction(s) is (or are) to be initiated by an Instruc-
tion Word. As noted above, SR receives the Special Character from the OP-sec-
tion of IRVe at OED 2 time. SR is usually examined at OED 13 time. However,
during arithmetic Instruction Words, it 1s examined as follows:

Add and subtract, on OED 8
Multiply, on OED 11
Divide (examined on OED 7, check performed on OED 11)

The Sub-~Instructions which can be initiated by the various values of S are
listed in Table II-2, Page II-5. As shown in Table II-8, Page II-27, only
certain combinations of bits in SR are interpreted. For this reason alternate
values of S can be used to define most Sub-Instructions. Note from Table II-2
that each of the 64 characters in Univac code has been assigned a meaning in
connection with S, and that 5, i,4A, or O must be employed if no Sub-Instruction
is to be initiated by an Instruetion Word.

g. OStorage Address Register, SAR

The Storage Address Register, SAR is a three-character
(non~addressable) register which has the following principal functions:

SAR holds the addresses of the locations from which
V1 and Vp are obtained (See Table II-5, OED 3 and
4 and OED 5 and 6 respectively); and the address

of the location to which R is to be sent (OED 9
and 10);

SAR holds the address of the location from which the
next Instruction Word is obtained during the storage
reference that acquires each new Instruction Word

(OED 7-8 of the current Instruction Word's OED cycle
or OED 0-1 of the next Instruction Word's OED cycle);

SAR holds the U-section (abc) of the I/0 Control
Instruction Words:

Test Demand In (TD)

Demand In (DE)

Test Incoming Control (TI)
during OED 4 of the execution of these Imstruction
Words when a, b, and ¢ are examined; and

SAR holds the V-section (xxx) of the Demand In
Instruction Word (during OED 9 and 10) when an I/0
Instruction is to be sent to the I/O Unit "on
demand" .

Section III discusses the use of SAR in the procure-

ment of operands, storage of results, and acquisition of Instruction Words.
The use of the SAR during the execution of the I/0 Control Instruction Words
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Table II-8 , Translation of Special Character Register¥
To get These bits The following will translate to produce
this are the required Sub-Instruction
Sub-Instruction |translated
Breakpoint #1 (0--101)
or 2, ', 6, B, # F
(0-1-01)
Breakpoint #2 (0---10) |3, &, 7, -, C, ¢, G, or period
Breakpoint #3 (0-1-11)
or L, (, 8, D, @, or H
| (0==111)
Set Conditional |(0=-1--) |2, ', 3, &, 4, (, 9,1, B, #, C, ¢, D, @, A, or I
Storage
Suppress Check (0 ~---) |B, #, C, ¢, D, @, E, r, F, corma, G, ., H, 3, AoOr I
Clear GSB (10-101) |K, or $
Read UR (10-110) |L, or *
Write UR (10-111) |M, or ?
cs = (10-000) |N, or t
CS # (10-001) |0, or *
Write UR & Check |(10-010) |P, or |
Special Character
Out Q|(10-011) |Q, or )
" R|{(10-100) |R, or J
" s{(11-101) |S, or %
" T{(11-110) |T, or =
" U](11-111) |U or delete
" V|(11-000) |V, or I
" w|(11-001) |W, or /F
" xX|(11-010) X, or
" ¥Y{(11-011) |Y, or +
Stop (11-100) |2, or /

¥ In Table II-2, Page II-5, the
form, This table is included

coding for S in OP is presented in a more useable
to indicate how Table II-2 was formulated.
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is discussed in Section V, and illustrated in Paragraph IID (OED cycles for I/0
Control Instruction WOrdss.

h. Transfer Address Control, TAC.

When & reference to memory for data 1s initiated,
Transfer Address Control, TAC, on the basls of information received from PCT
determines whether a valld Source or Destination is involved in the reference;
and if a valid reference can be made carries out the required data transmission.

When TAC functions in programmed storage references
(procurement of operands, acquisition of next Instruction Word, or storage of
results), SAR holds the programmed address, and the address of the intermediate
storage involved is awtomatically determined by PCT. In other storage refer-
ences (as PAK —> S8AR, and U, V, or W of IRVc —> SAR, and U, V, or W of SRV-> SK,
etc.) PCT determines Source and Destination automatically as part of the execu-
tion of the instruction.

i. Programmable Shifts

Some shift operations in the computer occur auto-
matically as part of the execution of an ingtruction; others must be pro-
grammed to occur.

An example of an automatic shifting operation is the
manner in which most data transmissions take place to and from the various
registers of the machine. When most registers in the computer receive (or
supply) data, that data is shifted in (or shifted out), and the shifting
operation is part of the mechanics of the data tramsfer. In these shifting
operations, no (ultimate) re-arrangement of characters in the data transmitted
takesg place.

Certain shift operations, however, are not automatic;
i.e., they occur only if programmed. Such shift operations always take place
in the arithmetic registers (Registers A, B, C or D), and they have two
principal functions, both of which involve re-arrangement of the data shifted:

to align one operand's decimal point with that of
another operand's so as to successfully perform an
arithmetic operation (this is necesgary because the
machine treats all numbers as 1f they were integers,
and would, for example, add "tenths" to "hundreds"
if appropriate shifting of one or both operands is
not programmed for these quantities prior to their
use in an add operation.); or

to permit limited "packing" and "unpacking" techniques
to be employed in connection with Registers A, B, C,
and D.

The following discussion deals only with shifts that must be programmed to
occur.
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The principal eircuits involved in programmed shift
operations are:

‘the particular register (RA, RB, RC, or RD) whose
contents are to be shifted;

‘the Shift Revolver (SRV); and
the Shift Counter (SK).

SRV and SK are discussed in Paragraph ITA2) below. The following paragraphs
are a general discussion of programmed shifts.

Table II-9, Page II-30, lists each of the instruc-
tions in which shifts can be programmed to occur, specifies what quantities
in each instruction can be programmed for shifting, and indicates the particu-
lar register (RA, RB, RC, RD) in which these shifts take place when the in-
struction is executed. HNote in Table II-~9 that:

in most instructions in which shifts are permissible,
three quantities can be shifted during the execution
of the instruction:

Vy (after it has been placed in RA, or in RA
and RC, or in RD);

Vo (after it has been placed in RB); and

R (vefore it is stored from RC or RD); and that

in certain instructions only two quantities (Vi and
Vp, or V, and R) can be shifted.

Three types of shift operations can be programmed
for each quantity that can be shifted in an instruction:

right (end-off) shift
left (end-off) shift
right end around shift.

The effect of each of these types of shifts is 1llustrated in Figure II-1, Page
II-31, and is discussed on Page II-32.

If shifts are programmed for any of the quantities
in instructions not listed in Table II-9, the programmed shifts are simply
ignored. Similarly if a shift is programmed for a quantity in one of the
instructions listed in Table II-9, but a shift for that quantity 1s mnot listed
as permissible in Table IT-9, the programmed shift is ignored. (Table II-9,
footnote** explains the only exceptions to this rule.)

In ach type of shift, the maximum number of places
the contents of the register(s) involved should be shifted is 11.

The time required for a shift operation, any type,
is 0.042 (n+1) milliseconds, where n is the number of places shifted.
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Table II-9. Instructions in which Shifts can be Programmed to Occur.
Computer Instructions Quantities for which Arithmetic
in which the following Shifts can be Reglisters
Processes are execubted: Programmed Involved:
Add
Add & Check
Subtract V7 in RA
Subtract & Check
Mask Transfer Vi, Vo, and R Vo in RB
Substitute U
Subsgtitute V
Substitute W R in RD
Multiply Store Upper V5 in RA

Vi, Vp, and R¥* Vo in RB

Multiply Store lower

R in both RC & RD
or in RC or RD*

Multiply, Store Upper & Check Vi and Vo Vi and RA
Multiply, Store Lower & Check Vo in RB
V1 in RC¥*&%
Divide, Store Quotient Vi, Vo2, and R Vo in RB
R in RD
Divide, Store Quotient & Check V1, Vo,** Vi din RO*¥**
Vo in RB
Vi in RC¥%¥
Divide, Store Remainder Vi, Vo, and R Vo in RB
R in RC
Divide, Store Remainder & Check | Vi, Vo¥¥ V¢ in RC¥**
Vo in BB
Compare V1 and Vo | V7 _in RA
Vo in RB
Suppress Left Zeros Vi in RA
Left Normalize V¢ and R R in RD
ee separete shilts can
be programmed. The Source| All V, Shift
Arithmetic Transfer Data (or the Source Data shifting__ time |
Plus Space codes) are done in \V, Shift
manipulated. RD time
R Shift
time

* Tn left and right shifts for R in Multiply processes, Reglsters C and D are

shifted as a single (22-character) register.

In right end around shifts for R

in Multiply processes, however, only the register from which the result is

stored 1s shifted.

** If a shift for R 1s programmed, the shift will be performed but will cause

an ARITHMETIC CHECK ERROR.

***Vi is not actually shifted in RA, although the effect in the Divide algor-

ithm is the same as 1f V; were also shifted in RA.

The shift for V; 1s performed

in RC to provide a correct remainder should the (u-v+n+1)< 1l condition be de-
tected at process time. (See DIVISION RULES, Paragraph IID)

Note:
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(a) A1l Shifts other than Right and Left Shifts for R in Multiply Processes,

RIGHT (END-OFF) SHIFT
(6 CHARACTERS)

HIGH LOow
nNHi0e 876543218

1l2i3{aislolojojojz2jol+

l< INITIAL CONTENTS OF ——3>
ARITHMETIC REGISTER

HIGH LOowW
oo 87654321 8

Ajajalalala)tj2)3sja)s|+

<~ FINAL CONTENTS OF ——=
ARITHMETIC REGISTER

LEFT (END—OFF) SHIFT
(6 CHARACTERS)

HIGH Low
INoeo98765 4321 S

X{R|T|4j0}3}2|8]9|8]|7]|+

< INITIAL CONTENTS OF ———>»
ARITHMETIC REGISTER

HIGH Low
Hiwowoo8 765432 | S

2|8lo|8|7|0|O|O|O|O]|O}+

I<<-FINAL. CONTENTS OF ———>x
ARITHMETIC REGISTER

RIGHT END—AROUND SHIFT
(6 CHARACTERS)

HIGH LOW
Hloo9 87654321 S

1{2)13l4|s5)le|7i8l2]B8|7]+

l<-INITIAL CONTENTS OF —»
ARITHMETIC REGISTER

HIGH LOw
nNwoos 765 4321 8

718|9|8|7{+]1{2]|3]|4]|5]6

l<~FINAL CONTENTS OF
ARITHMETIC REGISTER

(b) Left and Right Shifts for R in Multiply Processes.

HIGH Low
HIGH ~ ORDER
CHARACTERS IN RC EorsTER G .
ARE SHIFTED OUT
AND LOST HIGH Low
LEFT SHIFT
REGISTER D s
ZEROS ARE PADDED N RD.
HIGH Low
SPACE CODES ARE
SHIFTED INTO RC 7] REGISTER C 5
HIGH LOW
RIGHT SHIFT
REGISTER D s
LOW — ORDER
CHARACTERS OF RD
ARE SHIFTED OUT
AND LOST
Figure II-1., Effects of Programmed Shifts
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Figure II-la (Page II-31) gives a numerical example of each of the three stan-
dard types of shifts, and illustrates the following basic facts that must be
remembered in programming shifts:

Right (end-off) and left (end-off) shifts do not involve the
reglster's Sign position, whereas the right end-around shift
does;

During right (end-off) shifts, if "n" is the number of places a
register is shifted, the lower-order "n" characters originally
held in the register (Sign excluded) are lost, and "n" Space
codes are shifted into the "n" higher-order character positions
of the reglster;

During left (end-off) shifts, if "n" is the number of places a
register is shifted, the higher-order "n" characters originally
held in the register are lost, and "n" Zeros are shifted into
the lower-order character positions of the register, beginning
with the register's Character 1 position.

In Add and Subtract Instruction Words, care must be taken that Vq
and Vo ghifts are programmed so that correspondingly-significant digits are added
or subtracted, and yet no sum or difference greater than 11 characters plus sign
is generated. If a sum or difference greater than 11 digits and sign is gen-
erated, a +/- OVERFLOW error* will occur.

Instructions in which a Multiply process is carried out have
special rules regarding shift operations:

V7 and Vo can be shifted as in any other ims tructlon; however,

if Multiply (Store Upper or Store Lower) and Check is programmed,
a shift for R must not be programmed. If an R-shift is
programmed, it will be performed, but a CHECK error* will occur
since the verification of the result will be impossible.

If a Check is not programmed as part of the instruction, R can
be shifted as follows:

right end-off shift (involving both RC and RD)
left end-off shift (involving both RC and RD)
right end-around shift (involving RC or RD)

When R is shifted right or left in Multiply instructions, RC and
RD operate as one register (See Figure II-1b):

A left (end-off) shift will shift the eleven non-Sign
positions of both RC and RD to the left. The output
from the left side of RD will be entered into the
right side (not the Sign position) of RC. Zeros will
be padded into the right side (not the Sign position)
of RD, and RC will be shifted off its left end.

* Errors are discussed in Paragraph IIBln.
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A right (end~off) shift will shift the eleven non-Sign posi-
tions of both RC and RD to the right. The output from the
right end (not the Sign position) of RC will be entered into
the left end of RD, Space codes will be entered into the
left end of RC, and the output from the right end of RD

(not the Sign position) will be shifted off the end.

When R is shifted right-end around in Multiply instructions
only the register from which the result is to be stored is
shifted.

Special rules must also be applied when programming shifts
for Vq, Vo, and R in Divide instructions. Specifically,

V7 and Vo Shifts must be programmed to insure the proper
number of decimal places in the quotient and yet not cause a
DIVIDE OVERFLOW error (this error occurs when it is detected
that a guotient > 11 characters and sign would be generated
if a divide process were to be performed with the specified
V1 and Vo.) The equations which can be employed to properly
program shifts for V; and V, in Divide instructions are given
under DIVISION RULES in Paragraph IID.

In the Divide Store Quotient (or Store Remainder) and
Check Ingtruetions, no shift should be programmed for

R. If a shift is programmed for R, it will be performed,
but a CHECK error will occur since the verification of the
result will be impossible.
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Shift Word, Shift Revolver and Shift Counter

Programmed shifts are defined for the quantities

involved in an Instruction Word by loading an appropriate Shift Word in the
Shift Revolver prior to the execution of the Instruction Word.

where:

II-34

(1) Shift Word

A shift Word is a collection of 12 characters
which specify what type of shift (left, right, right
and around, or no shift) is to be performed on each
quantity involved in an Instruction Word; and how
many places in an arithmetic register each gquantity
in the Instruction Word is to be shifted. The fol-
lowing format is emplcoyed for Shift Words:

1) Vv W -

uxx vyy ~ wzz -
the U-section (uxx) defines the shift for Vy:

0 no shift xx is the

1 right end-around
2 left (end-off)
3 right (end-off)

= =R =

the V-section (vyy) defines the

® 0 no shift

1 right end-around
2 left (end-off)

3 right (end-off')

< 4<4
{IINTIRT

the W-section (wzz) defines the

no shift

right end-around
left (end-off)
right (end-off)

€€ %
tHononu
wWwhpHO

number of
Places Vy is
to be shifted

shift for VE:

yy 1s the
nuwber of
places Vs is
to be shifted

shift for R:

z2 is the
pumber of
places R is
to be shifted

depending on how SRV is loaded, the lower-three order
characters (---) of a Shift Word can contain:

the OP of the Load Shift Instruction Word, or
any computer characters (SRV loaded as a

Destination);

in any event, these three characters are not used in
shifting operations.



_ Shift Words are also used in plugboard-defined
programs to define shifts for Program Steps. This subject is developed in
Paragraph TIB.

(2) shift Revolver, SRV

The Shift Revolver SRV, is a special-purpose
1l2-character memory location on the High Speed Drum. &RV is used to store
(and constantly recirculate) the current Shift Word. Although provision is
made for storing 12 characters in SRV, only the higher-order nine characters
(the U, V, and W-sections of the Shift Word) are ever used.

SRV can be loaded with & Shift Word by the
execution of an appropriately coded Load Shift Instruction Word (LS).

SRV can also be addressed as a Destination
and sent a Shift Word as the result of an instruction (W = 998, or R ADDRESS-
SRV patching).

Shift Words held in SRV cannot be read-out
and sent to another Program Control Storage location, since SRV can function as
a memory locatlion only as a Destination. However, SRV is automatically
referred to (as a Source) by Program Control to perform the U, V, and W of
SRV->gK transmissions that occur during the execution of Computer Instructions.

NOTE: Care must be taken that SRV is loaded at the proper times in each
program. The rules for doing this are outlined in Paragraph IID, 'SHIFT
REVOLVER RULES,

(3) Shift Counter, sK

The Shift Counter, SK is a three-stage (non-
addressable) reglster whose higher-order stage specifies the type of shift to
be performed, and whose lower-order two stages store the number of places
to be shifted. - The lower-order two stages of SK function as a subtractive
counter.

Table II-5, Page II-19 illustrates the
different points in the OED cycle of an Instruction Word at which the U, V,
and W-sections of the Shift Word in SRV are obtained, and placed in SK.

Note that to save time, the loading of 5K,
as well as the performance of the shift operations, is time-shared wherever
possible with other events that occur in the execution of the instruction.
The U-section is obtained first (OED 3). At V, Shift time (OED 5), =K is
referred to by Program Control to determine the type of shift (no shift, right
end off, left end off, or right end around) for V3. If no shift has been
specified, V; remains unaltered in RA (or RC or RD). If a shift is to occur,
the particular type specified isinitiated. Each time RA (or RC or RD) is
shifted one place, the count (xx) in the lower-order-two digit positions of
SK is decreesed by one. When the count in SK = O, the required shift is com-
pleted. At the ssme time that V, is being placed in RB (OED 6), the V-section

(vyy)
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of the Shift Word is placed in SK. While the next Instruction Word is being
obtained (OED 7), the same sequence of events occur to shift Vo as for Vy,
except that RB, v, and yy are involved. Similarly, while the process
specified by the Instruction Word is being carried out (OED 8), the W-section
(wzz) of the Shift Word is placed in SK. When the process is completed, R is
shifted. (R 1s shifted on OED 9, il.e., before it is stored).

The relationship between the various sections

of Shift Words and what actually gets stored in SK is outlined in Table II-10,
Page II-37.
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Table II-10,

Relationships between Shift Word and SK

Highest Order Stage of SK is translated to determine type of shift
(This stage stores only the two lower-order bits of characters)

These bits

are Type of Permissible values for u, v, and w

translated| shift

(====11) |no shift ols, ), +, 4, D, M, U, 8 H, Q, ¥, (, @, ?, or delete
--—00) |rt.end around 114,93, /, 41, r, 8,2, 5, E, N, V,9, I, R, or 2
(—===01) [left 2|B, K, S, 6, F, O, W, ', #, $, ¥,A, comma, ", or/3
(-=—-10) |right 3|¢, L, T, 7, G, Py X, &, ¢, *, =, -, ., |, or :

Middle Order Stage of
(This stage stores

SK receives the tens digit of the shift amount
only the two lower-order bits of characters)

This stage {Initial tens

can receive|digit setting X-, y-, Or z— can be any¥* of the

the follow-|that is thereby following characters

ing pairs |defined for

of bits SK

——=11) 0 ols;, ), +, 4, D, M, U, 8 H, Q, ¥, (, @ ?, or delete
(-—--00) 1% 114, 9, /, i, v, ¢, 5, 5, E, N, V, 9, I, R, or Z
———01) 2% not used* .

(=—==10) 3% not used*

Lowest Order Stage of SK receives the units digit of the shift amount
(This stage stores only the excess—three bits of characters)

Only the excess-three bits of -x, -y, or -z can be any* of
the digits 0-9 should be used the following characters
(==0011) 0* |3, ), or +
(--0100) 1# | A, J, or /
(--0101) 2% | B, K, or S
(-=0110) 3*[C, LyorT
(=—0111) (*|D, M, or U
(==1000) 5% |[E, N, or V
(-=1001) 6t [ F, O, or W
(--1010) 7*¥1G, P, or X
(==1011) g* |[H, Q, or Y
(--1100) o* | I, R, or Z

* If a ghift amount (xx, yy, or zz) > 11 is programmed it will be performed and

the following must be noted:

Contents of register involved
Characters 1-11 Sign
Right Shift all Space codes undisturbed
Left Shift all Zeros undisturbed

The effect of all shift amounts > 11 can be produced with smaller-values of

XX, Yy, or

2Z.
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B. PLUGBOARD DEFINED PROGRAMS

A plugboard-defined program is one that is set up manually by
appropriately patching various hubs on the Program Control Plugboard. It
differs from an internally-stored progrem primarily in that the instructions,
called Program Steps, which meke it up are manually patched instructions (not
stored, coded qpantities.) When the computer executes a Program Step, there-
fore, it does not look for an OP, U, V, and W. It recognizes what to do (carry
out a process, obtain operands, store results, sequence itself, etc.), because
vhen the Program Step was defined, certeain circuits that terminate in hubs on
the Program Control Plugboard were connected by patchcords; and these circuits
will automatically function when signalled to do so in an OED cycle.

Plugboard-defined programs have many useful features. Among
these are:

the execution time of a plugboard-defined program is faster
than the execution time of a corresponding internally-defined
program. Specifically,

the shift operation OP of IRVe —-»PR and SR is not needed to
set up the process and Sub-Steps to be performed. Similarly
the U, V, and W of JTRVe~>SAR and the U, V, and W of SRV> SK
transmissions are not required to set up addresses in SAR
and shifts in SK unless the ADDRESS or SHIFT hubs are patched
to U, V, and W ADDRESS or SHIFT hubs;

the access time of the next instruction is zero, unless a
delay is programmed into the sequencing of Program Steps; and

the "loading" of a plugboard-defined program is a simple
matter; the time required is merely that necessary to remove
one plugboard and mount another.

a wide variety of program variance devices are available on the
Program Control Plugboard. Any Program Step can, therefore,
perform many functions in a given program, since each Program
Step can be conditionally defined, and the times at which it

is executed in the program can be conditionally determined.
System=control programming as well as "decision" (or conditionsal
Jump) programming is particularly efficient in plugboard-defined
programs. No instructions are required for these operations;
they are performed between Program Steps. In plugboard operations
direct variance of the system program is possible by using
control data (received along with the actual input data) from an
input device.

1. Progrem Control Plugboard.

The Program Control Plugboard (Figure B-1, Appendix B) is a re-
movable connection panel which is mounted on Program Control Cabinet #1 (Figure
I-1, Page I-2). It serves as a terminal board (qr collection of hubs) which a

programmer can use to connect various circuits in the computer by patchcords.
Depending on how these patchcords are manually wired, various
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plugboard-defined programs can be designed. Each of the hubs on the Program
Control. Plugboard is discussed below in Paragraphs II-Bla through II-Blo,
under one or more of the following subjects:

Program Step

Basic Program Step Patching

Plugboard Addressing System (Address-defining hubs)

Shift-Defining hubs

Selectors

Alternate Switches

Decision Elements for Enables

Sub-Step Patching (General Information)

Decision Elements for Pulses

Central Computer Sub-Step Patching

General Storage Sub-Step Patching

1/0 Comtrol Sub-Step Patching

Error hub Patching

Hubs which emit under control of the
internally-stored program

Miscellaneous hubs

In Paragraph II-Bla through II-Blo, therefore, the purpose and proper use of
each hub in the design of plugboard-defined programs is presented. Paragraph
ITI-Blp lists the fundamental rules which must be observed to avoid improper

use of patchcord wiring on the plugboard.

The interpretation, execution and sequencing of Program
Steps is explained in Paragraph II-B2.

a., Program Step

A Program Step is a plugboard-defined Computer In-
struction. The location of each Program Step is identified by a number
51-98, called a Plugboard Step. Each Plugboard Step contains nine basic
hubs: STEP IN, PROCESS, V, ADDRESS, V; SHIFT, V, ADDRESS, V, SHIFT, R ADDRESS,
R SHIPT, and STEP QUT. These hubs are patched to various other hubs on the
plugboard to define a Program Step, to sequence plugboard-defined programs,
to initiate General Storage or I/O Unit operations (and obtain control
information from those portions of the system), to stop the computer, to
specially condition the computer for subsequent operations, or to transfer
Program Control to the intermally-stored program. Direct patching can be
employed from these hubs, or each plugboard function can be conditionally

defined by patching via other hubs.
b. Basiec Program Step Patching

The general rules for patching each of the nine
basic hubs used in the definition of a Program Step are reviewed below.
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STEP IN (pulse in):

When this hub receives a pulse, OED is set to 3, and
a Program Step is initiated. The STEP IN hub can receive its input via patch-
cord wiring from a variety of hubs. The pulse-sources for the signal sent a
STEP IN hub are:

START hub START-STEP IN patching will initiate the program with
the Program Step whose STEP IN hub is pulsed. (By
employing Alternate Switches and Selectors, described
below, a number of conditional "starting points" can
be defined on each Plugboard.)

STEP OUT hub of Direct STEP OUT-STEP IN patching unconditionally
a Program Step defines this Program Step as next in the program.

STEP OUT-STEP IN patching via the (bussed) hubs asso-
ciated with one or more non-decision Substeps will
unconditionally define this Program Step as the next
in the program and will initiate one or more non-
decision Sub-Steps as Program Control passes from
the previous Program Step to this Program Step.

STEP OUT-STEP IN patching via the hubs associated
with "decision" Sub-Steps can be employed to con-
ditionally define this Program Step as the next in
the program.

BREAKPOIRNT 1, 2, BREAKPOINT 1, 2, or 3 - STEP IN patching initiates

or 3 hubs & Breakpoint plugboard sequence when the BREAKPOINT
1, 2, or 3 hub emits. The plugboard operations begin
with the Program Step whose STEP IN hub is pulsed.

STEP CLEAR OUT STEP CLEAR OUT-STEP IN patching is usually employed
to initiate an error-analysis plugboard sequence.

The above do not represent the only ways in which the STEP IN hub can be

patched. As suggested above, each of the pulse sources can be indirectly
patched (i.e., patched via other hubs) and a variety of combinations can

be devised fqr the manner in which the STEP IN hub is pulsed.

When the execution of a Transcop Instruction Word
is initiated, the effect is the same as if the STEP IN hub at the Plugboard
Step numerically equal to TC were pulsed.

PROCESS (ensble out):

The basic arithmetic or logical operation specified
by a Program Step is called a process. There are 19 processes available on
the plugboard and hubs are associated with each. These processes are the
same as the correspondingly-named processes for Instruction Words.
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Add (+, NC hub)

Add and Check ( 4+, C hub)

Subtract ( -, NC hub)

Subtract and Check ( -, C hub)

Multiply Store Lower (XSL, NC hub)

Multiply Store Lower and Check (XSL, C hub)
Multiply Store Upper (XSU, NC hub)

Multiply Store Upper and Check (XSU, C hub)
Divide Store Quotient (+ 5Q, NC hub)

Divide Store Quotient and Check (+ S5Q, C hub)
Divide Store Remainder (= SR, NC hub)

Divide Store Remsinder and Check (= SR, C hub)
Compare (COMP)

Arithmetic Transfer (AT)

Buffer Transfer (BT)

Mask Transfer (MASK T)

Suppress Left Zeros (SLZ)

Left Normalize (NORM)

Channel Clear (CH CL)

When the PROC hub in a Program Step is patched to
one of the above hubs, the corresponding process is carried out as the Pro-
gram Step is executed. Actually the process specified by a Program Step is
determined when that Program Step's STEP IN hub is pulsed (OED 3); the pro-
cess is not initiated, however, until later (OED 8).

Patching the FROC hub of a Program Step to one of
the above mentioned hubs is analogous to coding PR in the OP of a Process
Instruction Word. Direct patching is employed if the process is to be un-
conditionally defined. Indirect patching, i.e., patching via decision-
making devices for enables, is employed if the process is to be conditionally
defined. By varying the process specified by a Program Step in accordance
with certain conditions that exist in the program, a single Program Step can
perform the function of several instructions at d@ifferent points in the
program. The decision-making devices for emables which permit this are
discussed in Paragraph IT-Blg below.

V, ADDRESS, V, ADDRESS, R ADDRESS (ensble outs):

These hubs are used to define the addresses required
in a Program Step. They are patched (directly or via decision-making devices
for ensbles) to hubs in the Plugboard Addressing System (See Paragraph II-Blc).
Patching these hubs in plugboard-defined programs is analogous to coding U,

V, and W for Instruction Words in intermally-stored programs.

The V, ADR hub is patched to define the address of
the storage location of the f%rst value, V,, which the process is to mani-
pulate. As shown in Table 1I1-3, Page I1I-8, every Program Step's V, ADDRESS
hub, except those in which the Channel Clear Process is specified, must be
patched. (If the V. ADR hub is patched for the Channel Clear Process, the
patching is ignored.)
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The V,, ADR hub is patched to define the address of
the storage location of the s€cond value, V,, which most processes require.
As noted in Table II-3, Page II-8, no V, is involved in Program Steps in
which the following processes are specigied: Arithmetic Transfer, Buffer
Transfer, Suppress Left Zeros, Left Normalize, or Channel Clear. (1 v
patching is employed in these Program Steps, the Vo patching is ignoredaby
the computer.)

The R ADR hub is used to define the storage location
in which the result, R, of the process is to be stored. R ADDRESS patching
is employed in all Program Steps except those in which the Compare process
is specified. (In the Compare process, the "result” is set up in Branch
Storage, not stored in an addressable memory location. If R ADDRESS patching
is employed in the Compare process, therefore, it is ignored.)

Direct patching of these ADDRESS hubs to a hub in
the Plugboard Addressing System unconditionally defines the address of a
computer memory location. Indirect patching, i.e., patching via decision-
making devices for enasbles (Paragraph IT-Blg), permits the program to select
the address of the memory location to be used from a group of possible
locations, each of which is chosen only if certain conditions in the program
exist.

The rules for patching the ADDRESS hubs of a Program
Step are given in Paragraph II-Blc. The intermediate storages associated
with the ADDRESS hub used in each process are listed in Table II-k4,
Page II-11.

V, SHIFT, V, SHIFT, R SHIFT (enable outs):

Each SHIFT hub of a Program Step is patched to a
shift-defining hub (See Paragraph II-Bld) to define the programmed shift
required for the correspondingly-named quantity in the Program Step. Patch-
ing these hubs in plugboard-defined programs is analogous to coding the U,
V, and W sections of the Shift Words used in internally-stored programs.

In those Program Steps in which the operand V, is
obtained and placed in Register A (See Notes 1, 2, 3, below) a shift opera-
tion can be programmed for Vl; i.e., the V, SH hub can be patched to a
shift-defining hub to specify the type of shift and number of places V;
is to be shifted in Register A prior to the use of V, in the process.

Notes (See Table II-9, Page II-30):
1. vV, is placed in both Registers A and C in all Program
Steps involving division. The programmed shift for Vl in
such processes is carried out only in RC.

2, V, is sent directly to BTB in Buffer Transfer processes,
and cannot be shifted.
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3. Vi is sent directly to RD in Arithmetic Transfer
processes, but a programmed shift at vy shift time for
the Source data in RD is permissible.

In those Program Steps in which an operand V_ is
obtained and placed in Register B, (See note 4 below), a shift operation
can be programmed for Vp; and the V., SH hub can be patched to a shift-
defining hub to define the type of shift and number of places V2 is to
be shifted in Register B prior to the use of V2 in the process.

Note 4. If a process involves no V,, any programmed V
shif't is simply ignored, except in %he Arithmetic Trangfer
process. A V, shift 1s permissible in the Arithmetic
Transfer process, but RD, not'RB, is involved.

In most Program Steps, the result of a process can
be shifted prior to its storage in the memory. When it is permissible to
shift R (See Table I129, Page II-30), the R SH hub can be patched to a
8hift-defining hub to define the type of shift and number of places R is
shifted prior to its storage.

Direct patching of these SHIFT hubs to a shift-
defining hub (Paragraph II-Bld) unconditionally defines the shift to be
used for the correspondingly-named quantity in the Program Step. Indirect
patching, i.e., patching via decision-making devices for enables (Paragraph
II-Blg) permits the program to select a shift from a number of possibilities,
each of which is chosen only if certain conditions 1n the program exist.

STEP OUT (pulse out):

A pulse from the STEP OUT hub of a Program Step
signifies the completion of the basle process defined by the Program Step.
This hub must always be patched to some other hub or hubs.* The hub or
hubs to which the STEP OUT 1s patched depends on what is desired next in
the program.

If the plugboard-defined program is to continue,
patching must be provided so that the STEP QUT pulse will directly or
ultimately cause the STEP IN hub of another Program Step to be pulsed.

Any Program Step's STEP IN hub, including that of the Program Step whose
STEP OUT hub emits, can be pulsed. The more complex the system program,
the less direct STEP OUT-STEP IN patching is employed, since at STEP OUT
time not only is the central computer's program to continue, but a variety
of Sub-Steps, as those listed below can be initiated via patchcord wiring:

* If the STEP OUT hub is not patched (or if a PROCESS is not patched, or if
an ADDRESS that must be patched is not patched) computer operation stops,
since the pulse (or enasble condition) necessary to continue operations is
lost.
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Non-Decigion Sub-Steps:

Sub-Steps (as Condition Compare and Clear BTB to
Ignores or those having to do with the operation
of Selectors) which specially condition the
central computer for certailn (subsequent) oper-
ations;

Sub-Steps which inltiate General Storage oper-~
ations (as Read Unit Record, Write Unit Record,
etc.)

Sub-Steps (as Track Switch, or certain Demand In
Sub-Steps, etc.), which provide for input/output
nanagement or are needed to subsequently refer to
the I/0 Track associated with a particular I/0
Unit.

Decision-Making Sub-Steps:

Sub-Steps (as Branch, Function Sequence, Demand
Test In, certain Demand In Sub-Steps, Channel
Search Probe, CDR Pulse In, etc.) that make a
selection as to what is to be done next in the
program on the basis of certain conditions exist-
ing in the system, or on the basis of control
data received from an input device.

If the plugboard-defined program is to stop in such a
manner that the plugboard-defined progrem can be resumed merely by pressing the
START button, the STEP OUT hub must be "Y-wired"¥* to a STOP and to a STEP IN
hub. When the STEP OUT hub emits, OED is set to 13, and the pulse entering the
STOP hub will condition Program Control to Stop. The pulse entering the STEP
IN hub will set the Process Register to the Plugboard Step Number (51-98) of
the Program Step whose STEP IN hub is pulsed, and will reset OED to 3. Program
Control can thus "remember" where it stopped on the plugboard, and resume oper-
ation from that point when, and if, the START button is pressed. If STEP OUT
is patched only to STOP, the next Instruction Word is set up in Program Control
before computer operations stop. When the START button is pressed after a Stop
of this type, that Instruction Word is executed. (A plugboard Stop of this
type can thus be used to transfer Program Control to the internally-stored
program and then stop operation.)

Normally Program Control is transferred to the in-
ternally-stored progrsm in plugboard operations by patching the STEP OUT hub to
a NEXT INSTRUCTION (NI) hub. When an NI hub is pulsed, Progrem Control auto-
matically transfers to the internally-stored program and begins execution of
Instruction Words. As in the case of all pulse routing,many possibilities exist
for the manner in which the STEP OUT pulse can result in an NI hub being pulsed.

Note that STEP IN and STEP OUT are pulse hubs. STEP IN
receives a pulse; STEP OUT emits a pulse. The other seven hubs are enable out
hubs.
¥ Y-wiring is actually accomplished by patching an out hub to one of the BUS
hubs of & bus. Two other BUS hubs of the bus are then patched to the two ins
that are to be signalled.

TT-k4k



The time at which the STEP IN hub recelves a pulse is
determined by the manner in which it is patched; for example, if patched from
the START hub, the STEP IN hub receives a signal when the MASTER CLEAR and
START buttons are pressed; if patched directly or indirectly from the STEP OUT
hub of another Program Step, it is not pulsed until after that Program Step's
STEP OUT hub emits, etec. In any event, when the STEP IN hub of a Program Step
is pulsed, OED 1s set to 3 and the executlon of that Program Step begins. The
times at which the other hubs are used during the Program Step's OED cycle are
listed below. These times can be verified by examining any of the OED cycles
for Program Steps in Paragraph II-D.

V; ADDRESS OED 3
Vi SHIFT OED 3
Vo ADDRESS OED 5
Vo SHIPT OED 6
R SHIFT OED 8
PROCESS (initiate) OED 8
R ADDRESS OED 9
STEP OUT OED 12

CHAIN WIRING:

The PROCESS, Vi ADDRESS, Vo ADDRESS, R ADDRESS, Vi
SHIFT, Vo SHIFT, and R SHIFT hubs of & Program Step are each bussed pairs. The
destination hubs to which these hubs are patched and which these hubs (ulti-
mately) enable are also bussed. When the same process (address or shift) is
specified by several Program Steps, the PROCESS (ADDRESS or SHIFT) hubs of those
steps can be patched together so as to form a bussed "chain"; and one of the
PROCESS (ADDRESS or SHIFT) hubs at either end of the "chain" can be patched to
the commonly specified destination. If this is done, none of the regular buses
need be employed to tie several of the same type enable outs of Program Steps
to a common destination, and the amount of patchcord wiring required is greatly
reduced.

The PROCESS, ADDRESS and SHIFT hubs are bussed palrs to
permit such "chains" between Program Steps to be formed; the address-destination
hubs and the right, left, and right end around shift-destination hubs occur in
3-hub groups to permit separate "chains" for the common V1 ADDRESSES (SHIFTS),
the common Vp ADDRESSES (SHIFTS), and the common R ADDRESSES (SHIFTS) to be
formed and be readily identifiable, if this is desirable. (A "chain" to these
destination hubs need not involve the seme address hub (or shift hub) in each
Program Step, however.) There are two sets of 2-hub groups for the process-
destlination and the U, V, and W shift-destination hubs. The CDR GROUP IN and
CDR ALPHANUMERIC IN hubs are bussed in Lk-hub groups. Four separate "chains"
can therefore be formed to each of these hubs wlthout employing regular buses.

If the regular buses are employed, of course, more than
3 or 4 "chains" can be formed to each destination hub.
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c. Plugboard Addressing System

The Plugboard Addressing System is the collection of all
those hubs to which the V4 ADDRESS, V, ADDRESS, and R ADDRESS hubs of a
Program Step can be patched to define a programmed storage reference from the
plugboard. The names of these hubs identify the particular memory location
in the computer that is referred to when these hubs are enabled via patchcord
wiring from the ADDRESS hubs in a Program Step. Each hub in the Plugboard
Addressing System is listed in Table II-8, Page II-47, together with the
address these hubs set up in SAR when enabled.

As in the case of Instruction Words, the following
general rules apply to addresses defined in a Program Step:

1. The address set up in SAR by patching the V4, V5, or R ADDRESS hubs to a
hub in the Plugboard Addressing System must be interpretable.

When the V45 V, 0or R ADDRESS hubs are patched to any of the hubs in the Plug-
board Addressifig System, except the U, V, W ADDRESS and I/O WORD (0-9),I/0
FIELD (A-V) and 1/0-Z hubs, no problem exists. When such hubs in the Plugboard
Addressing System are enabled, they automatically set SAR to an interpretable
address.,

If the Vi, V,, and R ADDRESS hubs are to be patched to I/0 WORD (0-9), 1/0

FIELD (A=V) or I/0-Z hubs, the 1/0 Unit associated with the I/0 Track to he
referred to must previously hsve been placed "on demand". (If this is not
done, end no 1/0 Unit is "on demand", the computer will hsng up when it
attempts the storage reference initisted by enabling sn I/0 WARD (0/9), I/0
FIELD (A-V) or I/0-Z hub. If the wrong I/0 Unit is previously placed "on
demand", an address will exist in SAR, and that address will be interpret-

2ble, but will not be correct becesuse its associated I/0 Track, not the one
required, will be specified.)

If the Vq, Vp, or R ADDRESS hubs are patched to a U, V, or W ADDRESS hub,
the corresponding U, V, or W-section of IRVe is shifted into SAR. These
sections, therefore, must be coded so that an interpretable address (See
Table III-1, Page IIT-3) ends up in SAR. If an uninterpretable address is
coded for these sections, the computer will hang up when it attempts to use
the uninterpretable sddress.

2. The address set up in SAR must be one that is permissible in the process
defined by the Program Step. Each address in a Program Step specifies either
a Source or Destination. The permissible Sources and Destinations for

each process are given under the Rules for each instruction in Paragraph II-D.

As noted above, the V4 ADDRESS, V, ADDRESS or R ADDRESS hubs of a Program
Step can be patched directly to any hub in the Plugboard Addressing System
that defines a valid Source or Destination for the process specified by
the Program Step, or (if an address for an operand or a result is to be
conditionally defined) they can be patched via other hubs as described in
Paragraph II-Blg below. Employ chain-wiring wherever possible.
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Table II-11, Plugboard Addressing System,

(See Table B-1, Appendix B, for the location of these hubs on the Program
Control Plugboard, Figure B-1, Appendix B)

Hubs in Plugboard Addressing System which set SAR Address to which
when enabled SAR is set

RA (Register A) 990

RB| (Register B) 991

RC (Register C) 992

RD (Register D) 993
GSAR (General Storage Address Register) 995

CDR (Code Distributor Register) 994

PAK (Program Address Counter) 997
Block Transfer Buffer Word 0-9 100-109
General Storage Buffer Word 0-9 980-989
Factor Storage Track #1 Word 0-9 110-119
Factor Storage Track #2 Word 0-9 120-129
Input/Output Track "on demand® Word 0-9 0b0-0b9*
BTP (Block Transfer Buffer Pattern) 99X

GSP (General Storage Buffer Pattern) 99Y

ISP (High Speed Drum Pattern) 9w

IRV (Instruction Revolver) 996

SRV (Shift Revolver) 998
BTB-Z (Block Transfer Buffer - entire contents) 102
GSB-Z (General Storage Buffer - entire contents) 982

FS #1-2 (Factor Storage Track #1 - entire contents) 112

FS #2-Z (Pactor Storage Track #2 - entire contents) 122
I/0-Z2 (Input/Output Track "on demand"-entire contents)| ObZ*

Block Transfer Buffer Field A-V 10A-10V (not I and 0O)
General Storage Buffer Field A-V 984-98V (not I and O)
Factor Storage Track #1 Beld A-V 11A-11V gnot I and 0)
Factor Storage Track #2 Field A-V 128-12V (not I and 0)"
Input/Output Track "on demand" Field A-V ObA-ObV* (not I and 0)

Resulting SAR address
Special hubs in Plugboard Addressing System when those hubs are

enabled
U Address U of IRVe —>SAR
iV Address V of IRVc =SAR
W Address W of IRVc —>SAR

*No particular I/0 Track is specified by the I/0 WORD or FIELD hubs, To re-

fer to an I/0 Track (Ob-to Ob-) via the Plugboard Addressing System, the I/0 Urit
(0-9) associated with the particular I/0 Track desired must be placed "on demand®
When the appropriate I/0 WORD or FIELD hub is enabled, the highest-order stage
of SAR 1s set to 0, the lowest-order stage of SAR is set to 0-9 or A-V, depend-
ing on the hub enabled, and a test of the demand status of each I/0 Unit is
made, The particular I/O Unit "on demand" then sets the middle stage of SAR to
ﬂb".' .

II-47



d, Plugboard Shift Patching

The shifts that can be programmed to occur in
Program Steps are listed (on the basis of the process defined by the Program
Step) in Table IT-9, Page II-30. The same rules apply for plugboard-
defined shifts as for shifts that occur in the internally-stored program.
(See Paragraph II-A2i above.) However, plugboard shifts are defined
differently for the computer,

Usually in Program Steps, the V., SHIFT, V2 SHIFT
and R SHIFT hubs are patched to the appropriate LEFT SH}FT (0-11), RIGHT
SHIFT (0-11) or RIGHT END AROUND SHIFT (0-11) hubs to define the programmed
shifts for V., Vé, and R, respectively. The time at which such plugboard-
defined shif%s occur and the manner in which these shifts are carried out
is the same as that described above (Paragraph II-A2j) for Imstruction
Words. 'The basic difference is that when the above hubs are employed, the
Shift Word in SRV is not used to define the shift operation. That is, the
particular LEFT SHIFT (0-11), RIGHT SHIFT (0-11) or RIGHT END AROUND SHIFT
(0-11) hub that is enabled sets SK when that hub is enabled.

If it is desirable to use the Shift Word in SRV
to define a shift in a Program Step, the V., SHIFT, V., SHIFT or R SHIFT hubs
of the Program Step must be patched to & USHIFT, V SHIFT, or W SHIFT hub.
The following will then occur, depending on the availability of the Shift
Word in SRV:

No Shift Word in SRV, or Shift Word in SRV not
available* (i.e., as far as the program is
concerned, SRV is in a "cleared" condition):
In this case, no shifts will occur in the
Program Step for the quantity whose SHIFT hub
is plugged to a U, V, or W SHIFT hub.

Shift Word in SRV is available¥*: In this case,
the U, V, or W-section of the Shift Word
(depending on whether the U SHIFT, V SHIFT, or
W SHIFT hub is ensbled) will be referred to,
and will define the shift to be performed., For
example, if the R SHIFT hub is patched to the
U SHIFT hub and SRV contains an available Shift
Word, uxx defines the shift for R. When the

U SHIFT hub is enabled, U of SRV is shifted
into SK. Any one of the shift hubs in a Program
Step can be patched to either the U SHIFT,

V SHIFT, or W SHIFT hubs.

The V., SHIFT, V2 SHIFT, and R SHIFT hubs can be
patched directly to the above mentioned“shift-defining hubs, or they can be
patched to those hubs as described 'in Paragraph II-Blg below. Employ

chain-wiring wherever possible.

* See SHIFT REVOLVER RULES , Paragraph II-D, for the times when SRV does
and does not eontain an availlable Shift Word.
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e. Selectors

A Selector is a relay which is used as an electrically
operated two-position (Select or Non-Select) switech. It allows a programmer
to route pulses, enables, B+, or ground in one or the other of two directions.

A Selector's "routing" (or decision-making) circuit
terminates on the Program Control Plugboard in COMMON, SELECT, and NON-SELECT
hubs. When a pulse or enable (or a B+ or ground supply) is applied via
patcheord wiring to a Selector's COMMON hub, the SELECT or NON-SELECT hub
will emit depending on how the Selector is set. Usually a Selector is set
to Non-Select. The plugboard program must set it to Select and make provi-
sioh to hold it in its Select state as long as required.

The control (or coil) circuit for operating a
Selector terminates on the Program Control Plugboard in SELECTOR PICKUP
and SELECTOR GROUND hubs. These hubs are numbered the same as the
Selectors. A particular Selector is set to Select as long as (1) B+ is
applied to its associated SELECTOR PICK-UP hub, and (2) its associated
SELECTOR GROUND hub is connected to a ground supply.

There are thus two types of programming to be done
to employ Selectors: the Selector must be operated (set to Select, and
dropped. out, as required); and the Selector must be probed (i.e., tested to
achieve variance on the basis of how it is set).

Figure 1I-2, Page II-50 illustrates the operation
of a single-pole Selector, and the general manner in which its associated
hubs are patched to achieve bi-directional routing. Note in the explanation
of the operation of Selectors given in Figure II-2 that the elements (a),
(b), (e), (d), and (h) have to do with control or operation of the Selector;
whereas elements (e), (f), (g), (i), and (j) have to do with the program
variance function of the Selector.

The UFC Model 1 has 48 Selectors. These are of
two types: single pole (as described in Figure II-2 with 1 metal bar and
one set of COMMON, SELECT and NON-SELECT hubs) or multi-pole (with two or
four metal bars, and two or four associated sets of COMMON, SELECT, and
NON-SELECT hubs). An example of a four-pole Selector is given in
Figure I1-3, Page I1I-51. When the PICKUP of a multi-pole selector is
energized, more than one metal bar is affected. Thus, more than one choice
may be made based upon the condition operating the Selector. The 48
Selectors that are available are divided as follows:

16 single-pole selectors
2h two-pole selectors, and
8 four-pole selectors

A brief summary of the points to note about Selectors as "decision making"
devices is given on Page II-51.

¥ Selectors can also be used for "on-off" control. See Paragraphs IIBle(1)(b),
I1Ble(1)(c) and IIBlp.
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VOLTAGE SOURCE (B+)

®

COMMON SELECT
AN
SELECTOR ﬂ;‘i_,_a] IR
NO.I SELECTOR
PICKUP NO. | GROUND —> :
COMPUTER DEMAND SELECTOR NO. |

GROUND GROUND "b"(0-9)

ONLY WHEN I/O UNIT

*~ GROUND SUPPLY COMPLETE
| “b"(0-9) IS "ON DEMAND"

—— sar——

—— —

The iron core (a) around which the wire is colled can become magnetized when
voltage is applied to Selector #1's PICKUP hub (b); and

Selector #1's GROUND hub (c) is connected to a ground supply.

Thus when current enters Selector #1's PICKUP hub, the metal bar (d) is drawn to
the left and makes contact with the SELECT bar (ei. The metal bar (d) will
remain in this position as long as current flows through the coil, and eny pulse
or enable entering Selector #1's COMMON hub (f) will emit from Selector #1's
SELECT hub (g) when the metal bar is so held,

When no current is flowing through the coil, the iron core is
not magnetized and spring (h) will keep the metal bar in contact with the NON-
SELECT bar (i). Any pulse or enable entering Selector #1's COMMON hub will emit
from Selector #1's NON-SFLECT hub, (j) with the metal bar in this position.

Figure II-2, Operation of a Single Pole Selector,
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2.
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he

5

Brief Summery of Points to Remember About Selector "Routing" Circuits,

A Selector is merely a switch, It does not produce a pulse, an enable, B+,
or ground of itself,

A Selector will remain on the Select side only as long as B+ is enter-

ing its PICKUP hub, and its coil circuit is grounded; when its B+ is lost
or the ground supply is interrupted, the Selector will return to the Non-
Select side.

Any factor, or combination of factors (as a process, address, shift, Program
Step sequencing, etc.) can be changed through use of Selectors.,

If only one factor is to be changed because of a certain condition, a single-
pole Selector is used; if more than one is to be changed, a multi-pole
Selector is used,

The factor which is to be changed by a Selector is wired to the Selector's
COMMON hub, The two variations are wired from the Selector's SELECT and NON-
SELECT hubs,

In simple application of Selectors, the normal use of a factor is patched
from a Selector's NON-SELECT hub, and the specisl use of the factor is
patched from the SELECT hub, In more complex applications, wherein the end
result is produced via a network of program variance devices, this general
rule cannot always be appliéd, In such cases, the patching is determined
solely by the interrelationships between dependent conditions that must be
established,

7. The same factor can be routed through several Selectors, if necesssry.
(@ CONDITION A IS USED TO ® uP TO FOUR FACTORS CAN BE DIRECTLY
PICK UP SELECTOR NO.6 VARIED BY CONDITION A
A

VOLTAGE SOURCE
(CONDITION A)

SELECTOR Itif

NO.6

PICKUP SELECTOR

NO. 6 GROUND

AN

COMPUTER DEMAND
GROUND GROUND "b" (0-9)

ONLY WHEN I/0 UNIT

IGROUND SUPPLY COMPLETE
"p"(0-9) 1S "ON DEMAND"

Figure II-3, An example of a Four-pole Selector.,
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(1) SELECTOR PICKUP (1-48) Patching

Each Selector has an associated SELECTOR PICKUP
hub. As noted previously, B+ must be comstantly applied to this hub to keep
the Selector in a Select state; and when no current enters this hub the
Selector is in a Non-Select state. The following are normally used as
sources of current for the SELECTOR FPICKUP hubs:

Program Select (B+ )

Selector Hold (B +)

(Ls) 1/0-COMPUTER CONTROL LINE hubs (a-1)
CONSOLE (B+ )

(a) From Program Select (B+ )

Program Selects are used to pick up Selectors at
a specific time in a program and to exercise control over the length of time
the Selector remains picked up. A Program Select is the only practical means
of picking up a Selector by a pulse. Program Selects can also be used to
delay a STEP OUT or other pulse; or they can be used to operate a Selector
and delay a pulse.

There are 16 Program Selects: PS 1 through PS 16.
Each has 4 hubs:

IN: When a pulse is received at the IN hub, the OUT
hub becomes a source of B+ . The IN hub is usually wired from a STEP OUT hub,
the + , — , or O hubs of Branching, or some other similar pulse source.

OUT: The OUT (B+ ) hub of a Program Select is the hub
that emits a steady current to hold one or more (all 48, if necessary)
Selectors on the Select side., As soon as a pulse enters the IN hub, the OUT
hub will emit B+ . The OUT hub is patched to the PICKUP hub(s) of the
Selector(s) to be changed to their Select state. It requires approximately
10 milliseconds for a Selector to change to its Seleqt state. (Once picked
up in this manner, a Selector will then remain Select until a pulse is
received by the Program Select's DROP-OUT hub, or a CLEAR hub is pulsed as
described below or the ground supply is lost.)

DELAYED OUT: In the case of Program Select #1 only, the
time interval between applying current to the IN hub and the emission of the
DELAYED OUT hub is 15-20 milliseconds. In all other Program Selects, the time
interval is 10-15 milliseconds, This will allow any Selectors picked up by
out patching to change to their Select state. The DELAYED OUT hub need not
always be patched; however, there are two general cases where it must always
be patched:

if the Selectors picked up by the Program Select
are to be used next in the program (i.e., would
be used sooner than 10 milliseconds if the program
were patched to continue). In this case the
source of current must be patched to IN, and the
DELAYED OUT patched to continue the program; and
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if the pulse source is not split-wired (i.e.,
bussed) to continue the program. In this case
DELAYED OUT patching is the only way of con-
tinuing the program.

DROP OUT: The purpose of the DROP OUT hub is to end
the current going to the Selector's coil and thereby cause the Selector to
return to its Non-Select side. When a Program Select's DROP OUT hub is
pulsed, the Program Select's OUT hub ceases to emit B+, and supply current
to the Selector(s) PICKUP hub(s). Unless each PICKUP hub wired from the
Program Select OUT also has another current source, its associated Selector
will drop out. (As in the case of changing a Selector to its Select side,
approximately 10 milliseconds are required to drop out a Selector.) The
pulse applied to the DROP OUT hub can originate from any pulse source.

No "out" pulse is generated when a Program Select
is dropped-out. The source of the drop-out pulse must therefore be appro-
priately patched to continue the program. This is usually done by bussing
the drop-out pulse through an OUT-EXPANDER or the normal BUS hubs described
later in this section.

It is possible to drop out all Selectors which
have been picked up via Program Select(s) except those whose PICKUP hubs are
also wired from Selector Hold B+ (or another steady B+ source). This is
done by pulsing one of the CLEAR hubs assoclated with the Program Selects.
When a pulse is sent to a CLEAR hub it has the same effect as pulsing the
DROP OUT hub of each of the active Program Selects. (This would most fre-
gquently be done at the end of a program, so that all Selectors would be on
the Non-Select side at the start of a new program.) CLEAR has no "out" hub;
however, each of the four sets of CLEAR hubs is a bussed pair. The pulse
source is patched to ome hub of the pair, and the other hub of the pair is
patched to continue the program.

(b) From Selector Hold (B+ )

The SELECTOR HOLD (B+ ) hubs are a constant source
of power which never stop emitting as long as the machine is on. The current
these hubs supply can be used to operate one or more Selectors throughout an
entire program, or if suitable patching is employed, throughout any portion
thereof.

Since Selector Hold B+ has no drop out of its
own, a Selector picked up via direct SEL HOLD (B+ ) - SELECTOR PICKUP patching,
will remaln on the Select side until the machine is turned off. This is
usually not as efficient as other uses of Selector Hold B+, and hence direct
SEL HOLD (B+ )-SELECTOR PICKUP patching has restricted application. When a
Selector employing Selector Hold B+ is not to be kept in its Select state
throughout a program, several Program Selects, another Selector, and one pole
of the Selector to be controlled can be used as shown in Figure II-4, Page
I11-54
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, Assume that Selector #30, a k-pole Selector, is to have
Selector Hold (B+) power applied to its PICKUP hub only for a portion of a pro-
gram, but is to have that power even though the Prograin Selects' CLEAR hubs are
pulsed. Program Selects #6 and #7, pole a of Selector #30, and a single-pole
Selector #25, can be used to accomplish this by applying, and then controlling,
Selector Hold (B+ ). (Poles b, c, and 4 of Selector #30 are used for their
normal purpose of re-routing.)

Until Selector #30 is picked up by PS #6, Selector Hold
(B+) power cannot flow to the PICKUP hub of Selector #30. It can only go from
the NON~-SELECT hub of Selector #25 through the COMMON of Selector #25 to the
COMMON of Selector #30, Pole a. With Selector #30 on the Non-Select side, the
current can go no further. However, as soon as PS #6 changes Selector #30 to
the Select side, Selector Hold (B+) power will emit from the SELECT hub of
Selector #30, Pole a (see dashed arrows in Figure II-4) and be applied to the
PICKUP hub of Selector #30 via the BUS hubs. Now, even though PS #6 is dropped
out by pulsing a CLEAR hub, Selector Hold (B+) power will keep Selector #30 on
the Select side. Selector #30 will remain Select until the PS #7 IN hub is sent
current and the resulting PS #7 OUT current picks up Selector #25. When Selector
#25 changes to its Select state, Selector Hold (B+) power will no longer be
connected to the COMMON of Selector #25 (and, therefore, cammot be maintained on
Selector #30's PICKUP hub). Selector #30 will therefore revert to its Non-Select
state. It will remain in this state until PS #6 OUT current again picks it up.
When Selector #30 is picked up, Selector Hold (B+) power cannot agdin be applied
to its PICKUP hub until Selector #25 is dropped out.

(e¢) From the (LS) I/O-COMPUTER CONTROL LINE hubs (a-1)

As explained in Section V, each I/0 Unit has a set of
12% (L8) I/0-Computer control lines. These lines, when energized, can be used
to notify the computer program that:

a particular condition exists in the I/O Unit , or

in the case of input I/0 Units, that a control position
on the input medium (as a punched card) was sensed.

Each I/0 Unit's (1S) I/O-Computer control lines are B+ lines, when energized,
and can thus be used to pickup Seélectors.

The (LS) I/0-Computer control lines are energized as
follows:

As part of the system program, specific conditions in
the I/O Unit, as well as the detection of various
control data (in input I/0 Units), are assigned to
specific (LS) I/0O-Computer control lines.

¥ Although each I/0 Unit's Demand Station contains 12 (LS) I/0-Computer conmtrol
lines (a-1), not all of these control lines are used by each I/O Unit. However,
each I/0 Unit has a definite set and the set is lettered to correspond with the
(Ls) I/O-COMPUTER CONTROL LINE hubs (a-1) that will emit B+ when each control
line is energized in the I/0O Unit and the I/O Unit is placed "on demand".
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Provision is made so that the occurrence of each condi-
tion (or each detection of control data) can be
"remembered" in the I/0 Unit and can apply B+ to the
correct (LS) I/0-Computer control line (a-l1) when the
I/0 Unit is placed "on demand". This is programmed for
in various ways in the different I/0 Units. In general,
a switch setting or patchcord wiring involving Selectors
in the I/0 Unit are employed. If a switch setting is
used, this generally will permit B+ to be directly
applied to a (LS) I/O-Computer control line when the
I/0 Unit is placed "on demand". If patchcord wiring

is employed, dc enables associated with a particular
condition (or the detection of control data) in the I/0
Unit are patched to operate Selectors in the I/0 Unit,
so that B+ (available on the I/0 Unit's plugboard) can
be applied via one or more Selector's routing circult
to the required (LS) I/O-Gomputer control lines when
the I/0 Unit is placed "on demand".

The meaning of each control line can be made to vary from program to program, or
each control line can be assigned a constant meaning. In any event, the mean-
ing assigned each (LS) I/0-Computer control line must be programmed in the

I/0 Unit (i.e., must be specified by a switch setting on the I/0 Unit's Control
panel, or specified by patchcord wiring on the I/O Unit's Plugboard, as rt

of the design of the system program), and the use to be made of each (fS; I/0-
Computer control line must be programmed, both in the I/0 Unit (as noted above)
and on the Program Control Plugboard (as described below).

When a particular I/0 Unit is placed "on demand" (See
Section V) thet I/0 Unit's, and only that I/0 Unit's, (LS) I/O-Computer control
lines are connected to the (LS) I/0-COMPUTER CONTROL LINE hubs (a-1) on the
Program Control Plugboard. Any of the (LS) I/0-Computer control lines that are
energized at this time will cause the correspondingly-lettered (LS) I/0-COMPUTER
CONTROL LINE hubs to emit B+, and these hubs will continuve to emit as long as
(but only as long as) the I/0 Unit "on demand" remains "on demand".

, The (LS) I/0-COMPUTER CONTROL LINE hubs (a-l) can thus
be patched to one or more SELECTOR PICKUP hubs, and the Selectors picked up will
remain in their Select state as long as the I/0 Unit remains "on demand".

Since the (LS) I/0-COMPUTER CONTROL LINE hubs (a-1) are
commonly shared by all I/0 Units (but by each only when it is'on demand"), the
following patching procedure is employed if a Selector is to be uniquely picked-
up by a (LS) I/0-Computer control line from a particular I/0 Unit.

The particular (LS) I/O-COMPUTER CORTROL LINE hub
(a-1) is patched to a Selector's PICKUP hub;

The Selector's GROUND hub is patched to the DEMAND
GROUND hub (0-9) that has the same number as that
assigned to the I/O Unit.

The Selector can thus only be picked up when the I/O Unit involved is '"om
demand", and the particular (LS) I/0O-Computer control line is energized.



If several Selectors are to be picked uwp when a
particular (LS) I/0-COMPUTER CONTROL LINE hub (a-1) emits, that hub is connected
to the desired Selectors' PICKUP hubs via BUS hubs.

If the same (LS) I/O~COMPUTER CONTROL LINE hub (a-1) is
to be identically used for picking up Selector(s) if it emits while any one of
several I/0 Units are "on demand", the GROUND hub(s) of the Selector(s) involved
is (or are) patched to each I/0 Unit's associated DEMAND GROUND (0-9) via BUS
hubs. (See alternate GROUND hub patching shown in Figure II-5, Page II-58).

If the detection of a particular (1LS) I/O-Computer
eontrol line is to be "remembered" in the program after the I/0 Unit producing
it is taken "off demand", the patching illustrated in Figure II-5, Page II-58
and described on Page 1I-59, can be employed.

(d) Console B+ (CNSL B+ )

When the CONSOULE-NORMAL switch on the UFC Inquiry
Typewriter Control Panel is set to CONSOLE, the CNSL B+ hub on the Program Con-
trol Plugboard emits B+ . This hub can be patched to pick-up Selectors and its
power is available during all console operations of the Typewriter.

(2) SELECTOR GROUND (1-u8) PATCHING

(a) To Computer Ground:

When the GROUND hub of a Selector is patched to a
COMPUTER GROUND hub, the Selector's coil ecircuit is unconditionally grounded.
The Selector will change to 1ts Select state whenever B+ is applied to its
associated PICKUP hub.

(b) To Demand Ground:

When the GROUND hub of a Selector is patched to a
DEMAND GROUND (0-9) hub, the Selector's coill circuit has a ground supply only
when the corresponding I/O Unit (0-9) is "on demand". Applying current to a
Selector whose GROUND hub 1s so patched will not get the Selector to its Select
state unless (or until) the appropriate I/O Unit is "on demand".

f. Alternate Switches (A-F)

An Alternate Switch is a manually operated (single pole)
Selector whose state (Select or Non-Select) is determined by the setting of an
associated toggle switch on the Program Control #1 Cabinet. If the toggle
switch associated with an Alternate Switch is set to SELECT, the Alternate
Switch is set to its Select state and remains in this state until the toggle
switch is set to NON-SELECT. The Alternate Switch then assumes its Non-Select
state and remains in this state until the position of its associated toggle
switch is again changed.
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Explanation of Figure II-5

The IN hub of PS #6 is pulsed prior to putting the I/O Unit "on demand".
This picks up Selector #2 and permits Selector #1 to be picked-up when
the appropriate I/0 Unit is placed "on demand".

When the appropriate I/0O Unit is placed "on demand" Selector #1 picks up.
If the I/O Unit has energlzed (LS) I/0-Computer Control line "c", the
(Ls) 1/0-COMPUTER CONTROL LINE hub "e" will emit B+ and will, (among
other things) pick-up Selector #30.

When Selector #30 is picked up, Selector Hold'(B+) can be routed to
Selector #30's PICKUP hub as follows: from SELECT hub of Selector #2,
out the COMMON of Selector #2, to the COMMON of Selector #30, out the
SELECT of Selector #30 to Selector #30's PICKUP via the bus.

Even though the I/0 Unit "on demand" is taken "off demand", Selector #30
remains picked up.

Selector #30 can be dropped out by pulsing the DROP OUT hub of PS #6.
If this is done, Selector #30 cannot again be picked up until the
following sequence takes place: PS #6's IN hub is pulsed, the
appropriate I/0 Unit is placed "on demand" and the (LS) I/0-COMPUTER
CONTROL LINE hub "c¢" emits B+.
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There are 6 Alternste Switches (A-F) and each has a
set of COMMON, SELECT, and NON-SELECT hubs on the Program Control Plugboard.
The factor which is to be changed is usually patched to the COMMON hub of the
Alternate Switch, and the variations are patched from the SELECT and NON-
SELECT hubs, just as for Selectors. The main differences between a Selector
and an Alternate Switch are (a) the operator, rather than the plugboard
program, determines whether each Alternate Switch is to be Select or Non-
Select; and (b) the setting for an Alternate Switch remains the same (even
from program to program) until the operator changes it.

If there are two programs patched on one plugboard,
and these programs are not being handled simultaneously, an Alternate Switch
could be used to determine which program is to be used at a particular time.

g. Decision Elements for Enables

As noted in Paragraph IIBlb, the enable out hubs of a

Program Step (PROCESS, V, ADDRESS, V., SHIFT, V, ADDRESS, V., SHIFT, R SHIFT,
and R ADDRESS)can be dir@ctly or indirectly patched to thelr destination.
When patched directly, each process, address, or shift is unconditionally
defined. When patched via other hubs, a process, address, or shift can be
conditionally defined. The usual manner in which these enable out hubs are
patched to conditionally define a process, address or shift is described
below. The following also apply to enable~routing, in general. (Selectors
and Alternate Switches can also be used, as noted previously, to route B +;
however, the CDR ENABLE hubs must not be patched to or from B+ ).

(1) Selectors and Alternate Switches

In these devices, the process, address or
shift hubs are usually patched to the COMMON hub of the Selector or Alternate
Switch. Patchcord wiring from the SELECT and NON-SELECT hubs then provides
the required variance (two choices per Selector pole, or Alternate Switch
are available). If the enable is patched to a SELECT or NON-SELECT hub, only
the COMMON will emit, and it will emit only when the Selector is appropriately
set.

(2) CHR ENABLE Probes
(a) Explanation of Code Distributor, CD

The Code Distributor, CD, is a multiple-
position plugboard (electronic) switch which, when appropriately used, permits
a programmer to conditionally define any machine funetion in a variety of ways.

CD has two principal parts: +the Code
Distributor Register (CDR), and a multi-purpose Translator. Program variance
is achieved by storing a valid control character in CDR and then probing a
particular group of circulits in the Translator to receive a "route" or path
for the probing signal (pulse or d-c ensble).

CDR is thus a one-character register that
is used to set the "switch". It receives the character it stores when it is
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addressed as a Destination in either an Instruction Word (W = 994) or a
Program Step (R ADDRESS-CDR patching). The control characters used in CDR
are usually sent to the computer by an input I/0 Unit as part of the input
data., The valid characters that can be stored in CDR, i.e., those which can
be placed in CDR and subsequently translated, are listed in Table II-12 below.

Table II-12. Characters that can be Translated in CDR

ZONE EXCESS-THREE BITS

BITS [ o0011| 0100 [ 0101 | 0110 | 0111 | 1000 [ 1001 | 1010 | 1011 | 1100
00 0 1 2 3 b 5 6 T 8 9
o1 ; A B c D E F G H T
10 ) J K L M N 0 P Q R
11 + / S T 4] v W X Y zm—ﬁ

Note that the 40 valid (or usable) charac-
ters can be thought of as 10 groups (columns) of 4 characters each; each char-
acter in a group (column). having the same excess-three bits. For example
2, B, K, and 8 are such a group, since they each have 010l as their lower-
order 4 bits. In some uses of the contents of CDR (as CDR PULSE Probe and
CDR GROUP Probe, described below) only the four lower-order bits of the char-
acter in CDR are translated. In such cases, any one of the four characters
with the seme excess-three bits will be translated in the seme manner (hence
if any one of the four is placed in CDR, the same result is produced). In
other uses of the contents of CDR (as CDR ALPHANUMERIC Probe) the entire, six
bits in CDR are translated. In such cases, all 40 characters are uniquely
translated and each character placed in (DR will produce & different result.
(The results referred to in this paragraph are the "routing" or "switching" for
which CD is employed)., If a valid cnaraccer is not in CDR at the time of a
probe, the computer program hangs up.

The Translator which interprets the char-
acter held in CDR is composed of six circuits: five interpret only the lower-
order 4 bits of CDR, the sixth interprets all six bits in CDR.

i i Bits in CDR that
Transletor Circuit Assocliated hubs are Inberpreted
CDR PULSE IN One set of four (identical) IN hubs, only excess-
and ten discrete QUT hubs: 0-9 three bits

CDR GROUP I (ENABLE) one set of four (identical) IN hubs, only excess-
and ten discrete OUT hubs: 0-9 three bits

CDR GROUP IT (ENABLE) one set of four (identical) IN hubs, only excess-
' and ten discrete OUT hubs: ";"-I three bits

CDR GROUP III (ENABLE) one set of four (identical) IN hubs, only excess-
and ten discrete OUT hubs: ")"-R three bits
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Translator Circuit Associated hubs g;gsIﬁﬁeggﬁeﬁgﬁt

CDR GROUP IV (ENABLE) one set of four (identical) IN hubs, only excess-
and ten discrete OUT hubs: "+ "-Z  three bits

CDR ALPHANUMERTC (ENABLE) one set of four (ideantical) IN hubs, all six bits
and 40 discrete OUT hubs: O0-Z

The operation of each of these Translator
circuits is basically the same: when the IN hub is appropriately signalled
(i.e., pulsed or ensbled as required by the particular circuit involved), one
of the OUT hubs will emit if there is a valid or usable character in CDR at
the time. The specific operation of each Translator circuit is described
below, as appropriate. The Translator's CDR GROUP and ALPHANUMERIC circuits
are used to route d-c enables and are accordingly discussed in the following
paragraphs. The Translator's CDR PULSE circuit is discussed in Paragraph
II-Bli, since it functions to route pulses (i.e., it is a decision-making
device for pulses).

(b) CDR GROUP IN Probe

when a particular CDR GROUP IN hub (GROUP
1, GROUP 2, GROUP 3, or GROUP 4) is enabled via patchcord wiring “from an
enable source (as a V., ADDRESS hub) and one of  the usable 4O characters is in
CDR, a single d-c enable is obtained from the associated CDR GROUP circuit in
the Translator. That is, a d-c enable is made available from ore and only one
of the ten CDR (CUT hubs associated with the CDR GROUP IN hub enabled. Thus,
given a usable character in CDR (See Figure 1I-06):

rf a CDR GROUP 1 IN hub is enabled, one of the CDR OUT hubs labeled 0-9 will
emit d-c;

If a CDR GROUP 2 IN hub is engbled, one of the CDR OUT hubs labeled ";" or A-I
will emit d-c;

If CDR GROUP 3 IN hub is enabled, one of the CDR OUT hubs labeled ")" or J-R
will emit d-c;

If a CDR GROUP 4 IN hub is enabled, one of the CDR OUT hubs jabeled "+ ", or
"/" or S-Z will emit d-c;

depending on which usable character is in CDR at the time.

To understand the operation Of £D upon
receipt of this type of probe, assume that the CDR GROUP 2 IN hub 1s enabled
and that the OUT hub "J" emits. A d-c enable from hub J does not necessarily
imply that a J was actually stored in CDR, since each of the Translator's
Group circuits look omly at the excess three bits of the character in CDR.
Thus when the J hub emits it means (a) that a usable character was stored in
CDR, and (b) that specifically either 1, A, J, or./ (the four characters in
Univac code that have the same excess three bits) was in CDR at the time of
the probe.

When CDR GROUP Probe is used to condition-
ally define a process, address, or shift the 40 control characters that can be
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sent to CDR are regarded as 10 sets. of U characters each. Euch set of four
being an identical "switch" for the (probing) process, address, or shift
enable; and hence one of ten distinct means of defining the process, address,
or shift involved.

Since there are four CDR GROUP circuits,
each set of four characters (as 1, A, J, and /) can be given four separate
routing paths by appropriately patching the OUT hubs of each CDR GROUP
circuit used:

one from the CDR GROUP OUT hub "1"
one from the CDR GROUP COUT hub "A"
one from the CDR GROUP OUT hub "J", and
one from the CDR GROUP OUT hub "/"

In such cases when a particular CDR GROUP IN hub (as CDR GROUP 1 IN) is enabled.
at one point in the program and 1, A, J, or / are in CDR, one route is speci-
fied by patchcord wiring (from hub "1") for the d-c enable used in probing;
when another CDR GROUP IN hub (as CDR GROUP 2 IN) is enabled and any one of

the same characters (1, A, J, or /) are in CDR, a different route can be
specified from that GROUP's OUT hub, ("A") etc.

(c) CDR ALPHANUMERIC IN Probe

If any one of the CDR ALPHANUMERIC IN hubs
is enabled and CDR contains one of the 40 usable characters, a d-c enable is
available from only one CDR OUT hub (0-Z): the one which corresponds in label
to the actual usable character held in CDR. For example, if A is in CDR,

(See Figure II-7, Page II-05 ), CDR OUT hub "A" and only that hub emits.

From one up to 40 "routes" can thus be
defined for a process, address, or shift enable (or any other enable) by
appropriately loading CDR and using those enables as CDR ALPHANUMERIC probes.
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h., Sub-Step Patching (General Information)

In addition to the patching that is required to completely
define a basic operation for the computer, each Program Step can also be
patched to initiate other operations as Program Control pssses from a Program
Step to the next imstruction (Program Step or Imstruction Word). These aux-
ilisxry plugboard-defined operations are called Sub-Steps, and each has an
associated group of hubs on the Program Control Plugboard which must be ap-
propriately signalled to initiate that Sub-Step. Some Sub-Steps, as those which
initiate General Storage Operations, are ldentical to the correspondingly-named
Sub-Instructions initlated in intermally-stored programs; other Sub-Steps, as
Branching, are used only in plugboard operation of the computer. Some Sub-
Steps initiate time-sharing operations in the system, others are used for
making decisions 1n the system program, or for specially-conditioning the
Central Computer.

Usually Sub-Steps are initiated via patcheord wiring from a
Program Step's STEP OUT hub. Sub-Steps can also be initiated, however, during
execution of an internally-defined program via the Special Character Out and
Breskpoint Sub-Instructions, provided the hubs these Sub-Instructions cause to
emit are appropriately patched. This is common procedure, for example, if the
Condition Compare or Clear BTB to Ignore Sub-Steps (discussed below) are needed
in the intermal program.

For convenience, Sub-Steps are discussed below under the
following headings:

Decision Elements for Pulses
Central Computer Sub-Steps
General Storage Sub-Steps
I/0 Control Sub-Steps

i. Decision Elements for Pulses

One of the commonest "decisions" made by plugboard-defined
programs is the choice of which Program Step is to be executed next. Program
Steps are sequencecd by 3TEP OUT-STEP IN patchcord wiring: a STEP OUT can be
wired to any STEP IN, directly or indirectly. When direct patching is employed,
the next Program Step is unconditionally defined; when indirect patching (i.e.,
when patching via decision-making devices for pulses) is employed, Program Step
sequencing can be varied. This variaticn

can be a conditional definition of which Program Step
is to be executed next, as when one or more of the
following Sub-Steps are initiated by (or from) the
STEP OUT pulse:

Branching

Channel Search Probe

Channel Search Probe and Wait
Selector or Alternate Switch "Probes”
Function Sequence

CDR (PULSE) IN; or it

II1-66



can be merely a delay in initiating the next program
Step as when the Function Delay Sub-Step is employed
(or, if this Sub-Step is used in connection with the
above Sub~-3teps, both delay and variance can be
achieved); or it

can terminate a sequence of Program Steps, and cause
Program Control to go to the internally-stored
program for the next Computer Instruction, as when
the Next Instruction Sub-Step is carried out, etc.

There are thus a variety of "decision making" devices for pulses on the plug-
board, and a number of combinations of decisions that can be made between
Program Steps (i.e., without carrying out a Computer Instruction). Each
decision-making device for pulses is discussed below. The comments made are
not restricted to STEP OUT pulses; these devices can route any pulse.

(1) Branch Sub-Step

Branching is a means of determining the next operation,
depending on whether the result of a Program Step is a4, 0, or - (minus)
gquantity. It is also used after Program Steps in which the Compare process is
carried out to determine the next operation on the basis of whether Vi > Vo,
V) = Vp, or Vy < Vo, respectively. (See Page II-14).

There are 12 separate sets of BRANCH hubs on the Program
Control Plugboard: BR 1 through BR 12. Each set has four hubs: an IN hub that
is patched from a pulse source (as STEP OUT), and three out hubs (+, O. and -)
that are patched to other pulse-in hubs (as STEP IN, a Selector COMMON, ete.) tc
continue the progranm.

When the IN hub is pulsed, the setting of Branch Storage
is examined. If Branch Storage is set to +, the + hub emits; if set to 0, theO
hub emits; and if set to -, the - hub emits. Note: Branch sturapge will be
found set to O unless the Program Step whose STEP OUT probes Branch Storage set
Brench Storage to + or -.

(2) Channel Search Probe Sub-3tep

When either of the following General Storage operations
has been initiated

Channel Search Equal
Channel Search Unequal

a Channel Search Probe Sub-Step can be initiated to test whether the channel
search has been completed or not. This Sub-Step permits the plugboard program
to continue immediately i1f the channel search operation is not completed; and,
if the channel search is completed, allows a "decision" based on the result of
the search to be made regarding the next operation in the program.

There are four {(identical) sets of hubs on the Program
Control Plugboard that are associated with the Channel Search Probe Sub-Step.
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Any set can be used. FEach set has five hubs: a CS PROBE hub that is patched
from a pulse gource, and four out hubs (ACTIVE,+ , -, and O) each of which is
patched to the particular hub that is to be pulsed if that Channel Search Probe
out hub emits.

When the CS PROBE hub is pulsed, the status of the pre-
viously-initiated channel search operation is tested: if the General Storage
System is ACTIVE, the ACTIVE hub emits indicating that the channel search
operation is still in progress; if the General Storage System is not ACTIVE,
the setting of Channel Search Storage is examined: if Channel Search Storage
is set to +, the + hub emits; if set to - the - hub emits; if set to O, the O
hub emits.

Note: If the Channel Search Probe Sub-Step is initiated but no channel search
operation has been previously initiated, the computer hangs up. If the Channel
Search Probe Sub-Step is initiated but no channel search operation was initi-
ated since the last time Channel Search Storage was examined, the same hub emits
that emitted during the last Channel Search Probe. Channel Search Storage is
"cleared" (left with no setting) by a MASTER CLEAR and each time a Channel
Search operation is initiated.

(3) Channel Search Probe & Wait Sub-5tep

The Channel Search Probe & Wait Sub-Step can also be used,
subsequent to the initiation of a Channel Search Equal or Unequal operation, to
test for the result of the channel search. When this Sub-8Step is used, how-
ever, Program Control will wait if the channel search operation is not
completed. This Sub-Step is, therefore, used only when the result of the
channel search must be known to continue the program.

There are four (identical) sets of hubs associated with
the Channel Search Probe & Wait Sub-Step. Any set can be used. Each set has
four hubs: a CS PROBE & WAIT hub that is patched from a pulse source, and
three out hubs (4, -, 0) each of which is patched To the particular hub that is
to be pulsed if that Channel Search Probe & Wait hub emits.

When the CS PROBE & WAIT hub is pulsed, thHe status of the
previously initiated channel search operation is tested: if the General
Storage System is ACTIVE, the computer waits until General Storage becomes IN-
ACTIVE (indicating completion of the channel search); Channel Search Storage is
then examined; if Channel Search Storage is set to+, the + hub emits; if set
to -, the - hub emits; if set to O, the O hub emits. (See note above under
Channel Search Probe)

(%) Selector or Alternate Switch "Probe" Sub-Steps

If a pulse source is patched to the COMMON hub of a
Selector or Alternate Switch, the next operation will be conditionally defined
by the setting of the Selector or Alternate Switch when that pulse source emits.
By appropriately patching the Selector's or Alternate Switech's SELECT and NON-
SELECT hubs, the desired program variance can be achieved.
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(5) Function Sequence Sub-Steps

Function Sequence Sub-Steps are employed to route the
program to different Program Steps when the same condition (represented by a
pulse) occurs more than once in a program, but is to be used differently each
time.

Each Function Sequence is a group of circuits which
"pairs" the common event with a related event, at one of the times the common
event occurs, in such a way that the combination of these two events produces
a different result than the common event occuring alone or with any other
event. Function Sequence is similar to Function Delay (described below) in
that two events must occur to produce a third. However, in Function Sequence,
the events producing each particular result must occur in the proper order or
sequence to produce that result.

There are four (identical) sets (1, 2, 3, &) of
FUNCTION SEQUENCE hubs on the Program Control Plugboard. Each set contains the
following hubs:

SET An input hub to which a STEP OUT or similar pulse-
source hub may be patched. A pulse delivered to
this hub will be "remembered" in the Function
Sequence circuitry.

PROBE Also an input hub to which a pulse-source must be
patched. A pulse sent to this hub will cause the
OUT hub to emit if & pulse was previously received
by the SET hub. A pulse sent to the PROBE hub is
not "remembered" by the Function Sequence cir-
cuitry.

out This hub will emit & pulse when the PROBE hub is
pulsed if the SET hub was previously pulsed. If
the SET hub and PROBE hub are not both pulsed,
or are not pulsed in sequence, the OUT hub does
not emit.

Note: 1If the OUI' of Function Sequence (among other things) is to continue the
program, no other Sub-Step pulse source should be employed for this purpose.

In this connection it is imperative to provide that the SET hub of the Function
Sequence be pulsed before the PROBE hub is pulsed, or no OUT pulse will be
forthcoming; the computer will, therefore, hang up.
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(6) CDR PULSE Probe Sub-Step

As noted in Paragraph IIBg above, one of the CD Trans-
lator circuits, CDR PULSE IN, operates only with pulses and terminates on the
Program Control Plugboard in the CDR PULSE IN and CDR PULSE OUT (0-9) hubs.

When any of the four (identical) CDR PULSE IN hubs is pulsed (See Figure II-8,
Page II-71) and one of the 40 usable characters listed on Page II-61 has been
stored in CDR, & pulse is emitted from ome of the CDR PULSE OUT (0-9) hubs. The
hub which emits depends on the character held in CDR at the time of the probe.
As in the case of the CD Translator's CDR GROUP circuits, the Translator's CDR
PULSE IN circuit interprets only the excess-three bits of the character held in
CDR.

To cause a particular CDR PULSE OUT hub, as CDR PULSE OUT
hub "3", to emit place (any) one of the four characters (3, C, L, or T) with the
same excess-three bits as the digit 3 in CDR. When the CDR PULSE IN hub is
pulsed, the CDR PULSE OUT hub "3", and only that hub, will emit. Ten routes,
each of which can be specified by any of the four characters held in CDR, can
thus be assigned a probing pulse.

(7) Function Delay Sub-Step

A Function Delay Sub-Step is carried oul to delay the
start of one operation until two other operations have heen completed.

There are four Function Delay circuits (A-D) available.
Each Function Delay has two input hubs on the plugboard and one out hub. The
input hubs are labelled 1 IN and 2 IN; the out hub is labelled OUT. The OUT
hub emits only after a pulse has been received by each IN hub. (The IN hubs
need not be pulsed simultaneously or in any particular order; i.e., either IN
pulse can be “"remembered".)

If it were desirable not to start the next operation, for
example, until a Selector affecting which operation is to be executed next has
been pulled in, the following patching procedure can be followed:

a condition indicating that the Selector has been
pulled in, as DELAYED QUT of a Program Select, is
patched to the 1 IN hub;

the STEP OUT of the current Program Step is patched
to the 2 IN hub; and

the (Function Delay) OUT hub is patched to probe the
Selector.

The next operation will not begin (i.e., the OUT hub of the Function Delay will
not emit and probe the Selector) until both IN hubs are pulsed.
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(8) Next Instruction Sub-Step

When a NEXT INSTRUCTION hub (NI) is pulsed, plugboard
operations terminate, and Program Control transfers to the internally-stored
program for the next instruction. The next instruction executed is an
Instruction Word. The NI Sub-Step is thus the means of transferring Program
Control from the plughoard to the internally-stored program, Twelve (iden-
tical) NI hubs are provided.

j. Central Computer Sub-Steps

Each of the four pairs of hubs associated with the following
Sub-Steps are bussed. The pulse source Initiating the Sub-Step is patched to
one hub of the palr and the other hub of the palr is patched to continue the
program, if this is required.

(1) Condition Compare

When the Condition Compare Sub-5tep is initiated the next
Compare process 1s modified as follows: Space codes and Zeros are allowed their
actual weighted values in Univac code and are compared on that basis. (Normelly,
the following sets of characters from corresponding positions in vV, and V2 are

simply ignored.

Vi 0 A 0
a b c d

When a Condition Compare Sub~Step is carried out, each of these sets will be
compared. Only Sets "¢" and "d" will give an equal comparison for the character
position. Set "a" will detect V3 > V, for the character position; and Set "b"will
detect Vy < V, for the character position.

(2) Clear BTB To Ignores

When the CLEAR BTB 70 IGNORES hub is pulsed, an Ignore
Code is placed in each of the 120 character positions of the Block Transfer
Buffer, BTB.

Note: The action of Condition Compare and Clear BTB to Ignores Sub-Steps is
available to the internal stored program via the Special Character Out (Q-Y)
and Breakpoint 1, 2, or 3 Sub-Instruections, provided the hubs these Sub-
Instructions cause to emit are patched to a CONDITION COMPARE or CLEAR BTB to
IGNORES hub.
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k. General Storage Sub~Step Patching

When any of the hubs listed below is pulsed, the correspondingly-
named General Storage operation is initiated. These hubs also occur in bussed
pailrs (four sets). The pulse source is patched to one hub of the pair, and the
other hub of the pair is patched to continue the program.

CLEAR GENERAL STORAGE BUFFER TO IGNORES
READ UNIT RECORD

WRITE UNIT RECORD

WRITE UNIT RECORD & CHECK

CHANNEL SEARCH EQUAL

CHANNEL SEARCH UNEQUAL

Each General Storage Sub-3tep is ldentical to the
correspondingly-named Sub-Instruction described in Paragraph IIAle (2) above.

1. 1I/0 Control Sub-Step Patching

The following hubs are involved when I/0 Control Sub-Steps
are carried out:

Demand Test In (0-9) Sub-Step:

DEMAND TEST IN (0-9)
READY (0-9)
NOT READY (0-9)

Demand In (0-9) Sub-Step:

DEMAND IN (0-9)
DEMAND oUT (0-~9)
SPECIAL ouT (0-9)

Related hubs:

§LS) I/0~COMPUTER CONTROL LINE hubs (a-1)

TEST) HIGH SPEED I/0-COMPUTER CONTROL LINE STORAGE (W, X, Y, Z)
COMPUTER -I/0 CONTROL LINES (A~-J)

TRACK SWITCH (0-9)

(1) Demand Test In (0-9) Sub-Step

The Demand Test In Sub-Step is used to test the status

(ready or not ready) of a particular I/O Unit. It is analogous to the Channel
Search Probe Sub-3tep used in connection with General Storage in that it permits
central computer operations to continue without interruption if an I/O Unit is
not ready. The Demand Test In Sub-Step does not affect the demand status

(discussed below) of the I/O Unit tested or that of any other I/O Unit.

The Demand Test In Sub-Step is defined by patching a pulse
source to the particular DEMAND TEST IN (0-9) hub that corresponds to the I/O
Unit whose status is to be tested; and by patching the corresponding READY (0-9)
and NOT READY (0-9) hubs to continue the program. When the DEMAND TEST IN (0-9)
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hub is pulsed, the status of the associated I/O Unit (0-9) is examined. If the
I/0 Unit is ready, its associated READY (0-9) hub emits. If the I/0O Unit is not
ready, its associated NOT READY (0-9) hub emits. Both replies are instantane-
ous, and the next operation is thus determined immediately on the basis of
which one of these two hubs emits.

As explained in Section V, an I/0 Unit is ready if it
has power, and

is not engaged in & previously inlitiated operation, or

has no ebnormal or error condition (as broken tape, card jam,
ete) which would prevent it from functioming properly.

An I/0 Unit is not ready if the above conditions are not all present.

The Demand Test In Sub-Step should always be programmed
prior to & Demand In Sub-Step unless the latter Sub-Step must be executed at a
particular point in a program in order for the program to continue. It is also
convenient to program the Demand Test Tn Sub-Step a&s & check, prior to Track
Switching, to insure that the I/O Unit whose associated I/O Tracks are to be
switched is not in the process of transferring data in or out of the computer.
This would be a way of Track Switching safely if it is convenient not to use
the DEMAND or SPECIAL OUT signals discussed below to track switch at the usual
time. In this use of Demand Test In, the READY hub can be bussed to track
switch the I/O tracks associated with the I/0 Unit tested, and to continue the
program. The Demand Test In cannot be used as the only means of determining
whether an I/0 Unit can receive an I/0 Instruction via the COMPUTER-I/O CONTROL
LINE hubs (A-~J). An I/O Unit must be "on demand" (in addition to being ready)
to receive an I/0O Instruction (see Demand In Sub-Step below).

(2) Demand In (0-9) Sub-Step

The Demand In Sub-Step is usually used to place a particu-
lar I/0 Unit "on demand" so that control information can be exchanged between
the computer and that I/O Unit. It is also used, however, to place an I/O Unit
"on demand" so that a subsequent* storage reference can be made to the I/0
Track assoclated with the I%O Unit via the Plugboard Addressing System.

The Demand In Sub-Step is defined by patching a pulse
source to the particular DEMAND IN (0-9) hub that corresponds to the I/0 Unit to
be placed "on demand”; and by patching the DEMAND OUT and SPECIAL OUT hubs
associated with that DEMAND IN (0-9) hub to define the next operation(s).

When one of the DEMAND IN (0-9) hubs is pulsed, the
following events occur:

1. High Speed I/0-Computer Control Line Storage (a
special-purpose memory described below) is cleared;

¥ (The 1/0 Unit must be "on demand" at the time the I/O WORD or FIELD hub in
the Plugboard Addressing System is enabled.)
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2.

every I/0 Unit is taken "off demand", and the I/O
Unit (0-9) whose associated DEMAND IN (0-9) hub is
pulsed 1s then placed "on demand";

a test is made to see if any error condition exists
in the I/0 Unit placed "on demand". (If an error

has occurred, an error signal instead of a DEMAND
OUT or SPECIAL OUT discussed below is produced; the
Demand In Sub-Step is not completed; and the computer
hangs wup.)

The DEMAND relay in the I/O Unit pulls in. When
this relay energizes:

It allows B+ from the computer to be applied to
those (L8) I/O-computer control lines in the I/O
Unit that have been programmed on the I/O Unit
to energize when the I/0 Unit is placed "on
demand". The (LS) I/O-Computer control lines

so energized then supply B+ to their correspond-
ingly-named (LS8) I/0-COMPUTER CONTROL LINE hubs
(a-1) on the Program Comtrol Plugboard.

The coil circuits of all Selectors in the
computer using this I/0 Unit's Demand Ground
control are grounded; and

The DEMAND (0-9) light associated with this I/0
Unit lights on the Console.

(The DEMAND relay remains pulled in as long as the
I/0 Unit is "on demand".)

The I/0 Unit placed "on demand" is conditioned so
that should an I/0 Instruction be forthcoming from
the computer program, that I/O Unit (and only that
I/0 Unit) will accept the I/O Instruction.

Note: I/0 Instructions are generally sent to an
I/0 Unit vie plugboard-defined programs by pulsing
the COMPUTER-I/O CONTROL LINE hubs (A~J) after the
I/0 Unit has been placed "on demand" and has
signified 1t is ready. When these hubs are pulsed,
the Computer-I/0 control lines (A-J) signals are
applied to every I/0 Unit in the system. However,
only the I/0 Unit "on demand" can receive or accept
these signals.
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6. The I/0 Unit "on demand" is also conditioned so
that its (HS) I/0O-Computer control lines (W, X,
Y, and Z) if energized in the I/O Unit at the
time the I/0 Unit goes ready will set High Speed
I/0-Computer Control Line Storage at that time.
Only the I/O Unit "on demand" can cause High Speed
I/O—Computer Control Line Storage to be set although
this memory is commonly shared by all I/O Units.

If the I/O Unit is not ready when demanded, because it is still engaged in
a previously-initlated operation, no further action occurs until the I/0O
Unit is ready. (If Demand In is programmed after a ready condition is
detected by Demand Test In, there 1s no wait at this point.)

When the I/0 Unit "on demand" goes ready:

The READY relay energlizes and lights the READY
0-9 light assoclated with this I/0 Unit on the
Console.

Any (HS) I/O-Computer control lines (W, X, Y,
and/or Z) that may be energized®in the I/0O Unit
at the time the I/O Unit "on demand" goes ready,
produce an input to (i.e., set) High Speed I/O-
Computer Control Line Storage. The latter is
simply a 4-bit memory location which "remembers'
the signals received over the (HS) I/0-Computer
control lines (W, X, Y, and/or Z).

el

If any one, or any combination, of the (HS) I/O-Computer control lines is
energized when the I/0-Unit "on demand" goes ready, & SPECIAL OUT signal is
produced by the I/O Unit. This signal is sent to the SPECIAIL OUT (0-9)

hub associated with the I/O Unit. Among other things SPECIAL OUT patching
is always used to test which condition (or combination of conditions) W,

X, Y, or Z was set up in High Speed I/0~Computer Control Line Storage. One
method of patching SPECIAL OUT so that the inputs to High Speed I/O-Computer
Control Line Storage can be tested is illustrated and explained in Figure
11-9, Page II-77.

If no (HS) I/0-Computer control lines are energized
when the I/0 Unit "on demand" goés ready, a DEMAND OUT signal is produced
by the I/0 Unit. This signal is sent to the DEMAND OUT (0-9) hub associated
with the I/O Unit. Figure II-9, Page II-77 also illustrates one way the
DEMAND OUT signal can be used by DEMAND OUT patching.

(Figure II-9 is only a specific use of the DEMAND OUT and SPECIAL OUT signals.
Either DEMAND OUT or SPECIAL OUT can be patched to (among other things)

Track Switch or send an I/O Instruction to an I/O Unit. Only SPECIAL OUT

is used, however, to test High Speed I/O-Computer Control Line Storage.)

* These lines are 'programmed to be energized" in the I/0 Unit in the same
basic manner as the (LS) I/0-Computer control lines (a-1).
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% DEMAND IN *:;A:c:us;wwcn ¢-1/0 CONTROL LINE
oW 2 3 4 5 6 7 8 9 | SIGNALS TO 1/0 UNIT |
0000000000 ... [

MAND OUT

XXX XXX XX
(o] 2 3 4 5 6 7 8 9
SPECIAL OUT
0oQec00600000 e sres
ouT
= @

w 62
iN NO YES
X
IN NO
Y
IN NO
z @ o
iN NO
o O o
STOP
PROGRAM PATCHING
STEP STEP IN PROC V4 ADR | V4 SH | R ADR STEP OUT
62 when W (End of Data) AT 129 0 PAK NI (Start at
is found 143)
63 when X (End of File) AT 129 3R PAK NI (Start at
is found 167)
6/ when Y (Channel Search| AT 129 6R PAK NI (Start at
Find ) 1is found 150)

The I/0 Unit operation assumed in the above patching is Tape Search> . The
program treats Tape Search Find = as the expected result (DEMAND OUT) and

the UFC Magnetic Tape Unit involved is programmed (by patchcord wiring on

its control panel) to notify the computer (via SPECIAL OUT and the setting of
IS I/0-C CLS) of End of Data by W, End of File by X, Tape Search Find> by Y.
(For simplicity 7 is not used in this example, nor are the otlier uses of W, X,
Y, and Z that can be involved for other I/0 Units shown,)

Program Step #55 is the beginning of the (main) sub-routine which processes
data from Tape Search Find =, Program Steps 62-64 are each an AT instruction
which takes a code word (AA150107143+) stored at memory location 129, shifts
that word as required, loads PAK with the appropriate starting address of the
sub-routine which is to be initiated when W, X, and Y are each detected, and
then pulses an NI hub,

Figure II-9, An Example of DEMAND and SPECIAL OUT Patching
(UFC Magnetic Tape Unit assumed for I/0 Unit #1)
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(3) Plugboard References to I/0 Tracks via I/0 WORD and
FIELD hubs

While an I/0O Unit is "on demand" the following occur
if an I/0 Track Address is specified by V, ADDRESS, V, ADDRESS or R ADDRESS
patching:

when the I/0 WORD (0-9) or FIELD (A-V) hub is

enabled, the highest-order stage of SAR is set to
O and the lowest-order stage of SAR is set to the
nunber or letier corresponding to the hub enabled;

the demand status of each I/0 Unit is tested; and

the I/0 Unit "on demand" then sends a signal to
SAR which sets the middle digit position of SAR to
the same number as that assigned to the I/0 Unit.

If a Storage reference to an I/O Track is to be defined via the Plugboard
Addressing System, therefore, the I/0 Unit associated with the 1/0 Track Address
desired must first be placed "on demand" (and be "on demand" when the I/0 WORL
0-9 or FIELD A-V hub is enabled).

{k) COMPUTER-I/O CONTROL LINE hubs (A-J)

The Computer-I/0 control lines (A-J) of each I/0 Unit
are all connected to the COMPUTER-I/O CONTROL LINE hubs (A-J). When an 1/0
Unit is placed "on demand" that and only that I/O Unit's Computer-I/0 control
lines will accept and receive signals {rom those hubs. The conmbination of
signals received defines an I/0 Instruction for the I/0 Unit "on demand".

The COMPUTER-I/O CONTROL LINE hubs (A-J) should never
be pulsed unless the particular I/0 Unit that is to receive the I/0 Imstruction
is "on demand" and ready. If they are pulsed when the desired I/0O Unit is not
"on demand" that 1/0 Unit cannot receive the I/0 Instruction. If they are
pulsed when a I/0 Unit "on demand" is not ready, the I/O Instruction received
is discarded. For this reason the DEMAND OUT and SPECIAL OUT signals are
usually used to send an I/0 Unit an I/0 Instruction via the COMPUTER-I/O CON-
TROL LINE hubs (A-J). When DEMAND OUT or SPECIAL OUT are produced by an I/0
Unit that I/0 Unit must be "on, demand" and ready.

(5) TRACK SWITCH hubs (0-9)

Each I/O Track 1s actually a pair of tracks: at any
given time,one track of the pair is used by the computer and the other track
of the pair is used by the I/O Unit assigned to that I/O Track Address. In
this way the computer and I/O Unit can time share data transmissions to and from
the same I/0 Track Address. When the TRACK SWITCH hub (0-9) associated with
an I/0 Unit is pulsed, the Track Switching circuitry in that I/O Unit's Demand
Station is operated: +the track connected to the computer is made available
to the I/0 Unit and what was formerly the I/O's Unit's track becomes the compu-
ter's track.
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An I/0 Unit need not be "on demand" or ready for
track switching to occur. Track Switch should not be programmed, however,
unless the I/O Unit associated with the I/O Tracks switched is ready. If Track
Switching is programmed when an I/0 Unit is not ready, the I/O Track may
(depending on why the I/O Unit is not ready) be switched while the I/0 Unit is
engaged in data transmission to and from its I/O track. The data on both I/0
Tracks will then be garbled.

m. Pulse Sources that Emit under Control of Internally-Stored
Program

BREAKPOINT 1 hub
BREAKPOINT 2 hub

BREAKPOINT 3 hub

SPECIAL CHARACTER OUT (Q-Y) hubs

The Sub-Instructions that cause these hubs to emit are discussed in Paragraphs
ITA1(3).
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n. ERROR hub Patching

For the following reasons the UFC Model 1 will produce
a slignal on the Program Control Plugboard, indicating an error condition-in
the system:

Parity Error (Central Computer)

Divide Overflow

Add-Subtract Overflow Arithmetic
RNormalize Overflow Errors
Arithmetic Check Error

General Storage Program Error

Parity Error: each character transmitted from one register or memory
location to another, whether this be a programmed storage
reference or an automatic reference carried out as part
of the execution of an instruction, is checked by various
parity-checking circuits. If any check detects an even
number of (binary) "1's" in any character transmitted:
computer operation stops, the PARITY ERRCR hubs on the
Program Control Plugboard emit, and the specific parity-
checking circuit which detected the error is indicated.

Arithmetic Errors:

Divide Overflow If improper V; and/or Vo shifts are programmed in an instruc-
tion which performs the Divide process, the number of
quotient digits that would be formed if the division were
performed would exceed 11 digits and sign. A guotient
greater than 11 digits and sign would exceed (or "overflow"),
the capacity of Register D. Hence, when improper vi
and/or Vo shifts are detected in a Divide process,
computer operation stops, the DIVIDE OVERFLOW hubs on the
Program Control Plugboard emit, and the "overflow" error
condition is indicated.

Add/Subtract If the number of digits in the result of an Add or Sub-

Overflow tract exceeds 11 (i.e., & "carry" past the highest-order
digit position of Registers C and D occurs), Computer
operation stops, the ADD/SUBTRACT OVERFLOW hubs on the
Program Control Plugboard emit, and the "overflow" error
is indicated. Note in this case that the "overflow" sum
(difference) is actually formed.

Normalize Over- IFf d_«ing a Left Normalize Process a V, operand equal to
flow zero¥*is detected, computer operation s ops, the NORMALIZE
OVERFLOW hub emits, and the "overflow" error is indicated.

Arithmetic Check Checks can be programmed for the following arithmetic
Error operations:

¥ See RULES FOR LEFT NORMALIZE INSTRUCTIONS, Paragraph IID
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Add
Subtract
Multiply, Store Lower
Multiply, Store Upper
- Divide, Store Quotient
Divide, Store Remainder

If the result of one of the above processes does not prove
when checked,computer operation stops, the ARITHMETIC
CHECK ERROR hubs on the Program Control Plugboard emit,
and the check error is lndicated.

General Storage Program Errors: The following programming errors are auto-

matically detected by the General Storage System when they
occur:

a -Zone: when any character with zone bits other than
00 is sent to any stage of GSAR

Inactive Drum Section: when a drum section 1s referred

to by a General Storage Address and no such
gsection exists in the system.

0dd Angular Address: when the two lower-order stages
of GSAR store a (two-digit) odd number.

Unit Record Identifiers All Ignores: If a channel
search operation is attempted with a Unit
Record Identifier which contains nothing but
Ignore Codes.

Since the above errors all cause a (pair of) hub(s) on the Program Control
Plugboard to emit |patchcord wiring of the error hubs can be used or not for
error recovery or error analysis, depending on what the error is, the nature
of the program, and whether recovery is desired or not in each case.

(1) Error hubs left unpatched

If the error hubs that emit are left unpatched, the computer hangs up. In the
case of all errors associated with the PARITY, OVERFLOW, and CHECK hubs,
computer operation stops immedlately. If a GS PROGRAM error occurs, the
computer hangs up on OED 3 of the next instruction. Operation cannot be
resumed until manual controls are operated.

(2) STEP REPEAT Patching

Step Repeat is a group of circuits which enable Central Com-
puter operation to continue even though certain machine errors have occurred.
Four STEP REPEAT hubs are provided. When s STEP REPEAT hub is patched from an
ERROR hub, the instruction during which the error occurred is automatically re-
peated when the ERROR hub emits. the PARITY and CHECK ERROR hubs are gen-
erally wired to a STEP REPEAT hub; this will insure automatic recovery from
all errors due to temporary or momentary machine failure. If the error per-
sists, computer operation should be stopped by pressing the STOP button.
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Note: For STEP REPEAT to be effective in those cases where a parity error
occurs storing R, the programmer must not use the same location as the source
of either or both operands and as the Destination for the result.

(3) STEP CLEAR

Step Clear 1s a group of cilrcuits which can be used to con-
tinue computer operation even though a programming error has been detected.
Step Clear does not allow the (main) computer program to continue, since this,
in general, 1s not practical if an error has been detected; however, it does
permit an auxiliasry plugboard sequence designed for pinpointing the cause of
an error to be initiated. This sequence, for example, might type out the
contents of certain registers and other memory locations to enable the pro-
grammer to find the instruction in which the error occurred.

The O'FLOW hubs can be patched to one of the STEP CLEAR hubs
to remove the instruction currently in Program Control, when those error hubs
emit; and the OUT hub of a Step Clear can be patched (directly or via variance
hubs) to the STEP IN of the first Program Step in an error-analysis plugboard
sequence. Wuen the ERROR hubs emlt, the error-analysis sequence is automati-
cally begun. Since programming errors require correction procedures involving
the operation of msnual controls, the error-analysis plugboard sequence will
usually terminate by pulsing a STOP hub. The GS PROGRAM error can also be
patched in this manner but the error analysis possible is frequently limited
because a relationship may be difficult to establish between the General
Storage operation during which the error occurred and the Program Step at
which the computer stopped operation?‘ Four sets of Step Clear hubs (IN and
OUT) are provided on the Program Control Plugboard.

In addition to the above error conditions which, when detected,
emit a pulse on the Program Contrecl Plugboard, provision is also made for
detecting each of the errors listed below. When each of these errors occur,
the computer hangs up and the attention of maintenance personnel is required.

Timing Pulse Distributor Error (if generation of system
timing pulses from High Speed Drum is faulty)

Parity Errors in General Storage Operations'(if all characters
transmitted during data transmissions in General
Storage operations are not parity correct)¥

Write Unit Record and Check Error (if the Unit Record that
should have been recorded was not )*

Unit Record Length Error (if a combination of Unit Record
Length and starting Angular Address are programmed
which would extend a General Storage operation into
a Channel's Search Control Location, or the locating
circuitry associated with angular addresses fails )*

* When an error occurs in General Storage operations, the particular error is
indicated on the General Storage Control Cabilnet, the General Storage opera-

tion terminates (or is not begun), and the computer stops operation on OED 3

of the next instruction.
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Demsnd Station (0-9) Errors: (if an error condition,
already set up in an I/0 Unit, is detected when
the I/0 Unit is placed "on demand".)*

0. Miscellaneous Hubs

(1) PROGRAM INDICATOR Lights (1-6)

There are six PROGRAM INDICATOR Lights (1-6) on both
the Program Control Cabinet #1 and on the Console. Each of these Program
INDICATOR Lights is illuminated by applying B + (via patchcord wiring) to the
corresponding INDICATOR (1-6) hub on the Program Control Plugboard. Current
can be applied to these hubs in a variety of ways; for example, by a combina-
tion of Selector Hold (B + ) and Alternate Switch patching; or, as is usually
the case, by patchcord wiring involving a combination of the Indicator Switch,
Selector Hold {B + ) and another Selector. In the former case, PROGRAM INDICA-
TCR Light patching can be used as a visual indication of which one of a number
of plugboard-defined programs, or discrete sub-programs, is being executed at
any particular time. In the latter case, the PROGRAM INDICATOR lights can be
used to indicate the sequential progress of a program.

(2) INDICATOR SWITCH

The Indicator Switch is fundamentally a pair of push-
button switches: one on the Program Control Cabinet #1l and one on the
Console. These pushbutton switches are both labeled CLEAR and are connected
in series, as shown in Figure II-10 below. Their connective wiring is simply
a bus which terminates on The Program Control Plugboard at the INDICATOR
SWITCH hubs.

INDICATOR SWITCH HUBS
(PROGRAM CONTROL PLUGBOARD)

CLEAR BUTTON CLEAR BUTTON
(PROGRAM CONTROL (CONSOLE)
CABINET# 1)

Figure II- L0 Indicator Switch

The Tndicator Switech is normally closed as shown in the above diagram. If
either CLEAR button is depressed, the Indicator Switch is opened as long as
the CLEAR button is being pressed, but will return to its closed state when
the CLEAR button is released. The CLEAR buttons thus funetion to temporarily
open the Indicator Switch.

¥ When an error occurs in an I/O Unit, the particular error is indicated on
the I/0 Unit, the I/O Unit operation stops, the I/O Unit's associated Demand
gtation (0-9) ERROR light on the Console is 1lit, and the error condition is
remembered in the I/O Uhit, When the I/O Unit is demanded, computer operation
stops immediately.
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A typical application of the use of an Indicator
Switeh in conjunction with the operation of the PROGRAM INDICATOR lights is
illustrated in Figure II-11 . In this example, PROGRAM INDICATOR light #2
is a visual display of those portions of the program wherein Selector #12 is
in its Select state.

The sequence of events that occur for the example
shown in Figure 1II-1ll is:

1. The IN hub of Program Select #2 is pulsed and
the OUT hub (B+ ) emits current. This current
is applied to the SELECTOR #12 PICKUP hub and
to the INDICATOR #2 hub. Selector #12 is thus
set to its Select side, and the PROGRAM INDICATOR
light #2 is 1illuminatéd to indicate this.

2. With Selector #12 in its Select state, Selector
Hold (B+ ) can then be applied to both the
SELECTOR #12 PICKUP hub (and Selector #12 will
remain in its Select state even though Program
Select #2 1s dropped out) and to the INDICATOR
#2 hub (keeping PROGRAM TNDICATOR #2 1lit.)

3. Selector #12 will then remain Select until one
of the CLEAR buttons associated with the Indica-
tor Switch is pressed or machine power is turned
off; i.e., until Selector Hold (B+ ) power is
removed. When Selector Hold (B+ ) power is
removed, Selector #12 immediately reverts to its
Non-Select state, and PROGRAM INDICATOR Light #2
is extinguished. To again 1lluminate PROGRAM
INDICATOR light #2, the IN hub of Program Select
#o© must receive another signal. The above se-
quence of events is then repeated.

(3) BUS hubs.

BUS hubs are used as facility hubs for wiring two or
more out hubs not requiring isolation to one or more destinations. Buses can
also be used to expand a pulse out, B+ out, or ground. Buses should never be
used to expand an enable out. Many sets are provided on the Program Control
Plugboard. Some are groups of 3 and U4 hubs; others are groups of 5 and 6 hubs.
These groups can be patched together to form larger groups.

L1 s
A 0 D (0 0 B

Figure II- 12 BUS hubs and buses
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(%) UNI-BUS hubs.

The UNI-BUS hubs are a set of five hubs tled to a
bus:; four IN hubs and an OUT hub.

BUS

@ ouTt HuB

Figure II-13. UNI-BUS hubs

The IN hubs are diode~protected to prevent back
circuits. These hubs are used where 2, 3, or 4 pulse sources are to be
patched to a common destination and each source also is to produce results
péculiar to its own ceccurrence. Fach pulse source is patched to a separate
bus. One BUS hub from each bus is patched to a UNI-RUS IN hub. (The other
BUS hubs of each bus are patched to achieve the results peculiar to each
pulse source.) The UNI~BUS OUT hub is patched to the common destination.
Eight sets of UNI-BUS hubs are provided.

(5) ouTr Expanders

The OUT EXPANDER hubs (one IN and two OUT hubs
connected intermally as shown below) are used where a single pulse source
is to be patched to several destinations and the pulse source must be’
amplified (and multiplied) to safely pulse all destinations.

* IN HUB

AMP AMP

* OUT HUBS *

Figure II- 14 OUT EXPANDER hubs

When the IN hub is pulsed, the OUT hubs emit (note that the OUT signals are
amplified.) Eight sets of OUT EXPANDER hubs are provided.
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(6) START hub

The START hub is a pulse-out hub that emits when the
START button is pressed after the MASTER CLEAR button is pressed. It is
patched to a STEP IN hub to begin a program from the plugboard. It is patched
to a NEXT INSTRUCTION hub (NI) to start internally stored progrems. If left
unpatched, no program is initiated when the MASTER CLEAR and START buttons are
pressed.

(7) STOP hubs

The STOP hub is & pulse-in hub which, when pulsed,
will stop computer operation on OED 3. If the pulse source pulsing the STOP
hub is also patched to a STEP IN hub, computer operation stops with Program
Control "conditioned" to resume operation from the plugboard when the START
button is pressed. (The first instruction executed when operation is resumed
is the Program Step whose STEP IN was pulsed as noted above.) If the pulse
source pulsing the STOP hub is not also patched to a STEP IN hub, computer
operation stops with the correct next Instruction Word set up in Program
Control. When the START button is pressed, the first instruction executed is
that Instruction Word. See Figure II-20, Page II-10k.

P. General Rules for Connecting Various Hubs on the Program
Control Plugboard by Patchcords

(1) General Information
There are, fundamentally, eight different types of hubs
on the Program Control Plugboard. (See Figures II-15 through II-18, Pages
II-90 through II-93.)

(2) Pulse In (green): These hubs receive a pulse

(b) Pulse Out (red): These hubs emit a pulse

(c) Enable In (yellow): These hubs receive an enable

(d) Enable Out (blue)*: These hubs emit an enable

(e) B+ In (brown): These hubs receive B+

(£f) B+ Oout (black): These hubs are B+ sources

(g) Ground Potentiasl (orange): These hubs are only
used to ground the coil circuits of Selectors.

(h) Multi-purpose hubs (not color coded). The hubs
discussed below do not have any signal requirement as such; i.e., they can be
used either for pulses, enables, ground, or B+ . They are not, therefore,

* The enable outs of a Program Step are shown in a combination blue-yellow
code to emphasize the facility of "chain wiring" available for use in con-
Junction with those hubs.
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color-coded in Figures II-15 through II-18 )
(1) BUS hubs
Plugboard buses have two general functions:

(a) they are the tie point for one or more
outs (sources) of the same type, each of which is to produce the same effect.

In this use of buses, the out hubs in-
volved are each patched to a separate BU3 hub, and another BUS hub of the set
is patched to the destination which is to be commonly defined by the outs.

(b) +they are a means of patching a pulse
out, B+ out, or ground hub to various destinations.

In this use of buses, the out hub is
patched to one BUS hub, and the various destinations to which the out is to be
routed are patched from the other BUS hubs. (When an out is patched in this
manner to two destinatioms, it is said to be "Y-wired" to those destinations).
Fnable outs must not be patched to more than one destination.

Note: 3-hub, 4-hub, 5-hub, and 6-hub buses are provided.
Larger groups can be formed by simply connecting a BUS hub from one bus to
that of another, etc. by patchcords, or "jumper" plugs.

(2) selector and Alternate Switch COMMON,
SELECT, and NON-SELECT hubs.

For bi-directional routing, the COMMON hub
is used as an in hub, and the SELECT and NON-SELECT hubs are used as out hubs,
one or the other of which emits, depending on how the Selector is set. For
"on-off" control, the SELECT and NON-SELECT hubs can be used as in hubs. In
this use only the COMMON 1s an out. An in at the SELECT hub will cause the
COMMON hub to emit only if the SELECTOR 1is in its Select state. Similarly an
in at the NON-SELECT hub will cause the COMMON to emit only 1f the Selector is
in its Non-Select state. Another "on-off" use of Selectors 1s to use the
COMMON as an in and only the SELECT or NON-SELECT as an out.

(2) Fundamental Plugboard Progremming Rules

1. Pulse outs (red) are patched only to pulse ins
(green). This can be done directly, or via buses, Selectors or Alternate
Switches.

2. Enable outs (blue) are patched only to enable ins
(yellow). This can be done directly, or via buses, Selectors or Alternate
Switches.

3. B+ outs (black) are patched only to B+ ins

(brown). This can be done directly, or via buses, Selectors or Alternate
Switches.
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Note: If a B+ out hub or an enable out hub is patched to

a pulse in or a ground potential hub, or if a B+ out hub is patched to an
enable in hub, serious harm is done to the computer circuitry.

Le A bus can tie together geparately either pulse outs,

or enable outs, or B+ outs, or ground supplies. Do not use the same bus for
(identical) outs unless each out is to produce the same effect. Keep in mind

that, if a bus is used to expand an out, all the results of the out from that
bus are produced each time (or as long as, in the case of B+ ) the out emits.
Fnable outs must not be expanded by a bus; i.e., do not patch an enable out to
two or more destinations. Whenever possible use "chain" wiring rather than
buses for enable outs specifying a common destination.

5. For each Selector (1-48) whose Select state is to
be used in & program, the corresponding SELECTOR GROUND (1-48) hub must be
patched to either a COMPUTER GROUND hub (this unconditionally grounds the
corresponding Selector's coll circuit), or to a DEMAND GROUND (0-9) hub (this
grounds the Selector's coil circult only when the associated I/0 Unit 0-9 is
"on demand"); and the corresponding SELECTOR PICKUP (1-48) hub wust be patched
(directly or via buses, Selectors, or Alternate Switches) from a B+ out.

6. Alternate Switches are not operated by the progranm.
Once an operator specifies the setting (Select or Non-Select) of an Alternate
Switch, that setting is maintained until the operator gives the Alternate
Switch an opposite setting.

T« Use of Uni-Buses

When two, three, or four pulse outs are to produce
a common result, but each must also produce one or more results peculiar to
itself:

patch each pulse out to a separate bus;

patch one hub from each bus to one of the four
UNI-BUS IN hubs;

patch the other hubs of each bus to the (pulse)
in hubs necessary to get the special results of
each pulse out; and

patch the UNI-BUS OUT hub to the pulse in hub
that is to be commonly signalled by the pulse
outs.

Notes Psuedo-Uni-buses (i.e., "Uni-buses' constructed
from a bus by employing all but one BUS hub as in
hubs and inserting diodes in the patchcords to these
"in" hubs) are not authorized. No guarantee can be
glven that programs using buses in this way will
run; and if incorrect diodes are used, serious harm
can be done to the computer circuitry.

I1-89



06-1I1

*GT-II oanBt4

preOQENTd ToXqUO) wexBoad Jo jusipend g1 xaddn

J 0 VUV £ =

3

=

- o T

o o a o

Q

@ PULSE IN ® PULSE OUT ® B+ IN ® B+ OUT © GROUND POTENTIAL
| 2 3 45 6 7 8 9 101l 121314 151617 1819 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34
DEMAND TEST IN BUSES|START| STEP BUSES CONDITION BUSES S [ NS S C NS
' EE T ERNEXENXENX] o |®s0 I I [ 016 0|06 O
o | 2 3 4 5 6 T 8 9 IN OuT !
M N EN NKENNNKI] 9520 ® 020 0O|0O“0 ©
NOT READY COMPARE 2 | DEL_ DO
-9 90 9090 090 0 ¢ 29 gtmtormz 1K) 00 O |CsC ©
READY HEILIE: 3 3 15
9 000 0000 0°O 0«9 o e .!% ObO O|0ObO O
° DEMAND _IN . - — 4 | DEL_ OO
20099090909 o9 “II ° 020 0J0z0 ©
9 0 0090 000 0O L L) °Q° e ° O0bO O|0bO ©
T T T T "DEMAND OUT - 3 6 | DEL DO
AN E AN ENENEENES 79 stzigr I @ O0a0O 0|0a0 O
SPECIAL OUT wlz|lw v 5 17
0529 = @ ObO O|0ObO O
TRACK SWITCH o 8
PP 339 S OGPOO 5°9 gItfgIT ¢ 0c0 0'000 ©
o] I 2 3 4 5 6 7 8 S = g 3 9 '3
0 00 O0OGOGOCOO L 1N ) = & ° ObO O20LO ©
6 w I8
©Seccccsccee o0 armtaxgr o 0cO 0E0cO O
e 2 8
‘9 0 00 O osolo:o:o 0:2@ 50 0 0° sQ 0d0 O|odo ©
x|2|Z
@ ® oooo&ﬁo:o.o{o 030 ® o0 0:e: 070 O|0®0 O
IN + - l<]
‘@ ® e 00 o0 00l 00 ® o:0 o30iefe o 0s0 0020 O
——l—-z—1-= 14
°Q® ® 00|00 0 0550 ® 06:0 © ] o 0adO O0|0s0 O
COMP-TO-1/0 » l ~ I5 9 21
00 0 00 o ,o;o:o { 2 ) i ® ©0:0 © ° ObO O|0ObO ©
L =z 16
o ®® 00 o000 ( 24 ® 050 o 0l @ Oa0 0|0c0 O
LINE —— g -t BRANCH 17 10 22
‘00 ©0 O Eo:o“tolc ( I ® 050 © [ ) Ob0 O|0ObO O
» 18
oo e oo oiecele o0 ®© 00096 030 0|0a0 O
1] 23
o0 00 © 023:?:9{? ®7e ® 0:0 O ® ObO O|0ObO O
wﬁoooooo.ooiiioﬂoiitosoe [ iiot:ooo‘:oo
1/0 — TO — COMP NEXT 21
erecaitc0 el @ @a @ @ ane e 2o @ e ob0o olobo O
CONTROL LINE INSTRUCTION 22 12 24
0h® i® 0kO 10| ® ©® © © ®7:@ ® 00 © ® 0cO 0|0cO ©
BREAK POINT N out 23
(I o7+ 0 ® 020 © ® 040 0|0d0 O
[ 2 3 STOP BUSES STEP BUSES 24 BUSES S C NS S o] NS




£ X

*QT-II om3Td

«c X rFr 2 0 voO 13w 4 c <

PIBOQENTI TOI3UO) WBIBOIJ JO JUBIPBND 1J9T JIIMOT
» O O O M T O T

16-I1

IN OuT m: ouT N Lour BUSES STEP | BUSES CS EQUAL BusEs |s ¢ Ns|s ¢ ns
e 00000 00 0l e I I o o:0/ @ 0250 O |00 O
g | IN OouT 25 IN B+| 25
ie0:0/0/ 020 |0 020 00 o0 ol e oo 0260 O | 0380 O
° | I €S UNEGUAL 26| DELDO; 26
2930 .|.3. ® 0:0 0|0 [ 2d ) I ¢ 000 @ Qa0 O0|0ad0 O
= | 27| IN B+| 27 27 39
o:0-0l 0:0|0® ©0:0 0'0 07:@ o ® ObO O|ObPO O
STEP |2 | I €S PROBE 28] DEL DO | 28
) .§.|.5‘ ® 050 © |0 7@ o 0 o ¢ ® 00| @ Qa0 O |0Qa0 O
REPEAT|3S UNI- BUSE . ACTIVE 29[ IN B+| 29 28 40
9 QFQ|.5. ® 050 0'9 @s0@ L o o ® 00 ObO O|OPO O
PAR ERROR|3 | | 30| DELDO| 30
e6°0 0700 00 00 o0 ®© o0 o 0 0 000 030 0[0a0 O
~OFLOW 3| N B+| 3 29 al
o9 0 0:0/0 0:0 0|0 ©:29 ® 0-0 © IR I ObO O|ObO O
SH+-0'FLow COR PULSE 32| DEL 00| 32
L e )t ° 0|0. '@ 2@ 3@ +@ 030 ® ec0 © e 030 o 0a0O 01040 O
“ N oFLowlo Cs proge (2] [233[.IN B+3 .
z0—0|Z0 . 015.6. 7@ 8@ @ 0s:9 EL B I S ObO OL20ObPO O
& CHECK [ FUNCTION DELAY _ B WA 2] |234|40EL D0 534 30 w a2
“o—o ‘9 © 00 © @ 0559 o 0+-0 ¢°0°0°01: 0|, 0OcO O030cO0 O
6S PROG| 2 LIN2 OUT| | IN2 ouT & [g35(z!N Bt jwss o
e ‘0 © 00 0 © ®::@ ® 0-06 05000 92 0d0 0|0d0 O
ERROR ¢ 5 |7 FUNCTION SEQUENCE | [936[20EL DO 36
9%0|'® © 020 0 © 0:7@ ® 0°0 030202000 030 0040 O
94la IN PROBEOUT] IN PROBE OUT sPECIAL | | 37| IN B+ | 37
$0:0/|:0 © 00 © © 0@ @ R® @ @ ® O ] 0320 O (040 O
“s|* A B8 C D E F CHARACTER| © 38| DEL DO} 38
a®NsO O O O O O 93°9 o Ve VO| @ @ 00| @ 0a0 0|0a0 O
6l¥ ALTERNATE ouT 1 39| IN B+| 39 33 45
o cO O OO0 OO0 @209 v @ Y0| @ ® o ® ObO O|OPO O
SWITCH 2 40| DEL DO | 40
sO O O OO0 O 00 ) o O0aO O|0aO0 O
a3 41 4| 34 46
[ = E o @ ObO O|(ObO O
g4 42| CLEAR| 42
039 °® @ [ ] Qa0 O|0a0O O
25 43 43 35 47
[ B g‘ @ @ ObO O|ObO O
Wb | 44 44
@50 @ o o 0ecO O|0a0 O
7 a5 45
@:9® [ @ () ObO O|0b0O O
8 46 46 48
070 o @ ] OCO O0[{0c0O O
IN  oUT 9 47 47
@59 2@ L 0do 0|0dO O
STEP BUSES s ; 48 BUSES 48 BUSES S C NS S C NS
I 2 3 5 6 7 8 910 il 1213 1415 16 I7 18 1920 21 22 23 2425 26 27 28 29 30 3| 32 33 34
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The combination purple-black hubs are connected by a switch-controlled bus; either can function as an in
and the other as out for B+,
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Figure II-17.

Upper Right Quadrant of Program Control Plugboard
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Figure II-18. Lower Right Quadrant of Program Control Plugboard

The combination blue-yellow hubs are actually bused enable out hubs; they are shown in combination color

code because these hubs can be "chain wired".



(3) Predicted Relationships for Pulse Qut-Pulse In, Enable
Out-Enable In, and B+ Out-B+ In Patching

(a) Pulse Out-Pulse In Patching

In Table II-13 Page II-95, each type of pulse out
hub is listed alphabetically on the left with the number of "drive units" its
associated pulse source produces. Each type of pulse in hub is listed on the
right with the number of "drive units" its associated circuitry requires to
produce the effect specified by pulsing that pulse in hub. The pulse in hubs
are also arranged alphabetically. HNote that several pulse in hubs reguire 2
or 3 "drive units". The basic rule for pulse out-pulse in patching is that
the number of "drive units" used by the pulse in hubs to which a pulse out is
patched must be less than, or equal to, the "drive units" produced by the
pulse source associated with the pulse out. Out Expanders must be used if the
number of "drive units" required to perform certain functions by a pulse out
exceeds the "drive unit" production of the pulse out's source. Note that each
Out Expasnder reguires two "drive units". Uni-bus INS do not require any
"drive units". A Uni-bus is merely an isolating device.

, A pulse out can be routed through up to 10 Se-
lector contacts and still produce the "drive units" listed.

Any number of Decision-Making Devices for Pulses
that receive a pulse and generate a pulse of themselves can be used in
sequence, provided the basic rule of pulse out-pulse in patching is cobserved.

No more than 10 pulse outs should be patched to
the same pulse in.

(b) Enable Out-Enable In Patching

Enable outs can be routed through any number of
Selector contacts.

The same enable out must never be patched to two
enable ins.

No 1limit is anticipated on the number of enable
outs that can be patched to an enable in.

(c) B+ Out-B+ In Patching

B+ can be used to pull all 48 Selectors if
necessary.

B+ can be routed through any number of Selectors
or bused in any manner, as required.

II-9k4



"Pulse Drives"

Table II-13.
PULSE OUT HUBS "DRIVE UNITS"
EACH PRCDUCES
+/ — OVERFLOW 10
Branch ours (+,-—,0) 5 (each)
BREAKPOINT (1, 2, 3) 10 (each)
¢S Probe 0OUTS (ACTIVE, +, —,0) 5 (each)
CS Probe & Wait OUTS (+, —,0) 5 (each)
CHECK ERROR 10
CDR PULSE OUTS (0-9) 5 (each)
DEMAND OUT 5
-~ OVERFLOW 10
Function Delay OUT 10
Function Sequence OUT 10
GS PROGRAM ERROR 10
N OVERFLOW 10
NOT READY 5
Out Expander OUTS 10 (each)
PARITY ERROR 10
Program Select DELAYED OUT 10
READY 5
SPECTAL CHARACTER OUTS (Q-Y) 5 (each)
SPECIAL OUT 5
START 10
Step Clear OUT 10
STEF OUT 5
W, X, Y, 2 ours (YES, NO) 5 (each)

PULSE IN HUBS “DRIVE UNITS"
EACH REQUIRES
Branch IN 3
Ccs = 1
cs 1
CS Probe IN 2
CS Probe & Wait IN 1
CLEAR BTB TO IGNORES 1
CLEAR @SB TO IGNORES 1
CDR PULSE IN 1
COMPUTER - I/0 CONTROL LINES 1 (each)
(A-J)
CONDITION COMPARE 1
DEMAND IN 1
DEMAND TEST IN 1
Function Delay INS (1, 2) 1 {(each)
Function Seguence INS 1 (each)
(SET, PROBE)
NI 1
Out Expander IN 2
Program Sclect IN 3
Program Select DROP OUT 1
(Program Selects') CLEAR 2
READ UR 1
Step Clear IN 1
STEP IN 2
STEP REPEAT 1
STOP 3
TRACK SWITCH 1
WRITE UR 1
WRITE UR & CHECK 1
2 (each)

W, X, Y, 2 INS

TT7-98




2. Interpretation, Execution, and Sequencing of ?rogram Steps.

Table II-14 Page 1I-98 outlines the manner in which Program
Steps are interpreted, executed, and seguenced. Note the following principal
differences between the interpretation, execution, and sequencing of Program
Steps and that of Instruction Words:

When a Program Step's STEP IN hub is pulsed, that Program Step

is "acquired"; an enable identifying that Program Step's process .
is supplied to PCT; and that program Step's location 51-98 is

set up in PR. Program Control can thus "remember" which Program
Step is being executed and as OED advances can supply the enable
outs and STEP QUT signal for that particular Program Step. PAK
and IRVa are, therefore, not used to acquire the next Program
Step as the current Progrem Step is executed; and PAK does not
sequence plugboard-defined programs. Plugboard-defined programs
are sequenced by STEP OUT-STEP IN patching.

Addresses and shifts can be defined either by enabling a hub on
the plugboard which will set SAR or SK; or one of the U, V, and
W,,ADDRESS and SHIFT hubs can be involved, in which case IRVe
and SRV send SAR and SK, respectively, the required address and
shift. IRVc and SRV can therefore be used, as required, in Pro-
gram Steps. When used their operation is the same as when used
during the execution of Imstruction Words.

OED will carry out the same basic cycle (3-11) for a process
specified by a Program Step as it does when that process is specified by an
Instruction Word. This can be verified by examining the OED cycle for the
different processes defined by a Program Step given in Paragraph IID.

TAC and SK perform the same function during the execution of a
Program Step as during the execution of an Instruction Word; and the functions
of SAR are also the same with the following exceptions:

SAR, is not used for storing "abc" or "xxx" in I/0 Control operations
ags in the execution of Imstruction Words; and

the middle digit for an I/0 Track Address must be formed in
SAR by placing the I/0 Unit associated with the I/0 Track to
be referred to "on demand", prior to enabling an I/0 WORD
(0-9) or FIELD (A-V) hub in a Program Step.

PCT operates in much the same fashion also, and controls the
times at which the basic hubs of the Program Step emit.

TT-96



C. COMBINATION INTERNALLY-STORED/PLUGBOARD DEFTNED PROGRAMS.

1. Initial Starts:

When the MASTER CLEAR button is pressed, OED is set to 12. When
the START button is then pressed, the START hub emits, a wait is generated, OED
is set to 13, and a computer program can begin. Whether the program starts
internally or on the plugboard depends on how the START hub is patched:

START-NI patching: program begins internally; when the NI hub
is pulsed, the wait is removed, and the
next Advance OED signal will set OED to O.
(The first instruction executed is the
Instruction Word stored at the location
specified by the initial setting of PAK.)
OED then cycles 0-13 as the first Instruc-
tion Word is executed;

START-STEP IN patching: program begins on the plugboard; when the
STEP IN hub is pulsed, the walt is removed,
and OED is set to 3. (The first instruc-
tion executed is the Program Step whose
STEP IN hub is pulsed.) OED cycles 3-12
as the Program Step is executed.

If the START hub is not patched, the program does not begin.

2. Start after a Programmed or Manual Stop:

When a programmed or manual stop occurs the computer always sets
up the next instruction in Program Control before actually stopping. When the
‘START button is subsequently pushed, operation can be resumed from the point
vhere the computer left off. (If the MASTER CLEAR button is pressed and then
the START button is pressed, the START hub emits and operation is resumed in
the same manner as described above for an Initial Start.)

3. Transfer from Internally-Stored Program to Plugboard-Defined
Program (gee Figure II-19, Page II-100)

There are three ways in which an internally-stored program is auto
matically interrupted and a plugboard-defined sequence or program begun:

Execution of a Transcop Instruction Word;

A combination of the emission of the Breakpoint 1, 2, or 3 hubs,
and BREAKPOINT 1, 2, or 3 to STEP IN patching; and

A combination of the detection of an error condition and the
following patching: ERROR hub to STEP CLEAR IN, and STEP CLEAR
OUT to STEP IN.

Transcop and Breakpoint 'are usually used to initiate the plugboard portions of
a normally~running program. Error hub patching is usually used to initiate an
error analysis sub-routine should some error occur in the program.

I1-9
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STEP IN When a Program Step's STEP IN hub is pulsed, the Plugboard
Step Number (51-98) of that Program Step is set up in PR,
the Program Step's process is determined, an enable identi-
fying that process is supplied to PCT, and OFD is set to 3.

OED PRINCIPAL EVENTS EXPLANATION
V, ADDRESS —> SAR
or Place address of Vi in SAR
U, V, or W of IRVc — SAR
3%
V, SHIFT—>SK
or Place shift for V, in SK
U, V, or W of SRV—>5K
L Load Vi Obtain V; and place it in RA
V2 ADDRESS —> SAR
or Place address of V, in SAR
5% U, v, or W of TRVe—> SAR
Shift Vp Shift Vi in RA
Load V2 Obtain V2 and place it in RB
V2 SHIFT —»SK
&% or Place shift for V, in SK
U, V, or W of SRV—SK
(Advance PAK, PAK—>SAR) Set up address for next IW in SAR
TEE o — o m m m m — e e e - — - —
Shift V2 Shift V2 in RB
(Load IRVn) Acquire next IW
% | R SHIFT—>SK
8 xx or Place shift for R in SK
U, V, or W of SRV— SK
Initiate Process Carry out process (and check in Addition
and Subtraction)
| R ADDRESS —» SAR
or Place address for R in SAR
o* U, V, or W of TRVe—>SAR
Shift R Shift R in register from which R is
stored
10 Store R Store the result
11 Check Check (Multiplication & Division)
12%%%| STEP QUT STEP QUT hub emits

1I1-98

Table II-l4. Typlcal OED Cycle for a Program Step




FXX

If the ADDRESS and SHIFT hubs are patched to U, V, W ADDRESS end U, V, W
SHIFT hubs respectively, the section-of IRVc/SRV (U, W, or W) correspond-
ing to ‘the U, V, or W hub gets shifted into SAR/SK. If the ADDRESS and
SHIFT hubs are patched to any other hubs in the Flugboard Addressing
System or to any other shift-defining hubs, those hubs will set SAR/SK
when enabled.

The operations in parenthesis in these QED steps are performed only if
this Program Step is the first in a Transcop sequence. See Paragraph IIC.

The Advance OED pulse which -causes the STEP OUT hub to emit actually sets
OED to 13, and generates a wait. If STEP OUT-STEP IN patching is employed,
the wailt is removed, and OED is set to 3 when the STEP IN hub receives a
pulse, If STEP OUT-NI patching is employed, the wait is removed when the
NI hub is pulsed, but OED is left at 13. The next Advance.QOED signal

will set OED to O or 2, and iInitiate or resume the internally-stored
program. If the STEP OUT hub is left unpatched, the computer hangs up
with OED set to 13.
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Figure II+19. Manner in Which Instruction Words Terminate and
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a. Via Transcop' Instruction Words. (See also Paragraph IID,
' Transcop Instruction Word)

When Program Control executes a Transcop Instruction Word, PR
is loaded on OFD 2 with a TC code, i.e., with a Plugboard Step Number (51-98)
and OED is set to 3. When Program Control finds a TC code in the Process
Register at OED 3 time, it interrupts the internally-stored program and begins
execution of the Program Step at the Plugboard Step numerically equal to TC.
A sequence of Program Steps called a Transcop sequence is then executed.

During the first Program Step of every Transcop Sequence, PAK
is advanced and the next Tnstruction Word isg obtained as that first Program
Step is executed. Subsequent Program Steps do not advance PAK or acquire any
further Instruction Words. If the internally stored program is to be resumed
after the Transcop sequence is completed, the STEP OUT of the last Program Step
in the sequence is patched to one of the NI (NEXT INSTRUCTION) hubs. When that
STEP OUT hub emits, OED is set to 13, and a wait is generated. It is not then
reset to 3 since no STEP IN is pulsed., When the NI hub is pulsed, the wait is
removed, end the Transcop Instruction Word's Sub-Instruction(s) is (or are)
initiated. The setting given OED (O or 2) by the next Advance OED signal
depends on whether PAK was addressed as a Destination or not during the Trans-
cop Sequence: (See Figure II-20 , Page IT-104)

(1) If PAK was not addressed as a Destimtion by any Program
Step in the Transcop sequence, OED is set to 2 by the next Advance OED signal
and Program Control will immediately begin executing the next Instruction Word
(This Instruction Word is in IRVn since it was obtained as the first Program
Step of the Transcop sequence was executed.)

(2) If PAK was addressed as a Destination in any Program
Step in the Transcop sequence, Program Control will detect this on OED 13 and
know that it does not have the correct next Instruction Word in IRVn. Accord-
ingly, OED will then be set to O by the next Advance OED signal, and Program
Control will first acquire the correct next Instruction Word (i.e., acquire
the Instruction Word whose location is specified by the contents of PAK at the
conclusion of the Transcop sequence) and then execute that Instruction Word.

b. Via Breakpoint

If an Instruction Word is executed that contains a Breakpoint
Special Character and the BREAKPOINT SELECTOR is set so as to allow that Break-
point signal to be produced on the Program Control Plugboard, the next operation
in the program depends on how the BREAKPOINT hub that emits is patched. (See
Figure II-19 Page II-100}-

(1) BREAKPOINT hub that emits is patched to a STEP IN hub:

The execution of the internally-stored program is inter-
rupted cn OED 13 of the Instruction Word containing the Breakpoint Special
Character. OED is set to 3 when the STEP IN hub is pulsed, and Program Step
sequencing begins.

No Program Step of a Breakpoint sequence advances PAK or
vbtains the next Instruction Word, as in the case of Transcop plugboard sequences
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Unless the Instruction Word containing Breakpoint
addressed PAK as a Destination, IRVn was loaded with the correct next In-
struction Word during the execution of that instruction.

If the internslly-stored program is to be subsequently
resumed after a Breakpolnt plughoard sequence, the STEP OUT hub of the last
Program Step 1s wired to an NI hub. When that STEP OUT hub emits, OED is set
to 13, and a walt is generated. It is not then reset to 3, since no STEP IN
hub is pulsed. When the NI hub is pulsed, the wait is removed. If the correct
next Instruction Word was loaded into IRVn during the execution of the In-
struction Word initiating the Breakpoint Sequence, OED will be set to 2 by the
next Advance OED signal, and Program Control will take that Instruetion Word as
the next instruction, unless any Program Step in the Breakpoint plugboard
sequence addressed PAK as a Destinatlon.

If PAK was sent dats either by the Imstruction word in-
itiating Breskpoint or by any Program Step in the Breakpoint sequence, OED will
be advanced from 13 to O by the first Advance OED signal to occur after the NI
hub is pulsed. Program Control will thus first obtain the correct next In-
struction Word from the address specified by the contents of PAK at the con-
clusion of the Breakpoint plugboard sequence before resuming the internally-
stored program.

(2) BREAKPOINT hub that emits is patched to a STOP hub.

When Breakpoint is used in this manner, OED advances
from 13 to O or to 2 depending on whether the Instruction Word initiating the
Breakpoint addressed PAK as a Destination or not, respectively. In eny event,
the next Imstruction Word is set up 1n Program Control and Central Computer
operations stop with OED set to 3. Operation capn be resumed from that point in
the intermally-stored program by pressing the START button.

(3) BREAKPOINT hub that emits is patched to an NI hub.

No interruption of the internally-stored program takes
place. After the NI hub is pulsed, the next Advance OED slgnal sets OED to
either O or 2 depending on whether PAK was addressed as a Destination or not,
respectively, by the Instructlion Word imltiating Breakpoint. The execution of
the next Instruction Word then proceeds as if no Breakpoint were initiated.

¢. Via ERROR-STEP CLEAR Patching

As noted in Paragraph IIBln above, a sequence of instructions
designed to analyze the cause of an error can be initiated when certain errors
oceur, provided appropriate ERROR-STEP CLEAR patching 1s employed. When error
analysls -sequences are inltiated, Program Control always starts these sequences
from the plugboard as follows:

When an error condition 1s detected, the corresponding ERROR
hub emits and the STEP CLEAR IN hub is pulsed. This clears Program Control of
the current instruction. If the STEP CLEAR OUT is patched to a STEP IN, the
Program Step whose STEP IN hub is pulsed, is initlated. The subsequent error-
analysis sub-routine can involve merely a sequence of Program Steps or it can
employ sub-routines in the internally-stored program. In the latter case, of
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course, an NI hub must be pulsed to begin the internally-stored portion of the
error-analysis routine. ‘

k. Transfer from Plugboard-Defined Programs to the Internally-Stored
Program

Program Control interrupts plugboard-defined programs and begins
execution of internally-stored programs when one of the NI (NEXT INSTRUCTION)
hubs on the Program Control Plugboard is pulsed. In every case where an NI hub
is pulsed, OED is thereafter set to either O or 2 and the internally-stored
program begun. Transfer to the internally-stored program from each of the
following plugboard sequences is illustrated in Figure II- 20, Page IT-10k:

Initial Start sequence
Transcop sequence
Breakpoint sequence

The manner in which the internally-stored program resumes after Transcop and
Breakpoint sequences was discussed above. The manner in which internally-
stored programs begln when the program starts on the plugboard is discussed in
the next paragraph.

When a program begins on the Progrem Control Plugboard (i.e., the
START hub is patched to a STEP IN hub) the first instruction executed is a
Program Step and the plugboard sequence initiated is called an Initial Start
sequence. In such programs, & switch to the internally-stored portion of the
program is accomplished in the usual way; i.e., by appropriately pulsing an NI
hub. If PAK was not referred to as & Destination in any Program Step, the
initial setting of PAK is used as the address of the first instruction Word; if
PAK was addressed as a Destination by any Program Step, the new setting, rather
than the original setting of PAK 1s used. In short, when the internally-stored
program is begun after an Initial Start Plugboard sequence, the contents of PAK
at the time the NI hub is pulsed specifies the address of the Instruction Word
which is to be executed first in the program.

As 1llustrated in Figure II-20Program Control can also be trans-
ferred to the internally-stored program by direct STEP OUT-STOP patching. In
this case, of course, the internally-stored program cannot be resumed (or
started) until the START button is pressed.

D. DETAILED ANALYSIS OF EACH COMPUTER INSTRUCTION

The remaining pages in this section describe the basic repetory of
instructions in the UFC Model 1 Central Computer.

Instruction Words not duplicated as instructions on the plugboard
are presented first. Computer Instructions that can be defined either by an
Instruction Word or a Program Step are then discussed. The description of each
instruction includes an explanstion of the instruction, a listing of the basic
rules that must be observed in using the instruction in a program, and en OED
cycle that outlines the principal events that are carried out in executing the
instruction. The time required for the execution of each instruction is listed
in the OED ecycle for that instruction.
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Figure II-20.
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JUMP ON NEGATIVE

JIN
(15)

SEQUENCE OF EVENTS

DEFINING PROGRAMMED
QUANTITIES TN THE
INSTRUCTION WORD

Examine Conditional Storage for MINUS:

If Conditional Storage is MINUS:

transfer the

PR = 15

three characters that
form the U=-section of
this Imstruction WOrd-—j

L——to the W-section of the
Word Locatlion¥ specified

by the

then, transfer the

V-section of this
Instruction Word;

W-section of this
Instruction WOrd-————-—j

L-—to PAK, and use the
(modified) contents of
PAK as the address of the
next instruction.

of this Instruction Word
and take the next Instruction

by the (unaltered) contents
of PAK.

If Conditional Storage is not MINUS:
Ignore the U, V, and W-sections

Word from the locatlon specified

with

Initiate Sub-Instruction(s) in accordsnce

¥See Jump Instruction Rules.

II-105



JUMP ON PLUS

Jp
(17)

SEQUENCE OF EVENTS

DEFINING PROGRAMMED
QUANTITIES IN THE
INSTRUCTION WORD

Examine Conditional Storage for PLUS:

If Conditional Storage is PLUS:
transfer the

PR = 17

three characters that
form the U-section of
this Instruction WDrdr—q

L——to the W-section of the
Word. Location¥ specified
by the

V-section of this

then, transfer the

Instruction Word;

W-gsection of this

Instruction Wbrdr——————j

L——to PAK, and use the
(modified) contents of
PAK as the address of
the next instruction.

If Conditional Storage is not PLUS:
Ignore the U, V, and W
sections of this Instruction
Word and take the next
Instruction Word from the
location specified by the
(unaltered) contents of PAK.

Initiate Sub-Instruction(s) in accordance

with

*¥See Jump Instruction Rules,
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JUMP ON ZERO
Jz
(19)

SEQUENCE OF EVENTS

DEFINING PROGRAMMED
QUANTITIES IN THE
INSTRUCTION WORD

Fxamine Conditional Storage for ZERO:
If Conditional Storage is ZERO:

transfer the

PR = 19

three characters that
form the U-section of
this Instruction Word—-1

L———to the W-section of the Word

Location* specified by the

then transfer the

V-section of this
Instruction Word;

W-gection of this
Instruction Word—
. ]

[ to PAK, and use the (modified)
contents of PAK as the
address of the next Instruc~
tion Word.

If Conditional Storage 1s not ZERO:
Ignore the U, V, and W-sections
of this Instruction Word,
and take the next Instruction
Word from the location specified
by the (unaltered) contents
of PAK

Initiate Sub-Instruction(s) in accordance

With

¥ See Jump Instruction Rules,
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UNCONDITIONAL JUMP
uJ
(b1)

SEQUENCE OF EVENTS

DEFINING PROGRAMMED
QUANTITIES IN THE
INSTRUCTION WORD

Modify the contents of PAK and cause
a jump to occur as follows:

Transfer the

PR = 41

three characters
that form the
U-section of this
Instruction Word———j

L——to the W-section of the
Word Locatlion* specified

by the

then, transfer the

V-gsection of this
Instruction Word;

three characters
that form the
W-section of this
Instruction WDrd———j

L——to PAK, and take the next
Ingtruction Word from the
location specified by the
medified contents of PAK.

Tnitiate Sub-Instruction(s) in

accordance with

¥*See Jump Instruction Rules.
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1.

RULES FOR JUMP INSTRUCTION WORDS

Permigsible Destinations for U:

a). V= any Word Location in GSB or BTB

TIMING for U—-V

(milliseconds)
Minimum Average Mastimum
«252 183 ST1h

b). V= any Word Location on I/O, FS, or IS Tracks

TIMING for U—V

(milliseconds)
Minimum Average Maximum
.252 2.751 5.250

c). V = Register C : U~V = .042 milliseconds

Notes: If any but the above locations are specified by V, the computer
hangs up.

V = RC is used when it is desirable to jump but it 1s not
necegssary to condition the program to return to any particular
point.

The Conditionsl Jump Instruction Words (JN, JP, JZ) merely test the status
of Conditional Storage at the time the IW is executed; i.e., their normal
use requires that Conditlonal Storage be previously set by a Set Con-
ditional Storage Sub-Instruction.

A MASTER CLEAR sets Conditional Storage to ZERO. Each Set Conditional
Storage Sub~Instruction will set Conditional Storage to the current
setting of Branch Storage. If no Set Conditional Storage Sub-Instruction
is executed prior to a Conditional Jump, therefore, the ZERO setting of
Conditional Storage (from MASTER CLEAR) will be found.

If V is the address of the location from which the Jump Instruction is

obtained, the Jump Instruction modifies itself in storage but not in
IRVe as it is being executed.
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OED CYCLE FOR CONDITIONAL JUMPS

(Instruction Words)

Set OED (See Page II -100)

TIMING
OED PRINCIPAL EVENTS (milliseconds)
Minimum | Average | Maximum
*0 PAK—>SAR .210 bl 672
*1 Load IRVn See Page II-229
2 Switch IRV's
From OP of IRVe: .210 b 672
15, 17, or 19->FR
value of 5>5R
EXAMINE CONDITIONAL STORAGE: if PR = 15, test for Negative
if PR = 17, test for Plus
if PR = 19, test for Zero
3 Condition Tested is Found: JUMP
U of IRVe->RC .588 .819 1.050
4 .Oh2
Inhibit PAK Advance
on OED 7T
5 .210 Jl1 672
W of IRVe->PAK
6 0h2
7 PAK->SAR .210 AL 672
8 Load IRVn See Page I1II-229
9 | V of IRVe->SAR .210 Ll 672
Store (U) the See "Permissible Destina-
lower-order three tions", under Rules for
10 characters in RC at the Jump Instruction Words.
location specified by V
11 .042
12 .02
Initiate Sub-
Instruction(s)
13 Clear SRV .0h2

¥Omitted if this IW is already in IRVn.
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Condition Tested is not found: NO JUMP
3 | Set OED to 7 .0k2
7 g“:}‘zﬂ;‘gzﬁm .210 Ak | 672
8 Load IRVn See Page II-229
9 .0h2
10 .0h2
11 .0h2
12 .02
Initiate Sub-
Instruction(s)
13 Clear SRV .02

Set OED (See Page II-100)
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OED CYCLE FOR UNCONDITIONAL JUMP
(Instruction Word)

TIMING
OED PRINCIPAL EVENTS (milliseconds)
Minimum Average Maximum
*0 PAK—>SAR «210 A 672
#1 Load IRVn See Page I1I-229
Switch IRV!'s
2 From OP of IRVe: 210 A 672
41—>PR
value of S—=>SR
4 .042
Inhibit PAK Advance on OED 7
5 «210 VA 672
W of IRVe —=PAK
6 042
7 PAK—>SAR 210 o441 672
8 Load IRVn See Page IT-229
9 V of IRVe—SAR 0210 0441 0672
Store (U) the lower-order See "Permissible Destinations".
10 three characters in RC under Rules for Jump Instruction
at location specified by V Words.,
11 o042
12 «042
Initiate Sub-Instruction(s)
13 Clear SRV o042

Set OED (See Page II-100)

¥ Omitted if this IW is already in IRVn
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CHANNEL SEARCH PROBE
SP
(27)

| DEFINING PROGRAMMED
SEQUENCE OF EVENTS QUANTITIES IN THE
INSTRUCTION WORD

Test to see 1f a previously initiated PR = 27
Channel Search operation is completed
or not:

If the previously initiated search
is not completed, take the next

Instruction Word from the location
specified by the U-gection of this
Instruction Word

If the previously initiated search
operation is completed, examine
Channel Search Storage:

if Channel Search Storage
is set to MINUS, take the
next instruction from the
location.specified by the V-gection of this
Instruction Word.

if Channel Search Storage
is set to ZERO, take the
next instruction from the
location specified by the W-gection of this
Instruction Word

if Channel Search Storage
is set to PLUS, take the
pext instruction from the
location specified by the
contents of PAK, and ignore
the U, V, W-sectlons. of
this Instruction Word.

Initiate Sub-Instruction(s) in
'éccordance with s

This IW merely tests the status of Channel Search Storage; i.e., it assumes
that a Channel Search operation has been previously initiated. If no Channel
Search operation has been previously initiated, Channel Search Storage will be
in a "cleared" (no setting) condition and the computer will hang up. If no
Channel Search operation has been lnitiated since the last Channel Search
Probe, the setting of Channel Search Storage at the time of the last probe
will be found again. FEach time a Channel Search operation is initiated
Channel Search Storage is "cleared" (i.e., its setting is removed). & MASTER
CLEAR also "clears" Channel Search Storage.
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OED CYCLE FOR CHANNEL SEARCH PROBE
(Instruction Word)

TIMING
OED PRINCIPAL EVENTS (milliseconds)
Minimum Average Maximum
*0 | PAK—>SAR .210 Akl 672
*], Load IRVn See. Page TI-229
Switch IRV's
2 From OP of IRVe: .210 RN 672
27—>PR
value of 5—85R
PROBE CHANNEL SEARCH STORAGE:
Channel Search Storage is not + : JUMP
If ACTIVE, send U to PAK on OED 5
3 If — , send V to PAK on OED 5 L0l2
If O , send W to PAK on QED 5
N LO42
Inhibit PAK Advance on OED 7
5 .210 Sl 672
U, V, or W of IRVc—PAK
6 .0h2
T PAK—>SAR .210 Al 672
8 Load TRVn See Page I1I-229
9 Set OED to 12 042
12 042
Initiate Sub-Instruction(s)
13 Clear SRV 042
Set OED (See Page I1-100)

*Omitted if this IW is already in IRVn.
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Channel Search Storage is 4+ : NO JUMP
3 Set OED to 7 .02
Advance PAK
7 .210 il 672
PAK—>5AR
8 Load IRVn See Page II-229
9 Set OED to 12 .0k2
12 LOl2
Initiate Sub-Instruction(s)
13 Clear SRV .olu2

Set OED (See Page I1-100)
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LOAD SHIFT
LS
(32)

SEQUENCES OF EVENTS

DEFINING PROGRAMMED
QUANTITIES IN THE
INSTRUCTION WORD

Transfer this Instruction Word to the
Shift Revolver, as follows:

place the

PR = 32

U-gection of this

Instruction Word——]

l-—-:Ln.th.e U-section of SRV;

place the

V-section of this
Instruction WOrd-—1

L—in the V-section of SRV;

place the

W-gsection of this
Instruction Wbrd——]

L—in the W~section of SRV;
and

place the

OP~-gection of this

Instruction WOrd——]

[:;n the lower - order
character positions of SRV.

Initiate Sub-Instruction(s) in
accordance with
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SHIFT REVOLVER RULES

Shift Words can be loaded into SRV either by executing the Load Shift
(328) Instruction Word or by addressing SRV as a Destination in an
instruction (i. e. by making the W-Address of an Instruction Word 998, or
by patching the R ADDRESS hub of a Program Step to the SRV hub).

If only Instruction Words are executed in a program, SRV is cleared i.e.
the Shift Word it contains is unavailable after each Instruction Word is
executed, unless that Instruction Word was a Load Shift instruction, or
SRV was addressed as & Destination in that Instruction Word. If SRV is
loaded by one Instruction Word, the Shift Word it holds is available
only to the next Instruction Word.

If only Program Steps are executed in & program, SEV is not cleared after
each instruction. Any Shift Word placed in SRV (by addressing SRV as a
Destination) is available to succeeding Program Steps until that Shift
Word is replaced by another.

In programs in which both Imstruetion Words and Program Steps are
executed, two general rules can be stated:

If the first instruction after an instruction in which SRV is
loaded is an Instruction Word, the Shift Word in SRV iz available
only to that Imstruction Word.

If the first instruction after an instruction in which SRV is loaded
is a Program Step, the Shift Word in SRV is available to that and
all subsequent Program Steps until either an NI Sub-Step is per-
formed or a new Shift Word is loaded into SRV.

The following cases are examples of the application of these rules:

(&) Program Control begins with Instruction Words snd is trans-
ferred to the plugboard by a Transcop Instruction Word:

(1) If SRV was loaded during the Instruction Word which
immediately preceded the Transcop Instruction Word,
the Shift Word held in SRV is aveailsble to any Pro-
gram Step in the Transcop plugboard sequence. The
Shift Word in SRV cen be changed by sny Program
Step as in 3, above. When the NI hub on the plug-
board is pulsed and Program Control reverts to the
internally-defined program, the contents of SiV are
not available unless the last Progrem Step in the
sequence loaded SRV,

(2) If SRV was not loaded during the Instruction Word
which immeuiately preceded the Transcop Instruction
Word, no Shift Word is available to the first Pro-
gram Step in the Transcop plugboard sequence. Any
Program Step in the sequence can load SRV, however,
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11-118

SHIFT REVOLVER RULES (Continued)

and place a Shift Word in SRV for use by subsequent
Program Steps. At the conclusion of the Transcop
plugboard sequerce, i. e. when the NI hub is pulsed,
the contents of SiV are not available unless the
last Progrsm Step in the sequence loaded SRV.

(b) Program Control begins with Instruction Words and is transferred
to the plugboard by Breakpoint:

(1)

(2)

If SRV was loaded during the Instruction Word whose
Special Character is Breakpoint, the Shift Word in
SRV at the beginning of the Breakpoint plugboard
sequence is available to any Program Step in that
sequence. Any Program Step can change the Shift Word
in SRV. When the NI hub is pulsed, however, the con-
tents of SRV are not available unless the last
Program Step in the sequence loaded SRV.

If SRV was not loaded by the Instruction Word initiat-
ing the Breakpoint sequence, no Shift Word is available
to the first Program Step in the Breskpoint sequence.
Any Program Step in the sequence can load SRV, however,
and place a Shift Word in SRV for use by subsequent
Program Steps. At the conclusion of the Breakpoint
sequence, i. e., when the NI hub is pulsed, the con-
tents of SRV are not available unless the last

Program Step in the sequence loaded SRV.

(¢) Program Control begins with Program Steps and is transferred to
the internally-stored program by an NI Sub-Step:

(1)

No Shift Word is available until SRV is loaded by a
Program Step. Once SRV is loaded, the Shift Word it
contains is available to subsequent Program Steps as
long as (a) no cther Shift Word is loaded into SRV,
and (b) Program Control continues to obtain instruc-
tions from the plugboard. When the NI hub is pulsed,
the contents of SRV are not available to the next
Instruction {Instruction Word) unless the last Pro-
gram Step in the Initlal Start sequence loaded SRV.



OED CYCLE FOR LOAD SHIFT
(Instruction Word

TIMING
OED PRINCIPAL EVENTS (milliseconds)
Minimum Average Maximum
*1 Logzd IRVn See Page II-229
Switeh IRV's
2 From OP of IRVe: 210 o441 672
32—=>PR
value of S— SR
3 Set OED to 7 042
Advance PAK
7 «210 WA 672
PAK—>SAR
8 Load IRVn See Page II-229
9 Force Set SAR to 998 <042
10 IRVe —> SRV «588 819 1.050
1 1 3 042
12 o042
Initiate Sub-Instruction(s)
13 042

Set OED (See Page II«100)

¥ Omitted if this IW is already in IRVn
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LOAD GSAR
LA
(31)

SEQUENCE OF EVENTS

DEFTINING PROGRAMMED
GUANTITIES IN THE
INSTRUCTION WORD

Load GSAR with 7 characters from
this Instruction Word as follows:

place te 2 lowest~order digits

of the

PR = 31

U-section of this
Tnstruction Word-——j

L——in GSAR's two-highest order
digit positions;

place the 3 digits, of the

V-section of this
Instruction Word———j

[——in GSAR's next-three-
higher-order digit
positions; and

place the 2 highest-order

digits of the

W-section of this
Instruction wOrd———j‘

l~—in GSAR's two-lowest-
order digit positions.

Initiate Sub-Instruction(s) in

accordance with

See Pages VI-U4 through VI-12 for the rules
regarding coding General Storage Addresses
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OED CYCLE FOR LOAD GSAR

(Instruction Word)

TIMING
OED PRINCIPAL EVENTS (milliseconds)
Minimum Average Maximum
#0 PAK—>SAR «210 o441 672
*1 Load IVn See Page 11-229
Switch IRV!'s
2 From OP of IRVc: «210 YA 672
31—=PR
value of S—=SR
3 Set OED to 7 o042
Advance PAK
7 «210 A 672
PAK—=>SAR
8 Load IRVn See Page II-229
9 Force Set SAR to 995 042
10 IRVe (7 characters)—>GSAR .378 .609 .840
1 042
12 042
Initiate Sub-Instruction(s)
13 Clear SRV o042

Set OED (See Page 1i—100)

¥ Omitted if this IW is already in IRVn
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SUBSTITUTE U
sU
(2k)

SEQUENCE OF EVENTS

DEFINING PROGRAMMED
WUANTITIES IN THE
INSTRUCTION WORD

Place, in Register A, the contents of

the location speclfied by the

U=-section of this
Instruction Word

shift the contents of Register A in

accordance with the

contents of the
U-section of the
Shift Revolver

Place, in Reglster B, the contents
of the location specified by the

V-section of this

Tnstruction Word

Shift the contents of Register B
in -accordance with the

contents of the
V-section of the
Shift Revolver

Right end around shift the contents
of Regilsters A and B; send a medified
copy of the contents of Register A

to Registers C and D as follows:

Replace the contents of the
U-section of Register A by
the contents of the U-section
of Register B, when forming
the modified copy of the
contents of Reglster A in
Registers C & D.

PR = 24

Shift the contents of Register D in
accordance with the

contents of the
W-gectlon of the
Shif't Revolver

Store the final contents of
Register D at the location specified
by the

W-sectlon of this
Ingtruction Word

Initiate Sub-Instruction(s) or

Sub-Step(s) in accordance with

6]
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SUBSTITUTE V
sV
(25)

SEQUENCE OF EVENTS

DEFINING PROGRAMMED
WUANTITIES IN THE
INSTRUCTION WORD

Place, in Register A, the contents of

the location specified by the

U-section of this
Instruction Word

Shift the contents of Register A

in accordance with the

contents of the
U-section of the
shift Revolver

Place, in Register B, the contents of

the location specified by the

V-section of this
Instruction Word

Shift the contents of Register B

in accordance with the

contents of the
V-section of the
Shift Revolver

Right end around shift the contents of
Registers A and B; send a modified
copy of the contents of Regilster A to
Registers C and D as follows:

Replace the contents of the
V-section of Register A by
the contents of the V-section
of' Reglster B, when forming
the modified copy of the
contents of Register A in
Registers C & D.

PR = 25

Shift the contents of Register D in
accordance with the

contents of the
W-section of the
Shift Revolver

Store the final contents of
Register D at the location

specified by the

W-section of this
Instruction Word

Initiate Sub-Instruction(s) or

Sub~-step(s) in accordance with
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SUBSTITUTE W

SW
(26)

SEQUENCE OF EVENTS

DEFINING PROGRAMMED
GUANTITIES IN THE
INSTRUCTION WORD

Place, in Register A, the contents of

the location specified by the

U-section of this
Instruction Word

Shift the contents of Register A

contents of the

in accordance with the

U-section of the
Shift Revolver

Place, in Register B, the contents of

the location specified by the

V-section of this
Instruction Word

Shift the contents of Register B

contents of the

in accordance with the

V-section of the
Shif t Revolver

Right end around shift the contents
of Registers A and B; send a modified
copy cf the contents of Register A
to Registers C and D as follows:

Replace the contents of the
W-section of Reglster A by
the contents of the W-section
of Register B, when forming
the modified copy of the
contents of Register A in
leglisters C & D.

Shift the contents of Register D in

accordance with the

contents of the
Wesection of the
Shift Revolver

Store the final contents of
Register D at the location

specified by the

W-section of this
Instruction Word

Initiate Sub-Instruction(s) or

Sub-Step(s) in accordance with
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RULES FOR SUBSTITUTE INSTRUCTION WORDS

1l. Permissible Sources for Vi and Vg:

Any Word Location in GSB, BTB, I/0, IS, or FS Tracks

Any Field Loecation in GSB, BIB, I/0, IS, or FS Tracks

Notes: if a Field greater than 12 characters is referred to only the
lower-order 12 charscters of the Fleld are acquired;

if a Field less than 12 characters is referred to, the Field
is loaded into the lower-character positions of the arithmetic
register(s) involved (RA, & RB) and the higher-order char-
acter positions of the arithmetic register are padded with
Space codes,

RA, RB, RC, RD, or IRVe

GSAR | If GSAR, PAK, or CDR are specified as Sources, a plus (A)

sign 1s automatically generated and sent as the lowest-order

PAK ) character of V; or V,. The contents of GSAR, PAK or CDR are

then loaded into the arithmetic register(s) involved (RA,

RB) and the required number of Space codes are padded into

CDR the higher-order character positions.

The entire contents of a buffer or track (Z-address) must not be specified.

2. Permissible Destinations for R:

Any Word Loca